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Part XI

Diagnosis of Diseases of the 
Muscles, Bones and Joints

(Pathological Myology, Osteology ami Syndesmology)

Section I

METHODS OF EXAMINATION

Formerly, the diagnosis of diseases of the muscles, bones and joints 
was looked upon as belonging largely in the domain of surgery, but, today, 
the internist realizes more and more the relationship of diseases of these 
parts to general medicine, and sees that he must he able to recognize the 
various pathological conditions met with in these structures. In this 
hook, however, only the features of distinctly medical interest can bo 
dealt with. For the more definitely surgical features and for the de­
tails of differential surgical diagnosis, text-books of surgery should bo 
consulted.
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A. Examination of the Muscles
On account of the close relation of the muscles to the functions of the 

motor nerves, the examination of motility (active and passive) will l>o 
taken up in connection with the examination of the nervous system (see 
Part XII). As a matter of fact, diseases of the muscles are only rarely 
jirimnrtj. In the majority of cases, they are secondary to affections of 
the hones, of the joints, of the nervous system, or of other parts.

1. Anamnesis
In recording the anamnesis, especial attention should lie paid to the 

earlier occurrence of conditions that could lead to secondary involve­
ment of the muscles, such as acute infectious diseases (e. </., typhoid fever 
and acute rheumatic fever), syphilis, trichiniasis or neoplasm.

The mode of onset of the muscular trouble should lie inquired into; 
we should ask whether it liegan suddenly or gradually, and whether with, 
or without, fever and pain. If /min was present, its character should 
he noted, and we should ask whether it was continuous or intermittent, 
and whether it occurred only on movement, or also when at rest.

If there has been any trauma, direct or indirect, it should lie carefully 
described, and we should ask whether the pains or the disability appeared 
immediately after the injury, or only sometime later.

In the parasitic affections, a history of eating raw pork or sausage 
may give the clue to trichiniasis ; if we suspect echinococcus, we should
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inquire into the possibility of infection from dogs, and in case an abscess 
of the muscles is found, the possibility of infection with liacillus mallei 
from a horse Buffering from glanders should Ik* kept in mind, since in 
human licings glandera often gives rise to abscesses of the muscles.

In cases of “still" neck” or “lumbago,” we should ascertain whether 
or not similar attack's have occurred before, and, it so, to what cause they 
were attributed.

2. Inspection of the Muscles
In the first place, we examine the general musculature of the initient. 

In some, the muscles have always been of small volume; in others, the 
muscles are voluminous. The volume depends partly U]k>h heredity, 
hut largely upon the exercise the muscles have. The relationship of the 
volume of the muscles to tint size of the bones should also Ih‘ noted.

When :i local trouble is complained of, the sk in over the muscle should 
l»e carefully examined for evidences of acute inflammation (redness, 
edema, heal ), or of hemorrhage from trauma (‘‘black and blue spots").

Complete absence of a muscle, due to congenital defect, will some­
times lx; s(m»ii. Thus the M. pectoralis major, tin; M. deltoidous, or the 
M. Intissimus dorsi may Ik; absent on one side, tin; absence being easily 
recognizable from the change; in contour of the part.

Increase or decrease in volume, or shortening or lengthening of an 
individual muscle may easily escape notice, unless a careful examination 
Ik; made, with comparison of the symmetrical regions of the laxly.

In the upper extremities, it is to he remembered tlml the muscles of the right 
arm are usually a little more voluminous than those of tin- left, owing to greater 
exercise on the right side. In comparing the volume of the museles of the two 
sides, we should examine both the resting museles and the muselcB during con­
traction.

In weakness, or in paralyses, of the muscles, typical disturbances of 
active motility, of attitude, of gait, etc., develop (see Nervous System).

Slight, atrophy will occur whenever muscles are not used, though, 
for the recognition of this alrophi/ from disuse, exact measurements may 
be required.

3. Muscle Measurements
Tn making comparative measurements of the two sides of the body, the tape 

should he applied at exactly the same level; thus, in measuring the volume of the 
thigh, it is well first to draw transverse lines at distances 10 cm. apart nhove the 
upper margin of each patella, ami then hi measure the circumference at each of 
these levels. It is well, also, to make several measurements at each level and to
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record the arithmetic mean. A difference less than 0.5 cm. easily lies within the 
limits of error and should be disregarded.

It goes without saying that the limbs should be in precisely the same position 
and in the same conditions of contraction or relaxation on the two sides when the 
comparative measurements are made.

Enlargement of the muscles of a part as a whole may be due cither to 
true hypertrophy, or to so-called pseudo-hypertrophy (due to fatty in­
filtration). Local enlargements may be due to muscle-hernias or rup­
tures, or to something foreign to the muscle itself (echinococcus cyst, 
tumor).

Shortening of a muscle is recognizable by a pathological position of 
the limb to which it is attached; thus a shortened M. biceps braehii causes 
flexion of the forearm, and a shortened M. iliopsoas ilexes the hip.

4. Palpation of the Muscles
Many muscles lie so near the surface that they can be easily grasped 

by the palpating hand ; others lie deep and arc more or less inaccessible.
On palpation, we observe the form of the muscle, its state of con­

traction, its consistence, and its tenderness on pressure.
A relaxed muscle normally feels soft, a contracted muscle firm, though 

the consistence varies with the person and the amount of exercise 
he takes. Should a relaxed muscle on palpation contain firm strands, 
fibrosis is probably the cause. Should a mass of bony hardness be felt 
within the muscle, and it be not in the position of a rider’s bone (thigh 
adductors), it may bet the result of a contusion that has caused an injury 
of the periosteum and dislocation of periosteal tissue into the muscle, 
with formation of a traumatic muscle osteoma, or it may bo part of a 
myositis ossificans.

Normally, the consistence of a muscle is even throughout. If firmer 
foci be felt, they arc pathological and arc due to scars, gummata, tumors, 
or other cause. Partial contracture of a muscle may be responsible for 
local increase of consistence in the abdominal muscles when the peri­
toneum beneath is irritated.

Free fluid, or pus, within a muscle gives rise to fluctuation on palpa­
tion. It should be remembered, however, that if the testing fingers arc 
applied in a line at right angles to the long axis of the muscle, fluctuation 
can often bo felt in normal muscular tissue; to make sure that a patho­
logical fluctuation exists, wo should avoid applying the fingers in the 
direction mentioned.

After palpating the relaxed muscle, the same muscle should also 
bo carefully palpated in the contracted state; ruptures of the muscle sub­
stance, or of the fascia, and resulting muscular hernias can often thus 
be made out.
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It is often important, for instance in cancer of the breast, to determine 
whether or not a pathological process actually involves a muscle, or its 
overlying fascia. To determine this, one ascertains whether the mass be­
comes fixed on contraction of the muscle.

On testing the tenderness of a muscle to pressure, portions of the 
muscle should ho pressed between two fingers rather than pressed by one 
finger upon underlying bone, since by the latter method the tenderness 
elicited may be due to an inflamed periosteum, and not to a tender muscle.

In some processes, the muscle is diffusely tender ; in other, the ten­
derness is local.

5. Rontgenology of Muscle
When the consistence of a muscle is altered, and especially if calci­

fication ho suspected (as in myositis ossificans, or in muscle osteoma 
following periosteal displacement from trauma), x-ray examinations are 
very useful in determining the exact size, form, and position of the calci­
fied mass.

6. Histological Examination of Muscle Particles
In some cases, it is desirable to examine bits of muscle microscopically. 

The muscle for this purpose was formerly obtained by harpooning, or by 
exploratory puncture with a needle of large caliber; since, however, local 
anesthesia can now lie so easily obtained, it is customary to excise a small 
hit of muscle with the knife. I have several times arrived at a positive 
diagnosis in trichiniasis, and, occasionally, in myasthenia gravis, by 
histological examination of such excised muscular particles. In tumor, 
in lues, in tuberculosis and in glanders, such histological examination may 
also he helpful for diagnosis.

7. Functional Testing of the Muscles
Wo test both the active movements and the passive motility. The 

active movements may bo tested with or without resistance. For testing 
the strength of the grip of the hand, the dynamometer may lie used.

Such examinations give us information regarding paralysis, paresis 
and contracture. Wo observe also any hyperkinetic phenonema (tremor, 
twitching, spasm, etc.). For an exact analysis of the muscle functions 
in all parts of the body see Fart XII.
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B. Examination of the Bones
1. Anamnesis

Tn taking the anamnesis, we inquire especially regarding trauma, so 
important as a forerunner of osteomyelitis, of tulierculoais, and even of 
tumors of hone.

In the diagnosis of fracture, a history of the exact character of the injury 
is very important, since the fractures that follow speeiHc injuries are often 
extremely characteristic. A man who falls perpendicularly from a tree is likely 
to fracture his spine. When, on falling, he protects himself by his outstretched 
hands, he is likely to fracture the radius. When he injures his forearm in crank­
ing the gasoline engine of an automobile or of a motor boat, he is likely to incur 
a Colles’ fracture.

Romo persons are particularly prone to fractures, even when the 
trauma is slight. Such patients suffer from abnormal fragility of the 
hones; this may lie general, as in osteopsathyrosis, or local (tumor, 
gumma, osteomyelitis, tuberculosis, etc.). When fracture occurs without 
a history of trauma it is called a spontaneous fracture. This is not un­
common in tabes, in tumor, and in osteopsathyrosis. In the latter condi­
tion, a history of numerous fractures earlier in life is commou.

If the patient complain of pain in the bones, its character (boring, 
pulsating, tearing, dull, aching, etc.) should lie inquired into. Wo should 
ask whether it occurs only on movement, or also when the parts arc at 
rest, and, especially, whether the pains arc worse at night, after retiring, 
since dotores noctumi, or so-called dot or es osteocopi, arc very character­
istic of i jieriostitis. The pain in gout is prone to come on in
lied during the early morning hours. The pains when boring in char­
acter arc called dolores terebrantes.

The age of the patient may give a clue as to the nature of a lmne disease: 
thus, acute osteomyelitis is common in children, but is rare in adults. Sépara 
lion of the epiphyses occurs only in children. On the other hand, the bones grow 
more fragile as age advances, and, as everyone knows, an old person may fracture 
the neck of the femur by catching his too in the liedelothes, or by other very slight

The occupation of the patient may also lie important ; thus, phosphorus neero- 
sis of the jaw was formerly common in match factories, and still occurs, some­
times, in industries in which phosphorus is used. Porters often develop kyphosis 
of the spine.

2. Inspection of the Bones
When the shafts of the long hones are soft and become curved, typi­

cal deformities arise (e. g., bow-legs). If the boucs be lient near the

A6D
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joints, as in gonu xalgnm, the deformity may be less noticeable. Deform­
ities of the feet (talipes), of the hands, and of the spine make up a 
large part of the studies of orthopedists.

In the spine, we distinguish between angular deformity (rjibbus), so 
characteristic of caries of the spine and of some fractures, and curva­
tures of the spine with convexity backward (A;yphosis)i forward (lor­
dosis)I, or to the side (scoliosis).

In the long bones of the extremities, curvature duo to softening of 
the whole bone is most often due to rickets or to osteomalacia, while angu­
lar deformities arc due to local affections of the bone (e. g., fracture).

Recently, the length of tlic skeleton as a whole (gigantism, dwarfism), 
and the length of the extremities, depending partly upon the stimulus to 
hone growth, partly upon the time of epiphyseal closure, have interested 
internists on account of the proven relationships of the functions of certain 
of the endocrine glands (hypophysis, gonads, thyroid, etc.) to these 
processes. (Sec Part XIV.)

Asymmetrical shortenings may be due to nervous lesions, or to injuries 
to the epiphyseal cartilage during growth. Shortening of one leg causes 
tilting of the pelvis, scoliosis and limping. A shortening of the radius, 
or a lengthening of the ulna, will cause radial flexion of the hand.

When nn extremity, say the lower extremity, is shortened, it is necessary to 
determine where the shortening has occurred, whether in the foot, in the leg, 
in the thigh, in the pelvis, or in the joints. Such a determination depends not 
only upon the general examination, but also upon exact measurements.

3. Measurements of the Bones
In making measurements, especially of the extremities, the localiza­

tion of the so-called anatomical landmarks is essential. In the upper ex­
tremity, the tip of tint acromion, the épicondyles of the humerus, the ole­
cranon, the head of the radius and the styloid processes of the radius and 
the ulna, arc the important points. In the lower extremity, the anterior, 
superior iliac spine, the tip of the trochanter major, the tuber isciiii, 
and the tip of the malleolus lateralis, are the most important landmarks, 
though wo make use also of the epicondyles of the femur and tin; head 
of the fibula.

About the elbow, the tip of the olecranon and the two epicondyles are 
very helpful in diagnosis. When the forearm is flexed at a right angle, 
these three points, if united by lines, form an equilateral triangle lying 
in a plane with the humerus, while when the forearm is extended, these 
three points arc at the same level; that is to say, they lie in a plane 
perpendicular to the axis of the humerus. In order to detect a slight 
change in these relations, it is well to examine simultaneously the injured 
arm with one hand, and the healthy elbow with the other.
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In measuring the length of the lower extremity the two extremities 
should be placed in exactly the same position. First, the distance between 
the anterior superior iliac spine and the tip of the lateral malleolus should 
be measured, and second, the distance from the tip of the trochanter 
to the same malleolus. If there be a shortening of either distance on one 
side, or of both, a dislocation or a fracture has probably occurred. If 
the distance between the iliac spine and the malleolus alone is shortened, 
we speak of supratrochanteric shortening ; it is due either to a dislocation 
or to a fracture of the neck of the femur. If both this distance and the 
distance from the trochanter to the malleolus lie shortened, we apeak of 
infratrochanteric shortening: it is due to a fracture below the trochanter.

It is very important, as a control, to determine the position of the 
trochanter as regards the pelvis. For this purpose we have three methods:

(1) The determination of the relation of the trochanter to the lioser- 
Nélaton line, which unites the tulier iscliii with the anterior sup- r iliac 
spine; normally, the tip of the trochanter lies in this line. Should it 
project more than ^-1 cm. above it, the trochanter is abnormally high;

(2) The use of Urgant's triangle, constructed as follows: The patient 
lies ilat on his back. With a blue pencil, a line is drawn continuing the 
femur axis above the trochanter; then a jierjiendieuhir line is dropped to 
this line from the anterior superior iliac spine; finally, the anterior supc- 
rior iliac spine is connected with the tip of the trochanter. The rectangu­
lar triangle thus obtained normally has equal sides, while if the trochanter 
be too high, the side corresponding to the lengthened axis of the femur 
is shorter than the opposite side;

(3) We may use Schoetnakers method, in which a line drawn from 
the tip of the trochanter to the anterior superior iliac spine is prolonged 
upon the abdominal wall. Normally, this prolongation cuts the median 
lino in front at the level of the navel, or higher, while if the trochanter bo 
abnormally high, it will pass lielow the navel.

In fractures and dislocations, the angle, direction, etc., of tin- fragments must 
ho determined (see Surgical Text-books).

In bone examinations, it is convenient to make use of certain simple instru­
ments (tape, measuring compasses, cross-rules, plumb-line, etc.).
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4. Palpation of the Bones
On palpation, we can determine the diameter of the single 1 tones 

and we can make out asymmetrical diminution, or increase, in diameter or 

in circumference.
Local enlargements connected with the skeleton are immobile, and this 

helps to distinguish them from masses near the bone, though an external 
mass may Itecome adherent to an underlying hone, and thus he rendered 
immobile (e. g.t a carcinoma of the breast may become adherent to a rib).

The form and the consistence of masses attached to hones, or originat­
ing in them, can he felt on palpation. In case of unimpacted fracture, 
crepitation may ho palpable. When tumors or cysts originate within 
the hone and lead to atrophy of the bony substance over them, tin* latter 
may l>c reduced in thickness to a thin, paperlike layer that crackles 
on pressure (parchment crackling).

In subperiosteal hemorrhage, such as that seen in Barlow’s disease, 
or, sometimes, in cephalhematoma, new bone may form at the periphery 
and on palpation a steep circular wall of bone will be palpable, which, 
on passing toward the center of the mass, suddenly ceases, giving the 
impression of a bony defect.

On palpation over tumors of bone, especially angiomata, pulsation 
can often bo felt. On palpating the skull, pulsation may be due either to 
a bony tumor, or to pulsation of the brain felt through a bone defect.

In fractures of bones, careful palpation will yield clues to the exact nature 
of the deformity and displacement. In diseases of the upper cervical spine, pal­
pation over the pharynx gives access to the vertebral bodies ; in diseases of the 
pelvic bones, palpation through the rectum or through the vagina may he help­
ful in diagnosis.

In testing the bones for tenderness on pressure, we may use (1) grad­
ually increasing pressure, and (2) tapping with the fingers or with the 
percussion hammer. By such tests on the spinous processes of the verte­
brae, disease of the spine may often be easily localized.

Tenderness of the bones may be diffuse (as in leukemia, and especially 
in osteomyelitis), or it may be strictly localized, as in fractures, or in 
hone abscesses.

An important method of eliciting bone tenderness is by compression 
in the long axis; thus, one may press upward from the elbow toward the
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shoulder in testing the humerus ; from the heel toward the pelvis in 
testing the lower extremity ; or from the head or shoulders toward 
the pelvis in testing the spine. In making such compression in the 
long axis, especially in the spine, the greatest care should he exercised, 
since in disease of the axis, the dens epistrophei may be broken off. In 
case of impacted fractures, manipulation should be most careful, or the 
impaction may be undone.

In testing the consistence of bones in osteomalacia and in rickets, it 
may be possible to demonstrate an abnormal softness by passive curvature.

Clues to exaggerated fragility of the hones may be yielded bv the 
anamnesis, or by the discovery of numerous calluses or deformities that 
have resulted from preceding fractures, either intra-uteri ne or postnatal.

Mobility, where normally there is none, is a sign of solution of con­
tinuity, and points either to un impacted fracture or to pseudo-arthrosis. 
To discover such abnormal mobility in the neighborhood of joints, one 
should try to produce movements that do not occur normally in the joint. 
In un impacted fracture of the neck of the femur, the lower extremity can 
be shortened by compression in the long axis, or lengthend by traction in 
this axis. Such abnormal mobility is usually associated with local pain; 
absence of such pain points either to an old lesion, or, if recent, to anal­
gesia due to tabes or to syringomyelia.

On finding crepitus near a joint, we have to make out whether it is 
in the joint itself or is due to a fracture of bone, or to separation of the 
epiphysis near the joint. In crepitation due to a fractured rib, the 
crepitation may be audible during the respiratory movements. Fractures 
are not always accompanied by crepitation, since the ends of the bones 
inav not be in apposition owing to marked separation or to erosion of the 
ends of the bones from tumor ; or, again, crepitus will be absent if the 
fracture bo incomplete, as in the green-stick fracture of young people, 
or if the fracture bo impacted.

Palpation may be extended and refined by the use of a probe in case 
a fistula or a sinus exists. If the bone l>e bare, on probing, the raw bone 
can be felt as grating; if it be insensitive, the bone is necrotic. Some­
times a necrotic bone can be moved slightly with the probe (loose seques­
trum).
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5. Rontgenology of Bones
A large part of the difficulty formerly obtaining in the diagnosis of 

bone lesions has been removed by the introduction of x-ray methods. In 
no other part of the body has rontgenology proved more helpful than in 
pathological osteology. In rontgenograms, we cannot only see the sur­
face and the outlines of the lames, but we can also recognize dislocations 
and enlargements (and their extent), and, in addition, we can get a very 
clear idea of the condition of the architecture within the bones them­
selves and draw deductions therefrom regarding the histological and the 
chemical state of the bones (osteosclerosis, osteoporosis, halisteresis).
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fi. Examination of the Skeletal Functions
When the bones arc softened, or when there has been solution of continuity 

from fracture, the function of a bone as a supporting organ can no longer be 
fulfilled. On attempting to use the bone as support, so much pain is caused that 
the attempt is given up. When pain is not felt, we have to think of syringo­
myelia or of tabes.
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7. Influence of Bone Lesions on Neighboring Parts
In fractures of bones, there is accompanying hemorrhage. The blood 

sooner or later reaches the surface, causing black and blue spots beneath 
the skin. In fracture of the skull, there may be bleeding from the ear or 
nose, or there may be extravasation into the orbit, causing, successively, 
exophthalmos, subconjunctival hemorrhage, and hemorrhage beneath the 
skin of the eyelids.

In suppurative osteomyelitis, the inflammation may extend to the tis­
sues about the bones and cause edema of the overlying skin.

In tuberculosis of the bones, cold abscesses often form, and the pus 
may wander to long distances from the original source. Thus, an abscess 
pointing in the groin may bo the first recognizable symptom of caries of 
the thoracic spine; or caries of the lumbar spine may first manifest itself 
in an inability to extend the hip, owing to psoas abscess; caries of the cer­
vical spine may give rise to cold abscess palpable with the finger in the 
posterior wall of the pharynx.

Diseases of the bones of the skull and of the spine often lead to nerve 
injur;/, to secondary injury of the brain, of the spinal cord, and of the 
roots of the cerebrospinal nerves (sec Part XII). Or visceral injury 
may occur. Thus, diseases of the bones of the thorax may involve the 
heart, lungs, pleura, or mediastinum, while diseases of the pelvic bones 
often lead to compression of the urethra or to disturbances of the bladder 
and rectum.

The state of the body as a whole will often throw light upon the nature 
of a Imhio disease. This is especially true in syphilis, in tuberculosis, and 
in carcinoma. It should bit remembered that carcinoma of the thyroid 
and carcinoma of the prostate arc particularly prone to metastasize in 
hone.

C. Examination of the Joints 
1. Anamnestic Data

In the anamnesis, data regarding the family history (gout, hemo­
philia), a history of trauma, or of a general or local infection, mode of 
onset, pain, the number and sequence of the joints involved, nocturnal 
exacerbation, tenderness, swelling, limitation of motion, and creaking or 
grating may be obtained. The age is important. Thus, Still’s disease 
occurs in childhood ; acute and chronic infectious arthritis is common in 
youth and in middle life; hypertrophic osteo-arthritis is a disease of ad­
vanced life; and gout usually appears in early middle life.

A history of hemophilia will give the clue to bleeder’s joint. A his­
tory of attacks of sudden fixation of the knee-joint will make one think of
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a “joint-mouse.” The severity of the pain may aid diagnosis, for the 
pain is usually very severe in gout and in gonococcal arthritis. In a 
child, pain in the knee may be duo to disease of the hip. Certain maladies 
tend to attack special joints ; thus the site of predilection in gout is the 
metatarsophalangeal joint of the great toe, while the knee is the joint 
most likely to be the site of a dérangement interne.

2. Inspection and Palpation of Diseased Joints
Hero we consider the following points :
(1) Whether there is any enlargement of the joint, and if so whether 

this is due (a) to bony enlargement, (b) to thickening of the soft parts, 
including the skin, the subcutaneous tissue and the joint capsule (boggi­
ness), or (c) to accumulation of fluid within the joint (fluctuation).

If there be fluid in the knee-joint, the patella “floats” ; one surrounds 
the joint with his hands so as to prevent the escape of fluid in any direc­
tion, and then makes sudden, quick pressure on the patella with his linger. 
If an abnormal amount of fluid be present, the patella will he felt, to hit 
against the bone beneath and to rebound when the pressure of the fingers 
is removed.

In the elbow-joint, fluid accumulates on both sides of the olecranon ; 
in the ankle-joint, in front of and behind the malleoli.

Marked thickening of the capsule (fungous arthritis) is commonest 
in tuberculosis; bony enlargement is commonest in hypertrophic osteo­
arthritis ; fusiform swellings and true ankyloses in chronic infectious 
arthritis.

(2) Whether there is any distortion of flic joint, or irregularity in 
contour. This may lie due (a) to marginal lipping, (b) to osteophyte 
production, as in hypertrophic ostco-arthritis, (c) to a ringlike constric­
tion at the line of the joint, as in the end-stages of infectious forms of 
arthritis and in the so-called atrophic arthritis, (d) to localized bulgings of 
the synovial sac, (o) to tophaceous deposits (gout) or, (f) to lipoma 
arborescens, especially beneath the malleoli.

(3) Whether there is abolition or limitation of motion, active or 
passive. This may depend (a) upon true ankylosis (ankylosis vera), 
in which there is a union of the joint surfaces themselves, or (h) upon 
false ankylosis (ankylosis spuria), in which there is no intrnenpsular 
union, but only rigidity of the capsule or of the peri-articular soft parts. 
Limitation of motion, not due either to true or to false ankylosis, may 
depend (c) upon osteophytes, upon gouty tophi, upon muscle spasm, or, 
merely, upon pain and effusion. The angle within which movements 
are still possible, or in which the joint is fixed, may l>e exactly measured 
by means of a goniometer; an approximate idea of the degree of involve-
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ment in unilateral affections may lie gained by comparing the functions 
of the diseased with that of the healthy side.

Fixation of a joint due to active contraction of the muscles disappears 
under deep narcosis; it often diminishes much in sleep.

In testing the mobility of a joint passively, one grasps the parts 
above and below the joint with either hand and makes passive motions in 
all the directions in which the joint is normally mobile (flexion, extension, 
adduction, abduction, rotation). If the affection he unilateral, one com­
pares the mobility of the joints of the affected side with the mobility of 
the same joints on the normal side.

It is sometimes difficult, to distinguish limitation of motion due to 
muscle s/Hism from that due to osteophyte production or to other organic 
change in or near the joint. Thus, in the liip joint, movement may he 
limited by (a) pure psoas spasm, or (b) spasm of all the muscles about 
the joint. In the former case, the thigh is usually a little flexed upon the 
pelvis, though this flexion is sometimes obscured by lordosis of the lumbar 
spine. 1 f psoas spasm he slight, it is best demonstrated by placing the 
patient prone on a table and attempting hyperextension. In this test, one 
stands on the right of the table, places his left hand over the small of 
the hack, and grasping the patient’s leg just above the ankle, flexes the 
knee to a right angle and then lifts the lower extremity so as to over­
extend the hip. In pure psoas spasm, extension of the hip is the only 
movement of the joint that is limited.

In general spasm of the muscles about the hip-joint, the patient is 
asked to lie on his hack with the lower extremity flexed, both at the knee 
and at the hip. One then tests abduction, adduction, strong flexion and 
rotation, and compares the limits of the excursions possible with those 
obtainable in the sound leg.

When motion is limited by osteophytes, or by marginal lipping, rather 
than by muscle spasm, the movement is free until an obstruction is met, 
when the motion is arrested suddenly, completely and often without much 
pain. In muscle spasm, the motion is not wholly free even at the begin­
ning, and passive movement becomes increasingly more difficult ; it is not 
suddenly arrested, and one has the feeling that, if he were willing to 
cause the patient more pain, the excursion of the passive movement 
could he made greater. When motion is limited by thickening of the 
capsule, or by adhesions, the excursions become greater after active exer­
cise or after passive motion ; that is to say, after the patient has “limbered 
up” his joints.

In testing the mobility of the joints of the spine, the patient, un­
dressed, stands with knees and hips rigid, and then liends his trunk as 
far as possible (1) in each of the four main directions (forward, back­
ward, to the right, and to the loft), and (2) on rotation, to the right and 
to the left.
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Under the regional examinations of the muscles, lames and joints, many other 
points in diagnosis and especially in differential diagnosis, will be referred to.

(4) Whether certain other abnormalities exist, including (a) crep­
itus, grating or creaking; (b) excessive motion (such as over-extension, 
over-tlexion or movements in false directions), and pain on pressure, or 
on movement; (c) free bodies in the joints (corpora libera articulorum); 
(d) sinuses (abscess; * scons deposits; bone necrosis; caries); (e) 
shortening, due to telescoping of the joints; (f) luxations or subluxations 
often recognizable by loss of the normal directions of the axis of a limb 
or of a bone; (g) trophic lesions of the adjacent skin and muscles (mot­
tling, cyanosis, glossiness, and perspiration of the skin; DupuytrciVs con­
traction; muscular atrophy). Absence of pain despite grotesque changes 
in the joint structure on palpation and on x-ray examination points to a 
neuropathic arthropathy (tabes or syringomyelia).

3. Examination of Diseased Joints with Rontgen Rays
On x-ray examination, the anatomical condition of the bones and 

cartilages of the joints is clearly revealed, and much can be learned also 
regarding the state of the soft parts surrounding the joints, the synovial 
membrane and its villi, and the recesses of the joint cavity, especially if 
the previously injected with oxygen gas.

A rdntgcnogrnm gives us information immediately as to the presence or ab­
sence of (1) periarticular swelling, (2) luxations or subluxations, (3) pathological 
deviations, (4) narrowing of joint slits, (5) atrophy or destruction of cartilage, 
(f>) erosion of subchondral bone on the articular surface, (7) rarefaction or con­
densation of bone due to increase or diminution of lime-salts (due to osteoporosis 
in the one case and to osteosclerosis in the other), (8) distortions of bone evi­
dently due to softening and pressure, (9) gouty tophi, (10) cysts, (11) osteo­
phytes and exostoses, (12) subperiosteal swellings, (13) fibrous or bony ankylo­
sis. (14) calcified free bodies, (15) calcification or ossification of ligaments, and 
(Iti) lime-deposits in bursae.

One of the most striking features often to he met with in x-ray plates 
is the evidence of so-called acute bone atrophy (Sudtvk, Hale White, 
Kicnbock, Exnor). While a certain amount of rarefaction (osteoporosis) 
may result from inactivity or immobility, the very marked examples of 
“acute hone atrophy” are thought by some to be due to r« flex trophic 
influences; others feel sure that even the marked examples are due to dis­
use or to local toxic influences.

In the x-ray findings we have to deal entirely with form-relations and 
the inferences that can l>e derived therefrom. Kadiograpliers help 
' Unicians most when, in their reports, they discriminate sharply between

92
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(1) tho objective morphological findings in the x-ray plates, and (2) any 
interpretative impressions that they may make regarding probable 
etiology or probable clinical type. Unfortunately, most physicians press 
rontgenologists for tho latter, and take but little interest in the former.

4. Exploratory Puncture and Exploratory Arthrotomy
Exploratory puncture will throw light upon (1) the cell contents of 

an effusion (cytodiagnosis), (2) the bacterial contents, through stained 
smears, cultural methods, or animal inoculations (bacteriodiagnosis), and 
(3) the presence or absence of antibodies to various antigens (immuno- 
diagnosis). The puncture should bo performed under strict aseptic pre­
cautions, preferably by means of a Record syringe and a needle of not 
too small caliber. The methods of examining such puncture fluids are 
the same as those recommended for the study of punctates from serous 
cavities (see Part 111).

Exploratory arthrotomy may bo resorted to for diagnosis in cases 
where disintegration of a joint is obviously threatened and the nature of 
the process is obscure. In such instances, incision and perhaps drainage 
of the joint arc indicated for therapeutic reasons, and advantage may be 
taken of tho opportunity to confirm or extend tho diagnostic data.

5. Diagnosis ex juvantibus; Diagnosis ex nocentibus
Under this heading wo may consider the effects of certain therapeutic 

measures in as far as they bear upon diagnosis.
Rest in the recumbent position will usually lead to an improvement 

of symptoms in cases of spondylitis, but not in cases of tumor of the 
spine compressing the spinal cord or the nerve roots.

Massage, cautiously applied, may cause improvement in cases of 
chronic gonococcal arthritis and of chronic traumatic arthritis, but, in 
cases of chronic tuberculous arthritis, it will exaggerate the symptoms.

Antiluetic treatment (Tig; K1 ; salvarsan) will yield favorable results 
quickly—almost magically—in the arthritis of hereditary lues, and in the 
arthritides of the secondary and tertiary stages of acquired lues, but will 
1)0 of no avail in tuberculous arthritis or in chronic infectious arthritis 
that is non-luotic.

Salicylates have an extraordinary effect in controlling the pain of 
acute rheumatic fever. They may also have some pain-stilling effect in 
other forms of arthropathy, but it is far less striking.

Colchicum or atophan may exert a magical pain-stilling effect in tho 
arthritis of gout and be unavailing in arthritis duo to other cause.
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6. The General State of the Body in Joint Disease
In studying any arthropathy, the examination should extend to the 

body as a whole; it should by no means he limited to the joints them­
selves.

Thus, in joint diseases, the existence of fever, of chills, of ‘polymorpho­
nuclear leukocytosis, and of general glandular enlargement with joint 
involvement, usually points to an arthropathy of the acute infectious type, 
or to an acute exacerbation of a chronic infectious arthritis.

Tuberculin tests, the gonococcal fixation test, the Wassermann reac­
tion, or the determination of the coagulation-time, or the bleeding-time, 
may help in a decision as to etiology.

Examinations of the nervous system prevent one from overlooking 
a tabetic or a syringomyelic arthropathy.

The state of the tonsils, of the endocardium, and of the pericardium 
may give information regarding true rheumatic fever and other forms 
of infection.

All possible primary foci of chronic infection (q. v.) should be closely 
examined. In males, especially, the examination of the urethra, prostate 
and seminal vesicles, with microscopic study of stained smears of the 
miikcd-out secretion, may reveal a gonococcal etiology. Blood-cultures, 
and cultures from enlarged regional lymph glands, made by lîoscnow’s 
method, may permit us to determine the causal agent in the infectious

Any accompanying skin lesions (erythema multiforme, eczema, psori­
asis, purpura, urticaria) should bo noted and valued for differential diag­
nosis.

In families of bleeders the occurrence of hemophilic arthropathy must 
be kept in mind.

Not infrequently the course of the disease gives clues as to its nature. 
Thus, we have already pointed out that the effects of therapy (rest, mas­
sage, Ilg, salvarsan; KI, salicylates, colchicmn), may help in the diag­
nosis. When gouty tophi are suspected, the deposit should bo needled, 
and any minute particles secured on the end of the needle rubbed up in 
a drop of water on a glass slide and examined under the microscope for 
crystals of mononatrium urate. The shape of these crystals is charac­
teristic and if desired the murexid test may bo used in confirmation.
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D. Regional Examination of the Muscles, 
Bones and Joints

In studying the body for diseases of the muscles, bones and joints, a 
knowledge of the conditions that may be met with in the several regions is 
of special importance. Here, the diagnostic points must lie very briefly 
dealt with. For a fuller account, the treatises of Pearce Gould and of 
de Quorvain may be consulted.
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1. Examination of the Head
(a) Fractures of the Skull

In the head, the examination of the bones of the skull may be very 
important. In fraclure of the skull there may he local pain, displacement 
of fragments, false motion, or hemorrhage. After any injury to the 
head the physician should always inquire concerning the occurrence of 
hemorrhage from the ear, mouth and nose. In the ease of the ear, one 
should make sure that the blood has not reached the auditory canal from 
the outside. Copious bleeding from the ear, or bleeding lasting sometime, 
points to fracture of the base of the skull. Bleeding from the nose or 
mouth, not due to direct injury to the face, may result from fracture of 
the ethmoid or sphenoid, or of the pars basilaris of the occipital bone.

(6) Conditions Causing Exophthalmos, Hemorrhage or Escape of 
Cerebrospinal Fluid

If, after a head injury, exophthalmos occur, followed later by con 
junetival hemorrhage, and still later by a discoloration of the lids, there 
has been a surgical lesion of the orbit, probably fracture of its roof. Such 
fracture often occurs by contre-coup.

Hemorrhage appearing behind the car a day or two after a head in­
jury, suggests fracture of the posterior or middle fossa of the skull.

Clear fluid from the car or nose, following head injury, if it contai i
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but little albumin and much NaCl, is cerebrospinal tiuid and points to 
fracture.

Paralyses in the domain of the cerebral nerves may also follow head 
injury and be due to fracture of the skull.

Unilateral cxopthalmos, accompanied by diplopia, should excite sus­
picion of tumor originating in the base of the skull or in the maxilla 
(sarcoma). Unilateral exophthalmos developing gradually after trauma, 
along with pulsation of the eyeball and an audible bruit in the temporal 
region, points to rupture, of the A. carotis interna into the sinus caver- 
nosus, duo to fracture of the base of the skull. A similar exophthalmos 
pulsans may bo duo to aneurism of Ike ophthalmic artery or to cavernous 
amjioma of the orbit.

Acute exophthalmos, either unilateral or bilateral, is most often duo 
to a retrobulbar hemorrhage, depending upon fracture of the base of the 
skull, though it may also follow retrobulbar thrombosis or orbital abscess. 
The protrusio bulborum of exophthalmic goiter may appear suddenly, but 
usually conies on gradually. It may be unilateral at first but, as a rule, 
is bilateral from the beginning. It is accompanied by struma, tachy­
cardia and tremor.

(c) Inflammations of the Bones of the Skull
Acute periostitis and osteomyelitis of the bones of the skull arc rare 

conditions, but they sometimes occur. They should not be considered un­
til other commoner processes (mastoiditis, erysipelas of the scalp, etc.) 
have been ruled out.

(id) Tumors and Other Masses in the Head
When abnormal masses appear in the head, we may have to deal with 

cysts or with a tumor. In childhood, meningocele and encephalomeningo• 
eele should be borne in mind. Dermoid cysts and wens are not uncom­
mon in the head; the former arc usually found in the region of the orbit, 
the latter may be met with anywhere in the scalp or neck.

Osteoma of the skull is not uncommon and is recognizable bv its ivory 
consistence. Neurofibromata of the scalp are very characteristic and 
are associated with signs of von Recklinghausen's disease in other parts 
of the body. 1 remember very well a patient whom Dr. Harvey (’ash­
ing presented at the Johns Hopkins Medical Society, in whom tin? soft 
parts on one side of the head, including the ear, had undergone great 
enlargement ami hung down as a pendulous mass beside the neck.

(lummata of the scalp are usually multiple. They undergo softening 
in the center and, if they break down, the base of the ulcer has a yellowish 
tint and eroded bone can usually be felt with a probe. Tuberculosis of
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the skull, seen occasionally in children, is associated with tuberculosis of 
the lymph glands of the neck.

Primary sarcoma of the skull occasionally occurs, but metastatic 
carcinoma is more common, often appearing as slowly developing bosses 
in different parts of the skull. A rontgenogram may reveal many métas­
tases that have caused no palpable enlargement.

(e) The Maxilla and the Mandible
In the region of the jaws, fracture is not uncommon. Fracture of the tipper 

jaw, or maxilla, may involve the alveolar process (in tooth extraction), or any 
part of the bone in revolver wounds in attempted suicide. A fissure-fracture 
may occur without wound of the soft parts. Sometimes the only thing com­
plained of by the patient is that his upper teeth have become too long, or he may 
have persistent, circumscribed pain in the region of the fracture.

A fracture of the lower jaw (mandible) is usually easily recognized, though 
the instances in which the fracture involves the ascending ramus may cause some 
difficulty. Dental surgeons have done great service in the development of the 
therapy of fractures of the mandible.

Dislocation of the mandible is a common malady, recognizable even by the 
laity through the displacement forward of the lower jaw and the open mouth, 
which cannot be closed. Some patients suffer repeatedly from this dislocation, 
owing to the relaxation of the ligaments of the jaw joints.

Lockjaw, or inability to open the mouth, may bo duo to various causes. 
In tetanus, the history of previous injury, the risus sardonicus, and the 
frequently associated unilateral facial paralysis, make the diagnosis clear. 
Trismus may also be of nervous origin (hemorrhage in the inferior 
frontal gyrus, pontile tumor).

Other causes of inability to open the jaw include, periostitis of the jaw, 
actinomycosis, tuberculosis and osteomyelitis. Difficulty in opening the 
mouth may also accompany arthritis of the jaw joints, severe stomatitis, 
or severe inflammations in the neighborhood (quinsy).

In differentiating the inflammatory affections of the jaws, it is well 
to bear in mind that acute periostitis, when lion-luetic, is nearly always 
due to an infected tooth, and that primary osteomyelitis of the jaw is 
exceedingly rare. Necrosis duo to amebic invasion has been reported 
by Flexner. The chronic inflammations of the jaw may be secondary 
to dental infection, or may depend upon infection with actinomyees or 
upon phosphorus-necrosis.

In actinomycosis of the jaw, the firm infiltration, the areas of soften­
ing, the involvement of the skin over the jaw, the absence of enlargement 
of the lymph glands, and especially the presence of sulphur bodies in the 
pus from the discharging sinuses, are characteristic.

In tuberculosis of the jaw, the diagnosis depends upon the insidious 
onset, the involvement of the ascending ramus of the lower jaw, the ob
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vioua tuberculosis of the gluuds of the neck, and the formation of a cold- 
abscess beneath the temporal muscle, due to the wandering upward of 
the pus between the pterygoids and the lxme.

In phosphorus-necrosis, there is pain in the teeth, which loosen and 
fall out; abscesses develop with fistulous formation; there is subperiosteal 
thickening, and finally, necrosis of the jaw with sequestrum formation. 
The process occurs gradually (in stages), and not all at once, as in acute 
osteomyelitis of the jaw.

Tumors of the maxilla arc often mistaken in their early stages for 
periostitis of the jaw or for maxillary sinusitis. As de Quervain empha­
sizes, every swelling of the upper jaw, no matter how slight,, if accom­
panied by persistent neuralgic pains, should excite the suspicion of 
malignancy.

In ruling out maxillary sinusitis, periostitis of the jaw and dental 
cysts, x-ray examinations are very helpful. In dental cysts there is a 
gradual enlargement of the lxme, sometimes with parchmentlike crackling. 
The process is, as a rule, painless and slow of development. One tooth 
may lie missing in the scries, and the rontgenogram reveals it in the cyst.

Of the tumors of the lower jaw, sarcoma is the most to be feared. It 
may begin in the periosteum or inside the bone. Any enlargement of 
the mandible should be viewed with suspicion until one is sure of its bo- 
nignancy. Benign tumors, as a rule, grow more slowly than malignant 
growths here, but a sarcoma may be several years in developing. Benign 
tumors arc usually painless, while persistent neuralgia should excite 
suspicion of malignancy. Sarcomata of the jaw arc not associated with 
enlargement of the regional lymph glands.

Among the benign growths occurring in this region may be mentioned 
fibromata, cnchondromata, osteomata, dental cysts and multilocular cys­
toma of the jaw.

References
Bloodgood (J. C.). Diseases and wouwls of the- jaws. In: American practical surgery 

(Bryant A Buck). New York, 1909, vi, SI3-890. 3 pi.
Holmes (Bayard). The surgery of the head. Cincinnati, 1903, Lancet-Clinic Puh. Co. 

609 p.
Horsley (J. S,). Plastic operations for acquired deformities of the face. J. Am. M. Ass., 

Chicago, 1916, Ixvi,
Scudder (C. L.). Tumors of the jaws. Philadelphia, 1912, W. If. Saunders Co. 391 p. 

7 pi. roy. 8°.

2. Examination of the Neck
In the neck, the attention should be directed especially (1) to the M. 

Rterooeleidomastoideus, (2) to the cervical spine, and (3) to the condi­
tions in the several triangles of the neck.
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(a) Abscesses in the Neck
In the upper part of the neck, acute processes are usually dependent upon in­

flammations of the lower jaw, of the salivary glands, or of the lymph glands. 
Abscesses in the region of the M. stemocleidomastoideus are nearly always gland 
abscesses secondary to angina, eczema of the head, or dental infection; a rarer 
cause of gland abscess here is infection from the esophagus.

An abscess in the supraclavicular fossa is usually due to extension from suppu­
ration of the lymph glands higher up, though it may depend upon suppurative 
osteomyelitis of the clavicle.

Abscess in the anterior triangle of the neck usually originates in the thyroid 
gland, though myositis of the M. stemocleidomastoideus, or osteomyelitis of the 
manubrium sterni, or phlegmon of the anterior mediastinum, may be responsible.

In the back of the neck, abscesses are more common than in front. If situated 
behind and below the mastoid process, in association with otitis media, an abscess 
probably depends upon rupture of a suppurative mastoiditis into the neck (Be- 
zold's abscess). The back of the neck is also a common site of carbuncle, common 
in diabetes and in cachectic states, due to Staphylococcus aureus.

Occasionally, an abscess in the back of the neck depends upon osteomyelitis 
of the occipital bone, or upon suppurative inflammation of a tumor of the neck 
(dermoid, lipoma).

Chronic abscesses in the neck are nearly always tuberculous in origin 
(cold abscess), duo to tuberculosis of the lymph glands or to tuberculosis 
of the cervical spine, abscesses of the latter region being situated behind 
the thyroid and behind the A. earotis. They will rarely be mistaken 
for other lesions, though a tumor originating in the spine or in the deep 
muscles of the neck may be confused with cold abscess. An esophageal 
diverticulum projecting into the neck might, on superficial examination, 
1)0 confused with tuberculous abscess.

If a chronic abscess be very firm, or of wooden consistency (phlegmon 
ligneux of Reclus), we should suspect actinomycosis and look for foci of 
softening and for sulphur granules.

When a cervical fistula exists, and there is no history of trauma to 
account for it, we should seek a tuberculous, a syphilitic, an actinomycotic, 
or a branchial cystic origin.

(b) Neoplasms and Other Solid Masses in the Neck
When a firm mass is found in the neck, it may l>e (1) inflammatory 

in origin, in which event it is probably either tuberculous, gummatous, 
or actinomycotic ; (2) a true tumor; (3) an enlargement of the salivary 
glands, of the thyroid gland, or of the lymph glands of this region ; (4) 
an aneurism; (5) an esophageal diverticulum, or (fi) a cervical rib.

In the anterior triangle of the neck, enlargements of the thyroid are 
found (diffuse struma of colloid goiter and of Graves’s disease; circumr 
scribed struma or struma nodosa; and struma maligna). Masses in the
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lateral region of the nock may he due (1) to enlargement of the lymph 
glands (simple lymphadenitis, tuberculosis, syphilis, leukemia, Hodgkin’s 
disease or other pseudoleukemic diseases, lymphosarcoma, metastatic car­
cinoma) ; (2) to cysts (lymph cysts, branchial cysts); (3) to aneurism 
and anyiomata and sarcomata; (4) to solid tumors (lipomatu, fibromata, 
sarcomata, branchiogenous carcinomata, carotid gland tumors).

In the back of the neck, masses may be due to meningocele, meningo­
encephalocele, dermoid cysts, sebaceous cysts, lipomata, fibromata, or 
sarcomata.

Lipomata occur in different forms in the back of the neck. The simplest 
form is the unilateral encapsulated lipoma. A bilaterally symmetrical lipoma not 
infrequently occurs here ; also the so-called pcriganglionic lipoma, in which there 
are accumulations of fat about the lymph glands in this region and elsewhere in 
the body. To a thick layer of fat that surrounds the neck like u collar, the 
name Mudclung's fut neck has been applied.

(c) Stiff Neck and Wry Neck
An abnormal position of the head and neck may give the clue to dis­

eases of the muscles, bones or joints of this region. A stiff neck may or 
may not be painful. If movements of the neck are painful, the joints 
of the cervical spine become fixed by the surrounding muscles. If the 
muscular fixation involve the muscles of the two sides equally, the head 
maintaining a median position, the cause of the pain is also probably 
medial ; while if the fixation involve one side more than the other, and 
the head bo asymmetrically placed, the painful disturbance is also prob­
ably unilateral.

When, in stiff neck, the head is held straight, the trouble is usually 
in the cervical spine.

If the stiffness has come on suddenly and has followed a severe trauma, it is 
most often due either to total dislocation of a cervical vertebra or to dislocation 
complicated bp fracture of the spine. Occasionally, a severe contusion or a dis­
tortion, without fracture or luxation, may be responsible.

If there be no history of trauma, and the stiffness has come on suddenly with 
fever and chills, we must suspect an osteomyelitis of the cervical spine.

If the stiffness of the neck has gradually appeared, and the head is held 
straight, the commonest cause is tuberculosis of the cervical spine, more rarely 
a developing neoplasm.

When the neck is stiff and the head is inclined to one side (wry neck), 
the condition may be due to any one of several causes.

If it 1ms occurred suddenly, it probably depends upon a myositis involving 
the M. sternocleidomastoideus of one side, but it must be remembered that in­
flammations of the lymph ylands beneath the stemomastoid muscle, secondary 
to a sore throat or to an infected tooth, may simulate myositis.
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If a trauma have preceded, the acute wry neck may be due either to a uni- 
lateral dislocation (rotation luxation), or simply to strain (distortion).

A spondylitis leading to a unilateral injury of the spine is sometimes the cause 
of painful wry neck.

The cases that most often puzzle the physician, however, arc those of 
chronic wry neck without pain—the so-called muscular wry neck or 
caput obstipum.

The majority of these cases are due either to an intra-uterine or a postnatal 
infectious myositis. The trouble dates hack, usually, to early childhood, and the 
whole skeleton undergoes changes as a result of the abnormal position of the head. 
The skull itself is asymmetrical, being shorter and broader on the affected side. 
There is scoliosis of the cervical and upper thoracic spine, with convexity toward 
the healthy side ; lower down, a thoracic scoliosis in the opposite direction ; and 
still lower, a lumbar scoliosis in the same direction as the cervical, the whole 
spine thus presenting an S-shaped scoliosis. One sternocleidomastoid muscle is 
shorter than the other; it is often reduced to a narrow, firm cord. The head is 
inclined toward the shoulder on the affected side, and is slightly rotated toward 
the healthy side.

Not to be confounded with the above form of caput obstipum, is the 
so-called torticollis spastica, or tic rotatoire of the French, in which 
there are attacks of clonic or tonic spasm of one M. stemocleidomastoideus, 
and usually of the retrocervieal muscles of the other side—a troublesome 
form of neurosis.
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3. Examination of the Muscles, Bones and Joints 
of the Thorax

The recognition of fracture of the ribs or of the sternum belongs to surgery. 
The internist, however, will suspect a fractured rib if there be pain on deep in­
spiration, especially on laughing, sneezing or yawning, after a trauma. If the 
history of trauma be not obtained, pleurisy may be suspected. The crepitation 
of rib fragments on auscultation is, however, different from that due to pleurisy, 
and if a tender spot on a rib be found, an attempt should be made to cause indi­
rect pain at that point by pressure and counter-pressure on the rib in front and 
behind the suspected lesion and at some distance from it.

In examining for inflammations or tumors of the muscles and hones 
of the wall of the thorax, care must be taken, first, to exclude processes 
originating within the thorax itself, especially an empyema breaking 
through the thoracic wall (empyema necessitatis), due either to pyogenic 
infection, tuberculosis or actinomycosis. This can easily be ruled out by 
a carefully taken anamnesis and a thorough physical examination of the 
lungs and pleura.

Of the processes originating in the bones of the thorax or in the 
muscles of its wall, some are acute and some are chronic. The acute 
processes include osteomyelitis of the clavicle, scapula, ribs and thoracic 
spine. Among the chronic processes may be mentioned, chronic in* 
flammations, especially tuberculosis and syphilis of the lymph glands, 
muscles and bones, and neoplasms, especially primary sarcoma and en* 
chondroma, and secondary metastatic carcinoma of the bones from pri­
mary cancer of the breast, prostate or intestine.
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The diseases of the breast are easily differentiated from other diseases of the 
thoracic wall; they have been referred to in Part X.

4. Examination of the Muscles, Bones and Joints 
of the Pelvis

Primary diseases of the pelvic bones and muscles are often overlooked 
in the beginning, or attributed to other causes, owing to the fact that they 
are covered to so groat an extent by soft parts. The indirect symptoms 
to which such processes may give rise are, therefore, very important in 
diagnosis. Thus, in obscure disturbances of the bladder and rectum, the 
possibility of a pelvic tumor growing inward and compressing or displac­
ing the pelvic viscera, should be thought of, and a vayinal and rectal 
examination made.

Tumors originating in the bones of the upper part of the pelvis, or 
tumors lower down, growing outward, may give rise to a paljmble mass, 
or may compress the nerves or the blood vessels; thus, in sciatica or in 
edema of the legs without apparent cause, the possibility of pelvic bone 
tumor should be thought of. Such tumors may be osteomata, enchondro- 
mata or sarcomata. The latter are particularly prone to cause nervous 
symptoms; they are usually vascular, and sometimes a bruit is audible 
over the tumor, lioutgenograms of the pelvis should be made in all ob­
scure cases.

Tumors of the muscles of the pelvis most often involve the muscles of 
the buttock. They arc usually fibromata or sarcomata.

Dermoid cysts of the perirectal tissue above the M. levator ani may be confused 
with other pelvic tumors; very often they are mistaken in women for ovarian 
tumors, in men for cold abscesses. Echinococcus cyst of the periprostatic area is 
sometimes mistaken for neoplasm.

5. Examination of the Muscles, Bones and Joints 
of the Spine

(a) Spina bifida and Other Congenital Anomalies
In the new-born, sessile masses in the middle line arc usually associated 

with spina bifida, in which case we may have to deal with (1) a rachis- 
chisis posterior, in which there is a complete defect in the spine, meninges, 
and posterior part of the spinal cord; (2) a myelomeningocele, in which 
the spinal cord is closed but is adherent to the dorsal wall of the sac 
and projects from the canal; or (3) a pure meningocele, in which the 
mass consists of the projecting arachnoid.

More difficult to recognize arc the cases of spina bifida occulta, in
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which there is no external mass. The patients complain of slight motor, 
sensory or trophic disturbances in the lower extremities. Over the lower 
part of the back in the middle lines one sees an area of hypertrichosis, the 
hairs being usually arranged in a crescent, which lies across the region of 
the spine, with convexity below. On palpation, a defect of the vertebral 
spines in this area can be made out.

Congenital tumors of the lumbosacral region are not uncommon 
(teratomata, angiomata, sarcomata, fibromata, lipomata, etc.).

At the lower end of the sacrum there is sometimes an abortive tail. 
This may be a true tail, containing rudimentary vertebrae ; sometimes 
the appendage does not contain bone. In other cases a false tail, due to 
a lipoma or a fibroma, appears in this region.

(6) Lumbago
Pain in the lumbar region of the back is called lumbago. It should 

bo remembered that lumbago is not a disease, but, like jaundice, only a 
symptom that may be due to any one of several different causes. It 
is probably best to reserve the term for violent pains that set in sud­
denly, without recognizable cause—the llexenschuss of the Germans, in 
which case the less severe and more chronic pains of spondylitis, of renal 
stone, renal tuberculosis, chronic colitis, tabes, etc., are excluded.

Lumbago, so restricted, is believed by some to be rheumatic or gouty 
in origin, by others to bo always traumatic, though the trauma may be 
very slight.

The lumbar portion of the spine undergoes muscular fixation, and 
movement of the part is exceedingly painful. When a severe trauma has 
preceded the lumbago, one must rule out fracture of the spine (x-ray) ; 
if no outspoken trauma have preceded, the came, of lumbago is most 
often an excessive movement of one of the lateral joints of the spine, 
causing strain (distortion) of the joint. Some persons arc particularly 
prone to produce such lesions in themselves. It is probable that many 
of the cases of lumbago believed to Ik? due to “rheumatism” of the muscles 
of the back arc in reality instances of slight unilateral joint distortion. 
Careful x-rays of the spine often reveal, however, a spondylitis deformans 
(hypertrophic ostco-arthritis), or a beginning spondylitis ankylopoietica 
(chronic infectious arthritis of the spine) as the cause.

(c) Trauma Involving the Vertebral Column
When an Injury of the spine has occurred, it is important, first of all, 

to determine whether or not the spinal cord or the spinal nerve roots have 
been injured. This necessitates a careful examination of the motility, 
the sensibility, and the vasomotors of the lower extremities, and the re­
flexes (deep, superficial, pupillary, sphincters). Should p neural dis-
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turbanco bo found, its exact site must bo determined (see Part XII, Sub­
divisions 1 and 11). Wo van then deduce the site of the vertebral in­
jury causing the symptoms, and good rontgenograms will reveal its nature 
and extent.

Vertebral injuries may cause nerve lesions that arc irreparable, in which 
case they consist usually of total dislocations of the spine or total dislocations with 
fracture, or they may cause nerve lesions that are largely reparable, in which 
event they consist usually of fracture of an arch of a vertebra or a compression- 
fracture of a vertebra.

If the injury to the spine has not caused any alterations in the form of tho 
spine, or any neural symptom, it must have been either merely a contusion, or a 
strain (distortion), or, possibly, fracture of a spinous process, or of a transverse 
process.

(d) Diseases Involving the Bones and Joints of the Spine

Non-traumatic diseases in the region of the spine may be inflamma­
tory, neoplastic, or metabolic in origin.

Of tho inflammatory diseases of the spine and its neighborhood, the 
most important for the internist is undoubtedly tuberculous spondylitis, 
or caries of the spine, familiarly known as Pott’s disease. In the severer 
forms, tuberculous spondylitis is accompanied by compression myelitis 
and spastic paraplegia ; in the less severe forms, it may be associated with 
angular deformity of the spine (gibhus), or with cold abscess pointing 
in the groin, in one iliac fossa, beneath tho muscles of the buttock, on the ) 
posterior surface of tho thigh, in the back, in the perirectal region, in i 
the neck, or in tho posterior wall of tho pharynx.

In young children, tuberculous spondylitis can sometimes be diag­
nosed in the absence of either giblms or cold abscess. In such cases, 
pain in the back on descending a stairs may be the first symptom, but 
any neuralgic pains in the occipital region, in the cervical region, in 
intercostal areas, or in tho sciatic region, should make one think of the 
possibility of a beginning spondylitis. In such cases, tho spine should 
bo carefully examined for tender spots, especially for tenderness on tho 
application of a hot sponge, or tenderness on compression of the head or 
of the shoulders in the long axis of the spine (Caution!) ; x-ray examina­
tions and tulierculin tests may be helpful.

Neoplasms nr true tumors in the region of tho spine may involve the 
bones of the spine, the muscles in the neighborhood, tho meninges, or the 
spinal cord itself.

If a carcinoma has been removed from the breast or from another 
organ, and months or years later a persistent intercostal neuralgia, or a 
sciatica develop, one must at once fear a metastasis in the spine; or, if, 
after a severe neuralgia, a mass appears in tho region of tho spino, or
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if a slight deformity of the spine occur with sudden paraplegia, a malig­
nant neoplasm of the spine is probable.

Tumors of the meninges and of the spinal cord, and their symptoms, 
are described in Part XII, Subdivision 1II. Some of these are accessible 
to surgery, and a most careful examination should he made in every case 
of suspected tumor in the hope that, if one he found, it can be suc­
cessfully removed. Boot pains are usually the first symptom. They 
are unilateral in the beginning, except perhaps in the region of the eauda 
equina, where they may be bilaterally symmetrical. In deciding upon the 
level of a tumor involving the spinal cord or the nerve roots it should 
be remembered, first, that sensory symptoms are more important than 
motor for level diagnosis, and, second, that as a rule the lesion is a little 
higher than the symptoms lead one to suspect (see Level Diagnosis, Part
XII).

Of the metabolic diseases of the spine, the two most imjiortant are 
rickets and osteomalacia. They lead especially to curvatures of the 
spine.

(e) Curvatures of the Spine
Curvature of the spine is not a disease in itself, but merely a symptom. Any 

static disturbance of the body leads to a compensatory change in the spine, to re­
store the equilibrium ; thus, the shortening of one leg causes obliquity of the pelvis, 
and, in turn, lateral curvature of the spine. Similarly, a ilexion-eontraeture of 
the hip joint will tilt the pelvis and cause lateral curvature of the spine. Any 
painful condition such as sciatica will lead to fixation of the pelvis and of the 
spine, with curvature (scoliosis ischiadica). Again, if the muscles whose contrac­
tions normally support the spine are weakened, paralytic curvature will develop, as 
in the lumbar lordosis of progressive muscular atrophy, the scoliosis of the Heinc- 
Mcdin disease, of syringomyelia, and of Friedreich’s disease. Again, retraction 
of one side of the thorax after a thickening of the pleura or an empyema, will 
cause lateral curvature of the spine.

Curvatures may, however, arise from diseases of the spinal column itself; thus 
spondylitis is often a cause of kyphosis or of scoliosis. Faults of development of 
the spine (supernumerary ribs, absence of a rib) may cause scoliosis. In Payet’s 
disease and in acrumeyaly, curvatures of the spine also occur.

Ordinary curvatures of the spine, however, are due to causes other 
than those already mentioned, and they depend ehiefly upon softening of 
the lsmes of the spine due to early or late rickets, or to osteomalacia.

The symmetrical, or anteroposterior, curvatures include kyphosis, or 
convexity backward, and lordosis, or convexity forward. An asymmetri- 
cal or lateral curvature of the spine is known as scoliosis.

Observing mothers are often the first to notice the deformity ; they 
bring the child to the physician complaining that “one shoulder is a little 
higher than the other,” or that “one hip projects a little.”

Sometimes the spine is abnormally Hat (shoemaker’s spine), or there
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may bo merely an exaggeration of the normal curves, or, finally, entirely 
abnormal curvature may be present. Normally, there is a moderate lordo­
sis of the lumbar region and a moderate kyphosis of the thoracic region. 
Practically, the lateral curvatures, or scolioses, are the most important of 
the abnormal curvatures. A general practitioner should see to it that he 
recognizes a scoliosis early and dues not neglect its treatment. An ex­
cessive lordosis of the lumbar spine in adolescence is often associated with 
orthostatic albuminuria.
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6. Examination of the Muscles, Bones and Joints 
of the Upper Extremity 

(a) Examination of the Region of the Shoulder
Fractures and dislocations of the clavicle, acromion, scapula, fractures and 

dislocations of the shoulder joint, need not detain us, though a knowledge of the 
diagnostic points in surgical conditions in this region is essential to the internist, 
in order to avoid the confusion of them with non-surgical diseases of the shoulder-

Among the congenital malformations near the shoulder, a high position of the 
scapula is not uncommon.

Inflammations of the acromioclavicular, the sternoclavicular, and the 
shoulder joints, and inflammations of the bursar of this neighborhood, 
including the subacromial bursa and the subdeltoid bursa, may be met 
with. The subscapular bursa and the intertubercular bursa are extensions 
of the sac of the shoulder joint, and do not lteeomc inflamed except, when 
the joint itself is also inflamed. The subcoracoid bursa is very small and 
clinically unimportant.

The subdeltoid bursa is of great importance, however, and gives rise, 
when inflamed, to a typical disease-picture. It lies lietween the deltoid 
muscle and the joint capsule and the humerus, and is sometimes divided 
into two sacs—an upper, or bursa subacromial is, and a lower, or bursa 
8ubde1toidea proper.

It is necessary to distinguish an effusion into the sulwleltoid bursa 
from an effusion into the shoulder joint. When the sul>deltoid bursa is 
distended with fluid, the M. deltoideus can, on inspection, lie seen to lie 
raised from the joint and from the humerus, especially in front and later- 
alward. The enlargement is most easily recognized if the patient lie 
viewed from behind (over both shoulders), so that the diseased may lie 
compared with the healthy side (Kiister). This striking bulging is absent 
in joint effusion. An extension of the bulging of the deltoid downward at 
once excludes joint effusion (de Quervain).

When there is a large effusion into the shoulder joint, it causes bulging; 
but this is usually most marked posteriorly and over the prolongation of 
the synovial sac along the biceps tendon. On palpation in bursal effusion 
a cushion lietween the deltoid and the humerus can lie felt, and tenderness 
on pressure is limited to the region of the bursa ; in arthritis the tender­
ness is most marked at the posterior inferior part of the joint.

A subdeltoid bursitis may lie due to acute infection, to trauma or to 
tuberculosis. An inflammation of the shoulder joint (omarthritis) may 
lie duo (1) to acute infection (streptococcus, gonococcus, etc.) ; (2) to 
chronic infection (tuberculosis, streptococcus, lues), or (fl) to trauma, 
followed by a hypertrophic osteoarthritis.
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It must not be forgotten that a -primary disease of the hone in the 
neighborhood of the shoulder joint may simulate either omarthritis or 
bursitis, but a careful examination will usually differentiate, especially if 
rontgenograms be made (in two directions, at right angles to one another). 
Osteomyelitis, tuberculosis, gumma, and sarcoma arc the most common 
diseases of the bones in this neighborhood.

(b) Examination of the Elbow and the Forearm
The elbow may be the site of any one of several surgical injuries '(fractures, 

separation of epiphyses, dislocations). These are differentiable from one another 
on careful inspection, palpation, functional testing of the joint, and, above all, 
x-ray examination.

The medical diseases of the region of the elbow include inflammatory 
processes and neoplasms. Inflammations of the elbow and its neighbor­
hood may be acute or chronic. A phlegmon of the forearm may simu­
late an acute arthritis of the elbow joint, but on close examination it will 
ho found that one side of the joint is free, while in acute arthritis the 
whole circumference of the joint is tender on pressure, the swelling being 
most marked where the capsule is most superficial (near the head of the 
radius and on both sides of the triceps tendon).

Chronic arthritis of the elbow joint may be due to (1) tuberculosis,
(2) lues, or (3) other forms of chronic infectious arthritis. An arthritic 
involvement is not likely to lie confused with simple chronic bursitis ole- 
crani or with epicondylar neuralgia.

Inflammations of the muscles of the upjier arm and of the forearm, 
may be due to (1) simple infectious myositis, (2) gummatous myositis,
(3) tuberculous myositis, or (4) trichi nias is.

Of the tumors of this region, those of intramuscular origin include angioma 
and sarcoma. The simple muscle hernia due to the bulging of contracted muscle 
through a defect in the aponeurosis of a muscle, following trauma or congenital 
defect, should not be mistaken for neoplasm. Similarly, calcification within a 
muscle following trauma, the so-called traumatic osteoma, in reality a circumscribed 
ossifying myositis, should not be mistaken for tumor; the appearance in ront­
genograms is very characteristic.

Tumors originating in the nerves rather than in the muscles can be differen­
tiated from muscle tumors by their position in the course of the nerves and by 
their spindle shape. They consist usually of neurofibromata, more rarely of 
sarcomata. ’

Inflammations of the bones may bo acute (osteomyelitis) or chronic 
(chronic staphylococcus osteomyelitis, sporotrichosis, tul>crculosis, or 
gumma). The neoplasms of the bones found here are most often myeloid 
sarcoma; occasionally other forms of sarcoma, fibroma or enchoiulroma 
may be met with.
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(c) Examination of the Wrist and Hand
On examination of the wrist and hand we have to consider especially 

the bones, the joints and the tendon sheaths (vaginae mucosae).

Knowledge of the effects of trauma in this region has been greatly advanced 
by x-ray examinations. Formerly, an outspoken Colles* fracture, with silver-fork 
deformity, was, of course, easily recognized by the dorsoradial deviation of the 
distal fragment (with retention of freedom of the wrist joint), along with devia­
tion of the styloid process of the radius and the wrist from the axis of the 
radius. But aside from this, other injuries were diagnosed as strain (distortion), 
or, rarely, ns dislocation of the wrist. By means of the x-ray, however, a whole 
series of other injuries of this neighborhood have been analyzed, and many of them 
can now be recognized, even without the help of the x-ray. Among them are the 
fractures of the radius extending into the wrist joint, fracture of the styloid 
process of the ulna, fracture of the us naviculare, volar dislocation of the os 
lunatum, and combinations of the two (intcrcnrpnl luxation-fracture). Fractures 
and dislocations of the metacarpal bones and of the phalanges are easily recog­
nized, with or without x-ray examinations.

The more distinctly medical diseases of this region include the inflam­
mations and the neoplasms.

Of the acute inflammations of the wrist joint and its ncighWhood
(cheirarthritis) we may mention (1) acute arthritis of the wrist due to 
acute rheumatic fever, or to other forms of acute infectious arthritis, and 
(2) acute inflammation of the vaginae mucosae (tendovaginitis) secondary 
to a penetrating wound of a finger, to a bite or other injury, or, sometimes, 
to metastatic infection.

In tendovaginitis, it is chiefly the movement of the fingers that is disturbed, 
while in arthritis of the wrist it is chiefly movements of the hand ns a whole 
that are concerned ; moreover, in arthritis there is everywhere tenderness on pres­
sure, while in tendovaginitis only the side affected is tender. Again, traction 
or compression in the long axis of the extremity is painful in arthritis, not in 
tendovaginitis. Extension of the inflammatory process in the longitudinal direction 
is characteristic of tendovaginitis; in arthritis, the inflammation remains limited 
to the joint region. Sometimes, of course, arthritis and tendovaginitis occur to-

A painful swelling in the region of the long extensor of the thumb, aceom-» 
panied by crackling on palpation over the tendon and muscle, is the so-called 
tendovaginitis crepitans; it is a croupous inflammation of the vaginae mucosae 
of the tendon and of the surrounding tissues.

The metacarpal and phalangeal joints arc often the site of arthritis. 
The proximal phalangeal joints, especially, undergo spindle-shaped thick­
ening in chronic infectious arthritis (arthritis nodosa).

Heberden’s nodes, the Ik my excrescences at the bases of the terminal 
phalanges, are commonest in hypertrophic osteo-arthritis, though they may 
occur in other forms of arthritis.
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An acute osteomyelitis may involve a metacarpal bone or a phalanx, though 
it is not common here. A gouty attack, involving the wrist and hand, is a rarity, 
hut it does occur.

Of the chronic inflammations in and about the wrist, chronic infec­
tious arthritis is very common. If one wrist alone is affected, and no 
other joints in the body are involved, tuberculosis of the joint is probable.

It is easily distinguishable from tuberculous tendovaginitis, since in the latter 
the swelling is only on one side of the wrist, usually the volar side, and is most 
marked, not at the level of the wrist itself, hut proximal and distal therefrom. 
The fingers are slightly flexed and there is no volar subluxation of the hand as 
in tuberculous arthritis.

Of the chronic inflammations of the hand and Angers, we must keep 
in mind (1) tuberculosis of the tendon-sheaths, especially of the flexor 
tendons, (2) gonorrheal tendovaginitis, (3) the stenosing tendovaginitis 
of do Quervain (radiating pain in the thumb and forearm on use, due to 
stenosis of the compartment of the tendon sheath for the M. extensor 
hallucis brevis and M. abductor hallucis longis over the styloid process of 
the radius), (4) the spindle-shaped swellings of the metacarpal bones or 
phalanges, due to tuberculosis (spina ventosa), or to syphilis (dactylitis 
syphilitica).

Mutilating affections of the bones of the fingers may be due to leprosy, 
syringomyelia (Morvan’s disease), or HaynaiuVs disease. Among the 
ulcers' oi the skin that may extend deep into the tissues may be men­
tioned liunterian chancre, lupus, and cancer, especially x-ray cancer. The 
occurrence of nodules due to tuberculosis of the skin in pathologists 
(Leichentuberlcel), and in butchers, should be kept in mind.

Of the inflammations of the nail-bed (matrix unguis), especially at the 
hidden margin of the nail, the commonest forms arc paronychia syphilitica 
of secondary syphilis, primary syphilitic chancre, and the severe panaritia 
due to atrophic disturbances in syringomyelia, in Raynaud’s disease, and 
in diabetes.

Tumors of the hand and fingers may be benign or malign. Of the former, 
lipomata, fibromata, angiomata, and chondromata may he mentioned. Of the 
latter, sarcomata occur chiefly on the fingers; epitheliomata on the back of the hand. 
Before rontgenologists learned how to protect themselves, riintgen-dermatitis, lend­
ing to epithelioma, was very common. Some of the finest men in the profession 
have been sacrifices to it.

Certain conditions resembling neoplasms should not he mistaken for them. 
Dc Quervain mentions (1) ordinary ganglion, so common on the back of the wrist, 
«lue to gelatinous degeneration of the connective tissue of the capsule of the joint, 
hut known now to he entirely independent of the synovial membrane of the tendon 
sheaths and of the joints; (2) masses of tuberculous granulation-tissue appearing 
beneath the skin between the tendons as a complication of tuberculosis of the carpal 
joint (tuberculomes juxtasynoviaus of Ollier); (3) sebaceous cysts on the back 
of the hand; and (4) epithelial cysts (traumatic or congenital) of the palm.
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7. Examination of the Muscles, Bones and Joints 
of the Lower Extremity

(a) Examination of the Hip and Thigh
In the region of the hip joint, great difficulty may be experienced in differ­

ential diagnosis. For this reason the surgeons, especially, have devised methods 
of examination, including measurements, which are very helpful, and with which 
every physician should be familiar. For the details of these1, text-books of surgi­
cal diagnosis, like those of de Quervain and of Johnston, should be consulted. Here 
only the more salient facts can he referred to.

Limps.—If the* hip joint he involved, the patient will limp. There are 
several varieties of limping, by no means all of them due to involvement 
of the hip. They have been carefully analyzed by F. do Quervain.

A limp may be due:
(1) To shorteniny of the lower extremity (more than lj em.)
(*J) To muscular paralysis from nerve lesion or from dislocation (paralytic 

limp); here, one extremity is not sufficiently supported, and the patient steps 
forcibly on the affected side, evidently feels no pain in it, but limps on one side 
in order to place himself more firmly on the affected leg, and, as it were, to
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throw the nffeeted leg forward for the next step; this is the form of limp seen in 
congenital dislocation of the hip and, if bilateral, a typical waddling gait v duck- 
walk develops.

(3) To painless rigiditi/ of one hip joint, the whole extremity, including one half 
of the pelvis, being moved forward as one piece, the gluteal fold disappearing 
on the affected side. Bilateral stiffness of the whole lower extremity is met with 
in outspoken bilateral coxa vara. The pelvis oscillates around a vertical axis, not 
around a sagittal axis as in bilateral congenital dislocation.

(4) To pain in some one of the joints on the affected side on movement; 
all the joints of that side undergo muscular fixation. The patient avoids using the 
affected extremity as a support, and so his body becomes inclined toward the 
healthy side, a point that distinguishes the painful limp from the limp of painless 
stiffening, which it otherwise resembles, especially in the absence of the gluteal fold. 
The limp of intermittent claudication (q. v.), due to arteriosclerosis, is a painful 
limp.

The Hip.—If after an injury, a dislocation or a fracture of the hip 
joint be suspected, the position and attitude of the injured extremity 
should be closely inspected, for this alone will often give a clue to the 
nature of the injury. Inspection is followed by careful measurements 
(see Examination of the Bones), to ascertain whether or not there is 
shortening, and, if so, whether it is supratrochanteric or infratrochanteric.

The position of the trochanter is determined by means of the Itoser- 
Nelaton line, or, better, by outlining Bryant’s triangle or drawing Shoe­
maker’s lino (q. v.).

If there is shortening that was not present before the injury, a dislo­
cation or a fracture has occurred. If the shortening is supratrochanteric, 
there has been a dislocation or a fracture of the neck of the femur; if it is 
infratrochanteric, there has been a fracture below the tip of the trochanter. 
If the trochanter 1k‘ abnormally high, it indicates a dislocation or a frac­
ture of the neck. If the trochanter occupy its normal position, there can 
have lieen no dislocation, or, if there be one, it must be situated below the 
trochanter.

The active movements of the leg arc next examined. If a patient, 
undressed, lying flat on bis back, can lift the injured leg easily, there is 
no dislocation nor fracture. If be Ilex the thigh with difficulty, without 
raising the heel from the lied, an impacted fracture may have occurred, in 
which event there will lie limitation of active medial rotation. If it lie 
necessary to test the passive movements, an anesthetic is desirable if the 
pain lie marked.

The diagnosis of the various effects of trauma (dislocations, fractures, distor­
tions and contusions) is relatively easy if the anatomical facts be kept in mind and 
the disturbances of function be carefully analyzed.

The non-fraumatic alterations in the form of the hip joint are of 
greater interest to the internist than those just mentioned. 1 refer to 
the changes in form that accompany congenital dislocations of the hip
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and those associated with coxa vara. The two are sometimes confused, 
though if rontgenograms be made this confusion could scarcely occur.

i. Congenital Dislocation of the Hip

In congenital dislocation of the hip, the head of the femur lies above 
or behind the acetabulum, there is shortening of the line joining the 
anterior superior iliac spine and the lateral malleolus, and the tip of the 
trochanter lies abnormally high. There is excessive mobility of the thigh, 
and the head of the femur can he found in an abnormal position and can 
ho moved backward and forward on the pelvis. There is usually a high 
grade of lumbar lordosis. In the rontgenogram, the exact position of the 
head itself, especially, and that of the acetabulum, can be made out. In 
the anamnesis a history of limping or of waddling from earliest childhood 
can be obtained.

The abnormal mobility distinguishes congenital dislocation of the hips from 
bilateral coxa vara due to rickety curvature of the femur, us does the x-ray exam­
ination. Paralysis of the gluteal muscles from the lleine-Medin disease may cause 
a paralytic limb resembling congenital dislocation, but the anamnesis will reveal 
the fact that the child walked perfectly well before his attack of poliomyelitis ; 
moreover, the tip of the trochanter is in the normal position, and the x-ray exam­
ination shows the head of the femur in the acetabulum.

ii. Coxa vara

In coxa vara dislocation is ruled out by the fact that the head of the 
femur is in its normal position and the femur is not abnormally mobile on 
the pelvis, hut a clue to the condition is found in the high position of the 
trochanter, caused by the bending of the neck of the femur.

Koclier distinguishes two forms of coxa vara: (1) coxa adducta, in 
which, for some reason or another, the oblique angle formed by the neck 
of the femur is diminished and converted into a right angle, or even into 
an acute angle; and (2) coxa vara in the narrower sense, in which the 
head is bent downward and backward, and undergoes spiral rotation, and 
the neck of the femur is also displaced backward ; when viewed from the 
trochanter, the neck, otherwise fairly normally placed, is turned backward 
in the direction of the hands of a clock. These changes in the position of 
the neck of the femur in coxa vara may lie due in childhood to rickets, in 
later life to the carrying of heavy burdens, or, more rarely, to osteomalacia. 
The coxa vara of childhood is usually bilateral ; that of adults may ho 
either unilateral or bilateral.

The characteristic signs of coxa adducta arc: (1) anterior position and abnor­
mally high position of the trochanter, (2) limitation of abduction, and (3) (when 
unilateral) shortening. The signs of coxa vara in the narrower sense are: (1)
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anterior position and abnormally high position of the trochanter, (2) lateral 
rotation and limitation of abduction of the thigh, (3) medial rotation and flexion, 
and (4) (when unilateral) shortening and limping.

Coxa vara has to be distinguished (1) from congenital dislocation of the hip 
(see above); (2) from beginning coxitis; (3) from the effects of trauma.

ill. Acute Coxitis

Of the acute inflammations of the hip and its neighborhood, wo have 
to distinguish acute inflammations of the hip joint itself (coxitis acuta), 
(1) from osteomyelitis of the shaft of the femur (cautious passive move­
ment possible; local tenderness below trochanter) ; (2) from iliac abscess; 
(3) from adenitis of the femoral or inguinal lymph glands and (4) from 
acute phlebitis of the femoral vein.

If an acute arthritis be present it may be due to acute rheumatic fever, 
to other kinds of infectious arthritis, to luetic arthritis, or to very acute 
tuberculous coxitis.

iv. Chronic Coxitis

Of the chronic infections of the hip joint by far the most important is 
tuberculous coxitis, the common “hip joint disease” of childhood. In 
adults non-tuberculous arthritis is more common.

In tuberculous coxitis, the child begins to show a painful limp, the 
gluteal fold disappears, and the muscles of the thigh begin to atrophy. 
Sometimes the child complains of pain in the knee rather than in the hip, 
but examination of the knee-joint reveals nothing abnormal there. On 
examination of the child lying on its back with the legs straight out, there 
is obvious lordosis of the lumbar spine, permitting the examining hand to 
l>e inserted beneath the back. If this lordosis l>o overcome by strong 
flexion of the thigh of the healthy side, there will lm involuntary flexion 
of the thigh of the affected side when tuberculous coxitis exists (Thomas 
test). There is fixation of the affected extremity and the pelvis, these 
parts moving as a whole. Under an anesthetic the muscular rigidity dis­
appears. On testing for limitation of passive motion, abduction and rota­
tion are found to bo involved earliest, then adduction, and, lastly, extension 
and flexion.

After the disease has lasted for a time a cold abscess may form, point­
ing most often in front below the anterior superior iliac spine, sometimes, 
however, lateral ward and backward. Tenderness on pressure can l>c elic­
ited at the front of the joint below the middle of Poupart’s ligament, and 
compression in the long axis of the femur or from the trochanter is also 
painful.

X-ray examination is helpful, though in the earliest stages of tubercu­
lous coxitis it may leave us in doubt. There is always an osteoporosis due
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to disuse. After the disease has advanced and has involved the cartilage 
and bone, the x-ray findings may be very characteristic.

It goes without saying that a cold abscess due to tuberculous coxitis should 
never be incised unless the surgeon intends immediately to go on to complete 
radical operation. If the physician desires to make sure as to the nature of a 
lluctuating mass supposed to be a cold abscess, he may puncture and aspirate under 
aseptic precautions. This does no harm.

Wo have to distinguish tuberculous coxitis (1) from subacute forms of 
simple infectious coxitis; (2) from chronic infectious arthritis; (3) from 
congenital dislocation of the hip; (4) from the different forms of coxa 
vara; (5) from caries of the spine and of the pelvis, with cold abscess for­
mation ; (0) from peri-appendiceal abscess and perinephritic abscess; (7) 
from lujdrops of the bursa iliaca; (8) from sciatica and other neuralgias ; 
and (0) from hysteria (Brodic’s joint).

Non-tuberculous chronic coxitis may he either a coxitis deformans, 
which is in reality a part of a hypertrophic osteoarthropathy, a common 
form of it being the so-called malum coxae senile, or it may he a coxitis 
chronica ankylopoietica due to chronic infection with some bacterium 
other than the tubercle bacillus. Occasionally the hip is involved in p 
neuropathic arthropathy (tabes; syringomyelia).

v. Neoplasms of the Hip and Thigh
Of the neoplasms of the hip and thigh those involving the muscle 

include angioma, fibroma and sarcoma (to he differentiated from tubercu­
lous myositis, gummatous myositis, and muscle hernias). Those origi­
nating in the bone include cartilaginous exostoses, enchondromata, osteo­
mata, and myeloid sarcomata. Such tumors of the bone must be distin­
guished from osteomyelitis (acute and chronic). A spontaneous fracture 
of the bone may occur in sarcoma.

(6) Examination of the Knee 

i. Effects of Trauma
In the domain of the knee-joint (articulatio genu), trauma is very 

common. In falling, the knee often strikes first, and there may be an 
injury to the bursa jrrepatellar is, to the patella, or to the knee-joint itself.

An effusion into the bursa is easily recognizable from its location and 
limitations. When there is an effusion into the knee-joint itself, the knee 
cannot be fully flexed, and there is swelling, not in front of, but around 
the patella, the grooves on both sides of this bone being filled out. Often 
there is also a transverse swelling above the patella where the joint cavity 
extends up beneath the tendon of the M. quadriceps. Joint effusion lifts 
the patella from the condyles of the femur. If pressed with the finger
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down upon the bone the firm substratum can bo felt when it is reached; 
if the pressure be taken off again, the patella will once more float. This is 
sometimes spoken of as dancing patella, or as ballottement of the patella.

Trauma to the knee-joint may l>o followed by loosening of a cartilage 
from one of the condyles of the femur (x-ray; palpation) ; or if there has 
been a twist of the joint, especially when the thigh has lieen rotated out­
ward when the leg is fixed, there may be a loosening and displacement of 
one meniscus (semilunar fibrocartilage), usually the medial meniscus. 
This causes a disturbance of function of the joint formerly described as 
dérangement interne. Such an injury is painful. On examination of 
the joint, there is tenderness on pressure at the point of attachment of the 
corresponding collateral ligament, or of the anterior insertion of the men­
iscus on the tibia. On extending the joint, the meniscus may project from 
the joint-slit and be palpable. Sometimes the meniscus is displaced into 
the interior of the joint. When a meniscus has been torn off in this way 
the patient is liable to sudden attacks of locked joint, accompanied by 
severe pain.

If, after an injury, the patient cannot lift the leg when the lower extremity 
is extended and there is no fracture as proven by the absence of shortening and 
of pain on compression in the long axis, further examination will reveal either a 
fracture of the patella, a rupture of the patellar tendon, or, rarely, a rupture 
of the tendon of the M. quadriceps. Such injuries are much more common than 
fracture of the lower end of the femur or of the upper end of the tibia, though 
these fractures do sometimes occur, as does also the rare dislocation of the knee- 
joint or of the patella.

ii. Acute Gonitis
In the acute inflammations of the knee-joint (gonitis acuta), the eti­

ology may be that met with in acute arthritis of any of the joints; thus, a 
traumatic arthritis may follow injury, especially if a joint-mouse or a loose 
meniscus have resulted. Without preceding injury, an acute gonitis is 
nearly always of infectious nature. Gonococcal gonitis is common in 
young people; indeed “gonorrheal rheumatism” is very likely to localize 
in one knee-joint, and sometimes it causes suppuration there. In poly­
arthritis due to rheumatic fever or to the pseudorheumatisms, the knees 
are frequently involved.

In all the cases just referred to there is evidence of effusion into the 
knee-joint with floating patella ; usually there is also some thickening of 
the capsule, which can be felt in thin people at its fold of reflection when 
the affected knee is compared with the healthy knee. Sometimes the carti­
lages and bones arc involved (rontgenograms).

Such acute gonitis must be differentiated (1) from acute prepatelhr 
bursitis, (2) from hydrops intermittens of the knee, and (3) from acute 
osteomyelitis of the lower end of the femur or of the upper end of tl e 
tibia.
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iii. Chronic Gonitis
Many different forms of chronic inflammation of the knee-joint (goni­

tis chronica) are met with clinically. A chronic joint effusion may be 
due either (1) to chronic infectious arthritis, or (2) to tuberculosis. In a 
monarticular affection with chronic serous effusion into the knee, espe­
cially if there be thickening of the capsule palpable at the upper recess of 
the joint and over the two condyles of the femur (where the synovial mem­
brane is reflected) and definite local heat, the condition is probably tuber­
culous, even though there be no marked limitation of motion nor any 
marked muscular atrophy demonstrable in the neighborhood.

When the capsule is markedly and diffusely thickened (so-called 
fungous gonitis) the condition is nearly always tuberculous ; rarely gum­
matous. This condition has nothing to do with the so-called villous ar­
thritis, in which there is crackling of thickened synovial folds as a result 
of static disturbance. Nor should it be confused with fatty proliferation 
of the villi (lipoma arborescens).

In chronic gonitis, ankylosis <>f the joint is not uncommon. This may 
follow an acute infectious gonitis (arthritis chronica ankylopoietica)f or 
it may bo due to tuberculosis. Sometimes it follows a hemorrhage into the 
joint (hemarthros).

iv. Neoplasms and Other Swellings ot the Knee, and its Neighborhood
Of the tumors in the region of the knee-joint, lipoma is the most common. 

Occasionally, a sarcoma of one of the bones is met with, or a fibroma or sarcoma 
may originate in the synovial membrane.

Chronic swellings in the neighborhood of the joint, other than neoplasm, are 
more common. Thus, in front of the joint we may find a swelling due (1) to 
chronic bursitis prepatellaris, (2) to chronic bursitis pretibialis, or (3) to bur­
sitis infrapatellaris profunda (behind the patellar tendon). Behind the knee- 
joint, in the popliteal space or poples, swelling due to aneurism is not uncommon ; 
its pulsation quickly differentiates it (1) from distended bursa here, (2) from 
lipoma, and (3) from cold abscess.

(c) Sciatica and Other Pains in the Lower Extremity
When investigating pain in the back of the thigh and leg (sciatica), 

it should be remembered that such pain is only a symptom aiid not a dis­
ease in itself, and that this symptom may be due to any one of several 
different causes. On examination it is well to proceed systematically. 
We rule out (1) a diabetic neuritis by examination of the urine; (2) the 
pains of tabes, or of dementia paralytica, hv examination of the reflexes, 
especially of the pupils, and by the Wassermann test, (3) sarcoma of the 
pelvic bones, or of the gluteal muscles, by palpation, by rectal examination, 
and by rontgenogram ; (4) chronic osteomyelitis of the shaft of the femur, 
by palpation of the bone, and by x-ray examination ; (5) spondylitis of the
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cervical, or of the lumbar spine, and disease of the sacro-iliac articulation 
by testing motion, by lateral compression of the pelvis, and by rontgeno- 
gram; (6) carcinoma of the rectum, or of the prostate, by rectal exami­
nation ; (7) neoplasm of the female genitals, by vaginal examination ; 
(8) malum coxae senile, by x-ray examination of the bip joint ; (9) inter­
mittent claudication, by inspection of the foot before and after walking, 
and by palpation of the arteries on the dorsum of the foot and behind the 
medial malleolus ; and (10) varicose veins, by inspection and palpation. 
Only when these several causes for sciatica have been investigated and 
ruled out dare we assume the existence of a so-called idiopathic sciatica, 
or simple neuralgia, of the N. ischiadicus.

In other neuralgias of the lower extremity, we may find involvement 
of the N. femoral is (anterior crural neuralgia), of the N. femoris cuta­
neous lateralis (meralgia paresthetica), or of the N. obturatorious (obtu­
rator neuralgia), a similar thorough investigation should here, also, pre­
cede diagnostic -onclusions.

Pain in the foot may be due to any one of many different causes. 
Flat-foot, trauma, arthritis, bursitis, osteomyelitis, tabes, alcoholic neu­
ritis, beginning gangrene and gout—all should be considered. Pain of 
so-called gonorrheal heel is due to an exostosis on the os calcanéum. Mor­
tons metatarsalgia may depend upon flat foot, upon exostosis of a meta­
carpal bone or upon a local arthritis. It involves most often the region 
of the metatarsophalangeal joint of the fourth toe.

(d) Tumors and Inflammations of the Muscles and Bones of the Leg

Of the tumors below the knee, myeloid sarcoma of the upper end of the 
tibia or of the fibula is not uncommon. Sometimes there is marked spin­
dle-shaped enlargement with parchment crackling, and, on auscultation, 
a bruit is audible over the sarcoma. Such sarcomata have been described 
in the literature as bony cysts or as bone aneurisms, since, when incised, 
they are found to be full of blood. The rontgenogram in such cases is 
characteristic. Cartilaginous exostoses may also occur near the extremi­
ties of both the tibia and the fibula.

(e) Examination of the Ankle and Foot
Of the inflammations of the bones here, acute osteomyelitis is easily 

recognized, but chronic inflammations may give rise to difficulties in diag­
nosis. A careful examination, together with rontgenograms, will, how­
ever, usually differentiate chronic staphylomycotic osteomyelitis from 
syphilitic periostitis, from gummatous osteitis, and from tuberculosis.

In the ankle joint (articulatio taloeruralis) and foot, aside from 
trauma causing contusion, distortion, fracture or dislocation, we have to 
consider chiefly inflammations, deformities and neoplasms.
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Acute inflammation of the joints is very common (podarthritis). 
The inflammation may involve the ankle joint proper (articulatio talo- 
cruralis) or the intertarsal joints (arliculationes intertarseae), or the 
transverse joint of the tarsus {articulatio tarsi transversa [Choparti]).

Chronic inflammations of these joints, as in the joints elsewhere, may 
lie due to chronic infectious arthritis, to tuberculosis, or to lues, and the 
same considerations that we have found useful in differentiation higher 
up also apply here.

The pain due to inflammation of the bursa tendinis calcanei (Achilles), 
often called achillodynia, should not be mistaken for a beginning tubercu­
losis.

An acute arthritis of the tarsal joints, and especially an acute arthritis 
of the metacarpophalangeal joint of the great too, occurring in middle 
life or later, is very often due to gout.

An acute gouty attack, however, should not be confused with acute in­
flammation of interraetatarsophalangcal bursa associated with hallux 
valgus (bunion), nor with the pain of beginning gangrene.

Of the deformities of the foot, flat-foot (pes valgus), often combined 
with pes varus, is perhaps the most important clinically, though club foot 
(congenital or acquired) is also not uncommon.

In pes valgus the os calcanéum is turned latcralward, so that, instead 
of standing in a line continuous with the axis of the leg, it is seen, when 
viewed from behind, to form an ohtuse angle with it lateralward. When, 
in addition, the arch of the foot has fallen and the anterior part of the foot 
is abducted at Chopart’s transverse joint of the tarsus so that its axis is 
directed lateralward as regards a line drawn perpendicular to a line unit­
ing the malleoli, we have; typical flat-foot ; on making a print of the sole 
of the foot with the aid of powder, the well-known form of foot-print of 
llat-foot is obtained.

Although physicians may well he expected to be familiar with flat-foot and 
the various painful symptoms to which it may give rise, it is surprising how often 
the condition is, in practice, overlooked. Pains in the feet, in the calves, in the 
sciatic region, and in the several joints of the lower extremities may bo due to 
flat-foot. Morton’s metatarsalgia is, in some cases, the result of flat-foot.

Club foot, including talipes varus and talipes equinovarus, may be 
either congenital or acquired, the acquired form usually following the 
lleine-Mcdin disease or other paralytic disorder (paralytic club foot). 
Club foot may be associated either with flaccid or with spast;c paralysis, 
in the latter case usually with one of the cerebral palsies of children.

In the toes, hallux valgus, or bunion, is due to the wearing of improper 
shoes. Hammer toe may be due to the same cause, or it may be con­
genital.
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Tumors of the foot arc not very common. Sarcoma of the os calcanéum may 
occur and may be confused with caries. Lipoma and cavernous angioma are met 
with sometimes in the tarsal or metatarsal region.

In the toes, multiple chondromatu occurs, just as in the fingers. Sometimes 
one of the toe nails is gradually lifted by a subungual exostosis or by a fibroma. 
It is not likely that the “proud-tlesh” due to ingrowing toe nail will be mistaken 
for tumor.
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Part XI
Kkction II

SPECIAL DIAGNOSIS OF THE PRINCIPAL DISEASES OF 
THE MVSCLES, BONES AND JOINTS

A. Special Diagnosis of Diseases of the 
Muscles, Fascia, Bursae and Vaginae mucosae

Tneae may l>e conveniently subdivided into :
JT. The congenital myopathies.

IT. Myopathies due to primary atrophy (the muscular dystrophies).
III. The neuropathic myopathies.
IV. Myopathies due to rupture of the perimysium (muscle hernias).
V. The inflammatory myopathies.

VI. The parasitic myopathies.
VII. The neoplastic myopathies.

VIII. Diseases of the bursae and of the vaginae mucosae.

Many of these have been sufficiently described under methods of examination 
in Part XI, Subdivision I. The muscular dystrophies, the progressive muscular 
atrophies, myasthenia gravis, and the various hyperkinetic disturbances will be 
described, for the sake of convenience, in Part XII (Diseases of the Nervous 
System).

Here we shall consider only certain more important diseases of the 
muscles that concern the general practitioner.
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1. The Congenital Myopathies
These consist in the main of defects, that is, absence of the whole, or of part, 

of a muscle.
The muscular defects of greater importance are those that involve, (1) the 

M. pectoralis, (2) the M. trapezius, (3) the M. serratus anterior, and (4) the M. 
quadriceps femoris.

These muscular defects are easily recognized by inspection and palpation of 
the region of the muscle, and, more especially, by functional tests (see Examina­
tion of Motility, Part XII).

2. Myopathies Due to Primary Atrophy
(The Muscular Dystrophies)

See Part XII, Subdivision III.

3. The Neuropathic Myopathies
These include : (a) the muscular atrophies due to lower motor neurone lesions, 

(b) the muscular atrophies due to disuse, (e) the reflex muscular atrophies, in­
cluding the nrthrogenic atrophies, (d) myasthenia gravis, and (e) the hyperkinetic 
disturbances. They are described in Part XII, Subdivision III.

4. Myopathies Due to Rupture of the Perimysium
Hernia of a muscle, due to a defect in the aponeurosis that permits a mas? 

of muscle to bulge through it on contraction, may follow trauma; but it often
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appears to be due to congenital defect, especially when bilateral. Such hernias 
are very characteristic in form. They appear, when the muscle contracts, 
us a transverse mass, and disappear again when the muscle is relaxed.

In the upper extremity they are most common in the M. biceps brachii. In 
the lower extremity, they occur most frequently in muscles that have to undergo 
sudden and severe contraction, as, for example, in the adductors of the thigh in 
men that ride on horseback.

Rider’s bone is prone to occur in the same muscles.

5. The Inflammatory Myopatf^s
(Myositis)

Under this heading we shall include (a) myalgia, (b) the different 
forms of myositis proper.

(a) Myalgia
(Muscular Rheumatism; Fibrositis)

Occurrence.—Pain in the muscles is often spoken of as “muscular 
rheumatism,” though the term myalgia is a better one. It may interfere 
with the function of the muscles, and even cause contractures, though no 
definite thickening like that of myositis can be made out on palpation. It 
is usually due to cold, this “rheumatic myalgia” being kept separate from 
the muscular pains due to trauma, to lead-poisoning, or to gout.

The pathogenesis of these myalgias is not known. Some hold the view 
that the white fibrous tissue is chiefly affected (fihrositis). Later on it 
may turn out that the “muscular rheumatisms” are in reality mild forms 
of myositis rheumatics, or neuralgias of the sensory nerve fibers in the 
muscles.

Lumbago is usually classified among the myalgias, but, as a rule, it is 
rather a distortion of one of the lateral joints of the spine, due to a sudden 
movement when the joint has not been prepared for it by preliminary 
fixation.

Symptoms.—Pain is the chief symptom, sometimes well localized, 
sometimes diffuse. The intensity may he extreme. Myalgia may be 
acute, subacute or chronic. In the acute cases the affected muscles are 
tender and pressure on them causes reflex contraction. The muscles at 
rest are hypertonic and sometimes a little swollen. The skin over the 
affected muscles may be warmer than elsewhere. According to the part 
iifl'ected, different names are used; thus, ordinary “stiff neck” is known as 
cervical myalgia, pain in the lower back as lumbago, or lumbar myalgia, 
pain in the scalp muscles as myalgia capitis, or cephalodynia; other mus­
cles may be the seat of the disease (myalgia intercostal is, or pleurodynia, 
myalgia pedoralis, dbdominalis, etc.). The terms scapulodynia, omodynia, 
and dorsodynia also refer to local myalgias.
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Diagnosis.—One must make sure that osteomyelitis and arthritis can 
be excluded. Especially in cases of lumbago, spondylitis lumbalis and 
relaxation of the sacroiliac joint should be looked for before deciding on a 
diagnosis of either distortion of a lateral joint of the spine or a myalgia. 
Definite myositis should also be ruled out. In pleurodynia the condition 
must be differentiated from pleurisy and from intercostal neuralgia. 
Neuritis and neuralgias can usually bo differentiated by examining tho 
pressure-points corresponding to the nerves ; the pain, too, is paroxysmal 
and more circumscribed.

(b) Myositis

Definition.—Tho term myositis is applied to any inflammation of a 
voluntary muscle or group of muscles.

Besides (i) the local forms of myositis, certain general forms arc now 
recognized, including (ii) the different forms of polymyositis, and (iii) 
progressive ossifying myositis.

i. Local Myositis

This may occur as a complication of acute articular rheumatism, and 
is then known as “rheumatic myositis.” In the acute stage the inflamma­
tory exudate in the muscle can he felt as a firm mass. Later on this may 
be followed by the formation of scar tissue (chronic myositis) or by atro­
phy of the muscle.

There is a gonorrlu-nl myositis, which is not uncommon in association 
with gonorrheal arthritis. The muscles near the affected joints are most 
often affected.

Occasionally a luetic myositis is met with, in the form of an infiltrating 
inflammation, or of a gumma.

The so-called myositis fibrosa is an end-stage of various forms of acute 
myositis (infectious, traumatic, parasitic). Local ossification of muscle 
may occur occasionally ; thus soldiers sometimes show ossification of the 
deltoid muscle where the butt of the gun strikes it ; equestrians may suffer 
from ossification of the adductor magnus muscle in the thigh, and after 
any injury, involving both bone and muscle, periosteal elements may be 
displaced into the muscle-substance and be followed by formation of bone 
(muscle-osteoma, myositis ossificans circumscripta).

Abscess in muscle, or suppurative myositis (myositis purulenta), is 
usually a part of a general sepsis. In Japan it not infrequently occurs as 
a special form of infectious myositis, in which Miyake has found the 
staphylococcus pyogenes aureus, the process involving either one or many 
muscles.
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ii. Polymyositis

In this disease many muscles of the body are simultaneously affected. 
There are several clinical forms, including (a) dcrmatomyositis, (b) hem­
orrhagic polymyositis, (c) polymyositis with erythema multiforme, and 
(d) neuromyositis.

1. Dermalomyositis

Definition.—A febrile disease, associated with violent pains, and with 
palpable swellings in the muscles, with inflammations of the skin, and with 
edema.

Symptoms.—It is a rare but a serious disease, half the cases ending 
fatally. The onset may be sudden or insidious, with stiffness in the limbs 
and rheumatoid pains; later, fever, severe muscular pains develop, along 
with edemas and with inflammations of the skin, especially of the skin over 
the larger muscle masses. With each exacerbation new muscle groups 
become affected. The disease may continue for weeks or months. The 
spleen is often palpable. Albuminuria is common. The joints arc un­
affected. Full details will be found in the careful paper by Steiner.

Diagnosis.—A careful consideration of the anamnesis and of the phys­
ical findings will usually permit one to arrive at an accurate diagnosis. 
The disease must be differentiated (1 ) from trichinosis (preceding gastro­
intestinal symptoms; eosinophilia ; histology of excised particle of muscle; 
trichina embryos in blood; anamnesis); (2) from septic myositis (blood 
culture).

A chronic dermatomyositis has been described (Schultze; Dietschy). 
It may lead to muscular atrophy and to sclerodermatous changes in the 
skin and face. In one case there were fistulac leading to the insertions of 
the muscles, and from these n ses of carbonate of lime were discharged.

2. P myositis hemorrhagica

This rare disease usv follows tonsillitis, and may be associated with 
myocardial involvement (tachycardia, arrhythmia, myocardial insuffi­
ciency). It resembles acute dermatomyositis in its general features, but 
is characterized by the formation of hemorrhagic foci in and between the 
muscles. The disease often ends fatally; in six out of ten cases collected 
by Thayer death occurred.

8. Polymyositis with Erythema multiforme,

The cutaneous affection presents the usual appearances of erythema multiforme 
and may dominate the clinical picture, though, on careful examination, pninful 
nodules in the muscles can be felt, and the use of the limbs is restricted. In these 
vases, the joints may also be involved. The disease is usually benign, in marked
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contrast with the forms of polymyositis described above. The patient studied by 
Ricketts and the writer recovered.

4. Neuromyositis

In this form, first described by H. Senator, acute myositis is associated with 
acute polyneuritis. The symptoms are those of the muscular and the neural disease 
combined.

iii. Progressive Ossifying Myositis
(Myositis ossificans progressiva multiplex; Hyperplasia fascialis ossi­

ficans progressiva)

Definition.—A rare disease in which the muscles of the limbs and of 
the trunk undergo a progressive ossification.

Etiology.—The cause of the disease is entirely unknown. It is inter­
esting that it appears most often in persons that show certain congen­
ital malformations, especially microdactylism of the thumbs and the 
great toes.

Symptoms.—At onset, the muscles of the neck, shoulder or hack are 
most often affected. They become swollen and painful, and the condition 
may ho regarded at first as “muscular rheumatism.” The skin over the 
affected muscles may he reddened, and small nodules come and go in the 
muscles. Gradually the muscles grow stiff and firm, and later assume a 
honelike consistence (ossification). The process extends to the other mus­
cles of the trunk, neck, face and extremities, eventually involving most of 
the skeletal musculature. The deposits show well in rontgenograms, in 
which they may be seen to involve not only the muscles, hut also the fasciae, 
tendons, ligaments, and subcutaneous tissues. In the worst cases the body 
becomes rigid, the arms being fixed in the shoulder joints and the lower 
jaw immobilized, so that a tube may have to be passed through a hole due 
to an absent tooth in order to introduce food into the mouth.

The process is not limited to calcification, but consists of actual hone- 
formation, as histological studies show. Some of the patients show infan­
tile testes or ovaries, and some of them have abnormally short limbs and 
great toes, indicating an abnormal development.

Diagnosis.—Difficulty is experienced only at the beginning; later, pal­
pation and x-ray examinations make the condition clear.
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ix, 484-486.
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9. Progressive Ossifying Myositis
Crawfurd (it.) & Lockwood (//.). A cane of myositis ossificans 'progressiva. Lancet 

Loruion, 1899, i, 1081-1094.
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ficans progressiva multiplex. Arch. f. klin. Chirurg., Berlin, 1913, 
c, 730-788.

Krause (P.) und Trappe (Af.). Ein Beitrag zur Kcnntnis der Myositis ossificans pro­
gressiva. Fortschr. a. d. Geb. d. Roentgenslrahien, Hamburg, 1907, 
xi, 229-200.
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Sheffield, 1896-97, v, 230-234. 3 pi.
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diseases of the mcsoblasl. Clin. J., London, 1900-01, xvii, 209-214•
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6. The Parasitic Myopathies
These include, (1) triehiniasis, (2) echinococcus of muscle, (3) cysticercus of 

muscle. These conditions have been described in connection with the respective 
parasites (q. v.).
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7. The Neoplastic Myopathies
(Tumors of Muscle)

Tumors of muscle may bo benign or malignant. The benign tumors 
include lipomata, fibromata, and osteomata. The malignant tumors in­
clude, as primary tumors, angiomata and sarcomata, and sometimes, as a 
secondary tumor, carcinoma. Tumors of muscles should not be confused 
with myositic indurations, tuberculosis, gumma, or parasitic invasions.

Lipoma.—This is uncommon in muscle, though it is sometimes met with in 
the tongue and in the muscles of the trunk and extremities.
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Fibroma.—This may occur in any muscle, and, while simple in itself, it should 
be remembered that a sarcoma may be taken to be a soft fibroma.

Osteoma.—Osteoma of muscle is rarely a true tumor; more often it is a local­
ized ossifying myositis of traumatic origin. It is probable that in such cases the 
periosteum is injured and osteoblasts wander into the muscular tissue. It may 
be that the “Uharlie-horse,” which causes induration of the muscles of the thigh 
and limping in athletes, may be a simple myositis, or, sometimes, a localized ossify­
ing myositis. As a rule, it clears up with temporary rest and baking.

Angioma.—Angioma is a rather common tumor of muscle, and is sometimes 
described as a blood-cyst. On account of its vascularity, if it occur in a muscle 
of an extremity, it diminishes in size when the limb is elevated, and fills when the 
limb is in a dependent position. Sometimes a bruit is audible with the stethoscope 
over the tumor. It is a relatively benign tumor, often existing a long time without 
harm to its carrier. Attacks of acute swelling due to thrombosis may occur in 
a cavernous angioma. The tumor is often mistaken for sarcoma or for tuberculosis 
of the muscle.

Sarcoma.—Sarcoma of muscle is far less common than sarcoma of bone, but, 
unfortunately, occurs with some frequency; thus, in the gluteal muscles, it may 
be a cause of sciatica. Sarcoma of the muscles of the neck is not uncommon. 
The tumor usually arises in the aponeurosis of the muscle or the intermuscular 
connective tissue. These tumors grow rapidly and soon show signs of malignancy.

Carcinoma.—Primary carcinoma of muscle never occurs. Secondary car­
cinoma may involve the muscles either by extension or metastasis, though métastasés 
here are exceedingly rare—much rarer than in bone.
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8. Diseases of (he Bursae and of the Vaginae mucosae
These consist chiefly of acute or chronic inflammation (bursitis, and 

vaginitis or tendosynovitis).
About the shoulder, the bursa subdcltoidea is often involved. The 

differentiation of bursitis here from omarthritis has been described above 
(see Methods of Examination). The bursa subacromialis is also some­
times the seat of inflammation, as is the bursa subcutanea olecrani, the 
bursa subtcndinca olecrani, and the bursa subcutanea epicondyli humeri 
of each side. Inflammations of the latter bursa are often erroneously 
thought to indicate involvement of the underlying bone.
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In the wrist and palm of the hand, vaginitis or tendovaginitis may 
he a very serious inflammation, especially if the inflammation he accom­
panied by a purulent exudate. A stiff hand, or stiffness of the fingers, too 
often results. The diagnosis has already been described. Tendovaginitis 
on the dorsum of the wrist and hand is less common. In chronic poly­
arthritis, infection of the inter metacarpal bursae is a frequent complica­
tion. In the lower extremity, the commonest bursal inflammation is 
housemaid’s knee (bursa prepatellaris). Its clinical features have been 
described under methods of examination.

The prétibial bursa, and the bursa connected witli the flexors of the thigh at the 
knee, may also he the seat of inflammation. The acliillodynia due to inflammation 
either of the B. subcutanea calcanea, or of the B. tendinis calcanei Achillis, has also 
been referred to.

Tendovaginitis of the foot may occur, similar to the tendovaginitis described 
for the hand.

For references, see page 37 and 4(5.

B. Special Diagnosis of Diseases of the Bones 
(The Osteopathies)

These may be conveniently subdivided as follows:
I. The congenital osteopathies.

II. The degenerative, the toxic, and the endocrinopathie osteopa­
thies.

III. The osteopathies of circulatory origin.
IV. The inflammatory osteopathies.

V. The neuropathic osteopathies.
VI. The parasitic osteopathies.

VII. The neoplastic osteopathies.
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1. The Congenital Osteopathies
Under this heading we include, (a) congenital absence of bone (bone 

defect), (b) the congenitally high scapula, (c) cervical rib, (d) multiple 
cartilaginous exostoses, (e) dental cysts, and multilocular cystoma of the 
jaw.

(a) Congenital Absence of Bone (Bone Defect)
Such defect is usually due to intra-uterinc injury of the fetus. Part of an 

extremity may be lacking. Sometimes a single bone is absent. We may give three 
examples: (i) fibular defect, (ii) spina bifida, and (iii) hereditary cranioclavicular 
dysostosis.

i. Fibular Defect
When the fibula is congenitally absent, there is an outspoken flexed poatiom 

to the foot (talipes valgus), associated with shortening of the extremity and curva­
ture of the tibia forward and medial ward. On palpation, the lateral malleolus can­
not be found. Often, over the tibia, a longitudinal scar is visible.

The anomaly is frequently bilateral. Sometimes one or more toes are lacking 
on the lateral side of the foot. Volkmann’s subluxation of the foot lateralward 
is due to fibular defect.

On x-ray examination, one can easily determine whether all or only a part 
of the fibula is absent.

Rontgenography is the most satisfactory method of investigating bone-defects of 
all sorts.

ii. Spina bifida
This has already been referred to under Methods of Examination (q. v.).

iii. Hereditary Cranioclavicular Dysostosis

(Dysostose cléido-cranienne héréditaire)

This remarkable syndrome was first described by Marie and Sainton. 
It is a congenital hereditary malformation characterized by (1) an exag­
gerated development of the transverse diameter of the skull coincident 
with a delay in the ossification of the fontanelles, (2) an aplasia of the 
clavicles, each clavicle being represented by fragments of bone at its 
extremities connected by a fibrous cord, and (3) the hereditary transmis­
sion of the anomalies. The aplasia of the clavicles permits an exaggerated 
mobility of the shoulders and diminishes the force on elevation of the 
arm.

(6) Congenitally High Scapula
This depends usually upon bony union of the scapula with the cervical spine, 

though conditions resembling it may be due to muscular anomalies without bony 
abnormality. Rontgenograms clearly reveal the condition.

This malformation is known as “Sprengel’s deformity.”
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(c) Cervical Rib
Occurrence.—A cervical rib may lie unilateral or bilateral, and, in 

its development, it may vary from a very short stump to a long rib. It is 
•often palpable, on one or both sides, in the supraclavicular fossa.

Symptoms. -Because it often raises the subclavian artery, the un­
usual pulsation palpable may give rise to a suspicion of aneurism, and, 
indeed, aneurism occasionally complicates cervical rib.

Clinically, cervical ribs are often associated with severe neuralgic pains 
in the domain of distribution of the lower part of the brachial plexus, and 
the nerve strands may l>c sufficiently injured to cause anesthesias and mus­
cular atrophies. The writer lias reported interesting nerve lesions that 
resulted from a cervical rib in bis own case.

In some instances syringomyelia is associated with cervical rib. When 
.there are pupillary disturbances, anesthesias, or severe neuralgias, it may

Fig. 4115.-Multiple Congenital Oateochondromata in u Patient with Muscular Dystrophy. 
Note Tu Uluru on the Humeri and the Characteristic Overgrowth of the ltadlI (After 
T. K. UoggH.)

lie difficult to decide whether or not syringomyelia coexists. In my own 
case there was a dissociation of cutaneous sensation (loss of tactile and 
thermal with retention of pain sense), but it was not of the syringomyelic 
tyjio ( loss of pain and thermal sense with retention of tactile sensation). 
It is probable that compression of the nerves distal from the cord, when it 
gives rise to dissociation, will yield anesthesias of a different type from 
those characteristic of syringomyelic dissociation (</. v.).
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The eases of cervical rib have been collected and carefully analyzed by W. XV. 
Keen. X-ray will often reveal bilateral cervical rib when only one is palpable, 

and even when no rib is palpable, the presence of a rib may be 
easily demonstrable in the rontgenogram. A palpable cervical 
rib may be visible on inspection as a bony projection in the 
supraclavicular fossa.

Numerical variations of the vertebrae ami ribs are 
not at all uncommon, as careful analysis of rontgeno- 
grams will reveal.

(d) Multiple Cartilaginous Exostoses
A condition is occasionally observed in which cartilaginous 

and bony growths of variable size and shape appear in sym­
metrical distribution on the bones of the trunk and of the ex­
tremities, especially at points where ossification normally 
occurs late. They may lead to marked deformities and to 
limitation of movement. Owing to pressure upon nerves, or 
upon the spinal cord, they may cause severe pains or paralyses. 

The course of the disorder is usually progressive. The disease is hereditary and can 
often be followed through several generations. T. K. Boggs has made a careful 
study of the affection.

Fig. 406. — RiSnt- 
gniogram of Have 
In Cunoof Multiple 
Congenital Osteo- 
chondromata. 
( After T. K. ltoggs, 
J. II. II. Bull.)

(e) Dental Cysts and Multilocular Cystoma of the Jaw
These have been described in Methods of Examination.
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2. Congenitally High Scapula
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2. Degenerative, Toxic and Endocrinopathie 
Osteopathies

Under this heading we shall descriltc (a) osteoporosis or bone atrophy, 
(h) phosphorus necrosis, (c) rickets, (d) achondroplasia, (e) osteop­
sathyrosis and osteogenesis imperfecta, (f) osteomalacia, (g) Marie’s dis­
ease, (h) acromegaly, gigantism, dwarfism and infantilism, (i) leontiasis 
«•ssca, and (j) oxycephaly.

(a) Osteoporosis
When, for any reason, the muscles of a part are kept at rest for any length 

of time, the lames beneath lose niueh of their caleiuin and heeotne abnormally
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transparent on x-ray examination (osteoporosis). In fractures of bone, and in all 
forms of arthritis, such osteoporosis of disuse occurs. Recently another form of 
osteoporosis, known as acute bone atrophy has been described. It has been re­
ferred to under Examination of the Joints.
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(b) Phosphorus Necrosis of the Jaw
This has been described under Methods of Examination of the Bones, and has 

also been mentioned in connection with phosphorus poisoning under diseases of 
the liver (q. v.).

(c) Rickets
(Rachitis)

Definition.—A constitutional or metabolic disease, of unknown etiol­
ogy, leading to visceral changes, to changes in the muscles and tendons, 
and to characteristic skeletal changes that arise chiefly at the periods 
when the skeleton is developing most rapidly (first two years of life; 
puberty).

Etiology.—The disease appears to he independent of climate, though 
it is rare in the tropics, at high altitudes, and in northerly regions. It is, 
however, an exquisitely hereditary disease; thus, a woman who has had two 
husbands, one rickety and the other healthy, may have many rickety chil­
dren by the one husband and entirely healthy children by the other. The 
sexes are equally affected.

Bad hygienic conditions (impure air, poor food, lack of sunlight and 
exercise) undoubtedly favor the development of the disease. Rickets is 
much more prevalent among the poor, hut it may occur in wealthy families. 
Recently the question of a relation to the vitamines of the foods has been 
raised. Thus, rickets is common in children fed on condensed milk, on 
proprietary foods, and on foods rich in carbohydrates. According to 
Cheadle, an examination of the diets of rickety children usually reveals 
a deficiency of animal fat and proteins. At the zoological gardens in 
London the lions’ cubs all died of rickets until, at Bland Sutton’s sugges 
tion, milk, pounded hones and cod-liver oil were added to the meat diet.

The relation of rickets to lues has been much discussed, and the ques 
tion is still open, hut rickets can certainly occur independently of lues. 
The frequent association of rickets with bronchopneumonia, with tuber 
culosis and with chronic diseases of the skin is well known.
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Symptoms.—Though tho disease must be regarded as a general disturb­
ance of metabolism, the skeletal changes dominate the clinical picture. 
These consist of (1) softening of the bones, with low content in lime salts, 
leading to abnormal curvatures ; (2) loss of bony substance ; (3) thicken­
ings duo to deposits upon the bones or to swelling of the epiphyses and 
(4) disturbance in the longitudinal growth of tho bones.

Changes in the skull may occur as early as the third or fourth month of 
life. The flat bones of the skull arc thinner and softer than normal, so 
that they can be dented with tho finger tip, like felt or paste-board (cranio- 
hihcs). This may be especially marked over the occipital bone. Some­
times circumscribed softening can be made out in the bones of the skull ; 
over such depressed atrophic areas of bone parchment-crackling is elicitablo 
on pressure with tho finger.

Toward the end of the first year thickenings and bulgings appear on 
the frontal and'the parietal bones, giving rise to the prominent forehead 

and the parietal 1 tosses of the disease. If both the 
occiput and the frontal bone arc flattened by these 
hyperostoses, the square head of rickets {caput 
quadratum) arises, causing a pathological brady- 
ecphaly. This square cranium, with broad fore­
head and prominent frontal eminences is some­
times mistaken for hydrocephalus. If the parietal 
bones are especially thickened, tho so-called caput 
natiforme arises. The fonticulus frontalis does 
not close until late, often remaining open until 
the third or fourth year. A systolic brain mur­
mur may be audible over this fontanelle; it is 
commoner in rickets than in other conditions, 
but it is by no means pathognomonic. The skin 
over the forehead is thin, and the subcutaneous 
veins arc dilated. Rickety children tend to sweat 
about the forehead ; at night they rub their heads 
on the pillow so that over the occiput the hair 

may be very thin. In many children the maxilla is changed so that the 
palatal arch is high, resembling a gothic arch in shape; this may narrow 
flic nasal passages and interfere with respiration. An abnormal position 
of the permanent teeth may follow changes in the shape of the alveolar 
processes. Dentition is nearly always markedly delayed, and the teeth, 
when they appear, arc often small (microdontia) and deformed.

Tho changes in the thorax are important ; the rickety rosary arises from 
thickening at the junction of the ribs with their cartilages. Softening of 
the ribs may lead to marked deformations of the thorax, similar to those 
met with in obstruction to the breathing from adenoids and enlarged ton­
sils (curving outward of the margin of the lower aperture of the thorax ;

Fig. 407.—Itnchltlc Skull 
—Case In the Itnsler 
Klnderspltnl. (After It. 
IUng, “llnndh. d. inn. 
Med.," published by J. 
Springer, Berlin.)
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vertical grooves on each side of the sternum ; horizontal groove at the level 
of the xiphoid, or “Harrison’s groove”; pectus carinatum, or pigeon 
breast). In the spine, rickety children often exhibit a kyphosis or a 
kyphoscoliosis.

The deformations of the bony pelvis in girls may be of the greatest 
importance in later life, interfering with child-birth because of diminution 
of the pubosacral diameter (see Textbooks of Obstetrics).

In the arms and legs, the thickenings of the epiphyses just proximal 
from the wrist and ankle arc highly characteristic. In addition, the long 
bones of the forearms and of the legs become curved through muscular 
contractions, or through the influence of gravity ; thus arise how-legs and 
knock-knees (O-legs and X-legs). Flat-foot may he due to rickets and 
retard walking. Children with a mild grade of rickets may have abnor­
mally fragile hones, with frequent fractures; and “green-stick” fracture is 
not uncomihon, on account of the softening of the hones.

The disease usually reaches its acme before the end of the second year 
of life, and then quickly recedes. Occasionally the most active stage is met 
with in the third or fourth year of life. Such cases, and cases that 
appear, or recur, at the time of puberty, are spoken of as “late” rickets 
(rachitis tarda). In the late forms, coxa vara (with high position of the 
trochanter, shortening of the leg, with limitation of abduction, and atro­
phy of the muscles of the gluteal and femoral regions) is common, as is 
also genu valgum, flat-foot and spinal curvature. Of late years much more 
attention has been paid to adolescent rickets than formerly (Ilutinel, 
Tobler).

In rickets the muscles are loose and poorly developed, so that greater 
excursions of the joints arc possible than in normal persons (“double- 
jointed” people).

As regards the nervous system, rickety children are often depressed 
or apathetic, but not necessarily intellectually backward. The association 
of rickets with the spasmophile diathesis (laryngospasm, eclampsia) has 
often been noted. Many of these children undoubtedly suffer from tetany, 
due to parathyroid insufficiency.

Osier emphasizes a triad of symptoms to which Jenner first called 
attention : (1) a diffuse soreness of the body ; (2) slight fever (100J- 
101.5° F.), with nocturnal restlessness ; and (3) profuse sweating, espe­
cially about the head and neck, the pillow often being found soaked with 
perspiration in the morning.

ltickcty children are prone to suffer from digestive disturbances and 
atony of the abdominal muscles (pot-belly). The spleen and lymph glands 
are often enlarged, especially if anemia coexist ; there is then, usually, a 
moderate leukocytosis (Morse). Bronchitis and bronchopneumonia are 
common complications, and arc often fatal.
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A résumé of the chemical studies on rickets will be found in II. G. Wells' 
Chemical Pathology. Chemical studies of the hones show a marked diminution 
in the inorganic salts, but the proportions of the different salts present at first 
seemed to be the same as in normal bone. Later studies show a relative increase 
of water and magnesium (Gassmann). For some cause or another, there is a 
failure on the part of the osteoid tissues to calcify. Various reasons have been 
assigned: (1) an excess of acid in the tissues (acid theory); (2) insufficient lime 
in the food. Neither view is sustained by the facts (Stoltzner; Pfaundler). The 
infectious theory and the nervous theon alsc lack support. Attempts have been 
made to hold faulty function of the adrenals or of the parathyroids responsible 
for rickets, but thus far they have not been convincing.

Two views are at present current: (1) some fault in the osteoid tissue which 
prevents it from taking salts from the blood (Stoltzner), and (2) excessive loss 
of calcium through the intestine (Uibbelt; Schabad). The pathogenesis is still 
obscure.
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(d) Achondroplasia
(Chondrodystrophia fetalis, formerly blown as Fetal Cretinism, or as 

Fetal llickets)

Definition.—A developmental disturbance of the skeleton occurring 
during fetal life, of unknown etiology, characterized by micromelia, and

Fig. 4IIK.—Adult Achondroplasia. On the an Achondroplastic of 11 Years Whose Height 
in 112 mi. On thr Right un Achondroplasie ot 18 Years Whose Height is iota cm. in 
the Middle n Normal Child of 8 Years Whose Height (lid cm.) Is intermediate Between 
that of the Two Aehondroplnsles. Note In the Achondroplasie» the Short Limits, the Long 
Trunk, and the Relatively Low Position of the Umbilicus. (After P. Marie, “KxposC* des 
Titres et Travaux Scientifiques,” published by Masson et ('le, Paris.)

trident band, and associated with a normal development of the genital 
organs and of the brain and intelligence.

Symptoms.- -The . _ jrination is congenital, and is relatively rare. 
Many of those alTected die when young, but others live to a good old age. 
In the skull there is an enlargement (resembling hydrocephalus), depres­
sion of the root of the nose, and prognathism. The extremities are verv

33
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short (micromelia ), owing to premature closure of the epiphyses ; the curves 
of the bones of the extremities are exaggerated. The trunk, on the other 
hand, may be normal 
in length, though the 
ends of the ribs are 
thickened. The middle 
point of the body stat­
ure lies above the um­
bilicus.

The nranee of 
the hands and fingers 
is very characteristic.
The fingers, 1 icing about 
expiai in length and 
thickened, project in a 
radial arrangement 
from the wrist, like the 
spokes of a wheel. Of­
ten the middle and the 
ring finger tend to lie- 
come separated from one another, so that the digits form three groups,

(1) the thumb, (2) the index and 
middle finger, and (3) the ring and 
little finger. This is the well-known 
trident hand.

Fig. 409.—Hands of an Adult Caac of Achondroplasia.
Four Fingers Are All of Almost Equal Length : 
Middle and Ring Finger are Together at the Hose and 
Diverge at Their Extremities—'Trident Hand, i After 
!’• Marie, “Expose des Titres et Travaux Scientifiques," 
published by Masson et Cle, London.)

There is marked lumbar lordosis with 
projecting abdomen. The subcutaneous 
ïat is abundant; the skin is smooth ; and 
the hair is normally developed and dis­
tributed. The intelligence is usually good. 
Other congenital malformations may co­
exist (Rankin and Mackay).

Those affected are short because of 
their short legs, so that the dwarfism ap­
pears on standing, though it is not notice­
able on sitting.

Some of the court fools of former 
times were achondroplasics. Nowadays 
many of them earn their living in side­
shows or in circuses.

Fig. 500.—('hoiidrodyHtrophlv Dwarf. 
(Med. Service, J. II. II.)

On x-ray examination of long 
bones like the humerus the diaphysis 
is found to lie broadened at. the ends 
but narrowed in the middle. The 
epiphyses are planifier than normal.

47
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The disease runs in families. Sometimes only males are affected 
through several generations (Porter). As a rule the parents of micromelic 
children look normal. Lues has nothing to do with the disease.

Diagnosis.—The condition is easily recognized by the dwarfism, the 
micromelia, the trident hand, and the enlarged skull. It must be differ­
entiated from rickets (intermissions and exacerbations ; delayed, instead 
of premature, ossification ; x-ray) ; (2) from thyro-aplasia and athyreosis 
(myxedema symptoms ; delayed ossification ; benefit from thyroid ther­
apy) ; (3) from osteogenesis imperfecta (x-ray plate ; multiple fractures ; 
short duration of life).
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(e) Osteopsathyrosis and Osteogenesis imperfecta

In osteopsathyrosis, or Lobstein’s disease, the hones are abnormally 
brittle. Though the general health of the patient may be good, fractures 
of the bones follow trifling injuries. Thus a man has been known to 
fracture his jaw while simply chewing. Some patients have undergone
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more than 100 fractures. The fractures heal readily, and are often accom­
panied by pain. Cases have been reported in which this condition was 
associated with muscular atrophy and polyuria (B. Sachs), but as a rule 
the disease is unaccompanied by other signs.

The term osteogenesis imperfecta has been applied to a disease of 
the fetus in which the bones fait to develop normally, and at birth and

Fig. 501.—Kiintgenogiam of th<‘ Lower Extremities of a CbM Showing Marked Changes In 
the Epiphyses and Multiple Fractures Marked by x’s. (X-ray Dept. J. H. II.)

afterwards all the bones are exceedingly fragile. The calcium-balance is 
minus. X-ray examination soon after birth may reveal large calluses due 
to intra-uterine fractures that have united.

The bones of the skull are defective and the extremities are deformed. 
Death usually occurs soon, though some patients survive, and the hones 
may grow firmer later. An interesting case has been studied recently by 
my colleague, Dr. John Howland, in the Harriet Lane Home.
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Metabolic studies in osteogenesis imperfecta have been undertaken by Book­
man and by Schabad. The tonner found that there was deficient calcium-retention 
in the florid stage. Schabad, who studied a seven-year-old child with osteogenesis 
imperfecta, found that calcium-retention was deficient. This could be improved 
by the administration of phosphorus and cod-liver oil. lie also described a hyper- 
phosphaturia in association with osteogenesis imperfecta, though there was, us 
normally, more phosphate in the urine than in the stool.
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if) Osteomalacia
(Mollifies ossium ; Spondylolisthesis)

Occurrence.—This form of softening of the bones resembles rickets in 
many ways, and there has been much dispute as to whether the two dis­
eases arc related to one another or are to Ikî kept sharply separated from 
one another. Women in the reproductive age arc most often affected, 
usually after they have borne children (puerperal osteomalacia).

Symptoms. The disease sets in, as a rule, with severe pains in the 
hack, bips or extremities; the pains are more marked on movement. The 
patients fatigue easily, especially on attempting to walk. The bones soften 
and, under the body-weight, they undergo distortion. Deformations of the 
pelvis, due to healed osteomalacia, may interfere later with childbirth (see 
Textbooks on Obstetrics). The pelvic inlet assumes a trefoil shape, or that
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of tlio ace of hearts. As the spine softens, marked kyphosis or kyphoscoli­
osis may develop, and the whole spine becomes shortened. In the severer 
cases the lower margins of the ribs may come to occupy a lower plane than 
the iliac crests. The ribs, sternum and clavicles may undergo deforma­
tion. The bones of the skull and the extremities, though sometimes de­
formed, arc less often involved. The terminal phalanges of the fingers 
may become flattened through efforts at support on rising from the sitting 
position.

An early sign is difficulty in walking, dependent partly upon pain, but 
still more upon enfeeblement of tlie muscles (osteomalacic paresis). Ad­
ductor spasm of the thighs is a common accompaniment.

Nervous and mental symptoms may coexist (feeble memory, apathy, 
indecision, irritability, occasionally dementia).

The disease may last a long time, with many remissions and exacerba­
tions, especially after pregnancies. In fatal cases there is often a terminal 
infection (bronchopneumonia, sepsis). The patients may be long bed­
ridden. Many suffer from myocardial insufficiency, secondary to the tho­
racic deformation.

The disease is, fortunately, rare. It seems to be especially prevalent 
in certain areas (endemic) and to be absent from others. At autopsy the 
bones may be soft and flexible; sometimes one can cut through the bone 
with a knife without causing grating. Histologically there are signs of 
osteoclastic absorption, followed by formation of uncaleified osteoid tissue.

Pathogenesis.—Some think the disease related to disturbances of func­
tion of the thyroid gland or of the ovary (increased function). Sellheim 
(11) 13) believes that the gonads build an internal secretion that exerts an 
inhibitory influence on bone-growth, and that the secretion is periodical, 
synchronous with the periodicity of the reproductive life. Chemical studies 
of the bones show great diminution of all the mineral constituents. Ac­
cording to McCrudden, along with the decrease in calcium there is an in­
crease of magnesium and sulphur, due to the newly-formed uncalcified 
osteoid tissue. Metabolic studies during the disease show a negative cal­
cium-balance (Goldthwait). The phosphoric acid of the feces is increased 
(Zuntz). According to the Italian school, osteomalacia is an infectious 
disease (diplococcus). Cases of osteomalacia in males (virile osteoma­
lacia) have been described ; here the pelvis docs not seem to be affected, but 
rather the spine and the extremities.

In women, double oophorectomy may or may not be followed by im­
provement or recovery, though the calcium-loss temporarily gives place to 
calcium-retention after the operation. But, in females, osteomalacia can 
occur independently of pregnancy and of the puerperal period (juvenile 
and senile forms).

One type of osteomalacia is met with in early childhood (Relin). This 
infantile osteomalacia has been separated from rickets, but the identity of
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tho two diseases is maintained by some. It may be that the two diseases 
are different expressions of one and the same process (Vogt).

Diagnosis.—This is easily made in the well-developed cases. Recog­
nition is often extremely difficult at onset, when the disease may be mis­
taken cither for rheumatism or for sciatica. Rontgenograms and adductor 
spasm are helpful in differentiation.

Multiple myeloma of bones may give rise to similar symptoms, but, in 
Kahlcr’s syndrome, the bones arc not flexible, and the patients can walk, 
at least until near the end. The Bence-Jones protein may occur in the 
urine in both diseases. The remarkably beneficial clfcct asserted to have 
followed removal of the ovaries in some cases of severe osteomalacia is 
worthy of notice.
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(g) The Bamberger-Marie Disease
{Hypertrophic Pulmonary Osteo-arlhropath //, Toxicogenic Osteoperiostitis 

ossi/icans of Sternberg)

Definition.—A disease affecting the skeleton symmetrically, character­
ized by clubbing of the ends of the fingers and toes, and by enlargement of 
the distal extremities of the long bones near the joints.
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Symptoms.— The sites of predilection for the enlargements are the dis­
tal extremities of the ulna and radius and of the tibia and fibula. The

Fig. C02.—Clubbed Fingers and Toes In a Case of Congenital Cyanosis. (After Qulsez, Arch, 
d. mal. d. cœur, published by Baillière et Fils, l'nrls.)

joints themselves are free, so that the term “osteo-arthropathv” is a mis­
nomer. The bones of the hands arc less affected than those of the forearm 
and leg. In the spine there may be kyphosis or scoliosis.
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The thickening of the bones is due to a slowly ossifying periostitis and 
osteitis of variable grade.

The soft parts are also thickened over the enlarged bones ; this is most 
striking at the finger-tips. The finger-nails may be markedly curved so as 
to assume a watch-glass form. Even markedly clubbed finger-tips (hippo- 
cratic fingers; drum-stick fingers) may, in rontgcnograms, show but little 
if any bony change.

Occasionally the ribs, the sternum, the clavicles and the pelvic bones 
are involved. When the metacarpal bones of the hands arc affected an 
x-ray plate reveals distinctly the periostitis along the shaft.

Pathogenesis.—The condition is secondary to various primary diseases, espe­
cially to chronic suppuration (lungs, bladder, renal pelvis). The commonest asso­
ciated conditions found in the lungs in Marie’s disease are (1) tuberculosis, (2) 
bronchiectasis, (3) empyema and (4) neoplasm. The condition has also been met 
with in congenital heart disease, in dysentery, in lues and in various infectious 
processes.

Clubbing of the fingers can occur independently of toxicogenie osteoperiostitis, 
though Sternberg is probably right in regarding the change in the fingers as an 
initial phenomenon of the skeletal disease, which, sometimes, does not develop fully.

Diagnosis.—The disease is easy to recognize. It will scarcely bo con­
fused with acromegaly, in which the whole hand is enlarged, and in which 
the characteristic changes in the skull occur ; moreover, x-ray plates show 
the diaphyseal pcriostitic thickening characteristic of Marie’s disease.
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(h) Acromegaly, Gigantism, Dwarfism, Infantilism
These conditions, in which the growth of bone is either increased or diminished, 

and the epiphyses unite either too lute or too early, are described under Diseases 
of the Eudoerine (Hands (see Part XIV).
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(<) Leontiasis ossium

(Megalocephaly ; Hyperostosis cranii)

In this condition there is hyperostosis of the bones of the skull, involving 
chiefly the cranial skull, though sometimes the facial skull is also enlarged. Cases 
have been studied in this country by M. Allen Starr of New York, and by J. J. 
Putnam of Boston. In Starr’s case, there was a slowly progressive growth of the 
head, face and neck, involving both the bones and the soft tissues over them— 
a true meyulocephaly. According to Putnam, osteophytic growths from the inner 
table of the skull may cause symptoms like those of brain tumor.
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(J) Oxycephaly; Pyrgocephaly
(Tower Skull or Steeple Head; Turmschadel)

In certain persons the upper part of the head attains to an unusual height, 
giving rise to a high forehead, which slopes to a pointed vertex like a tower or 

steeple. The supra-orbital ridges are low. The hairy 
scalp begins at a high level. The patients suffer from 
headache and from impairment of vision, due to gradually 
developing optic atrophy. In many of the patients, there 
is exophthalmos and anosmia.

The disease appears to be associated with premature 
synostosis of the sutura coronalis and the sutura sagitallis. 
This restricts the growth of the vault of the skull in the 
anteroposterior and in the transverse diameter; to provide 
for the increasing bulk of the brain, there is a com­
pensatory increase in the height of the skull. The fon- 
ticidus frontalis closes late and its former site may project 
a little. The optic atrophy is secondary to choked disk 
from increased intracranial pressure, just as in tumor of 
the brain. It would be interesting to know whether or 

not an early decompression-operation, as Osier recommends, would be helpful in 
such cases.
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Fig. 0 0 3. — Oxycephaly. 
Case In the Hauler Kln- 
derapltal. (After it. 
Bing.)

3. The Osteopathies of Circulatory Origin
Under this heading we shall include, (a) gangrene of the foot and toes, 

and (b) Barlow’s disease.

(a) Gangrene of the Foot and Toes

Definition.—Death of the distal portion of tlio lower extremity as a 
result of anemia dependent upon occlusion of the artery supplying the

Etiology.—In old people the condition is due to arteriosclerosis with thickening 
or thrombosis (senile gangrene). In younger people, it is also due to arterial 
occlusion, either from syphilitic arteritis, from arteriosclerosis developing in 
diabetes, or from thrombosis in acute infections (typhoid, thromboanyeitis ob 
literans).

Symptoms.—The patients begin to notice pain or paresthesia in the 
toes and foot. Sometimes intermittent claudication (q. v.) precedes the
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symptoms of gangrene. The patients may have noticed that the foot grows 
pale at times, or that it is unusually livid at other times.

On physical examination the signs of arterial change may be found. 
The blood pressure need not be elevated. Palpation of the A. dorsalis

Fig. 504.—ltüntgcnogram of the Upper Extremity Showing Supvriosteal llcmorrhugc In Infan 
tile Scurvy—Barlow's Dlseaae. (X-ray Dept. J. H. H.)

pedis on the medial margin of the dorsum of the foot and of the A. tibialis 
posterior below the medial malleolus, may reveal absence of pulsation or a 
very feeble pulse.

In the differential diagnosis, Raynaud's disease, acrocyanosis ones- 
thctica, and erythromelalgia should be considered.

(6) Barlow's Disease

This condition, known also ns infantile scurry, has already been described (sec 
Part VII).
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4, The Inflammatory Osteopathies
The inflammation may involve the bone itself (osteitis), the bone- 

marrow (osteomyelitis)y or the periosteum (periostitis). In addition, 
cavities lined by mucous membrane within the bones may be the scut of 

severe inflammation; thus we have already described 
paranasal sinusitis in the maxillary, frontal, and other 
sinuses (sec Part V) ; similarly, the middle car or 
the internal car may bo the scat of inflammation 
(otitis media, otitis interna).

Inflammations of the bone may be due to ordinary pyo­
genic microorganisms (streptococci, staphylococci, etc.), or to 
the typhoid bacillus, as in typhoid periostitis. Hut we see 
also many instances of so-called specific inflammations (tu­
berculosis, syphilis, actinomycosis and sporotrichosis), due 
respectively to the Bacillus tuberculosis, the Treponema pal­
lidum, the Actinomyces fungus, and the Sporotrichum 
fungus.

(a) Acute Osteomyelitis
Definition.—An acute infection of the bone-mar­

row, usually involving bones in different parts of tho 
body, though sometimes limited to a single bone, and 
dependent upon hematogenous infection, most often 
with the Staphylococcus pyogenes aureus, some­
times with the Streptococcus or other pathogenic bac­
teria.

Symptoms.—The disease is more common in young 
children and in adolescence than in adults. The por­
tal of entry of the staphylococcus may be obvious or 
it may be obscure. The patients sicken with chills, 
high fever, and tachycardia, and they often manifest 
delirium.

The course of the disease is usually rapid. Many 
patients die before a diagnosis is made, and tho true 
nature of the condition is discovered only at autopsy. 
If the condition be suspected, and local pain bo com­
plained of, palpation of the bone, if it bo accessible, 
may reveal local swelling and tenderness. Common 
sites arc the shaft of the femur, the clavicle, scapula, 
a rib, and the tibia. Any bone may, however, bo in­

volved, including the bones of the skull, tho spine, tho clavicle, tho sternum, 
and the small bones of the extremities. If tho patient live long enough 
and the disease be acute, abscesses usually form in and around the affected

Fig. 505.—Itontgeno* 
gram of the Leg In 
Osteomyelitis. The 
Arrows Point to 
Cavities Filled with 
Iodoform Packs. 
(X-ray Dept., J. II. 
H.)
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bone. Often a considerable mass of bone dies (necrosis of bone), and 
the sequestrum will keep up chronic suppuration, with sinus formation, 
unless an operation be performed.

Diagnosis.—The symptoms and signs may bo distinctive, especially if 
opportunity for infection be known. When the condition is suspected, a 
blood culture should be made, and will often reveal the bacterial cause. 
It is important to remember that in osteomyelitis during adolescence the 
urine may contain the etiological agent. I once grew the staphylococcus 
in cultures from urine drawn aseptically from the bladder in a young phy­
sician suffering from osteomyelitis.

In the differential diagnosis, we must distinguish acute osteomyelitis 
(1) from acute arthritis, especially from acute coxitis; (2) from subcu­
taneous and from intramuscular abscess; (3) from acute rheumatic fever; 
(4) from ordinary septicemia and pyemia; and (5) from malarial fever.
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(b) Chronic Ostitis and Osteomyelitis
This is often confused with syphilis, with tuberculosis, with actinomycosis, with 

sporotrichosis, and with sarcoma of hone (see Examination of the Tibial Region). 
The anamnesis and a thorough physical examination, together with rontgenograms, 
and sérodiagnostic tests, will differentiate these processes. In case of operation, 
cultural methods, animal inoculations, and histological studies will remove all doubt 
as to the nature of the process.

A special form of chronic ostitis, known ns ostitis fibrosa (or v. Reckling­
hausen’s bone disease) is occasionally met with.
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2. Ostitis fibrosa (v. Recklinghausen)
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(c) Acute Periostitis
Definition.—An acute inflammation of the covering of bone (peri­

osteum).
Etiology.—Acute periostitis follows either trauma, as in fracture or 

contusion, or infection, as in acute periostitis of the jaw secondary to 
dental infection. An acute periostitis is not uncommon as a complication 
of typhoid fever, and may ho due either to the typhoid bacillus itself, or to 
complicating secondary infections.

Symptoms.—There is local swelling, extreme pain, and heat. In the 
septic cases, suppuration may follow. In the purely traumatic cases, the 
condition is usually transitory.

Diagnosis.—This is usually easy if the etiology he known. X-rav ex­
aminations will differentiate acute from chronic periostitis, since in the 
latter there will be evidence of hone-formation. The syphilitic forms of 
periostitis are described below.
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(d) Chronic Periostitis
Any acute periostitis may become chronic or a periostitis may be chronic from 

the beginning, ns in syphilis (see Syphilis of the Bones), or in the pathogenic 
osteoperiostitis of Sternberg (see Marie’s Disease).

(e) Syphilis of the Bones
(Syphilitic Osteitis and Periostitis; Luetic Bone Affections)

Occurrence.—The bones may be affected either in hereditary or in 
acquired lues. In the latter, the bones 
may be involved either in the secondary 
or in the tertiary stage of the disease.

L The Bones in Secondary Lues
The patients often complain of 

“rheumatic” or of “neuralgic” pains, 
or of circumscribed tenderness on the 
bones. The superficial bones (skull, 
anterior surface of tibia, ulna, meta­
carpi) are most often affected. The 
pains are milder in the daytime than 
at night when they may become al­
most insupportable (dot ores osteocopi).
Nodes, due to subperiosteal deposits, 
often become palpable.

ii. The Bones in Tertiary Lues
Here gummata appear, either in the 

form of a circumscribed periostitis, 
causing round nodes, sensitive at first, 
and, later, more indolent. Sometimes 
these nodes soften and break down ; oc­
casionally there is fistula-formation.
Gummata beginning in the marrow and 
in the spongy part of long bones are 
less common. They sometimes occur, 
however, in the phalanges, in the radius, 
or in the ulna. When a phalanx 
(dactylitis syphilitica), or a metacarpal 
bone, is affected, the appearance may 
resemble that of a tuberculous “spina 
ventosa.”

In x-ray pictures the signs of syphilis of the bone arc usually charac­
teristic. Thus, in simple luetic periostitis, a lamellation of the periosteum

Fig. 000.—Riintgvnogrnm of the Fore­
arm and Hand Showing Syphilitic 
Osteitis nud l'erlostltls. (X-ray Dept
J. II. II.)
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may bo visible, running parallel to tbe cortical wall of the bone. Some­
times a circular involvement of tbe bone is recognizable.

In gummata of bone the involvement may be devoid of structure in tbe 
x-ray plate; tbe kmc is always more transparent in tbe area affected. In 
tbe periphery tbe bony shadow may be more intense in places (osleoscle-

Fig. 007.—ItUntgcuogiaiu of the lluud of u Child with Cougvuitul Lue», Showing Periostitis. 
(X-ruy Dept J. H H.)

rosis), and less intense, or spotted, in others (osteoporosis). Nodes and 
spindle-shaped swellings are often easily visible in rontgetiograms.

The mouse-eaten, or mosslike, appearance of the periosteum in some 
cases of luetic periostitis is very characteristic.

Diagnosis.—Lucs of the bones may be mistaken for tuberculosis, for 
sarcoma, for sporotrichosis, or for chronic staphylomycotic osteomyelitis, 
but the clinical history, tbe nocturnal pains, the sites of predilection, the 
x-ray plates, and the positive Wassermann reaction make the diagnosis 
easy.
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(f) Tuberculosis, Acti­
nomycosis and Sporo­
trichosis of the Bones
Those important subjects, 

though they belong chiefly 
to surgery, have been al­
ready referred to (see Part 
XI, Methods of Examina­
tion, and also Part IV, In­
ter tious Diseases).

l«’lg. 50H.—Itontgeiiugrum of Spine; Tuberculosis of 10th, 
11th, and 12th Thoracic Vertebrae. The Arrows 1'olnt 
to Areas of Destruction. (X-ray Dept., J. II. II.)
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(g) Paget’s Disease
(Osteitis deformans; Senile Pseudorickets)

Definition.—A disease, described by Paget in 1870, which begins usu­
ally after middle life, progresses very slowly, and is characterized by pains 
in the bones and by marked deformations (particularly enlargement of the 
skull and of the clavicles, cervicothoracic kyphosis, enlargement of the 
lower aperture of the thorax, and a bowing of the lower extremities for­
ward and lateral ward) ; the bony tissues soften (owing to rarefying oste­
itis), and thicken (owing to subperiosteal and medullary new-bone forma­
tion), and the bones become abnormally curved.

Etiology.—The cause is unknown. The malady is often a family dis­
ease. Through the courtesy of Dr. Marie Ingram, of Baltimore, I have 
had the opportunity of observing and of exhibiting at my clinic one of 
these interesting families. Paget’s disease should be sharply separated 
from the similar lesions produced by syphilis, with which it has nothing 
to do. An association with atherosclerosis is very common. In a group of 
cases very carefully studied by Locke, of Boston, atherosclerosis was a 
marked feature.

Symptoms.—As a rule, the symptoms develop after the fiftieth year, 
with pains and with enlargement of the bones.

The onset of Paget’s disease is insidious, the deformations often being 
quite marked before they are accidentally noticed. In other cases rheu­
matic or neuralgic pains may precede the deformity by years or by dec­
ades. One bone after another may become affected—in order of fre­
quency : the skull, the tibia, the femur, the pelvic bones, the spine, the
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clavicles, the ribs, and the radius. The disease may or may not he bilat­
erally symmetrical.

The bones of the legs are usually affected early, but the patients con­
tinue to walk, in spite of marked deformity, and, indeed, the contrast 
between the severity of the anatomical disturbance and the degree of pres­
ervation of function is characteristic. The deformity seems to be duo

Fig. 500.—Paget's Disease or Osteitis 
Deforuiuus. (Med. Service J. H. II.)

Fig. 510.—Osteitis deformans, Paget's 
Disease. Showing the Simian Atti­
tude, the Large Head, the Flaring 
Itlbs, Transverse Abdominal Sulcus, 
and Marked Bowing of Moth Femora 
and Tibiae. (After S. II. Uurwitz, 
J. II. II. Bull.)

mainly to the softening and to a pathological growth of bone in the longi­
tudinal direction on the convex side. Through the curving of the long 
bones the body height may bo markedly diminished. Osier mentions a 
patient in whom the reduction in stature was no less than thirteen inches. 
When the ribs and sternum are much deformed respiration is impeded; it 
may become wholly diaphragmatic. These changes in the bony thorax may
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account, in part, for the bronchitis and for tlm myocardial insufficiency 
that arc common complications. The enlargement of the skull may lie 
very great; the circumference may reach 60 or even 70 cm.

The bones affected may reach a size twice as large as the normal bones. 
On palpation one makes out immediately that the enlargement is duo to 
bone and not to the soft parts.

The changes in the skull may resemble those seen in hydrocephalus, 
the whole head assuming the form of a triangle, with the base upward. 
The projecting frontal bones give the impression of an “Olympic” fore­
head, and the parietal bones remind one, to a certain extent, of a rachitic 
skull ; but there are no abnormal depressions, the bulgings are even, the 
sutures are not sunken, and the fontanelles are completely closed.

The face is relatively small, and is usually obliquely placed. The 
bones of the face may participate in the hypertrophy; thus, the zygomata 
may become thickened, and healthy teeth may bo squeezed out of the jaw 
owing to thickening of the jaw-bone encroaching upon the cavities holding 
the teeth (Marie and Leri). The spine is often kyphotic, but usually not 
scoliotic. The ribs are broad and thick and the costal cartilages become 
ossified. There is often lateral flattening of the thorax. The pelvis is 
broad and the crests of the ilia become thickened. The clavicles are mark­
edly thickened and excessively curved; they may bang down as “garlands” 
over the thorax. The radius may be markedly changed, but the other 
hones of the upper extremities arc usually but little affected. Kontgeno- 
grams of the hands and feet may reveal great enlargement of single meta­
carpal bones.

The external appearance of the Paget patient is very characteristic. 
On walking, the cervieothoracic kyphotic curvature of the spine, with the 
head inclined forward, is a striking feature. The skull looks unusually 
large in comparison with the relatively small face. The abdomen is promi­
nent, and is separated from the cylindrical thorax by a deep transverse 
depression. The violin-shaped body is supported by lower extremities, 
which, though shortened, are large around. The patient walks with a 
broad base and with caution, lest one foot stumble over the other. The 
upper extremities look relatively too long, the finger-tips often reaching 
almost to the knee, owing to the shortening due to the curvatures of the 
spine and of the legs. In typical cases the apelike appearance of the 
patient is striking.

The calcified arteries arc n marked feature in x-ray pictures of the extrem­
ities. Cardiovascular changes are so common that some clinicians make them 
a part of the symptom-complex of Paget’s disease (Dieulafoy). Occasionally, a 
patient becomes bedridden, but this is rare. Those affected live for decades, suf­
fering much from pains, from atherosclerotic disorders or from chronic bronchitis. 
As the disease advances, the pains fortunately grow less. Gout and carcinoma 
are not uncommon in the end stages.
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Diagnosis.—Jlontgenograma arc very helpful in deciding upon the 
nature of the disease. The bony structure presents a strange cotton-wool­
like appearance in both the diaphysis and 
the epiphysis. The cortical zone of the 
bone is more transparent than normal, ow­
ing to thinning of the subperiosteal layer.
The base of the skull shows peculiar 
changes, for which A. Leri has set up an 
especial rontgenographic formula.

Paget’s disease must be differentiated 
(1) from acromegaly (the facial rather 
than the cranial skull is hypertrophic; the 
aera (hands and feet) arc enlarged; big 
sella turcica in x-ray plate) ; (2) from 
leontiasis ossea (head alone involved) ;
(3) from chronic arthropathies (diaphyses 
of long bones unaffected ; rontgenograms) ;
(4 ) from rickets (age, rickety rosary, de­
pressed fontanelles, x-ray) ; (5) from 
osteomalacia (softening of bones without 
hypertrophy, x-ray) ; (ti) from syphilitic 
osteitis, especially from that affecting the 
tibia in hereditary syphilis (x-ray, Was­
sermann reaction) ; (7) from senile osteo­
porosis, or pseudo-Paget’s disease, in 
which there is kyphosis of the thoracic spine and bow-legs, but no hyper­
trophy of the bones and no deformation of the skull, of the clavicles or 
of the upper extremities.
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5. The Neuropathic Osteopathies
In syrint/omyelia and in tabes disturbances of bone arc not uncommon. 

Spontaneous fracture may occur from increased fragility. In the Mor­
van type of syringomyelia, there may bo gradual disintegration of a 
finger-tip similar to that which occurs in leprosy and in Raynaud's 
disease.

A perforating ulcer of the foot (malum perforons), so common in 
tabes, while it involves, at first, only the soft parts, may, later on, cause 
destruction of the underlying bone.

6. The Parasitic Osteopathies
The hones ore tolerably immune from invasion by animal parasites, largely 

owing to inaccessibility.
Flexner, however, has described a necrosis of the jaw-bone in which amelme 

were present, probably the Entameba buccalis, which we now know to be so fre­
quently associated with pyorrhea alveolaris.

Echinococcus cyst may also be located within bone.
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7. The Neoplastic Osteopathies
These include benign tumors like osteomata and ehondromata, and the 

malignant tumors, sarcoma and metastatic carcinoma.

The so-called cholesteatoma is not a true tumor, but the product of the chronic 
desquamative inflammation so common after destructive otitis media in scarlet
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fever. Cartilaginous exostoses are probably to be regarded not as true tumors, 
but as congenital osteopathies (q. v.).

Osteomata are easily recognizable by their ivory hardness. Chondro- 
mata or enchondromata form firm, nodular, usually rounded masses, 
which may attain to very large size. They are not so hard as osteomata.

Sarcoma of hone often takes the form of myeloid sarcoma, containing 
giant cells. Other sarcomata may arise from the periosteum, in which 
event there is no bony covering 
to the tumor on its surface.

On the gum, the so-called 
epulis may he either a pure fi­
broma, an ordinary sarcoma, or 
a giant-celled sarcoma. When 
the mass has the color of the 
normal gum and is firm, it is 
probably a pure fibroma; when 
of the same color, hut softer, it 
is probably a sarcoma ; if of 
a darker color and somewhat 
brownish, it is a giant-celled sar­
coma. Some reserve the name 
epulis for this giant-celled form.
An epulis may return locally 
after removal, but it does not 
form métastasés, nor are the 
regional lymph glands involved. Chronic irritation predisposes to the de­
velopment of epulis. We see epulis appear not infrequently in the lacunae 
formerly occupied by a tooth,or in the neighborhood of the stump of a tooth.

A clavicle is sometimes the site of a sarcoma. When one clavicle is enlarged, a 
primary sarcoma should be suspected, especially if a metastatic carcinoma from 
the thyroid, breast, or prostate, can be ruled out. Tuberculosis or gumma of the 
clavicle may simulate sarcoma, and Paget’s disease sometimes attacks a single 
hone, causing diffuse enlargement.

One of the most interesting forms of sarcoma is the myeloid sarcoma 
that attacks the upper end of the tibia and sometimes the lower end of 
the radius. Some of these tumors form a radish- or turnip-like enlarge­
ment of one end of the hone, and parchment crackling can he felt over it. 
On auscultation, a bruit may ho audible, owing to the vascularity of tlm 
neoplasm. These sarcomata are often spoken of as bone cysts or bone 
aneurisms, on account of the blood they contain. The x-ray picture is 
very characteristic, and the size of the mass rules out abscess. This form 
<>f sarcoma not infrequently affects the shafts of the long bones, and every 
spindle-shaped enlargement of a shaft should be regarded as suspicious.

Fig. 512.—Uiiutgenogrmn of Wrist Showing (Slant- 
Celled or Myeloid Sarcoma. ( X-ray Dept. J.
II. II.)



02 DISEASES OF THE MUSCLES, BONES AND JOINTS

In a certain number of cases these masses arc not true tumors, but a 
form of inflammation (osteitis fibrosa) ; others occur as the result of 
trauma (anomalous callus). In the femur a sarcoma of the shaft, with 
blood cyst formation, may he the cause of spontaneous fracture.

Metastatic carcinoma is common in the hones of the skull and in the 
hones of the pelvis, hut causes most symptoms when it attacks the hones 
of the spine and compresses the roots of the spinal nerves, with char­
acteristic root pains (very common in the métastases from carcinoma

of the breast, thyroid and 
prostate). These métas­
tasés, when suspected, 
can usually ho easily 
demonstrated in rôntgen- 
ograms.

Multiple myeloma of
bone or Kahlcr’s syn­
drome is a disease char­
acterized clinically by 
( 1) deformations of the 
bones of the trunk due 
to the tumors; (2) se­
vere, intermittent pains 
in the affected hones, and 
(3) the presence of 
Bence-Jones body (q. v.) 
in the urine. (See Part 
VII.)

The disease must he 
differentiated from other 
multiple tumors of hone 

(primary or secondary). Among these, carcinoma métastases, sarcomata, 
ondothcliomata and hypernephromata should he considered. In the 
metastatic tumors, the spine, the pelvic hones, the femur, the ribs, the 
sternum, the humerus, and the flat hones of the skull are most often 
involved.

Bone tumors usually show well in riintgenograms, and, if the tumors 
involve the marrow, myclocylcs will, as a rule, appear in the blood, an 
important diagnostic sign.
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C. Special Diagnosis of Diseases of the Joints
The principal diseases of the joints may he conveniently subdivided 

into:
I. The congenital arthropathies.

II. The static and the toxic degenerative arthropathies.
IH. Arthropathies of circulatory origin.
IV. The inflammatory arthropathies (the artliritides).
V. The neuropathic arthropathies.

1. The Congenital Arthropathies
Under this heading are included, absence of joints, congenital dislocations of 

joints, and the congenital forms of club-foot, and flat-foot. These properly belong 
to surgery rather than to medicine. The internist should pay especial attention 
to the recognition of congenital dislocation of the hip. The main features have 
already been described under Methods of Examination.
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2. The Static and the Toxic Degenerative Arthropathies
It must be kept in mind that an extremity is a static unit and that 

disturbance in one part of this unit will secondarily affect other parts ; 
for example, a flat-foot or a genu valgum will influence the hip joint, and 
pathological alterations in the hip joint will, in turn, influence secondarily 
the knee and ankle joints. Secondary disturbances of this sort are known 
as static disturbances of the joints. Preiser, in a large monograph, 
on static arthropathies, asserts that much of the so-called arthritis de­
formans or hypertrophic osteo-arthritis is to he looked upon as static in 
origin.

It seems likely that the villous arthritis of Goldthwait, especially 
common in the kneejoint, has also a static origin, as it occurs often in 
obese persons, on whose joints unusual strain is thrown. The origin of 
flat-foot from over-weight may also he regarded as a static disturbance.

Of toxic degenerative disturbances in the joints, wo have but little 
definite information. Some believe that certain forms of chronic arthritis 
are to he regarded as toxic degenerative conditions rather than as distinct 
inflammations. Thus, it has been asserted that hypertrophic osteo­
arthritis is toxic in origin, and others think that even some forms of 
exudative arthritis have a toxic origin.

In this connection, two interesting changes met with about the joints 
may be referred to; though easily recognized, the beginner may be puzzled 
by them. I refer to (1) ganglion carpi, and (2) lipoma arborcscens.

Ganglion carpi.—In ganglion carpi, a spherical or villous mass ap­
pears on the dorsum of the carpus. The mass is duo to a gelatinous de 
generation of the connective tissue of the capsule of the wrist joint. It 
is not connected with the synovial membrane, either of the joints or of the 
tendons, though formerly tendogenous and arthrogenous ganglia were de­
scribed and presumably differentiated from one another. The patient is 
surprised at the sudden disappearance of a ganglion when it is given a 
sharp blow with the flat side of a book.

Lipoma arborescens.—-In obese women, about middle life, it is very 
common to find below either the medial malleolus or the lateral malleolus, 
a lobulated, flat, tumorlike mass. This is the well-known lipoma arbor­
escens. It is very common in connection with different forms of chronic; 
arthritis or of chronic irritation of the joints.

It depends upon fatty degeneration of a part of the synovial mem 
branc of the joint.
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Lipoma arborescens is common also in the knee-joint, where the villi 
especially at the upper recess of the synovial sac, may undergo fatty de­
generation. In the case of the knee, this lipoma arborescens may not be 
discovered until the knee-joint has been opened surgically.

Relaxation of Sacro-iliac Joint.—In many instances pain in the back 
or down one thigh is due to relaxation of the sacro-iliac articulation. To 
test for this, the leg of the patient is fully extended at the knee; we place 
one hand over the patella and with the other lift the heel. If there be 
relaxation of the sacro-iliac joint, or arthritis of this joint, the patient 
will then usually feel pain down the back of his thigh, for the ham-string 
muscles are attached to the ischium and the movement described tends to 
displace the ilium on the sacrum and to cause pressure on the lumbo­
sacral cord (Goldthwait).
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3. Arthropathies of Circulatory Origin
Under this heading brief mention must be made of hemarthros.

(a) Bleeder’s Joint
(Hcmarthros; The Hemophilic Joint)

Etiology.—Hemorrhage into a joint, aside from that due to severe 
trauma, occurs in patients who arc victims of a hemorrhagic diathesis 
(hemophilia, purpura, scorbutus, etc..). This diathesis is congenital in 
hemophilics, but acquired in purpura, scurvy, etc.

Symptoms.—The condition is commonest in one or both of the knee- 
joints. The signs of a chronic joint effusion develop.

Diagnosis.—The anamnesis may give the clue to the existence of a 
hemorrhagic diathesis. The appearances in rontgenograms are charac­
teristic. The condition may be mistaken for other forms of chronic 
arthritis (chronic infectious arthritis, tuberculous arthritis, or lues).
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4. The Inflammatory Arthropathies (the Arthritides)
(a) Classifications of Arthritis

Writing on this subject in 1910 I said :
“In no part of medicine, perhaps, have names been used less satisfactorily than 

in designating the arthropathies; we find, on the one hand, one malady mas­
querading under many different names, or, on the other hand, one name used 
ambiguously, meaning sometimes one disease, sometimes another, or sometimes 
a group of separable diseases. Even today there are scarcely two authors in one 
country who use precisely the same terminology for the arthropathies; add to 
this the varying use of terms by writers of different nationalities and the lack 
of uniformity of expression becomes very perplexing. Notwithstanding, how­
ever, all the confusion that exists regarding names, a study of their history 
will reveal the fact that the introduction of each corresponded to some special 
conception, and that, for the purpose for which it was chosen, it usually served 
a useful function. The difficulties that have arisen have been largely due to 
the attempts made to force classification and names made for different purposes 
into coincidence with one another. Ignoring the original purpose of a name, 
writers not infrequently use it for a wholly different purpose, with subsequent 
disorder and excitation of controversy. A comparison of the cases of joint dis­
ease with which one is familiar in America with the cases described by writers 
in Great Britain, Germany, Austria, and France makes it clear that the mate­
rial in different countries is not dissimilar.”

Fully to understand the way in which the various terms used in de­
scribing arthritis have undergone modification, a certain familiarity with 
the history of the subject is helpful, and for this the reader may consult 
my report at the International Medical Congress in London in August, 
1913. I have made liberal use of this report in writing the following 
pages. For an admirable discussion of the pathoyencsis of the different 
forms of chronic joint disease the report of Friedrich von Müller made at 
the same congress should ho consulted (sec Reference).

The tendency at present is to apply the word gout only to processes 
dependent upon abnormalities of the metabolism of purins, to use the term 
arthritis as a general term for inflammation of a joint, no matter what its 
cause, and to reserve the term rheumatism (if it ho kept in use at all) 
for the group of inflammatory joint diseases duo to the virus that is the 
cause of acute rheumatic fever (true).

A study of the terminology that has been used in connection with the ar­
thropathies indicates that the distinctions that the morbid anatomist needs 
and that suffice for his purposes, may be very different from those necessary 
for the clinician in his work or for the ctiologist in his studies; hence the purpose 
of a given name or a given classification should always be definitely understood
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In all medical work we have to deal with a world of rough distinctions and must 
ever he on guard against the fallacies that abound wherever distinctions are 
imperfect.
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(6) Acute Arthritis
For a long time, acute rheumatism was the name applied to any acute 

arthropathy not traumatic or gouty in its origin, but gradually the term 
acute rheumatic fever, or acute articular 
rheumatism, has come to bo limited to 
that acute febrile peri-articular affection 
that often follows tonsillitis, is frequently 
complicated by endocarditis, pericarditis, 
or chorea, docs not lead to suppuration of 
the joints, but responds promptly to treat­
ment with salicylates and ends in recovery 
without residual joint change. This acute 
rheumatic fever (true) has been, and is 
still, separated from (1) the pyemic joint 
infections, (2) gonorrheal arthritis, and 
(3) certain acute polyarthritises compli­
cating the acute exanthemata, typhoid, 
dysentery, mumps, syphilis, etc. Some 
authors have grouped the acute, non-sup- 
purativo peri-articular joint diseases that 
resemble acute rheumatic fever (true), but 
dilFcr from it in several important particu­
lars (cause, course, occasional suppuration, 
relative inefficacy of salicylates), together 
under the name of the pseudorheumatisms 
(Bouchard), or the rheumatoids (Gcr- 
hardt).

When the bacteria causing a given 
pseudorheumatism could lie determined, a 
corresponding special name was applied 
(c. g., Polyarthritis gonococcica; P. 
streptococcica; P. staphylococcica). Some 
assert that there is no acuto rheumatism 
(true) separable from this series of pseu­
dorheumatisms; others assume (and at present the writer agrees with 
them) the independence of an acute rheumatic fever (true), a polyar­
thritis rheumatica acuta of specific etiology.

Fig. 514.—Schilnlvln's Disease. Pur­
pura with Infection» Arthritis. 

(Med. Service, J. n. 11.)
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Whether or not the bacteria described by Poynton and Payne, or the peculiar, 
oxygen-sensitive streptococci described by Rosenow of Chicago, represent this 
virus further studies must show. Arthur Bloomfield has confirmed Rosenow’a 
findings in a number of the writer’s cases.

The diagnosis of acute rheumatic fever (true) is discussed in the 
section on infectious diseases (see Part IV, Subdivision II).
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[Note.—See also references on Acute Rheumatic Fever, Part IV.]

(c) Chronic Arthritis
Hero classifications differ according to the purposes of the morbid 

anatomist, the etiologist, and the clinician, respectively.

i. Pathological Anatomical Grouping

A. Chronic arthropathies classified according to the site of the lesion.
1. Involvement of the whole joint (e. g., panarthritis).
2. Involvement of the soft parts about a joint (e. g., periarthritis, peri-

articulitis, arthromeningitis externa).
3. Involvement especially of the synovial membrane and its villi (e. g.,

synovitis [or arthromeningitis] interna, arthritis, villosa).
4. Involvement especially of the cartilages and bones of the joint (e. g.,

arthritis deformans, osteo-arthritis deformans).

B. Chronic arthritis classified according to the kind of morbid anatom­
ical PROCESS CONCERNED (NATURE OF THE LESION).

1. The toxic degenerative or metabolic inflammations in the joints (e. g., 
the gouty arthropathies).
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2. Chronic alterative inflammations of the joint, in which retrogressive
changes predominate, though with them are associated less exuda­
tive and productive processes (e. g., the atrophic arthritis of Uold- 
thwait, and of Nathan).

3. The chronic exudative inflammations (including chronic gonorrheal
arthritis, tuberculous arthritis, various forms of chronic infectious ar­
thritis, in which, in the early stages, there is effusion or periarticular 
swelling).'

4. The chronic productive inflammations in which proliferative changes in
the fibrous tissues, cartilage or bone predominate. Such an arthritis 
may be: (a) the end stage of an acute or subacute arthritis, or of 
an exudative arthritis of insidious onset, slowly progressing ; (b) an 
arthritis that has been dry and productive from the beginning—the 
arthrite sèche of French writers ; or (c) the so-called specific inflam­
mations or infectious granulomatoses.

Such a chronic productive arthritis may affect chiefly the joint capsule, or the 
bones and cartilages. In the former instance, the clinical picture is that of the 
primarg chronic progressive polyarthritis of His and Hoffa. If there be fibrosis 
and shrinking of the capsule with adhesion of the joint surfaces, the arthritis is 
spoken of as a chronic adhesive or chronic ankglopoietic arthritis (Ziegler), often 
lending to fibrous, or to osseous, ankylosis. In the spine, the ankylosing spondy­
litis gives rise to the so-called poker spine.

When the productive inflammation affects chiefly the bones and cartilages, a 
so-called deforming arthritis (arthritis deformans) appears, with exostoses, osteo­
porosis, osteosclerosis, fibrillation and atrophy of cartilage, ecchondroses, some­
times combined with villous proliferation, lipoma arborescens, etc. Such de­
forming changes are occasionally met with at the end stage of an alterative, 
or of an exudative, inflammation of long standing (secondary arthritis defor­
mans), but such changes appear more often, and more characteristically, as a 
process sui generis, productive from the first, with marked lipping of bones at 
the edge of the articular cartilage (primary arthritis deformans; osteo-arthritis 
deformans; hypertrophic osteo-arthritis). Among the subvarieties of the latter are 
included (1) hypertrophic osteo-arthritis of the spine (spondylitis deformans), 
and (2) senile osteo-arthritis of the hip joint (malum coxae senile).

In the third form of chronic productive arthritis are included the infectious 
granulomatous inflammations of the joints (tuberculosis, lues, leprosy, actinomy-

ii. Etiological Grouping

Recently, etiological determinations have more than ever before been reflected 
in the terminology of the chronic joint diseases, but our knowledge is as yet far too 
limited to permit us satisfactorily to classify all joint lesions on this basis.

A. Names depending upon tiie mode op access op the pathological stimu­
lus TO A JOINT SYSTEM.

1. Injury from the outside (traumatic arthropathy).
2. Injury through the blood (hematogenous arthropathy).
3. Injury through the lymph channels (lymphogenous arthropathy).
4. Injury through the nerve paths (neural arthropathy).
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B. Names depending upon the particular variety op injury or upon tiie
SPECIAL FORM OF ABNORMAL STIMULUS CONCERNED.

1. Physical stimuli (traumatic arthritis, static arthritis of Preiser).
2. Chemical stimuli (toxic arthropathies such as arthrahjia saturnina).
3. Biological stimuli (as in the infectious arthropathies).

C. Names based upon the disposition of the joint system or of the organ­
ism AS A WHOLE TO DISEASE.

1. Based upon predisposing age (as in malum coxae senile).
2. Based upon predisposing conditions of poverty (as in poor man's y out,

or arthritis pauperum).

iii. Clinical Grouping

For tlio present, the following groups seem most useful :
1. The true chronic gouty arthritis.
2. The (primary) hypertrophic ostco-arthritis.
3. The secondary chronic infectious arthropathies following various 

bacterial invasions.
4. The so-called primary chronic progressive polyarthritis, in reality, 

a special member of the preceding group.
In connection with these four main groups, several special conditions 

have also to he considered :
(a) The villous arthritis of Goldthwnit.
(h) The chronic arthropathies of the spine.
(c) Still’s disease.
(d) Heberden’s nodes.
(e) Bouchard’s coinptodactylie.
(/) Subcutaneous fibroid nodules.

The joints in nervous diseases are described in a special section.

1. The True Chronic Gouty Arthropathy

Reference to this, and to the metabolic process underlying it, will bo 
found in the chapter on Gout. This form of chronic arthropathy is usu­
ally easy to recognize, at any rate in the typical cases.

The heredity, the acute exacerbations, especially as nocturnal attacks, 
the presence of tophi, the sites of predilection, the increased amount of 
uric acid in the blood (Garrod, Magnus-Levy), and the deficient purin 
tolerance (method of v. Noordcn and Sehliep, 1005), suffice for the diag­
nosis. Tn atypical cases, there may, however, be some difficulty in dis­
tinguishing the disease from atrophic or infectious forms of arthritis. 
The x-ray findings in a gouty joint are sometimes distinctive (spherical 
foci in the bone substance near the joint), or often in the form of a
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semicircular defect of the articular surface of a bone with sharp, punchcd- 
out margins; if such a lesion he present in a joint of one foot there is 
often a similar lesion in the same joint of the other foot.

2. Primary Hypertrophic Osteoarthritis 
(Ost co-arthritis hypertrophicans; Osteo-arthritis deformans)

This is easily recognizable. Though most often met with in advanced 
life, the same or a similar malady may occur in youth, especially after 
slight trauma.

One joint is chiefly affected, or several joints (usually only a few) 
may he involved. The mono-articular, or olifjo-articular, distribution is 
in marked contrast with 
the more general poly­
articular distribution 
of groups (3) and (4).

The large proximal 
joints of the extremi­
ties are most often in­
volved (hips, shoulders, 
knees). There is an 
absence of the steady 
progression characteris­
tic of (4). Both sexes 
are affected, males pre­
dominatingly. The gen­
eral health may lie but 
little disturbed. The 
disease does not lead to 
true ankylosis, though 
the joint movements 
may be somewhat limited through interlocking of exostoses. On palpation, 
lipping of the bone at the edge of the cartilage may be sometimes made 
out. Free bodies are common.

In riintgenograms, the joint slits are often well preserved though the 
cartilage may ho eroded, accounting for the grating that may he palpa­
ble on movements of the joint ; the joint slits do not entirely disappear as 
in (1) and often in (3). As the joint cavity is not obliterated, if oxygen 
be injected (method of Werndorff and Bohinson) the capsule unfolds well, 
showing the absence of extensive adhesions and of shrinking. The pres­
ence of extensive ostcophvtic outgrowths, or of marked marginal lipping 
in the x-ray plates, especially when the clinical symptoms have been slight, 
is characteristic. Static disturbances, leading to pathological incongru­
ence of the articular surfaces, and a history of trauma are common in

Fig. 61fi.—Osteo-nrlhrltls deformans of the Knee Joint. 
(After F. Vin her, "Lehrb. <1. Krnilhrung u. Stoffweeh- 
selkrankh.," published by Urban StSchwarzenberg, Berlin.)
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these cases. The disease is often asymmetrical. Among the monoarticu­
lar forms, the so-called malum coxae senile is included. One of the spinal 
arthropathies (spondylitis deformans) appears to belong in this group.

3. Chronic Arthritis Secondary to Infectious Processes 
(Chronic Infectious Arthritis)

Occurrence.—Since septic processes have been carefully studied by 
bacteriological methods and their joint complications have been found to 
1)0 toxic infectious processes duo to the arrival in the joint, by way of the 
blood stream, i some of the bacteria causing the general sepsis, the idea 
of an infectious origin of arthropathies has proved to be an illuminating 
conception. By far the majority of acute, febrile, noil-traumatic arthrop­
athies are now believed to be infectious in nature. In many instances 
the bacteria have been grown in pure culture from the inflammatory exu­
date in the joint. As examples of bacteria thus found responsible, may 
be cited (1) the gonococcus (in ‘polyarthritis gonococcica following 
gonorrheal infection of the urethra, or of the coniunctiva), (2) the pneu-

Flg. 510.—Chronic Iufvetlous Arthritis ; llypnvxtenslon at eroxlmal Finger Joints. (Med. 
Service, J. H. II.)

inococeus (in polyarthritis pncumococcica complicating lobar pneumonia), 
(fl) the streptococcus (in polyarthritis streptococcica complicating ery­
sipelas, streptococcal angina, puerperal infection), (4) the staphylococcus 
(in polyarthritis staphylococcica as a part of general staphylococcus 
sepsis), and (5) the meningococcus (in polyarthritis meningococcica com­
plicating epidemic cerhrospinal meningitis). Now, since these acute in­
fectious (hematogenous) arthritides of definitely determined bacterial 
origin sometimes end neither in death nor in early recovery, but in a 
chronic process in the joints (e. g., chronic gonococcal arthritis), the idea
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of an infectious origin for many of the chronic arthropathies has gained 
credence ( Bannatync, Charrin, Chauffard, Goldthwait, Schiiller). The 
notion was soon extended to various chronic arthropathies in which, de­
spite the absence of demonstrated bacterial causation, the local processes 
in the joints and the state of the rest of the Inidy (slight fever, slight 
leukocytosis, secondary anemia, enlargement of the lymph glands, slight 
foci of local infection elsewhere) make the assumption of a continuous 
(or occasionally recurring) bacteriemia of low grade with joint deposition 
seem possible and plausible (Allchin, Baer, Cave, Goldthwait). Under 
this heading come the severe forms of arthritis occurring in childhood 
(Still’s disease).

At the present time, the term “infectious arthritis” is used in a very loose 
way. It has been made to refer to (1) the arthropathies in which bacteria have 
been actually demonstrated in the diseased joints, especially in the infectious 
granulomata (tuberculosis, lues, lepra) and in those complicating the septicemias, 
(2) the arthropathies that appear obviously as complications, or as sequels, 
of diseases believed to be infectious, no matter whether the causal agent is demon­
strable in the joints or not (e. g., acute rheumatism ; arthritis after influenza), no 
matter whether the joint disease is supposed to be due to the same cause as the 
primary disease or to a secondary invader1 (e. <j., arthritis after dysentery), no 
matter whether the germ of the primary disease is known or not (#?. g., arthrop­
athies associated with or following scarlet fever, mumps, etc.), and no mutter 
whether the assumed toxic infectious process affects the joints directly, or indi­
rectly through the mediation of trophic nerves (according to the views of some 
regarding so-called atrophic arthritis and primary chronic progressive polyarthri­
tis). Obviously, here, vagueness passes the permissible and a judicious restriction 
of the term “infectious arthropathy” seems desirable. Whether we should with 
the rigid restrictionists, limit its use to arthropathies in which bacteria are actually 
demonstrable in the joints, or should extend it to include the arthropathies that 
may reasonably be supposed to be due to local bacterial deposition, though such 
deposition cannot yet be demonstrated, is open to discussion. We do not hesi­
tate to regard scarlet fever and measles as acute infectious diseases, though their 
mierobic origin still awaits demonstration, and, personally, I cannot help feeling 
it legitimate to designate as “infectious” the arthropathies like those of acute 
rheumatic fever, and those chronic types growing directly out of acute or sub­
acute processes associated with fever, leukocytosis, and enlarged lymph glands. 
Hut, pending further investigations, it does seem desirable when differentiating 
the arthropathies on etiological grounds, carefully to distinguish (1) the demon­
strably infectious from (2) the probably infectious, (3) the possibly infectious, 
and (4) the certainly non-infectious. We should also, when using the term “in­
fectious,” keep clearly in mind the difference between (a) an infection demon­
strable in a joint-system itself, and (b) an infection somewhere in the organism as 
a whole, with secondary infectious or non-infcctious changes (toxic, nutritive; 
trophic) in a joint-system. I emphasize this point because of the great impor­
tance, in the chronic arthropathies, of minute foci of infection distant from the

1 It would seem that many of the cases described as Poncet’s disease (rhuma­
tisme tuberculeux) are really instances of infectious arthritis of unknown origin 
occurring in persons suffering from tuberculosis rather than metastatic tuberculous 
infections of the joints.
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joints and of their removal as a therapeutic measure. Chronic inflammations of 
the paranasal sinuses (including the antrum of Highmore), chronic tonsillitis, 
chronic otitis media, pyorrhea alveolaris, alveolar abscess, chronic bronchitis, 
chronic ulcerative enteritis, chronic appendicitis, cholecystitis, chronic pyelitis, 
chronic cystitis, chronic urethritis, spermatocystitis and prostatitis, chronic salpin­
gitis, and chronic endometritis may be mentioned among the many possible foci 
whence influences injurious to the “joint systems” of the body may emanate, and 
this without prejudice as to whether these influences are (1) metastatic infectious, 
(2) toxic, (3) neurotrophic, or (4) noxious in still other ways.

Much interest has been shown in the possibility of an infectious origin for 
the so-called “primary chronic progressive polyarthritis” (see below) or “rheuma­
toid arthritis” of Garrod. The mode of onset in certain cases, the course, and the 
x-ray changes have made many believe that this terrible disease is due to a 
chronic infectious process involving joint after joint. Though bacteria have from 
time to time been described in the joints, the findings of the observers are dis­
cordant. If the malady be a specific infectious disease, the future will have to 
determine the microorganism responsible, the portal or portals of entry into the 
blood, and the important predisposing factors. The possibility that this disease 
may be due sometimes to one microorganism, sometimes to another, must also be 
kept in mind. For, though the clinical and pathological changes are so uniform 
that they suggest a single specific cause, our experience with meningitis, pleuritis, 
etc., has taught us to await actual knowledge before attempting to close a dis­
cussion.

Diagnosis.—It is well to think first of the chronic arthropathies duo to 
infectious granulomatous processes (tuberculosis, lues, etc.). Hero the 
white swelling (tumor albus) of Wiseman, a suppurating fistula, the 
anamnesis, the presence or absence of lesions elsewhere in the body due 
to the primary disease, the study of x-ray plates (destructive processes in 
tuberculosis, subperiosteal swellings, regular or irregular in outline, in 
lues), the Wassermann reaction, and the tuberculin tests may help to clear 
up the diagnosis. After lues and tuberculosis have been excluded, the 
anamnesis may be gone into very carefully with reference to a history of 
a preceding acute infection, either of the joints themselves or of other 
parts of the body. One tries to determine whether or not the chronic 
arthropathy has followed a true acute articular rheumatism or one of the 
so-called acute infectious pseudorheumatisms (vide supra). It is clear 
from our examination of many of the cases recorded in the bibliography 
as “chronic rheumatic arthritis” following acute articular rheumatism, 
that the authors were in reality not dealing with a chronic arthritis follow­
ing this affection (in the narrower sense) at all, but with a chronic 
arthritis following some one of the various other forms of acute infectious 
arthritis. Cultures from the blood or from the joint fluid, complement- 
fixation tests, and tests for bacteriolysins, agglutinins, etc., may occa­
sionally be of help.

This study may be followed by a systematic physical examination in 
which the various possible primary foci of infection, mentioned in a pre­
ceding paragraph under infectious arthritis, are sought for. The search
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for intracellular Gram-negative diplococci in “milkings” from the prostate 
and urethra in the male, or from Bartholin’s glands, the urethra, and 
the secretions from the cervix uteri in the female, and a thorough ex­
amination of the nose and of the paranasal sinuses utilizing the meth­
ods of transillumination 
and of x-ray examina­
tion of the sinuses, 
should here form a part 
of the regular routine.
The presence or absence 
of pyorrhea alveolaris, 
of antrum disease, of 
abscesses at the roots 
of the teeth (x-ray), 
of chronic tonsillar in­
i’ c c t i o n (palatine or 
pharyngeal), and of 
chronic otitis media, 
should be determined.
If the case be seen in 
the later stages, a 
marked asymmetry of 
the joints affected, an 
absence of steady pro­
gression, or the com­
plete ankylosis of sin­
gle joints, may speak 
for a chronic arthritis secondary to some infectious process rather than 
for the so-called primary chronic (progressive) polyarthritis.

In the x-ray plates of these cases it is common to find disappearance 
of the joint slits, atrophy of the cartilages, softening and distortion of 
bones, and occasionally telescoping.

r*a

Fig. 517.—Chronic Infectious Arthritis, Dislocation of 
Thumb at Intei'iihalangvnl Joint. (Med. Service, 
J. 11. II.)

4. The So-called Primary Chronic Progressive Polyarthritis 
(Rheumatoid arthritis of A. E. Garrod; Polyarthritis destruens of Iloffa;

Rhumatisme chronique d’emblée of French writers)
This is of all the chronic arthropathies the most malign.
Clinically, primary chronic progressive polyarthritis (4) may appear 

as cither one of two .subvarieties. In both of these, the involvement is out­
spokenly polyarticular, the small distal joints of the fingers, toes, wrists, 
and ankles, usually being involved first. Later, the knees and elbows may 
become involved ; the hips and shoulders frequently escape. These small 
joints become involved symmetrically. The jaw joint and the sternocla-



106 DISEASES OF THE MUSCLES, BONES AND JOINTS

vicular joint are not infrequently affected, and, strangely enough, usually 
asymmetrically. Some of the eases of ankylosing spondylitis {vide infra) 
belong to this category.

In one subvariety (a) the disease may begin either insidiously or with 
an acute, or subacute, stage, with fever; in both forms of onset a striking 
feature is the periarticular swelling. Each joint of the proximal row of 
the joints of the fingers (with the exception of the thumb) often presents 
a spindle-shaped or fusiform appearance and feels elastic when compressed 
between the thumb and forefinger of the examiner. Most of the small 
joints in the distal parts of all four extremities may become affected in 
serial sequence. It is often impossible in the early stages to decide 
whether wo arc dealing with a true chronic progressive polyarthritis of 
group (4) or with one of the serious maladies of group (J).

In the second subvariety (b), most often met with in women near the 
menopause, the onset may be very insidious. The patients complain first

Fig. 518.—Chronic Progressive Polyarthritis, or UUvuuiutold Arthritis.
(Med. Service, J. II. II.)

of formication, of chilly feelings, and of slight stiffness of the metacarpo­
phalangeal and intorphalangeal joints (except those of the thumb). M' < 
cular-atrophy quickly appears, especially of the interossei. Contractu!* * 
gradually develop. The disease spreads to a large number of the more 
distal joints in all four extremities. The fingers become deflected ulnar- 
ward. The hands may present the “flexion type” or the “extension type”
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of Charcot, or the “straight” type, but these do not represent essential 
differences and arc unimportant for classification. On x-ray examination 
the joint slits are found to have disappeared owing to atrophy of cartilage, 
the hones are softened, and may have undergone distortion or telescoping, 
and they are usually markedly atrophic—so-called “atrophic arthritis” 
of Goldthwait (vide supra).

The subvariety (a) is sometimes called the exudative type; it is the 
“periarticular type of arthritis deformans” (in part) of T. McCrae, and 
corresponds to the “nodosities” of Ilaygarth, the rhumatisme noueux of 
Trousseau, the “arthritis nodosa” of Schuchardt, and the “chronic infec­
tious arthritis” (in part) of Goldthwait.

The subvariety (b) is the so-called dry form, and corresponds to the 
“atrophic arthritis” of Goldthwait, the “atrophic type of arthritis defor­
mans” of T. McCrae, and the arthrite sèche (in part) of French writers.

The subvariety (a) can certainly be simulated by chronic gonorrheal 
polyarthritis; x-ray plates will not distinguish between them. In lues 
hereditaria tarda an arthropathy similar to subvariety (a) is sometimes 
seen, but it should not be difficult to exclude it (Ilutchinsonian teeth, 
keratitis, positive Wassermann, luetic changes in x-ray plate at epiphyseal 
line).

The absence of endocardial and pericardial changes in “primary 
chronic progressive polyarthritis” is striking when contrasted with the 
findings in acute rheumatic fever, the acute pseudorheumatisms, and in 
the chronic infectious arthritides.

It cannot be too strongly emphasized that subvariety (b) is often 
(some think always) an end stage of a condition beginning as subvariety 
(a). It seems to me certain that, later on, group (4) will not be considered 
separately, as a disease eut generis, but will be placed in group (3). It 
may bo that the clinical appearances described as (4) may follow upon a 
variety of infections, but for the present, the weight of evidence seems 
to me to favor the view that (4) is really a disease of unknown, though 
unitary, infectious etiology.

5. Certain Special Joint Conditions

Before leaving the arthropathies a few words must bo said concerning 
several special articular conditions.

Chronic Villous Arthritis.—This form of “dry joint” is believed by Gold- 
thwait not to lie a general disease at all but a local process entirely, with no tend­
ency to progression, characterized by an absence of general symptoms, by crepita­
tion or creaking of the joint on motion, witli varying degrees of pain and tender­
ness on movement. It is most commonly met with in the knee as the result of 
flat-foot. This type appears to lie one of the “static arthropathies” of Preiser. It 
probably corresponds in llofla and Wolleuherg’s classification to “chronic irrita-
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I'fc. 518.—Chronic Spondylitis deformans or Osteo-arthrills hypertrophies ns. (After Pastim 
•'Nouvelle Iconographie de la Salpétrière," published by Masson et CICj l'arls.)

mk
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live arthritis.” It seems likely that it may follow the action of irritant causes of 
different kinds.

Arthropathies of the Spine.—The subject is ditlicult to deal with in a few 
words. The most important point to emphasize is, it seems to me, the fact that 
the joints and bones of the spine are subject to diseases precisely in the same way 
as the other joints of the body.
We meet in the spine with (1) 
the gouty, (2) the neuropathic 
(tabetic), (3) the hypertrophic 
osteo-urthritic, (4) the second­
ary chronic infectious, and (5) 
the primary chronic progressive 
forms. Anatomically, aside from 
traumata, the neuropathic ar­
thropathies and the infectious 
arthritides of the spine (tuber­
culosis, lues, gonorrhea, typhoid, 
etc.), which usually affect the 
spine locally rather than 
throughout its whole extent, two 
main processes seem to occur in 
the vertebral column: (1) a hy­
pertrophic osteo-arthritis of the 
spine (spondylitis deformans), 
and (2) a chrcnic ankylosing 
arthropathy of the spine (spon­
dylitis chronica ankylopoietica).

In hypertrophic osteo-arthri­
tis of the spine (spondylitis de­
formans) the process seems to 
begin in the intervertebral disks; 
there are marked exostoses on 
the bodies of the vertebra and, 
especially, “lipping” of the ver­
tebral bodies at the edge of the 
intervertebral disks, often with a 
few clasplike formations extend­
ing from vertebra to vertebra, 
but never so extensively as in the 
ankylosing forms. The small 
joints between the articular proc­
esses never undergo intracapsu- 
lar ankylosis in this disease, 
though motion may be limited by 
exostoses. The nerve roots may 
be compressed. The disease 
occurs chiefly in advanced life, 
thorax.

In spondylitis chronica ankylopoietica, the disease begins in the small joints 
- •" the articular processes and quickly leads to ankylosis; the costovertebral articu­
lations are often involved also. The ligaments of the spine sometimes become ossi- 
fied, but many of the bony bridges or clasps uniting the vertebrae may be inde­
pendent of tlie ligaments. Of this chronic ankylosing spondylitis, two clinical

Fig. D20.—Iti'mlgvuugrnm of Spine Illustrating Spon­
dylitis ankylopoietica (Maric-Htrilmpcll type). 
Note the Ossification of the Lateral Ligaments. 
(X-ray I>ept., J. IL II.)

It almost never causes complete rigidity of the



110 DISEASES OF THE MUSCLES, RONES AND JOINTS

forms have been described: (1) the “Marie-Strümpell subtype” beginning below 
and extending upward, described by Marie as spondylose rhizomélique, on ac­
count of the simultaneous involvement of the articulations of the vertebral col­
umn and the proximal joints of the extremities (hips, shoulders) ; and (2) the 
“Bechterew subtype” with outspoken kyphosis of the upper thoracic spine, the 
process beginning above and extending downward." Later studies (Fraenkel, 
Siramonds, Janssen, Anschutz, Pleach) have shown that all sorts of transitions 
exist between the Bechterew type and the Striimpell-Marie type; these two sub­
types do not represent anatomically separable processes in the spine. Rigidity of 
the spine is easily recognizable clinically. Pains in the spine, radiating into the 
trunk or the extremities, stiffness gradually extending to all movements of the 
spine, with a tendency to kyphosis, are characteristic phenomena.

The differential diagnosis between spondylitis deformans and the ankylosing 
variety is, in most cases, easily made. If the breathing be wholly abdominal owing

’ Cm o'<

Fig. 521.—Scheme Showing the Different Attitude* nnd Modifient Ions of the Figure from De­
formity of the Spine, nnd AnkylonlH, In Flexion, of the Hip* In Caw* of “Spondylosc 
rhlzoinHIqiie." The Height of nil the Subject* Measured from Head to Foot following 
the Contour of the Vertebral Column, Is Supposed to be Equal to that of a Normal 
Subject. The Portion* of the Limbs That Are Still Movable Are Marked In Dotted 
Lines. (After V. Marie, “Exposé des Titres et Travaux Scientifiques," published by 
Masson et Cle, Paris.)

to ankylosis of the costovertebral articulations or to the general approximation 
of the origin and insertion of the accessory respiratory muscles from kyphosis or 
from stiffness of midthoracic spine, or if the disease occur in young persons, under 
40, it is almost certainly chronic ankylosing spondylitis. The spine is more uni­
formly involved throughout its whole length in the ankylosing type than in spondy­
litis deformans. Rontgenograms are decisive in most cases. As to early cases, in 
spondylitis deformans the bone changes may be marked and the clinical symptoms 
slight, while in the ankylosing spondylitis severe clinical symptoms may precede 
demonstrable bone and joint changes by a year or longer.

Still's Disease.—This disease, a chronic arthritis of childhood, described by 
G. F. Still (1897), probably represents neither a clinical nor an etiological unity. 
In Still’s disease we appear sometimes to deal with a secondary chronic infectious 
arthritis (3) and sometimes with a primary chronic progressive polyarthritis (41.

•A few of the cases described clinically as Bcchtcrcw’s type turn out on x-ray 
examination to be spondylitis deformans.
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The presence of a large spleen, large lymph glands, leukocytosis, and secondary 
anemia are strongly suggestive of chronic infection.

Heberden's Nodes.—These nodes are due to excrescences on the base of the 
terminal phalanges of the fingers. They are easily recognizable on inspection, on 
palpation, and in the x-ray. In my experience they occur most often in associa­
tion with chronic hypertrophic osteo-arthropathies, though they are sometimes seen 
in gout, and they sometimes occur as an isolated phenomenon, not associated with 
arthritis of the other joints. In the x-ray the adjacent joint may be but slightly 
affected, or, in some cases, the joint may show changes like those in primary 
chronic progressive polyarthritis. Heberden’s nodes cannot, therefore, be said to 
he pathognomonic of any one form of chronic arthropathy; indeed they seem 
to occur in connection with several different forms, and by themselves. It would 
seem probable that Heberden’s nodes do not represent even a morphological unity. 
They appear sometimes to bo true exostoses (in hypertrophic osteo-arthritis), 
sometimes to be projections due to softening and flattening of the base of the 
terminal phalanx (in infectious and in chronic progressive arthritis), and, finally, 
sometimes to be nodules due to gouty changes in the bones. Dr. W. S. Baer tells 
me that even on palpation varieties of Heberden’s nodes are distinguishable; cer­
tainly in rontgenograms a variety of structures can be made out in the different 
types of cases.

Bouchard’s Comptodactylie.—Bouchard has described fusiform swellings of 
the proximal finger joints ns an accompaniment of dilatation of the stomach; they 
are said to disappear when the stomach lesion is cured. Phbram has seen one such 
case. I have not observed this relationship. The relation of chronic arthritic 
affections to various disturbances of the digestive tract has been emphasized by 
Coutaret and also by Goldthwait (in visceroptosis).

Subcutaneous Fibroid Nodules.—These little bodies attached to the tendons 
and fasciae (Meynet, Barlow and Warner, T. B. Fulcher, Hawthorne) may occur 
in almost any form of chronic arthritis. They were at one time supposed to bo 
pathognomonic of true “rheumatic” affections. They are not to be confused with 
the nodosités cutanées éphémères of Fereol.
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5. The Neuropathic Arthropathies
(Charcot’s Joint)

Occurrence.—Tn tahes, in syringomyelia and in other chronic diseases 
of the spinal cord, or of the peripheral nerves, peculiar joint-changes
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occur, which since Charcot’s time have been understood to depend upon 
neural lesions.

Diagnosis.—These forms will not easily he overlooked if. in addition to 
the examination of the
joints, a thorough neu­
rological examination lx? 
made (tests of sensibil­
ity, knee-kicks, pupils, 
etc.).

Moreover, the sud­
den onset, tho marked 
enlargement of a single 
joint, and the absence 
of severe pain, are char­
acteristic. Astounding 
changes arc made vis­
ible by the x-ray ; bi­
zarre, monstrous hyper­
trophic lesions predomi­
nate ; Ixîsidcs excres­
cences upon the bone 
and huge calcified free 
bodies, calcified masses 
are usually visible in 
the extracapsular tis­
sues ; some regressive 
(atrophic, or absorp­
tive) changes arc also present and there 
tion of the joint.

I*'lg. 522.— Rilnlgt-nogram of Ankle : Charcot's Joint. Arrows' 
I’olnt to the Marked Destruction of the Tarsal Hones. 
(X-ray Dept, J. II. II.)

usually extreme disintegra-

Referencea
Barker (L. F.). Joint affections in nervous diseases. J. Am. M. vl/ts., Chicago, 1907, iIvin, 

884-887.
Cohen (S. S.). On some angioncural arthroses (periarthroscs, pararthrosrs), commonly mis­

taken for gout or rheumatism. Am. J. M. Sc., Philadelphia ifc New 
York, 1914, cxlvii, 228-243.

Cornell (IF. B.). A case of tabetic vertebral osleo-arthropathy, with radiograph. Johns 
Hopkins IIosp. Bull., Baltimore, 1902, rut, 242-243.

Cotte (G.) & Blanc-Perducet (M.). Les ostéo-artkropathies taliétiques à forme hyper- 
trophique. Rev. d'orlhop., Paris, 1913, xxiv, 243-280.

Kriiger (M.). Zur tabischen Arthropathic. Milt. a. d. Grenzgeb. d. Med. u. Chir., Jena, 
1912, xxiv, 100-122.

McArdle (J. S.). Joint troubles arising from nerve diseases. Practitioner, London, 1915, 
xcv, 174-180.



Part XII

Diagnosis of Diseases of the 
Nervous System

Section I

METHODS OF EXAMINING THE NERVOUS FUNCTIONS 
(THE ACCUMULATION OF DATA)

A. Introduction
Sinee it is chiefly differences in the structure and in the functions of 

the nervous system that explain differences in capacities among the higher 
animals, inclusive of man, a careful study of this system must always 
be important for pathology, and especially for human pathology. The 
functional activities of lower animals arc simpler than those of higher 
animals, mainly because their nervous systems arc less complex. The 
dominance of man among mammals depends mainly upon the architecture 
and capacities of the anterior end of his nervous system, the cerebrum. 
Indeed, the main differences among human beings themselves, the fine 
qualities that distinguish men and women from one another, are doubt­
less, likewise, in large part, the result of variations in brain structure 
and in brain power. Euclid was a different man from Shelley, Edmund 
Spenser from Herbert Spencer, King David from David Hume—to 
choose as striking examples the same names as those selected by Professor 
Walter Raleigh to illustrate differences in style. We have already begun 
to gain an insight into differences that count. But though the founda­
tions of the study of the nervous system and its functions are already 
laid, the buildings thus far erected upon them have been purely temporary 
in character, to be replaced during our lifetime and in the lives of those 
that succeed us by higher and better arranged structures. We can be 
sure that, in the future, physicians will pay much more attention to the 
functions of the brain and other neural organs than they do now.
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For the clinician, neurology and psychiatry must always rank as 
most important chapters of internal medicine. Though they are, and laud­
ably, cultivated also ns special disciplines, their relations to internal 
medicine as a whole are so intimate that a general internist, on the one 
hand, must fail in his work if he be unacquainted with their aims and 
methods, and the neurological and the psychiatric specialists, on the other, 
can have become really expert only after a thorough training in internal 
medicine. It is especially through the autonomic nerves, that the cerebro­
spinal nervous system is thrown into most intimate connection with the 
various vital organs. Through them the secretory processes of the diges­
tive glands (salivary, gastric, intestinal, etc.), as well as the secretory 
activities of the organs that separate the urine, the sweat and the milk, arc 
profoundly influenced by what goes on in the nervous system. The work 
of the heart stands directly under the influence of the autonomic fibers of 
the vagus and the accelerator nerves, and the distribution of the blood in 
the body is continuously undergoing alteration through changes in the 
caliber of the vessels in different parts, dependent upon the activities of 
the vasomotor neurone systems. In respiration, further, a neuromuscular 
mechanism is utilized in which the vagus, the phrenic and certain other 
peripheral nerves play a part; its rhythmical nature depends upon chem­
ical stimulation of the cell bodies of the neurons situated in the so-called 
“respiratory center” in the formatio reticularis. The propulsion of food 
through the digestive canal, the emptying of the secretions from the diges­
tive glands by contraction of the smooth muscle in the walls of their ducts, 
the muscular activities of the ureters and bladder and of the system of 
genital ducts in both sexes, arc subordinate to accurately regulating 
neural impulses. Finally, the nutrition of the body as a whole is in part 
consequent upon the workings of the nervous system; thus the state of 
nutrition of the muscles, the carbohydrate metabolism, the nitrogen metab­
olism, the heat regulation, the deposition of fat, the growth of bone—all are, 
in part directly, in part indirectly through the intervention of the glands of 
internal secretion, dominated by the nervous system. Surely, therefore, the 
physician should he as familiar with the methods of examining the nervous 
system as he is with those for examining the lungs, heart, kidneys, stom­
ach and metabolic organs! And the neurologist and psychiatrist unac­
quainted with the general methods of internal medicine would be sadly 
at a loss in understanding and interpreting many of the phenomena met 
with in their special fields. The relations of lead colic to saturnine 
encephalopathy, of air hunger to diabetic coma, of acute infection to 
febrile delirium, of hyperthyroidism to so-called neurasthenic and psy­
chasthenic states, of arterial hypertension and atherosclerosis to certain 
forms of encephalopathy, and of contracted kidney and uremic poisoning 
to disturbances of consciousness, may be cited as examples.

The methods of examining the nervous system and its function?
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clinically are for the most part simple and easy to learn. The technic 
of a thorough examination of the functions of the nervous system, aside 
from psychiatry, can be, under skilled instruction, acquired in a short 
time. Psychiatric methods of examination arc more difficult and as yet 
they have been very incompletely elaborated, but the more important 
methods of psychiatric inquiry can also be easily and quickly acquired.

But while the methods are not complex or difficult to learn, the inter­
pretation of the data accumulated by applying them presents difficulties 
due chiefly to the undeveloped state of knowledge regarding the functions 
of the nervous system. Interpretation of results, as far as such inter­
pretation is at present possible, is in reality not difficult, provided the 
facts of the anatomy and physiology of the nervous system, as thus far 
worked out, are understood and appreciated. There arc perhaps no other 
departments of medicine that, for the interpretation of clinical findings, 
require so thorough a foundation in anatomy and physiology as do neurology 
and psychiatry. The anatomy of the nervous system is singularly complex 
and until recently very few medical schools have made provision for the 
thorough training of students in it. Moreover, even when the opportunities 
for such training arc offered there arc many students who seem unable 
to prolong the stretch of attention necessary to get a grasp of the archi­
tectonics of the nervous system and of the neural activities, or who, for 
some reason or another, seem to be devoid of that capacity for thinking 
in three dimensions that the study of conduction paths within the cen­
tral nervous system makes imperative. When wo realize further that 
only a few students entering medicine have received any training in 
normal psychology, and recollect how important an analysis of the men­
tal factors is for the appreciation of psychoncurotic and psychiatric states, 
it is but little wonder that, hitherto, the majority of medical students 
have fought shy of the serious consideration of the psychic state of their 
patients, regarding it as outside the domain of general medicine, a field 
entirely for cultivation by specialists. The time for a persistence in this 
attitude now seems past; the general practitioner who, from now on, fails 
to secure a training, at least in the fundamental methods of neurologic 
and psychiatric study, will be seriously handicapped.

The study of a patient on the neurologic and psychiatric side consists 
in (1) the accumulation of data concerning the neural and mental state, 
(2) the drawing of inferences regarding the site of the disease -process, 
and (3) the formation of conclusions regarding the precise nature of the 
process.

Satisfactorily to gather data concerning the neural and mental state, 
the functions of the nervous system must bo subdivided into groups 
( analysis), and each group tested for itself ; during this gathering process, 
the examiner should keep his mind free, as far as possible, from precon­
ceived opinion regarding the site and nature of the lesions present.
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After tlio methodical testing of the various functions has been com­
pleted, the facts gathered should Ikj considered as a wliola In deciding 
upon the site of the lesion, its localization within the great complex of 
neurons that makes up the nervous system as a whole, one considers 
especially (a) the topographical distribution of the abnormal phenomena 
met with, and (b) the character of the deviations from the normal.

In forming conclusions regarding the nature of the pathological proc­
ess present, one tries to decide, (a) whether it is “organic” or “functional” 
in its nature, and (b) from the totality of the symptoms and signs, and 
from a consideration of their suddenness or slowness of onset, their se­
quence, their accompaniments in other parts of the body, and the possible 
etiological factors, exactly how it has developed.

The cerebrospinal and sympathetic nervous systems taken together 
arc composed of a mass of single cell-units or neurons, united with 
one another, through synapses, into a continuum. This continuous mass of 
nerve cells is incessantly, throughout life, in a state of greater or loss 
activity. In sleep the activities appear to lie reduced to the minimum re­
quired for the maintenance of the vital functions; during waking hours 
the activities are markedly increased, though not uniformly, throughout 
the mass, great groups of neurons, now here, now there—centripetal neu­
ron systems, centrifugal neuron systems, associative neuron systems, lower 
reflex arcs, higher instinctive mechanisms, “voluntary” mechanisms under 
the influence of attention—flashing into activity in response to the influ­
ences of the outside world or to changes occurring within the body itself. 
In subdividing the functions of the nervous system into groups for the 
special purpose of clinical examination, wo choose methods that will 
]>ermit us to test the more important functions quickly and simply. These 
are methods of observation and of simple experiment On the observa­
tional side we note the spontaneous motor and psychic manifestations of 
the patient and also any vasomotor, trophic or secretory phenomena visible. 
On the experimental side we apply (1) various methods that experience 
has shown will affect the consciousness of normal patients and wo ascer­
tain whether the patient yields normal or abnormal responses (objective 
examination of the psycho and cf the sense organs), and (2) certain 
methods that reveal alterations in the neurons concerned in motility and 
in reflex action (objective examination of motility, coordination, reflex 
action, etc.).

The nervous system develops as a series of segments, each segment 
consisting of reflex arcs conq>osed of svnapsized sensory and motor 
neurons, the segments gradually Itceoming united so as to permit of larger 
and larger reflex mechanisms and greater and greater associations among 
them, until, finally, in the brain, enormous groups of associated neurons 
come to lie between the receptive or afferent side on the one hand, and 
the expressive or efferent side, on the other. For purposes of clinical anal-
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ysis it is easiest, at present, to study first the receptive or afferent side as 
a whole, secondly the effective or expressive side as a whole, and lastly to 
make a special examination of particular mechanisms, reilex, instinctive 
and associative, which make use of portions of the afferent and efferent 
paths in common. We proceed, therefore, in our technical examination to 
study :

(1) The functions of the afferent paths (testing of sensation and of 
other functions dependent upon centripetal impulses).

(2) The functions of the efferent paths (testing of motility, including 
the reflexes and active and passive movements and the movements in or­
gans supplied by autonomic nerves, and the examination of secretory and 
trophic functions).

(3) The functions of the higher associative neuron systems (testing 
the higher coordinated activities, especially speech, writing and the men­
tal functions).

(4) Conditions accessible to certain special methods of examination 
(anthropological methods, x-ray examinations, examination of fluid ob­
tained by lumbar puncture, electrodiagnostic methods).

(5) The localizing diagnosis.
(6) Finally, the exact nature of the pathological processes present 

(special pathology).
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B. Examination of Sensation and of the 
Afferent Conduction Paths

1. The Multiple Functions o( the Afferent Receptive 
or Centripetally Conducting Neuron Systems

Beginning in the skin, mucous membranes and internal organs of the 
body and in the organs of special sense, are the peripheral processes 
of the peripheral centripetal neurons, exposed to local stimuli in all these 
various parts ; here impulses start that arc carried into the central 
nervous organs. On arrival there they are, according to their quality 
and intensity, variously distributed, following different but definite 
paths. Some of them, transferred chiefly through collaterals, influence 
the peripheral motor neuron systems (lower reflex arcs) ; others, through 
shorter and longer paths, influence centrifugal neurons of the second and 
of higher orders, and have to do with complex mechanisms like those 
controlling the instinctive reactions, the respiratory and vasomotor nen 
ron systems, the neuron systems maintaining l>ody equilibrium, tin 
neuron systems underlying the emotions, the various neuron systems eu 
ordinating the more complex bodily movements, etc. And still other- 
traverse the longer centripetal paths composed of superimposed sets of
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neuron systems, so as finally to reach the so-called sensory areas of the 
cerebral cortex, where they cause changes that are associated in con­
sciousness with what we call sensation. Many of the functions of these 
centripetally conducting neuron systems go on, therefore, below the 
threshold of consciousness ; only part of the impulses extend far enough 
and are of the quality or intensity necessary to give rise to those changes 
that are associated with awareness.

References
Barker (L, F.). Neurones connecting the sense organs of the body with the central nen<ous 

system (peripheral centripetal neurones; sensory neurones of the first order; 
sensory protoneurones). In: Nervous system and its constituent neurones. 
New York, IH99, 821-966.
Neurorws within the central nervous system connecting the end stations 
(nuclei terminales) of the axones of the peripheral centripetal neurones twith 
other ■portions of the central nervous system (centripetal neurones of the 
second order and of higher orders; central neurones of the sensory conduction 
paths). In: Nervous system and its constituent neurones. New York, 
1899, 666-882.

Sherrington (C. S.). The integrative action of the nervous system. New York, 1906, C. 
Scribners Sons. xvi. 411 p. 8°.

2. Varieties (or Modalities) of Sensation
The sensations that arise in consciousness from sufficient stimulation 

of afferent or centripetally conducting neuron systems are divisible into 
two great groups : (1) those pertaining to common or general sensibility, 
arising from stimulation of the centripetal paths distributed to the skin 
and mucous membranes, the mesoblastic tissues and the viscera; and (2) 
those pertaining to the special senses, and having their origin in stimula­
tion of the centripetal neuron systems distributed to the organs of taste, 
smell, hearing, sight and vestibular equilibratory sense. This subdivision 
into general or common sensibility and special sense is merely arbitrary, 
since certain portions of the so-called common sensibility are just as 
special as any pertaining to the so-called organs of special sense. The prin­
cipal distinction between the two sets of sense organs consists in the 
greater phylogenetic antiquity of those of so-called common sensibility.

Common or general sensibility has its origin in (a) the superficial 
sense organs of the skin and mucous membranes, mediating the elementary 
sensations of pain, touch and temperature, and taking part in the more 
complex sensory and perceptive processes known as the localizing sense, 
the sense of space and the stereognostic sense; (b) the deep sense organs 
of the mesoblastic tissues, mediating the elementary sensations that yield 
information regarding posture, passive movement, periosteal pain, vibra­
tion, and the sense of muscular contraction, these being factors in the 
more complex sensory activities that have been described under the cap­
tions of the innervation sense, the sense of power or strength, and the
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sense of active movement ; and (c) visceral sense organs, mediating the 
sensations arising in the viscera and including the centripetal impulses 
that, when pathologically increased, give rise by a special anatomical 
mechanism to referred pain in domains innervated by the cutaneous 
nerves (sensory zones of Head).

A summary of the varieties or modalities of sensation is given in the 
accompanying tables :

Varieties (Modalities) of Sensation

I. Common or general sensibility.
A. Superficial (skin and mucous membrane).

AA. Elementary.
(a) Protopathic system (Head).

1. Sense of pain.
(b) Epicritic system (Head).

2. Sense of touch.
3. Sense of temperature.

(a) Warmth.
(b) Cold.

AB. Complex.
(1) Localization.
(2) Space sense.
(3) Stereognostic sense or perception.

B. Deep (other than visceral).
BA. Elementary.

(1) Sense of posture and of passive movement.
(2) Periosteal sensations (pain and vibration).
(3) Sense of muscular contraction.

BB. Complex.
(1) Innervation sense; sense of power or strength.
(2) Sense of active movement.

C. Visceral.
1T. The Special Senses.

A. Taste.
B. Smell.
C. Hearing.
D. Sight.
E. Vestibular.

It will l)e noted that certain sensations refer to the world outside 
the human body, and that others refer to the changes taking place



EXAMINATION OF SENSATION 120

within the body itself. Besides the sensation proper resulting upon 
stimulation, certain sensations, if not all, have an influence upon the 
affective or emotional state of the person—they arc pleasant or unpleas­
ant. This quality is known as the “feeling-tone” of the sensation ; thus 
pain is always accompanied by negative feeling-tone—it is unpleasant. 
Gentle thermal stimuli usually give rise to sensations accompanied by 
positive feeling-tune—they arc pleasant.

3. General Remarks on (he Making of Sensory 
Examinations

The simplest effective methods of examination should be chosen. 
Elaborate armamentaria have been devised, including a variety of esthesi- 
ometers and, in the domain of the special senses, of complex machines 
for the making of elaborate tests. All these should be avoided by the 
clinician in his every-day work, though they have their place in special 
psychological and psychiatric laboratories for purposes of precise inves­
tigation.

Besides using simple apparatus only, the examiner should follow 
some iilan of quickly orienting himself regarding the state of a given 
type of sensory apparatus; should any abnormality be found the dis­
turbance can subsequently be exactly delimited.

Certain conditions favor the making of sensory examinations; others 
interfere with the tests. In the first place, the patient must have suffi­
cient intelligence to understand how to recognize sensations; imbeciles 
cannot lie satisfactorily examined on the sensory side. Again, the con­
sciousness of the patient must be sufficiently clear for the purpose; sensory 
examinations cannot be made if the patient is comatose or delirious. 
Furthermore, the patient must be willing to cooperate in the examination 
—ho must manifest good will ; in the negativism of dementia praecox, 
for example, the patient may not cooperate and, if so, cannot be satisfac­
torily examined. Even where there is good will, there must be a certain 
capacity for concentration of attention, the motor ability to respond must 
exist and the patient should not be fatigued. It is well to make a sen­
sory examination, therefore, in a quiet room rather than in a general 
ward, to make it with the patient alone, or, in the ease of a woman, in 
the presence only of the nurse; sensory examinations made before a ward 
class or in the presence of a family or group of friends arc notoriously 
unsatisfactory. A complete sensory examination requires the expenditure 
of a considerable amount of time ami should be undertaken only when 
both patient, and physician arc at leisure. It is frequently necessary 
to divide an el al Kir ate sensory examination into two or more parts to bo 
carried out on different occasions.
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Abnormal sensibility to stimulation is known as hyperesthesia, en­
feebled sensibility as hypesthesia and complete loss of sensibility to stimu­
lation as anesthesia.

Resides these quantitative disturbances of sensation we pay attention 
to tbe topographical distribution of a sensory disturbance, attempting in 
every case exact delimitation; we can thus distinguish between circum­
scribed and diffuse lesions, unilateral and bilateral lesions. These exact 
delimitations will later l>e seen to be of great, importance in deciding upon 
the site of a lesion, since the topography of sensory disturbances varies 
greatly according as the lesion is cerebral, spinal, radicular or neural in 
origin.

Finally, when sensory surfaces mediate different varieties of sensa­
tion (e. </., skin, retina) it is essential to determine the particular qualities 
of sensation that are disturbed ; thus, a cutaneous anesthesia may be 
total, involving all sense modalities of the skin, or it may be partial or 
elective, affecting only particular sense modalities; in the latter instance, 
the term dissociated sensory disturbance is sometimes used. Two main typos 
of the latter arc recognized : (1) the so-called syringomyelic type of sensory 
dissociation, in which there is loss of pain sense and temperature senses, 
with retention of the sense of touch and of the mesoblastic sensibility ; and 
(2) tbe so-called tabetic type of sensory dissociation, in which there is a 
loss of dec]) sensibility and sometimes of the sense of touch, with reten­
tion of tbe sense of pain and tbe temperature senses. These elective dis­
sociations ' " either upon (1) separation of the paths for these differ­
ent sense modalities within the central nervous system, so that localized 
lesions may affect one set of paths without involving the other, a point, 
that will be further dwelt upon when tbe significance of the topography 
of sensory disturbances for localizing diagnosis is treated; or upon (2) 
a selective affinity of certain toxins for fibers mediating certain of the 
modalities of sensory impulses.

When a sensory disturbance consists loss in loss of sensation or in­
crease of sensation than in a perversion of sensation, it is spoken of as a 
paresthesia. Such paresthesias, however, when carefully analyzed, are 
usually found to lie combinations of anesthesia and hyperesthesia in sen­
sory surfaces mediating more than one variety of sensations. They are 
often phenomena of sensory irritation appearing without external stimu­
lus and giving rise to continuous or intermittent sensations of unusual 
nature noticed by the patient. Among them may be mentioned prickling 
sensations, the sense of formication, the feeling as though a limb had gone 
to sleep (paresthesia from pressure), the feeling as though felt were under 
the feet in tabes, and the feeling of tension about the waist, sometimes 
spoken of as “girdle sensation.”

The promptness of response to stimulation should always be noted. 
There is, normally, great difference in reaction time, first, for different

10
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sense organs in the same patient, response to tactile stimuli being n;.;; !. 
more prompt than response to pain-stimulation, and, secondly, for the 
same sense organ in different persons. In certain diseases, however, 
there is marked pathological delay in response and abnormally long reac­
tion time. In hyper esthetic states, when single stimuli are ineffective, 
the influence of a summation of stimuli should be noted.

The results of sensory examinations arc of the greatest value for diag­
nosis. No data are more helpful in making decisions as to the site and 
nature of organic lesions than those derived from the testing of the 
functions of the ccntripctally conducting neurons. These data are also 
most helpful in distinguishing between organic disease and the so-called 
functional disorders. The limits of a sensory disturbance in the skin, for 
example, should be marked with a blue pencil, purely objectively, and sub­
sequently transferred to charts of the body for permanent record.
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\. The Sense of Touch and its Anomalies
The sense of touch (slight contact or delicate pressure) is mediated 

in the skin chiefly by nerve-beginnings connected with the hair folli­
cles ; in non-hairy parts of the skin and in the mucous membranes the 
tactile sense organs appear to be Meissner’s corpuscles.

(a) Touch Points
Tbe individual touch points can lie sharply localized and their thresh­

old-stimulus determined by means of von Frey’s test hairs, but for ordi­
nary clinical purposes a less delicate method of examination is used. 
One applies a small wisp of cotton or a dry, soft, camel’s hair brush to
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the surfaces to bo tested. It is best to bold the eyes of the patient shut 
with the thumb and forefinger of the left hand and to make the tests 
with the right hand ; or a towel may be placed over the eyes during the 
examination. The patient should be told to pay close attention to sensory 
impressions in the skin and he should bo shown, before the eyes are closed, 
what he may expect. When a tactile sensation is felt, the patient may an­
swer “no” or “yes” or may count as he feels the successive stimuli. The 
stimuli should bo brief and the pressure very slight, so as to avoid 
stimulation of pain points or of the sense organs of the deeper tissues. 
Further, one should avoid applying the stimuli at regular intervals, since 
the patient, growing accustomed to the rhythm, may give positive answers

even in the absence of 
sensation. It is also 
wise to pass, occasion­
ally, from one part of 
the body to another 
unexpectedly.

In the first rough 
examination for quick 
orientation it is well 
to stimulate in a cir­
cle around each fore­
arm and upper arm, 
around each leg and 
thigh, and vertically 
downwards on each 
side of the face and 
along the middle of 
each half of the trunk 

in the front and back. Such a mode of application of the stimulus crosses 
the areas supplied by most of the individual peripheral sensory nerves 
and also the bands corresponding to the posterior nerve roots, such bands 
running lengthwise on the extremities and transversely on the trunk (see 
Topical Diagnosis). A special effort should be made to ascertain, in the 
absence of anesthesia, the existence of slight differences in the intensity of 
sensation experienced with the same strength of stimulus applied to the 
two sides of the body. A unilateral hyposthesia may sometimes thus 
become recognizable.

For exact threshold determinations of touch sense and pain sense, wo 
make use of v. Frey’s test hairs.

(6) Anomalies of the Sense of Touch
Hyperesthesia in the domain of the sense of touch is known as hyperp- 

sclaphesia; diminution of this sense is called hijpupselapliesia and loss

B

I-’ig. 623.—Von Frey's “Test Ilalrs,” for the Finer Analysis oC 
Tactile Sense. (After L. F. Barker, J. II. II. Bull.)
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of it ajmlaphesia. It should ho Imrne in mind that the sense of touch 
(strictly speaking) is absent in certain parts of the body (cornea, glans 
penis, mammilla). Most sensitive regions are the lips, forehead, hack 
of tongue, checks and temples; next in order are the dorsal surfaces of 
the terminal phalanges, the dorsal surfaces of the forearms and the hacks 
of the hands ; the soles of the feet, and the dorsal surfaces of the lower 
extremities are relatively insensitive to touch.

(c) Localizing Sense
The power to localize the point to which a stimulus is applied to the 

skin dcjxmds, first, upon the local sign pertaining to tlie sense of touch, 
the sensation from each touchpoint being distinguishable from that from 
any other, and, secondly, ii]>on experience that has been gained by the 
sense of sight and the sense of movement in connection with this sense of 
touch. One tests it hy asking the patient to point to the exact spot to 
which the stimulus (a blunt point) has been applied and removed. When 
we touch him, his eves should be closed; when ho tells us where wo 
touched him, he may do so with closed or with open eyes, pointing in tbo 
latter instance to the spot touched on his own body, or to the symmetrical 
spot, on the other side, or to the spot on a photograph or on a model. Local­
ization is not exact, even in normal persons. Mistakes as great as 1 cm. on 
the hands, 2 to 4 cm. on the arms and legs, and even C to 7 cm. on the 
upper arm and thigh may be met with in normal persons. The power of 
localization on the face is more accurate. Accuracy of localization de­
pends somewhat upon the intensity and duration of the stimulus.

Mistakes in localization at the first touch depend especially upon the 
accuracy of the patient’s idea of position; in order to bo sure of a failure 
in localization on the skin, the patient must be allowed to keep on search­
ing for the point touched until ho believes ho has found it (Spearman). 
The distance between the point ho finally indicates and the point originally 
touched is the measure of the fault in localization.

In pathological cases there may bo marked disturbances of this local­
izing sense; thus a stimulus applied to the hand may bo localized by the 
patient in the upper part of his arm. In rare cases, a stimulus applied 
to one side of the body is referred by the patient to a corresponding sjiot 
on the opposite side (allocheiria).

(d) Spatial Sense
This is tested hy means of a compass with dull, non-mctallic points, 

which has a scale giving the exact distance between the points. It is 
important, in making the test, that both points shall he placed simul­
taneously upon the skin, since two points close together, if stimulated 
successively, will often ho recognized as two, when, if stimulated simul­
taneously, a single sensation results. It is oidy when touch points are
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a certain distance apart that stimulation of them simultaneously gives 
rise to two separate sensations. In other words, the successive-threshold 
differs definitely from the simullaneous-duplicity-thresliold, or space- 
threshold (v. Frey).

In determining this space-threshold, one begins by making the dis­
tance between the compass points such that a single sensation everywhere 
results ; the distance is then gradually increased until the two points are 
felt separately. One may work in the opposite way, beginning with the 
points far apart and gradually approximating them until the single sen­
sation appears. The results are somewhat different in the two cases, and 
one should always note the method employed. Some examiners use both 
methods and take the arithmetical mean as the threshold.

Recently, McDougall’s method has been applied clinically by Head and 
Holmes. By this method, the distance between the compass points is not 
changed during the test, but, in irregular sequence, one point alone or the 
two points simultaneously are applied, until, finally, ten tests of each 
sort have been made. A second person, not applying the compasses, notes 
whether a correct (1) or a false (x) answer is made, so that the exam­
iner himself is unaware of the exact number of tests he has applied until 
the scries is complete. An example of the record kept is as follows:

1 11XX_________ xl________1XX1 = 5R.5F.
4 cm' 2 XIX 11XX XXI 4K.0F.

In this case the compass points were 4 cm. apart. The upper lino in­
dicates the results of the tests made with a single point, the lower lino the 
tests made with the two points. With one point there were five right 
answers and five false answers. With the two points there were four 
right answers and six false answers. The wrong answers in the one case 
mean that one point was felt as two, in the other case that two points 
were felt as one.

In examining a given area of the skin, several such tests are made 
with different distances between the compass points. If in the area 
tested there is a great difference in results from those obtained in the sym­
metrical healthy area, a unilateral disturbance of spatial distinction can 
be assumed to exist.

Another method of testing the localizing sense and the sense of space 
consists in determining the distance apart, in which two separate and simi­
lar stimuli can be separately felt (compass test). The method is as yet 
of very little clinical importance.

(e) Sense of Roughness and Smoothness
This is related to the spatial sense. When a rough surface is applied 

to the skin but not moved over it, the spatial sense alone has to bo con-
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aidered, but if it be moved over the skin, then we have to consider, in 
addition, tbo capacity for perceiving intermittent stimuli.

Fig. 524.—Tabes.—Diagram Illustrai lug Areas In Which Vibrai Ion Sense (I lone Seiislblllljri 
la Abolished.

For testing the threshold for roughness, Graham Brown’s esthesiometer 
is convenient. From tho smooth, convex surface of a metal cylinder 
six metal rods can bo simultaneously shoved downward by means of a
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micrometer screw. The distance to which these must 1>c protruded in 
order to elicit a sense of roughness when the skin is stroked witli it gives 
the threshold. This threshold for roughness runs fairly parallel to the 
space sense threshold.

(Z) Vibration Sense (Pallesthesia)
The touch points, when stimulated, yield sensations that are sharp, 

clean-cut and of short duration. If stimuli be rapidly applied, therefore, 
at brief intervals, separate sensations result and one gets the sensation 
of oscillation or vibration ; thus, if a gentle faradic current be applied 
to tbe skin by means of a moist electrode used ordinarily in testing motion, 
the interrupter swinging free and the current too weak to cause pain, a 
strange sensation of vibration is, normally, distinctly felt.

The so-called sensation of vibration felt on applying a vibrating tun­
ing-fork to the skin over the bones, and described by Eggers as a method 
of testing the sensibility of tbe bones, may lie, in reality, I am inclined 
to think, the result of stimulation of the touch points in the skin. Though 
this vibration sense may disappear before there is complete tactile anes­
thesia, it seems to indicate that among the earlier disturbances <>f tactile 
sensation must be counted an inability to perceive successive impulses of 
short duration as separate sensations. The best tuning-fork for the pur­
pose is the C-fork (128 vibrations), provided with a Gradenigo triangular 
block on one arm ; this kind of fork permits of the application of vibra­
tions of very different numbers and the number at the instant the sense 
of vibration ceases may be read off.
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5. The Sense of Pain and its Anomalies
(a) Pain Points

Tlio pain sense is mediated by special pain nerves (v. Frey) at par­
ticular points known as pain points; these arc much more numerous than 
the touch points in the skin and mucous membranes. The sense of pain 
is best tested by means of a sharp needle; the patient should he taught to 
distinguish between the sense of pain and the sense of touch before his 
eyes are closed and the actual examination begun. Sometimes the exam­
iner uses a pin, applying not alternately, hut irregularly, the head or the 
point ; the patient is required to answer the question, “Do you feel the head 
or the point”? or “Is this sharp or dull”? Various algesimeters have 
been devised, hut they are wholly unnecessary for ordinary clinical work. 
Where the organs of pain sense have Iteen injured, pain may yet he expe­
rienced on pinching a fold of the skin. Stronger faradic currents may 
also he used for testing the sensibility to pain, though, practically, one 
rarely applies them. Sensations of pain are very inaccurately localized 
even hv normal jiersons.

(6) Anomalies of the Sense of Pain
The anomalies of the sense of pain may consist in loss (analyesia), 

in diminution (hypalgesia) or in exaggeration (hyperalgesia). Prompt­
ness of response (reaction time) should he attended to, since in hypal- 
gesias there is often delayed sensation. The effect of summation of stim­
uli should also he noticed, by drawing a sharp needle lengthwise over an 
analgesic or hypalgesic area.
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6. The Senses of Temperature and Their Anomalies
On tlio skin, temperatures similar to those of the skin itself are not 

felt (so-called indifferent zone). Higher temperatures are felt as warmth, 
and still higher temperatures as pain. Lower teinjieratures are felt as 
cold, and still lower as pain.

Thermal stimuli may, therefore, produce no sensation at all, a sense 
of warmth, a sense of cold, a sense of pain, or various combinations of 
pain sense and temperature sense.

(a) Warm Points and Cold Points
Sensations of warmth are mediated by special nerves whose endings 

in the skin are known as warm pdittfs. Sensations of cold are mediated 
by entirely different nerves whodo titulings in the skin are more numerous 
and are known as cold points. The sensations of pain resulting from 
thermal stimuli applied to the skirt are due to irritation not of the nerves 
of temperature sense but of the pain nerves at their pain points.

Sensations that combine a feeling of warmth or cold with pain are 
duo to simultaneous stimulation of temperature sense nerves and pain 
nerves.

In testing the temperature settsOfl, one proceeds as follows: For quick 
orientation one may, closing the eyes of the patient, breathe upon the skin 
at close range (warm stimulus), or blow upon it at a greater distance 
(cold stimulus) ; or one may use two test tubes of equal size, one contain­
ing ice water, the other warm (but not too hot) water, and apply, some­
times one, sometimes the other, to the skin, asking the patient to tell 
whether the tube felt is warm or cold. In comparing the response of the 
organs of temperature sense on the two sides of the body, it is well to 
apply on the two sides simultaneously test tubes containing water of the 
same temperature and to ask the patient whether the sensations experienced 
on I he two sides arc the same or different.

For very exact analyses of disturbances of temperature sense, where 
it is desirable actually to localize the single warm points and cold points 
at the edges of the disturbance, special apparatus may be used (Blix, 
Goldscheider, v. Frey).
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(ft) Anomalie* of the Temperature Senses
When flic organs of temperature sense arc abnormal, the sense of 

warmth and the sense of cold usually suffer together, though in rare 
instances the warmth nerves may he involved independently of the cold 
nerves. Loss of both senses is known as thermanesthesia, diminution as 
thermohy pesthesia and exaggeration as thermohyperesthesia. It is to 
be rememln-rcd that the sudden application of heat to a cold point, gives 
rise to a sensation of cold (paradoxical reaction of von Frey). This 
probably explains why one sometimes has, for a moment, a chilly sensa­
tion on entering a hot, hath.

Subjective feelings of heat, and cold (ardor and atgor) may he due to 
a sudden vasomotor disturbance with rapid change in the temperature of 
the skin leading to stimulation of the temperature nerve endings, or they 
may he paresthetic disturbances in the domain of the temperature sense.

Thermancsthesia is often associated with analgesia in elective disturl»- 
ance of cutaneous sensation (see syringomyelic type of sensory dissocia­
tion).
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7. The Deep Sensations (Bathyesthesia) Originating 
in the Mesoblastic Tissues

(Sensations of Posture, Sensations of Passive Movement, Sensations of 
Muscular Contractions, Sensations of Active Movements, Sense of 
Power or Strength, Periosteal Sensations, Stereognostic Perceptions)

The sensations having their origin in stimulation of the sensory nerve 
beginnings in the mesoblastic tissues (fasciae, tendons, muscles, joint- 
surfaces, periosteum, etc.) arc of the greatest importance, since they arc 
concerned in a whole series of complicated processes, especially in the co­
ordinating of the movements of the body and in the maintenance of equi­
librium ; in judgments of weight and of required strength they may play 
an important part, and, along with the tactile sense, they arc the principal 
constituents of our stcreognostic perceptions. The totality of deep sensa­
tion, here under consideration, is designated as bathyesthesia. This deep 
sensibility is difficult of exact analysis, since the nerve beginnings in ten­
dons, muscles, periosteum and joints are in greater or less degree simul­
taneously stimulated. In appreciating posture, or in judging of the
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passive movements of the extremities, we rely upon the perception of 
differences in tension of the part mediated by the sensory apparatus of 
the muscles, fasciae and joints. When a single muscle is made to contract 
by electrical stimulation, we have a sensation of the muscular contrac­
tion ; it depends upon stimulation of the sensory nerves in the muscle or 
in its tendons of origin and insertion during the contraction (II. Cursch- 
mann, Jr.). In the perception of active movements, we have to deal (1) 
with the same deep sensation originating especially in impulses arising in 
the joints but partly in the muscles, fasciae and tendons, and, in addition, 
(2) with the sensation of motor innervation, probably originating in the 
psychomotor centers of the cerebral cortex and not in the periphery. The 
same complex of sensations is in all probability ftivolved in our judgment 
of weights, and of resistance to passive movement.

(a) Testing the Sense of Muscular Contraction
In order to prevent complication with cutaneous sensibility, an arm 

or a leg is placed in such a position that, when the muscle to be tested 
contracts, there will be no friction between the skin and the surface sup­
porting the extremity. The amount of current necessary for the minimum 
cathodal closure contraction of the muscle to be examined is next deter­
mined. The patient’s eyes are closed and lie is asked to state whether he 
notices a movement in the muscle tested in addition to the painful sensa­
tion of closing the current. He is told to distinguish between the feeling 
of contraction in the muscle itself and the sense of movement of the 
portion of the extremity under examination. One then sends into the 
muscle a series of currents, beginning with a current insufficient to cause 
contraction, and gradually increases the strength of the currents sent 
into it; the patient is asked to indicate with his finger the muscle in which 
the sensation of contraction appears.

(6) Testing the Sense of Posture or Attitude, and of Passive 
Movements of the Extremities

We close the patient’s eyes and make passive changes of position m 
one extremity and ask him either to describe them or to imitate them 
with the other. The process is repeated with the eyes open.

The sensation of the great, toe joint and of the knee joint should be 
especially tested. We clo.se the patient’s eyes and bend the great toe 
slightly up and down and ask the patient to state (1) when he feels a 
movement in the toe, and (2) the direction of that movement. Similar 
tests are made with the knee joint. Any movement that the examiner 
can see should be appreciated by a patient whose joint sense is normal, 
in disease, this joint sense is often lost, or diminished in greater or less 
degree.
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(c) Testing the Sense of Active Movement
We ask the patient to close his eyes; then to move one of his extrem­

ities voluntarily in various directions, describing exactly to us what he 
is doing. We compare this statement with the movements actually pro­
duced. Another method is to ask the patient to look at an object near by 
and then, closing his eyes, to touch it with the finger, too or heel by the 
shortest route.

In these tests, we must try to distinguish whether any abnormality 
found is due to a disturbance of deep sensation, or to a defect in the cen­
tral sense of motor innervation. (See Tabetic Ataxia and Cortical 
Ataxia).

(d) Testing the Central Sense of Motor Innervation or the So-called 
Sense of Power or Strength

Here we test the capacity of judging differences in the weights of 
bodies lifted by the extremities. We make a sling of a towel, and sus­
pend it from the hand or the foot, and determine what differences in 
weight can be perceived by the patient. In employing the method one 
must try to separate the motor factor (central feeling of innervation) from 
the sensory factor depending upon the deep sensibility. The method is 
of very little clinical value and may be omitted by the beginner.

(e) Testing the Periosteal Sense
The so-called periosteal sense or sense of vibration (pallesthesia) is 

in all probability not a periosteal sense proper; the tuning-fork applied 
over the bone is in a position in which it can best stimulate the touch- 
points (r/. v.) of a considerable area of skin. The periosteum is well 
supplied, however, with pain nerves. As wo know from surgical experi­
ence, this pain sense of the periosteum may bo lost in certain diseases 
(tabes, leprosy, syringomyelia, etc.).

(f) Testing Stereognostic Perception
Under this caption is designated the capacity of determining the form 

and consistence of bodies applied to the skin, cs]>ccially to the palm of 
the hand. We usually use various coins, a lead pencil, a key, a watch, 
a chain, or large letters carved in wood. The process of recognition is a 
very complicated one, depending not only upon a complex of cutaneous 
sensations (touch and temperature), deep sensations, and innervation 
sense, but also upon the association of these in the cerebral cortex with 
one another into combinations known as perceptions, and combinations of 
these with one another and with memories of previous experiences (tac­
tile, motor, optic, acoustic, etc.).
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Wo find out first whether the patient can recognize the object simply 
laid upon his hand ; if it he not so recognized, he is then permitted to move 
the fingers and hand so as to apply the skin with varying degrees of pres­
sure to the object in different positions.

The stcreognostie sense is especially well developed in the hand and in 
the mouth, owing largely to the delicate movements of the lingers and 
of the tongue. It is far less developed in the foot and on the trunk.

For testing the recognition of three dimensional forms, it is well to 
use wooden models of geometrical figures (spheres, cubes, wedges, etc.).

In the use of the terms stcrcognosis and astercognosis, we must distin­
guish between (1) astercognosis duo to lesions < f the sensory path to the 
cortex and of the primary end-stations in the cortex itself, and (2) the 
forms of astercognosis in which sensibility is entirely retained or only so 
slightly involved that the loss of stcreognostie power could not he due to 
the anesthesia. This latter form is the so-called tactile agnosia (Wer­
nicke’s Tasllahmung), which depends either upon loss of tactile memories, 
or upon loss of memories associated with tactile memories (visual, olfac­
tory, gustatory, etc.).

(g) Anomalies of Deep Sensibility
Like the superficial senses the deep sensibility may be lost (bathyan- 

esthesia), diminished, or, rarely, exaggerated. When lost or diminished 
we have to deal not merely with a loss of sensibility, but also with a loss 
of those unconscious centripetal impulses that play such an important 
part in the maintenance of muscle tonus, on the one hand, and of the co­
ordination of muscular activities, on the other. Disturbances of these 
jHfrtions of the centripetally conducting neuron systems are, therefore, im­
portant factors in the origin of hypotony and of ataxia.

Exaggeration of the centripetal impulses here under discussion may 
result from irritation of any part of the peripheral centripetally conduct­
ing neurons (sensory neurons of the first order). An interesting exam­
ple is seen in meningeal irritation, where, as a result of such exaggeration 
of centripetal impulses, marked liypertony appeurs (Keruig’s sign).
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8. The Visceral Sensations and Their Anomalies
(Cenfripelally Conducting Neurons of the Autonomic Systems')

Tn examining the functions of the afferent, neuron systems we should 
not, lose sight of the autonomic, groups.

The autonomic nervous system (J^flgley), formerly often referred 
to as the vegetative or visceral nervous system, consists of three main 
parts : (1) a mesencephalic part, (2) a bulbar part, and (.3) a spinal or 
medullary part. The mesencephalic, and bulbar parts include the por­
tions of the N. oculomotorius, facialis, intermedins, glossopharyngeus 
and vagus that have to do with innervating structures not. under the 
domain of the will (intrinsic muscles of the eye, the smooth muscles of 
the respiratory, circulatory and digestive systems, the salivary glands, 
sweat glands, lacrimal glands, etc.).

The spinal or medullary autonomic system includes the sympathetic 
nervous system proper, derived from the cervical, thoracic and lumbar 
portions of the cord, and the sacral autonomic system (domain of the N. 
erigens).

This autonomic nervous system contains both afferent and efferent 
neuron systems. The latter—probably by far the more important.—will 
be dealt with further on. Here wo have to consider only the afferent 
groups. These afferent autonomic nepron systems mediate visceral sensa­
tions due to the centripetal impulses of visceral origin (respiratory, cir­
culatory, digestive, sexual), and also the subconscious or infraconscioua 
centripetal impulses concerned in respiratory, vasomotor, secretory and 
digestive reflexes. This is a domaip as yet very insufficiently inves­
tigated. In how far sensations of hunger and thirst, for instance, and 
the libido sexual is depend upon afferent impulses originating in the 
peripheral organs, and in how far upon chemical stimulation of nerve 
centers, has yet to be worked out. Neuralgic pains localized in the viscera 
probably pertain to this autonomic system. Very interesting in this con­
nection is the conception of Head regarding the pains (so-called referred 
pains) and hyperesthesias in cutaneous areas due to visceral disease. 
Though the mechanism has not yet |)ecn fully worked out, I am of the 
opinion that the terminals or collateral# from afferent autonomic neuron 
systems end in arborizations upon the coll bodies of the peripheral sensory 
neurons in the spinal ganglia and influence the activities of the general 
peripheral sensory neurons. This influence is normally, os far as we 
know, so slight that we do not consciously recognize it, but in disease
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there may he such an exaggerated stimulation from this source that hyper­
algesia in cutaneous areas corresponding to the peripheral distribution of 
given spinal ganglia results. The determination of the existence of such- 
cutaneous hyperalgesias is, therefore, of considerable importance in the 
recognition of visceral disease.

The afferent limbs of vasomotor and secretory reflex arcs deserve 
especial study, though relatively little work has as yet been done upon 
them. Notable, however, arc the investigations upon the pressor and 
depressor nerves, branches of the N. vagus. Stimulation of the N. de­
pressor causes a fall in blood pressure, probably through inhibition of the 
vasoconstrictor center in the medulla and dilatation of the blood vessels 
in the splanchnic area. A sudden increase of pressure in the aorta stimu­
lates this N. depressor, obviously an important regulatory mechanism to 
safeguard the heart and arteries. The physiologists have worked out 
certain pressor reflexes leading to increase of blood pressure, as well as 
the depressor reflexes above mentiond.

Clinical methods of testing these vasomotor reflexes have not yet been 
$ * > elaborated and the same is true <>f the secretory reflexes and
those involving the muscles of the respiratory, digestive, and sexual tracts.
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9. The Senses of Taste and Their Anomalies

(a) The Four Taste Modalities
There arc four fundamental taste qualities—sweet, salt, bitter, an<1 

sour—mediated by special nerve endings in the tongue, and, probably, 
by special varieties of taste nerves.

B88A
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(ft) Tentn for the Sennes of Tante
As stimuli, one uses substances in weak solution—sugar, common salt, 

quinin, tartaric or hydrochloric acid. It is well to have a chart divided 
into four squares (Fig. 525), each square marked 
with one of the four sense s, so that the
patient may point to one of these squares when he 
experiences a sensation of taste without taking 
the tongue back into the mouth during the ex­
amination.

Fig. n25._chart to in- pointed One the patient to protrude the tongue as
nt i>y the valient when the far as possible, gives him instructions how to 
SÏToX' mim‘ respond, and then applies the end of a glass 
un. rod a small drop of solution, using a separate

glass rod for each fluid employed.
Each half of the tongue should lie tested separately, and in each half 

the qualities recognized by the anterior two-thirds (N. lingualis) should

Swcrt. Salt.

Bitter. Sour.

.Plicae

Folhculi

Apex linguae

Aditus ad laryngem Sinus piriformis

epigl. lat.

on si I la palatina 
lingu.tk-s 

Foramen cacrum 
Sulcus terminalis 

Papillae 
circumvallatae

Vallecula
linguae

Radix
linguae

Fig. 520.—Distribution of the Nerves of Taste and Common Sensation in the Tongue. 
Green=N. glossopharyngvits ; Hluo=N. vagus (N'. Inryng-sup.) ; Yvllow=N. trigeminus 
(X. lingualis). (After Corning in O. Veraguth, “Die kiln. Vutersueh. Nervenkranker," 
published by J. F. Ilergmann, Wiesbaden.)

lie noted as well as those recognized by the posterior third (N\ glosso- 
pharyngcus), owing to the different nerve supply of these two parts.

17



140 DISEASES OF TIIE NERVOUS SYSTEM

The patient should lie ignorant of t lie order of application of the test 
fluids, but it is well to apply the avid last, since it dulls the sensibility of 
all the organs of taste. Where difficulty is experienced in getting definite 
answers from the patient, and move than one set of tests is required, the 
mouth should be thoroughly washed out with water between the separate 
tests. The organs of taste respond also to electrical stimulation (galvanic 
taste) but electrical exploration is not needed for clinical work.

(c) Anomalies of the Senses of Taste
As with the other senses, there may be an exaggeration, diminution 

or loss of function (hypergeuaia, hypogeusia and ageusia). Occasionally 
there are perversions of taste (parageusia).

Sensations of taste experienced without local stimulation of the tongue 
arc known as gustatory hallucinations.
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10. The Sense of Smell and its Anomalies
(a) Modalities and Methods of Testing

One ]daces narrow-necked vials containing various odoriferous sub­
stances in the nostril, asks the patient to sniff and to describe his sen­
sations. Each nostril may be tested separately. There are a large number 
of smell modalities, but only a few of them need be tested clinically. It
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will suffice to use oil of peppermint, oil of lemon, ether, tincture of asa- 
fetida, rubber, and cloves.

It should be kept in mind that normal people vary in their ability to 
discriminate among odors. Quantitative tests by Xwaardemaker’s maga­
zine-cylinder olfactometer arc refinements that can scarcely as yet be 
clinically valued. Solutions of guaiacol (0.1 per cent), of ethyl bisul- 
pliid (0.01 per cent), of nitrobenzol (6 per cent) and of skatol (0.1 per 
cent), dissolved in liquid paraffin, are employed by Zwaardoniaker.

(b) Anomalies of Olfactory Sense

The anomalies of the sense of smell are expressed by the terms hyper- 
osmia, Ityposmia, anosmia and parosmia, similar to the terms used in de­
scribing anomalies of taste (q. v.).

In testing the senses of both taste and smell, it should bo remembered 
that the mucous membranes carrying these sense organs arc also supplied 
by nerves of touch, pain and temperature. Ammonia and formalin, for 
example, irritate the pain nerves of the nose (X. trigeminus). The so- 
called “tastes” of foods and drinks (aside from the qualities sweet, salt, 
bitter and sour) arc in reality olfactory sensations resulting from vapors 
passing through the nasopharynx to the olfactory sense areas.

Mechanical obstructions in the nasal passages should be inquired into 
or ruled out before testing the sense of smell.
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11. The Sense of Hearing and its Anomalies
The sense of hearing may ho roughly tested by the ordinary voice of 

conversation, or by ascertaining the distance from the car at which the 
tick of a watch may lie heard. When deafness exists, the external car 
should be examined to make sure that it is not due to a plug of wax, and 
the condition of the middle ear should bo tested (car drum, ossicles, Eus­
tachian tube).

(а) Auditory Acuity
In more exact, tests of the hearing capacity, one studies the grade of 

any disturbance present and tries to locate the scat of the disease. The 
distance at which the whispered voice can be heard is tested. Words 
like “measure,” “sav,” “sex” can l>c heard, normally, further than words 
like “rue,” “brood,” “right,” “row.” Normally, in a quiet room, such 
whispered words should be heard at a distance of 20 to 25 meters. Should 
they not be audible at a distance of (> meters, auditory acuity is certainly 
impaired. Each ear should l>e tested separately, and the patient should 
not look at the mouth of the examiner during the test. For still more 
exact examinations of auditory acuity, Politzer’s acumeter may be used.

(б) Tone Perception
In special cases it may be desirable to test tone perception. Otiat.rists 

use the Bczold-Edelmann “continuous tone series,” but one can got along 
very well by using six forks—C, c, c1, c3, c3 and c4 (Hartmann), (ial- 
ton’s whistle is useful for testing perception of the highest tones. Urbant- 
schitsch’s “harmonika” and Schultze’s “monochord” arc convenient in­
struments for tone testing. This testing of upper and lower tone limits 
is useful in distinguishing deafness due to middle car disease from deaf­
ness due to labyrinthine or nerve disease. In diseases of the middle ear, 
it is especially the hearing of the lower tones that is involved, while in 
diseases of the cochlear nerve and the cochlea, the low tones may bo well 
heard after the power to hear the higher tones has been lost.

When sensory aphasia (word deafness) is suspected, one should first 
make sure that the tones necessary for ordinary speech (b1 to g3) can be 
distinguished by the patient.

(c) Rinne’8 Test
It is necessary also to make llinne’s test. The handle of a vibrating 

fork is placed upon the mastoid process behind the car under examination 
and left there until it just ceases to be heard (bone-conduction); the 
vibrating fork is then held close to the opening of the corresponding car, 
where, normally, it can still bo heard for several seconds (air-conduction).
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When tlio perception is, as normally, longer for air-conduction than for 
bone-conduction, the test is said to be positive (Rinne + ) ; when the 
opposite is the case it is said to be negative (Rinne — ). For this purpose 
one uses the fork C. Other tests, like those of Weber, Schwabach and 
Gelle, are of little importance in general medicine, though of interest to 
the utiatrie specialist. A negative liinuo points to middle ear disease.

(d) Tuning-fork Tests of Bàrâny

The car of the patient and that of the examiner arc connected bv means 
of an air-tight rubber tube. To test air-conduction, the handle of the 
vibrating fork is placed on the rubber tube near the patient’s ear; to test 
the bone-conduction it is placed on the patient’s mastoid process. If the 
fork be placed on the car-cartilage of the patient, the results should be 
the same as when placed on the rubber tube.

If the examiner’s hearing and the patient’s be normal, the sounds 
should bo heard in each instance equally long, or jierhaps a trifle longer 
by the patient. If the patient be deaf, the method permits of a differ­
entiation between middle-ear disease and labyrinthine disease. In middle- 
car disease, air-conduction and cartilegc-condnotion are shortened for the 
patient, while bone-conduction is not shortened. If bone-conduction is 
shortened for the patient, that is, if the examiner can hear the tone 
longer, the labyrinth or cochlear nerve is diseased. In pure disease of 
the internal ear, both cartilage-conduction and bone-conduction are short­
ened for the patient; if there Ik; disease of both the middle ear and the 
internal ear, then the cartilage-conduction is shortened more than the bone- 
conduction. Thus the slightest participation of the internal ear becomes 
recognizable by Barany’s method.

(e) Test for Total Deafness in one Ear by the Noise-apparatus 
(Bàrâny)

If one’s hearing bo normal, he may close both cars air-tight and still 
hear the ordinary conversational voice at a distance of several meters, and 
can hear the whispered voice close to the car. Now if one hear normally 
in one car, and be totally deaf in the other ear, the latter cannot be deter­
mined by ordinary methods since, even with the healthy ear closed air­
tight, the conversational voice can bo beard at least a meter away, and 
even a whisper close to the deaf car may still be beard. Even the tests 
by the Lucac-Dennert method, and by the Bezold method arc unsatisfac­
tory. But by means of Barany’s “noise-apparatus” (Liirmnpparal) en­
tire certainty regarding unilateral deafness can be arrived at within a few 
seconds. By producing a sufficient noise, with this apparatus, in the 
healthy ear, this ear can bo excluded entirely and the diseased ear can
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then bo tested by itself for its auditory acuity. Voss excludes the healthy 
ear by blowing compressed air into it.

(f) Galvanic Teat for Cochlear Nerve {\olta-Brenner )
If the cathode be placed in the external auditory canal and the anode 

in the hand of the patient, normally, as the current is strengthened, a 
sound is hoard in the ear, first on cathodal closure of the current; on 
cathodal opening no sound is heard. If the anode be placed in the ear, 
a feeble sound is heard first on anodal opening, none on anodal closure.

In middle car disease and in diseases of the internal ear, a feebler 
current than that normally required will give rise to the sound.

In certain cases a paradoxical reaction is obtained, the sound being 
heard in the car opposite to that in which the electrode is placed. This is 
met with exclusively in instances of disease of the cochlear nerve (Fried­
rich).

(g) Teat for Simulated Deafneaa (Bloch-Stenger)
In medico-legal cases, a test to exclude simulated deafness is some­

times helpful.
If two tuning-forks, vibrating in unison, but one struck harder than 

the other, lie held before the two ears of a person with normal hearing, 
the louder fork only will be heard. Let us suppose that a claimant as­
serts that he can hear nothing in his left ear. We now hold one fork, 
set feebly into vibration before the right car ; this the claimant hears. 
We next place the other fork, set strongly vibrating before the left car 
(at the same distance), without removing the fork on the right. If the 
patient is really deaf or hard of hearing on the left, he will not experience 
any change in sensation. But if he, in reality, can hear normally on 
the left, the moment we place the fork before his left car, the tone on 
his right will vanish, and the patient who simulates left-sided deafness 
will assert that he now hears nothing at all ! Of course the simulation 
can be proved only when the simulant really has a normal ear on the side 
that he asserts is deaf.

(h) Anomaliea of Senae of Hearing
More general anomalies of the sense of hearing are included under the 

terms hyperacousia, hyparousia and anarousia. The so-called hyperes­
thesia acouslica docs not necessarily indicate a refinement of the sense of 
hearing, but usually points to abnormal feeling-tones associated with 
auditory sensations due to an abnormally irritable cerebral cortex (func­
tional neuroses). Other anomalies have been referred to under the 
several tests.
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12. The Sense of Sight and its Anomalies
The description of all the methods of examining the eyes belongs to 

the special branch of ophthalmology. Certain fundamental tests, how­
ever, must he made by the general practitioner and by the specialist in 
internal medicine. Every physician should be trained in the technic of 
the ophthalmoscope and of lenses, and should know the elementary 
methods of testing visual acuity and the state of the refractive apparatus, 
and of outlining the visual fields with the perimeter.
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(a) Testing for Dioptric Anomalies
These are duo either to (1) opacities of the refractive media (cornea, 

lens, vitreus) or (2) anomalies of refraction. In both, the image thrown 
on the retina is lacking more or less in sharpness. To detect these, it is 
well to follow a regular order of examination and the study of the media 
should always precede the examination of the eye-grounds, in order that 
false diagnoses may be avoided. In methodical sequence then, one pro­
ceeds as follows :

(i) Focal illumination of the cornea, anterior chamber, iris, pupil, 
and crystalline lens.

(ii) Anteroposterior illumination of the eyeball through the pupil.
(iii) Skiascopy or shadow test to determine the existence or non­

existence of myopia.
(iv) . In the non-myopic, distinguish between the emmetropic and the 

hyperopic eye.
After this preliminary study of the eye, wo resort to ophthalmoscopy 

(1) with inverted imago (2) with upright image, control of refractive 
anomalies; study of details of papilla N. optici, macula and periphery of 
retina.

i. Focal Lateral Illumination of Cornea, Anterior Chamber, Iris, Pupil and Lens

In a darkened room, the patient sits beside a light with a strong convex 
lens (15-20 diopters) ; the light of this lamp is focussed on the patient’s 
eye. The surface of the cornea (curvature, smoothness) is first noted ; 
opacities (old or recent keratitis) are systematically sought for. Next the 
depth of the anterior chamber is observed ; one looks for inequalities of 
depth in each eye, also whether the depth is the same in the two eves. The 
examination is important if swelling of the lens, subluxation of the lens, 
glaucoma, or iridocyclitis be suspected. In intraocular infections, there 
may be pus at the bottom of the anterior chamber (hypopyon).

In the iris, a search is made for signs of iritis (injected blood vessels), 
and the form, width and reaction of the pupils examined.

A preceding iritis causing adhesions between the iris and the lens 
(posterior syneehiac) leaves a jagged pupillary margin : the irregularity 
will bo exaggerated by a mydriatic (cuphthalmin 0.5 per cent, or, if 
glaucoma be suspected, coca in 4 per cent). Sometimes an irregular pupil 
is due to partial paralysis (tabes, dementia paralytica), or, if oval, to 
glaucoma.

A radial slit (coloboma) may be due to a congenital anomaly, or to a 
preceding operation (iridectomy).

The width of the pupil varies much under normal conditions, but 
extreme dilatation (mydriasis) or extreme contraction (myosis) is usu-
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ally pathological. One must be sure, of course, that no mydriatic (cocain, 
atropin euphthalmin, homatropin) or myotic (eserin) has been instilled 
into the eye before the examination I The internal administration of 
certain drugs must also bo kept in mind (inorphin contracts the pupils; 
belladonna preparations, hyoscin and scopolamin dilate them). 1 once 
had the chagrin of sending a patient to an ophthalmologist for a peculiar 
visual disturbance, having forgotten that I had prescribed, a few days 
earlier, belladonna suppositories for painful hemorrhoids 1 If myd- 
riatics or myotics can be excluded, one next ascertains whether local 
inflammatory, traumatic or degenerative processes can account for a dila­
tation (e. g., glaucoma, contusion) or for a contraction (c. g., adhesions, 
atrophy of iris).

If the two pupils are unequal (anisocoria), the cause may lie either 
in a myosis of the smaller pupil (e. g., paralysis of sympathetic) or in a 
mydriasis of the larger one (e. g., sympathetic irritation or paralysis of 
autonomic innervation of the M. sphincter iridis).

The pupillary reactions (to light, to convergence) are next tested; the 
methods are described in the section dealing with the reflexes.

Finally, the condition of the lens is considered. If cataract exist, the 
pupil is widened ; on focal lateral illumination radial gray stripes can bo 
seen in the cortex of the lens, or a more diffuse central or pericentral 
opacity can be made out; on transillumination with a mirror, a cataract 
yields shadows, while if no cataract exist a clear red light is seen. If 
the lens be absent, the “candle-test” is conclusive. Normally, if a candle 
be moved back and forth in front of the eye in a darkened room, three 
images are visible: (1) An upright, small bright imago on the anterior 
surface of the cornea; (2) a very small, inverted, clear-cut image on the 
concave posterior surface of the lens; (3) a larger, upright, feeble image 
on the convex anterior surface of the lens. On moving the candle, 1 and 
3 move with the light, while 2 moves in the opposite direction. When 
the lens is absent (luxation, aphakia), images 2 and 3 do not appear.

ii. Anteroposterior Illumination ol the Eyeball through the Pupil

The patient sits in the darkened room with the lamp at one side of 
and a little behind his head. lie is asked to look at the examiner’s car 
while light is thrown into the eye by means of the mirror of an ophthalmo­
scope. Normally the pupil then looks red. Opacities in the various 
media (lens, vitrons) will appear as shadows. As the examination pro­
ceeds, the patient is asked to look up, down and to each side; one notes 
whether the red reflex is everywhere clear. Thus opacities in the vitrons, 
cholesterin crystals, foreign bodies in the eye, or areas of detached retina 
(gray-green reflex) will come into view.
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iiL Skiascopy and Myopia

Anomalies of refraction are detected objectively by skiascopy (shadow- 
test). One determines whether or not short-sightedness (myopia), long­
sightedness (hypermetropia, hyperopia) or normal-sightedness (oinino- 
tropia) exists.

The patient sits in the position described for anteroposterior illumina­
tion, but a Utile mure than a meter distant from the examiner, and looks 
at a distant object, bis accommodation-muscle having been previously put 
at rest by a drop of coca in solution (4 per cent) or one or two drops of 
homatropin solution (0.5 per cent).

Through the opening in a piano (not concave) ophthalmoscopic mirror, 
one observes the red pupil, and, rotating the mirror, allows the light to 
wander over the patient’s eye noting how the red light in the pupil 
moves during the mirror-rotation. In the non-myopie eye the red light 
(with the shadow following it) moves in the same direction as that of the 
rotation of the mirror; in the myopic eye it moves in the opposite direc­
tion. If the eye be found to be myopic, the mirror is gradually brought 
nearer to the patient’s eye, until the wandering of the red light in the 
opposite direction becomes indistinct ; this is approximately the “far- 
point” of the myopic eye, and the distance is measured. A distance of 
1 meter corresponds to a myopia of 1 diopter ; a distance of 50 cm. indi­
cates a myopia of 2 diopters.

iv. Distinction between Emmetropia and a Hyperopia

If, on skiascopy, the eye be found to be lion-myopic, the distinction 
between emmetropia and hyperopia is easily made.

The patient sits as in iii, but at a distance of 40-50 cm. from the 
examiner’s plane ophthalmoscopic mirror. The light is thrown in slightly 
from the side in the direction of the papilla N. optici ; the examiner, 
moving his own head slightly from side to side, notes whether or not dis­
tinctly-contoured retinal vessels are visible in the illuminated pupil. 
Myopia having been previously ruled out, if he now see these vessels dis­
tinctly, the patient’s eye is hyperopic ; if, on the contrary, only indistinct 
reddish striation is visible, the eye is emmetropic.
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(ft) Ophthalmoscopy
This can bo used (i) for the control of refractive anomalies and (ii) 

for the study of the details of the eye-grounds.

i. Ophthalmoscopic Control of Refractive Anomalies

On examining with the ophthalmoscope for refractive anomalies, cither 
the upright image or the inverted image may be used.

On using the upright image, the examiner’s eye (corrected) and non­
accommodating, held close to the non-accommodating eye of the patient, 
will sec the details of the eye-grounds only when the rays coming there­
from are parallel (emmetropic eye). In hyperopia or myopia a convex 
or a concave lens must be turned in l>efore the details become clear. The 
lens required gives the grade of hyperopia or myopia, if for the hyper­
opic eye we subtract the distance between the examiner and the patient 
from the focal distance of the convex lens, and for the myopic eye add the 
distance to the focal distance of the concave lens.

On using the inverted image, a convex lens of 10 diopters is held in 
front of the eye under examination. The emmetropic eye-ground will 
appear as an inverted image at a distance of 10 cm., the myopic eve- 
ground at a shorter distance, the hyperopic at a greater. Now if the lens 
itself lie held at its focal distance (10 cm.) from the eye under examina­
tion, then every diopter of myopia will correspond to 1 cm. less, and every 
diopter of hyperopia to 1 cm. greater distance of this inverted image.

ii. Ophthalmoscopic Study of the Details of the Eye-grounds

Every medical student should, during his medical course, become 
thoroughly familiar with the use of the ophthalmoscope (direct and in­
direct ophthalmoscopy). The technic is not difficult, and the information 
obtainable by ophthalmoscopy is so important that unacquaintance with 
the methods and failure to apply them are no longer excusable in a medi­
cal practitioner. The electrical ophthalmoscope, with storage battery in 
the handle, so compact as to go easily in one’s consultation bag, is now 
an indispensable part of the practitioner’s instrumentarium. The con­
venience of this instrument has resulted in the commoner use of direct 
ophthalmoscopy with upright image; it has the advantage also of greater 
magnification of details. The examination by the indirect method has 
the advantage of revealing a much larger field.

(1) Indirect Ophthalmoscopy (Inverted Image)

The patient sits within reach of the examiner in a darkened room, 
with the source of light behind and to one side of his head, and looks to-
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ward the wall past the side of the examiner’s head at the level of the 
examiner’s eye; in this way, the examiner is enabled to look into the 
patient’s eye, a little from the side, in direct line for the papilla N. 
optici. After throwing the light into the patient’s eye from the mirror 
of the ophthalmoscope, and finding the region of the papilla (recognizable 
by the lighter color of the reflex), a convex lens (15 diopters), with 
handle, held between the finger and thumb of the left hand is brought 
in from the side and above and placed about 8 cm. in front of the patient’s 
eye, the spread fingers supporting themselves on the patient’s forehead. 
Care must be taken by the examiner not to cover the opposite eye of the 
patient at any time by the hand holding the lens, since it is with this 
eye that the patient fixes, in order that both eyes may be held steady. 
If the inverted imago of the papilla does not become visible at once, it is 
best to begin all over again and make sure that (1) the patient is looking 
in exactly the right direction, (2) the lens is held in precise position, 
and (3) the distance between examiner and patient is sufficient. Many 
find it easier to turn in a convex lens of 2 to 4 diopters behind the opening 
in the ophthalmoscope ; if the examiner is himself myopic, this convex 
glass will not help him. The examination is facilitated by the use of a 
mydriatic (euphthalmin, homatropin, cocain). If glaucoma bo suspected, 
great caution should bo used in producing mydriasis.

(2) Direct Ophthalmoscopy (Upright Image)

This is somewhat difficult with the old-fashioned ophthalmoscope which 
was not self-illuminating but is so easy with the modern electric ophthal­
moscope, and can bo so conveniently used on a patient lying in bed that 
tho tyro need have no difficulty with it. Indeed, it seems likely now that 
direct ophthalmoscopy will largely replace the indirect method, at any 
rate, among general practitioners. Tho electric light is turned on by the 
switch in tho handle of tho instrument, which is then brought close to 
tho patient’s eye, tho latter being so directed that the papilla N. optici 
(with its vessels) comes at once into view. Even when a patient is un­
conscious it may be possible to get a good view of the eye-grounds by this 
method ! If necessary, a convex, or concave, lens may be turned in, to 
make the details of tho eye-ground clear.

(3) The Normal Eye-ground

Tho papilla N. optici is normally sharply circumscribed, its edges 
being everywhere sharply marked off from the surrounding retina. It 
is of a delicate rose-color, tho temporal half being a little lighter in color 
than tho nasal half. The physiological excavation (or optic cup) looks 
white; it varies in size and depth; it may be central or cxcentric, but it 
rarely involves tho whole papilla, and the papilla in its periphery is rose-
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colored. The blood vessels extend from the center of the papilla up­
ward and downward, branching dichotomouslv. The paler, narrower 
arteries are easily distinguishable from the veins. With a little experi­
ence one comes to recognize deviations from normal color, width and 
fullness.

To bring the macula lutca into view, the patient looks directly for­
ward into the ophthalmoscope. The region of the macula lutca is devoid 
of blood vessels, is a little darker in color than the rest of the retina; in 
the center it is of a slightly brownish-red tint. When the scat of patho­
logical change (vascularity, light or dark spots, cherry-red spot inside a 
bluish-white area in amaurotic idiocy), it is easier to sec than under 
normal conditions.

The general retina peripheral to the papilla owes its red color to the 
vascularity of the tunica choroidea. Ordinarily it looks evenly red or 
brownish-red, being a little darker in brunettes and in negroes than in 
blondes. In very blond persons, most markedly in albinos, the blood vessel 
anastomoses in the choroid may he visible with pale intervascular spaces. 
In darker people with more pigment, these intervascular spaces may 
appear as gray areas, giving the eve-ground a mottled or checkered ap­
pearance, always easily distinguishable, however, from the pathological 
pigmentations met with in retinitis pigmentosa and in chorioiditis dis­
seminata.

(4) I’alliological Eye-grounds

Only the more important and easily recognizable alterations can bo 
referred to here. For more details, special texts may be consulted.

I. Changes in the Papilla N. optici.
(1) Optic Neuritis (Neuritis ontica).—The disk looks grayish red 

and opaque; its margins are indistinct; the blood vessels, especially the 
veins, are dilated and tortuous (hyperemic). In the papilla itself, or in 
the adjacent retina, minute hemorrhages or radially-arranged, grayish- 
white spots or bands may bo visible. The change may be unilateral or bi­
lateral. When the disc is greatly swollen (2 diopters or more) and the 
papilla increased in diameter, the condition is known as choked disk, and 
points to increased intracranial pressure. Should this pressure diminish 
and the choked disk recede, it is followed by secondary optic atrophy 
(neuritic atrophy), the disc, growing whiter, its margins remaining, how­
ever, indistinct (distinction from primary optic atrophy), the blood ves­
sels remaining tortuous, or becoming narrowed and ensheathed, the adja­
cent retina undergoing pigmentary change.

In “retrobulbar neuritis,” the changes above described do not appear, 
the papilla may long remain unaltered, though after a time it may show 
a pallor, more marked on the temporal side, due to a slow retrograd
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atrophy of the fibers of the optic nerve. This retrobulbar neuritis may 
be acute (e. g.f in rheumatic fever, in multiple sclerosis), or chronic (e. <j., 
in toxic amblyopias due to tobacco, alcohol, wood alcohol, etc., and in 
diabetes mellitus).

(2) Optic Atrophy (Atrophia N, optici).—The papilla loses its 
rose color and looks white, grayish-white, or greenish-white.

(a) Simple Alroplnj (“Primary Optic Atrophy”) such as that 
seen in tabes and in dementia paralytica. The disk turns pale, but its 
margins remain distinct and sharp, and there are no marked changes 
in the vessels. The pallor of the disk becomes visible as soon as the 
patient complains of the visual disturbance, thus differing from the 
simple atrophy following “retrobulbar” neuritis in which the visual 
disturbance always exists for a considerable period before the pallor 
of the disk becomes noticeable.

Following embolism or thrombosis of the central artery of the 
retina, after the acute signs have passed oil', a simple optic atrophy 
develops, but it is characterized by the accompanying extreme con­
traction of the vessels.

(b) Ncuritic Atrophy (“Secondary” Optic Atrophy).—This 
follows optic neuritis, and has been described above in connection 
therewith.

(c) Optic Atrophy in Retinal Disease.—In degenerative proc­
esses involving the retina diffusely (e. rj., chorioretinitis, retinitis 
pigmentosa) the papilla turns yellowish-white and opaque ; the blood­
vessels are narrowed; the retinal degeneration is obvious.

(d) Glaucomatous Optic Atrophy.—In chronic glaucoma, ow­
ing to the long continued high intra-ocular pressure, “glaucomatous 
excavation” occurs, involving not only the whole disc but also some 
of the retina peripheral to the disk. The abrupt bending of the 
blood vessels at the edge of the papilla is a striking feature.

II. Changes in the Retina.
(1) Acute Retinitis on Neuroretinitis.—The retina looks turbid, 

and shows hemorrhages and grayish-white or white spots or stripes.
(a) Retinitis albuminurica.—White spots in the retina ; in the 

region of the macula, stellate white lines (“splash”), usually associ­
ated with retinal hemorrhages and turbidity of the papilla, appear.

(b) Retinitis diabetica.— Irregular white spotting and stippling 
with hemorrhages but without the macular “splash” and without 
papillary turbidity.

(c) Retinitis anemica.—Extensive hemorrhages, small arteries, 
tortuous veins of lighter color than normal, opacity of papilla. White 
spots and bands may or may not be present, but are not a prominent
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feature. This change is seen in some cases of pernicious anemia, 
scurvy, purpura, etc.

(d) lietinitis leulcemica.—In myelogenous leukemia, the eye- 
ground looks pale yellow, the veins tortuous but pale yellow in color. 
The retina may also show changes as in (c).

(c) lietinitis septica.—Bound white spots and hemorrhages near 
the papilla, the latter looking normal or only slightly hyperemic.

(2) Chronic Retinitis and Retinal Atrophy.
(a) llctinal Atrophy after Luetic Chorioretinitis, etc.—Narrow­

ing of retinal blood vessels ; degeneration of papilla ; black pigment 
deposits.

(b) lietinitis pigmentosa.—Changes similar to a may occur, in­
dependent of preceding inflammation; often hereditary.

(c) Amaurotic Family Idiocy (Sachs).—In macular region, a 
cherry-red spot, surrounded by a bluish-white area ; optic atrophy.

(3) Detached Retina.—This is best seen by throwing the light 
directly into the eve (upright image) and looking for a gray or gray-green 
color ; the folds of the retina may resemble a comb ; the dark blood vessels 
are tortuous ; they follow the folds.

(4) Tumor op Retina (Glioma, Sarcoma).—Usually the pupil is 
wide and, with the naked eye, a yellow “reflex” becomes visible behind 
the lens. This has been called the “amaurotic cat’s eye.”

III. Changes in the Choroid.
The two changes most important for the internist arc disseminated 

choroiditis and miliary tuberculosis.
(1) Choroiditis disseminata.—If acute, one secs vaguely delim­

ited gray or grayish-yellow round spots, often crossed by retinal blood 
vessels. As these grow older, they become atrophic, the sclera shows 
through, and whitish areas, sharply delimited, with pigment at their bor­
ders or within them, appear. Retinal vessels and papilla unaltered.

(2) Miliary Tuberculosis.—Changes like those of choroiditis dis­
seminata in the acute stage.

(3) Staphyloma posticum or Conus-formation in Myopia.—In 
high-grade myopia, a tension-atrophy of the choroid may occur at the 
papilla and in the retina on its temporal side (staphyloma posticum). 
The macula may be involved. The white color of the sclera shows 
through.
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(c) Functional Tests of Vision
These include (i) the tests for visual acuity ; (ii) the tests for color 

vision ; (iii) the delimitation of the visual fields (perimetry) ; (iv) the 
tests for night-blindness (hemeralopia), and (v) the tests for simulated 
visual disturbance. The tests for the eye-muscles are described in the 
section on disturbances of motility.

i. Testing the Visual Acuity

In order to see perfectly (1) the refractive media of the eye must 
not hinder the passage of light ; (2) the pupil must make a proper dia­
phragm or blend; (3) the light rays must be properly focused as a sharp 
inverted image on the retina ; (4) the neurons of the optic conduction 
path from the retina to the cortex must not bo injured, and (5) the cor­
tical visual center, the association centers, and the paths connecting them 
must be intact.

When an opacity of the lens (cataract) is present, one cannot of course 
apply the reading test, but one may draw conclusions regarding the in­
tegrity of the visual sensory conducting path by holding a candle at a 
distance of six feet from the eye and, alternately illuminating and shad­
ing the eye, the patient being asked to say whether he has any light sen­
sation or not.

For roughly testing vision, one places the patient with his back to the 
window, and, making movements of the hand or fingers before him, asks 
him to describe what he sees, to count the number of fingers outstretched, 
or to imitate with his own hands and fingers what he sees. The exact 
distance at which the fingers can be recognized is measured.

For finer tests of visual acuity one uses Snellen’s or similar test types.
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Each letter or figure is ns broad as it is long; the strokes of the letters 
are of even thickness, one-fifth the width of the whole letter. It is desir­
able to have an illumination of constant strength, such as is afforded by 
Roth’s apparatus. One must have also a double scries of concave, con­
vex and cylindrical lenses; also a set of prisms and some smoked glasses; 
a red glass, a milky glass or a metal disk for closing one eye; and lens 
holders, preferably the “universal aluminum holders” of Sydow. The 
visual acuity V (vims) is expressed by a fraction; the numerator gives 
the distance d in which the letter is recognized, the denominator is the 
distance D that corresponds to a visual angle of five minutes for the
letter: V =~j.

If the eye examined shows, without lenses, a normal or supra-normal
20

visual acuity for the test types at a distance ( — or more) it is cither

emmetropic or hypermetropic (self-corrected by contraction of the 
accommodative muscle). If it be hypermetropic, it will still retain its 
best vision with convex lenses (relaxation of accommodation). The 
strongest convex lens with which the best vision is retained gives the de­
gree of hyperopia existing.

If the eye docs not possess normal acuity of vision for objects at a 
distance, the fault may be (1) a refractive anomaly (corrigible by lenses) ; 
(2) an organic or a functional disease of the retina or of the visual 
paths; (M) simulation; or (4) combinations of the foregoing.

Ilypermetropias can be corrected by convex lenses, myopias by con­
cave lenses (the weakest concave lens that gives maximal visual acuity 
determines the degree of myopia existing) and astigmatic anomalies by 
lenses that correct certain meridians. The astigmatism with stronger 
refraction in the horizontal meridian is known as “astigmatism against 
the rule.” The diagnosis is made with the aid of Green’s “star-figure.”

Defective visual acuity not due to refractive errors, as that existing 
after correction of the latter by glasses, may be slight (amblyopia), or 
there may bo complete blindness (amaurosis). It should never be forgot 
ten that diseases of the visual paths may coexist with refractive anomalies.

<Shidden blindness of one eye may bo due to embolism or thrombosis, 
occasionally to spasm, of the central artery of the retina. Other causes 
of sudden disturbances of vision include (1) vascular lesions of the cere 
brum, (2) retinal detachment, and (3) choked disc. Fairly sudden vis 
mil injury may follow (1) acute glaucoma, (2) hemorrhages into the 
vitrons, or (3) acute retrobulbar neuritis.

The determination of accommodative power (testing for near vision) 
will be described under the testing of the M. sphincter iridis and M. 
ciliaris (see Efferent Autonomic Neuron Systems), where the different 
forms of asthenopia are taken up.
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ii. Tests lor Color Vision (Determinination of the Type of Central Vision)

Normal vision is trichromatic, or, better, polychromatic; the person 
can see the spectrum in its natural colors (normal polychromatic 
vision of Kirschmann). The commonest form of color-blindness is that 
in which many colors are seen, but the vision différa from the normal 
in that (a) one or more color-qualities arc absent, or (b) certain colors 
resemble one another more closely than normal, red or green often being 
confused with other colors (so-called abnormal polychromatic vision of 
Kirschmann). In dichromatic vision (so-called red-green-blind), ihe 
partially color-blind people see only two colors in the spectrum, yellow 
on the one side and blue on the other. Between the yellow and the blue 
is a narrow colorless domain where normal people see blue-green. The 
most useful colors for testing arc (1) rose (bluish-red), (2) gray, (3) 
bluish-green. To the ordinary patient, suffering from partial color-blind­
ness, red, orange, yellow and yellowish-green are all seen, when equally 
illuminated, as shades of yellow, while violet, indigo, blue arc all seen 
as shades of blue. For some of these patients the red end of the spec­
trum is shortened, and the brightest spot in the spectrum for them lies 
to the right of the sodium line (so-called red-blind people or protonopes) ; 
where the spectrum is of normal breadth toward the red, wo speak of 
the so-cailed green-blind people or deuteronopcs.

The totally color-blind, or achromates of Kirschmann, confuse all 
colors, as they can recognize only differences in brightness, all lights 
yielding sensations of gray in varying intensity. For them, the spectrum 
is colorless and considerably shortened toward the red end, the brightest 
spot in the spectrum lying where normal people see the bluish-green. 
Most of these patients have diminished central vision, photophobia and 
nystagmus.

For practically testing the color vision, in general, one uses (a) Holm­
gren’s colored wools or (b) Stilling’s pseudo-isochroinatie charts.

Holmgren’s Colored Wools.—A large; collection of different col­
ored wools are placed before the patient. The examiner selects a roso- 
colored sample (pale bluish-red), and asks the patient to place beside it 
all those that have the same color, no matter whether they look brighter 
or darker to him. He should Ik; told that mistakes consist either in 
placing wools of the wrong color with the sample or of leaving wools of the 
same color behind. The partially color-blind will place bluish-green and 
gray wools with the rose-colored sample. The test may be carried fur­
ther by selecting a bluish-green or a gray wool as the sample.

The totally color-blind (achromates) will see no differences among the 
samples, except variations in brightness.

Stilling’s Charts.—These charts contain a mosaic, of colored areas 
in which one can at will place one of the colors likely to be named wrong
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by the partially color-blind. The patient may bo wholly unable to recog­
nize any difference between the color inserted and tlio general color of 
the chart.

iii. Delimitation of the Visual Fields (Perimetry)

A preliminary rough test may be made as follows: Close one eye by 
means of a light bandage; let the patient sit with his back to the window 
and in such a position that the test-object will be well illuminated. The 
examiner’s clothes should bo of a dark color. Ask the patient to look 
directly into the eye of the examiner opposite him, 40 cm. distant. Now 
bring the test-object midway between examiner and patient, when the 
examiner’s visual field may bo used as a control for that of the patient. If 
the patient’s visual field differ markedly in extent from that of the exam­
iner, an exact determination by means of the perimeter should be under­
taken. With this preliminary rough test, the experienced clinician can 
usually detect a hemianopsia, a scotoma, or a concentric contraction of the 
fields, if present. Perimetry is indispensable for exact neurological work.

Perimetric Examination.—The simpler perimeters do very well. Self- 
registering perimeters, though convenient, arc not necessary for ordinary 
clinical work. The patient’s chin rests on the support, his back to a win­
dow, his eyes on a level with the middle of the perimeter, and ho is told 
to look straight forward with the unbandaged eye and on no account 
to look to one side, or to follow the object with his eye, though he is 
permitted to wink.

The attention of the patient must bo concentrated on the test and the 
test-object (1 cm. square), then white, may be brought gradually into 
the visual field with a vibrating movement, the patient being asked to 
state when he first perceives the movement of a light spot. After the 
field for white has been delimited, the color-fields may be examined. 
Colored objects should not be brought in vibrating, but the patient should 
be told to watch closely and to state the moment when he has an impres­
sion of color and to name the color. He may see a light spot before ho 
sees a color, but should wait until a definite color-impression that ho 
can name is perceived before he responds.

The colors should be changed frequently. No attempt should bo 
made to outline the whole visual field for a single color at once. The 
patient is not permitted to know what color is about to enter the visual 
field.

In general one passes from the outside in, rather than in the opposite 
direction, when testing the periphery of the visual field. Defects within 
the field itself (so-called scotomata) are similarly outlined, the test-object 
being passed out of the scotomic areas into the areas that can be seen. 
When a scotoma is small, a test-object measuring 3 mm. in diameter may 
be used to delimit it. If there be a central scotoma, then the patient
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should fix his eye not on the center of the perimeter, hut on some marked 
eccentric point (so arranged that on looking at it, the middle of his cornea 
is opposite the middle of the perimeter).

The perimeter must permit of exact reading in degrees. The test- 
object is brought along the several meridians until it is seen. The

Klg. 527.—Visual Fields us Outlin'd on Perimetric Chart. The Normal Fields for Color 
Vision Are Also Shown.
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results are charted at once in the blank schemata devised for the purpose. 
Deviations from the normal arc thus at once recognized.

In testing colors, blue, red and green will usually be sufficient. It is 
to ho remembered that the visual field for white light is much greater 
than that for colors and that the fields for the several colors differ from 
one another; in other words, the periphery of the visual field is, normally,
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totally color-blind (achromatic). Then follows a zone in which only blue 
and yellow can he seen (dichromatic). In the middle portions all colors 
become visible (trichromatic or polychromatic). Red can usually he seen 
in a larger visual field than green with the test-object ordinarily used 
(cf. Fig. 527), though, if a green that is complementary for red ho em­
ployed, the fields for red and green are approximately co-extcnsive.

Defects Encountered.—Great care should be taken in valuing peri­
metric examinations. Patients of low intelligence, or those that have 
difficulty in concentrating the attention, or who become quickly fatigued, 
may yield very different results on different occasions. Defect of one- 
lialf of a visual field is known as hemianopsia. This may ho unilateral, 
hut is usually bilateral. When the two right halves or the two left halves 
of the field are lost, i. e., if the nasal half on one side and the temporal 
half of the visual field on the other are simultaneously involved, wo speak 
of bilateral homonymous hemianopsia (hemianopsia liomonyma), hut if 
the right half of the visual field he affected on the one side and the left 
half on the other (either the two nasal halves or the two temporal halves 
simultaneously) wo speak of hctcronomous hemianopsia (hemianopsia, 
hcleronyma). If both temporal fields he affected (as in chiasm lesions), 
it is a bitemporal hemianopsia. Binasal hemianopsia is exceedingly rare. 
Of course, bilateral hemianopsia depends upon bilateral retinal hemi- 
blindncss or hciniopia ; thus, when the right halves of both visual fields 
are defective, it is the left halves of the retina of the two eyes that are 
blind.

If in a hemi-anopsia, it is the color-sense that is chiefly involved, 
we call it a hemi-chromatopsia; if vision he present hut dim, we speak of 
hemi-amblyopia.

In total hemi-anopsia the line separating the blind from the non-hliml 
area passes perpendicularly through the fixation point ; in a hemianopsia 
that is not total, the blind-half is encroached upon by an area of visi­
bility—the so-called surplus field. If this surplus field bo so large that 
oidy a quadrant of the total field is invisible we speak of a quadranfic 
hemianopsia. Smaller defects in the field are called scotomata; normally 
there is a scotoma, corresponding to the blind spot of the eye (optic disc). 
A central scotoma is one at, or near, the fixation-point; it may involve 
only the red and green as in the retrobulbar neuritis limited to the papillo- 
macular bundle often met with in nicotin poisoning and in alcoholism, and 
it is then spoken of as a relative scotomat but if no light at all be perceived, 
as in some cases of diabetes or of multiple sclerosis, it is an absolute 
scotoma.

By concentric contraction of the visual fidds is meant a general re­
striction at the periphery. In primary and secondary optic atrophy, such 
a contraction, as it develops, proceeds from the periphery centralward, 
though the central acuity both for white and colors may also suffer early.
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The “foggy” vision comes on slowly in tabes and in dementia paralytica, 
but may appear suddenly in the optic neuritis duo to lues or to meningitis. 
In choked disk, due to brain tumor, lues, hydrocephalus or brain abscess, 
the vision may remain good for a time, but if the intracranial pressure 
bo not lowered (say by decompression or by antiluetic treatment) second­
ary optic atrophy will develop, and the visual fields will undergo con­
traction, the color-fields sometimes being involved first (Bordley and 
Cushing).

In glaucoma, the medial field is first involved; an eccentric temporal 
area may bo long retained, the so-called glaucomatous visual-field slit.

A so-called ring-scotoma is occasionally encountered, especially in 
retinal atrophy due to luetic chorioretinitis or to retinitis pigmentosa. 
It is due to the localization of the degenerative process in an intermediary 
zone of the retina, later extending both toward the center and toward 
the periphery.

Sometimes the visual fields are so contracted that only an “island” 
of central vision remains in each eye; it is as though the patient were 
looking through a small tube. This condition may be due to serious 
retinal atrophy, but it is often met with in the functional neuroses 
(hysteria, traumatic neurosis).

The above-mentioned defects arc all immobile positive scotomata; the 
movable shadows due to opacities in the vitreus arc called mobile positive 
scotomata. The opacities may bo visible with the ophthalmoscope; in 
neurasthenia and in myopia certain muscae voûtantes in the form of 
threads, floeculi or chains may he complained of when the vitreus is nor­
mal (myodcsopsia). In migraine, an attack may be ushered in by the 
so-called fortification scotoma—a jagged glimmering, followed by a dark­
ening.

iv. Test for Night-blindness (Hemeralopia)

Darken the room, and note whether the patient can see as long as the 
normal examiner and can as quickly adapt himself to changes in intensity 
of illumination. Exact determinations may, if desired, be made by Foer- 
stcr’s photometer.

When the patient can see better in dim light than in bright light, he 
has nyctalopia ; this is met with in beginning cataract, as the dilatation 
of the pupil in the dim light uncovers more of the transparent part of 
the lens.

If a patient cannot sec in dim light, or only after long adaptation, 
he has hemeralopia or night-blindness. This may be due to retinitis 
pigmentosa, especially if it occur in childhood. Sometimes it is met with 
in glaucoma, in diffuse choroiditis and in retinal detachment. It may 
occur, temporarily, in states of exhaustion or intoxication (malnutrition, 
or cachexias).
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v. Tests for Simulated Visual Disturbance

If simulation be suspected, one should make the tests for it before 
revealing the suspicion to the person under examination.

The conditions most often simulated are (a) blindness in one eye (uni­
lateral amaurosis) and (h) feeble vision in one eye (unilateral ambly­
opia).

(a) Simulated Unilateral Amaurosis.—One uses tests that the pa­
tient believes do not involve the use of the eye that he asserts is blind.

(1) The Double Image Test (Graefe).—Cover the eye said to be 
blind. In front of the other, place a prism (base above or below) so that 
its edge goes exactly through the middle of the pupil ; this causes monocu­
lar diplopia. Next, surreptitiously uncover the covered eye and simul­
taneously shove the prism entirely over the pupil of the “healthy” eye. 
If the patient continues to see double—the simulant usually asserts that 
he does—he must see with both eyes to do so.

(2) The Reading Test.—Place a lens-holder on the nose of the 
patient. In front of the eye said to be blind, place a plane glass (or if 
there lie a refraction error, a glass correcting this). Then in front of the 
“healthy” eye, place a strong convex glass, which will make clear vision 
at a distance impossible for this eye. If the patient can read any of the 
test-types, he is “caught.”

(b) Simulated Unilateral Amblyopia.—The reading test above men­
tioned will usually suffice. If not, the mirror test (see special texts) 
may serve to detect the simulation.
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13. The Vestibular Senses and Their Anomalies
In recent years, wo have come clinically to value the great group 

of centripetal impulses that reach the brain through the vestibular 
nerve (N. vestibuli). The information that the brain receives regard­
ing the position of the head when it is at rest, and regarding the accelera­
tion or retardation of progressive (non-rotary) movements, seems to de­
pend upon impulses arising from the stimulation of the nerve-endings 
in the utricle and saccule, upon which the little ear-stones (otoconia) rest. 
Every normal person recognizes the direction “up” and “down,” even 
when under water ; the same mechanism is sensitive to accelerations in 
a straight line.

The information that the brain receives regarding angular acceler­
ations, or the change of velocity of rotary movements, seems to depend 
on impulses arising from stimulations of the nerve-endings in the 
ampullary crests of the membranous ampullae of the semi-circular ducts.

Alterations in the position of the head relative to the vertical causes 
a compensatory change in the setting of the eyeballs; rotation of the body 
around its vertical axis causes nystagmus. The eye-muscle reflexes of 
vestibular origin have come to assume an important role in clinical diag­
nosis.

It is interesting that in deaf-mutes, there is often loss of orientation 
as to the vertical when under water and also often absence of vertigo in 
rotation, probably due to vestibular lesions.

(a) Clinical Testing of the Functions of the Vestibular Apparatus
During the past decade, thanks especially to the researches of II. 

Barany, we have been supplied with a series of tests for the vestibular 
functions, of great importance for differential neurological diagnosis. 
In America, the tests are gradually becoming adopted. My attention 
was first directed to them by Dr. S. J. Crowe. In the following section, 
1 have drawn largely upon the several publications of Barany, and espe­
cially upon the account given by him in Lewandowsky’s Ilandbuch.

A thorough testing of the vestibular apparatus requires (according to 
Barany) the examination of the following :

I. Spontaneous nystagmus.
(a) By deflection of the eyes to the side.
(b) Behind opaque spectacles.
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II. Nystagmus caused by quick movements of the head. (Position 
in bed; abnormal attitude of bead).

III. Caloric nystagmus.
IV. Nystagmus on rotation of the body.

V. Galvanic nystagmus.
VI. Nystagmus, or vestibular eye-movements, caused by increasing 

or reducing the pressure of the air in the external auditory 
canal.

VII. Vestibular disturbances of equilibrium.
(a) Spontaneous disturbances of equilibrium.

1. Are they related to an existing nystagmus ?
2. Is the direction of falling influenced by rotation of the

head ?
(b) Experimental vestibular disturbances of equilibrium (re­

action-movements) due to irrigation, rotation or galvani­
zation ; relations of these to nystagmus and to head-attitude ; 
influence on spontaneous disturbances of equilibrium.

VIII. Tests for vestibular reaction-movements in the extremities. 
(Pointing with eyes closed to objects previously seen or 
touched. )

IX. Anamnestic vestibular data. Statements of the patient regard­
ing sham-movements of external objects, sham-rotation of his 
own body, nausea, vomiting, pallor, sweating, tremor and de­
creased or increased susceptibility to vertigo.

X. Examination of the rotation of the eyes opposite to lateral 
flexion of the head.

XI. Examination of the vestibular eye-movements in cases of eye- 
muscle paralysis, or of conjugate deviation.

XII. Examination for optic nystagmus.

These methods will be considered seriatim but, of necessity, in great 
brevity. They are too important to bo omitted ; those desiring a more 
detailed account should consult the original publications of Barany.

L Spontaneous Nystagmus

Vestibular nystagmus is composed (1) of a slow, and (2) of a quick 
movement. It is the slow movement, solely, that is due to the vestibular 
apparatus ; the quick movement is central (supranuclear) in origin. Cus­
tom has established that the direction of the nystagmus shall bo named 
according to the direction of the quick movement.

In form, a vestibular nystagmus may be horizontal, rotary, vertical, 
diagonal or a combination of these. The direction of the rotary form 
named after the direction of the quick movement of the upper end of tin- 
vertical meridian of the iris. Looking in the direction of the quick move
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ment intensifies a vestibular nystagmus, while looking in the direction of 
the slow movement lessens or stops it

To test for spontaneous nystagmus, the patient is asked to look at the 
finger of the examiner at a distance of about one meter. On strong lateral 
deviation of the eyes, about CO" per cent of normal persons show a minimal 
horizontal and rotary nystagmus, which is, clinically, of no importance. 
The higher grades of horizontal and rotary nystagmus on lateral devia­
tions, other fo.ms of spontaneous nystagmus, and every nystagmus, how­
ever slight, appearing on looking straight forward, must ho regarded as 
pathological.

If no nystagmus appear on looking straight forward, place opaque 
spectacles in front of the eyes similarly directed ; a nystagmus will some­
times appear, and if so, it is pathological.

The nystagmus duo to disease of the peripheral vestibular nerve or 
end-organ is always a combination of horizontal and rotary nystagmus 
in the same direction; every other form of spontaneous nystagmus has 
an intracranial origin.

But a nystagmus of intracranial origin may also he both horizontal 
and rotary; the form alone is, therefore, not decisive, and one must ho 
guided by functional tests and by longer observation of the nystagmus. If, 
for example, the nystagmus bo both horizontal and rotary to the right, 
it could have a peripheral origin in the vestibular apparatus of the right 
side only when this end-organ is still capable of functioning; should now 
the functional test show that this apparatus on the right is uncxcitablc, 
the proof would be brought that the nystagmus has an intracranial origin. 
Should, however, the local apparatus on the right be found to be excitable, 
the only way to decide between a peripheral and an intracranial origin is 
to observe it during several days; should it continue in undiminished in­
tensity longer than 24 hours, it is intracranial in origin. If it last less 
than 24 hours, or if it alternate with nystagmus in the opposite direction, 
or if nystagmus-free iutervals occur, it may be cither of peripheral or 
intracranial origin. The decision will then have to be based on the 
other symptoms in the case.

If, on the contrary, there bo horizontal and rotary nystagmus toward 
the healthy side, it may be due to an acute destruction of the end-organ, 
or to a sudden lesion of the N. vestibuli before its entrance into the 
medulla oblongata. In cither case, it must decrease in intensity daily 
and by the end of a fortnight be reduced to a very slight excursion. Should 
it turn out, on close observation, that there is no definite reduction of 
intensity at the end of several days, it must have an intracranial origin.

ii. Nystagmus Caused by Quick Movements of the Head
If the head of a normal person bo bent quickly back, to one side, or 

forward, or if it be rotated to right or left, nystagmus occurs during the
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movement, but at the end of the movement the eyes remain at rest (aside 
from the “opposite rotation” to be described under Caption x).

In partial injuries of the vestibule or of the N. vestibuli, definite 
attacks of nystagmus arc set up during the quick movement of the head, 
and last from 10 to 30 seconds. The form of the nystagmus varies with 
the way the head is moved. The attacks are most marked and most con­
stant on bending the head quickly toward the side of the vestibular lesion. 
Such patients have attacks of dizziness on quick movement of the head 
(Bruns). After one attack has been elicited, movements may be made 
for some time without another occurring, except in lesions about the 4th 
ventricle.

On lying in bed, turning to the left or to the right side may call 
forth an attack. The attitude of the patient in bed, and on sitting, should 
be noted.

iii. Caloric Nystagmus

If one irrigate for about 20 seconds the right car (the head upright) 
of a normal person with water at a temperature below that of the body, 
a horizontal and a rotary nystagmus toward the left will appear, and will 
last for about two minutes. If water warmer than the body be used, a 
rotary nystagmus toward the right will appear.

It matters not whether the car drum l>e perforated, though if the 
perforation be dry, air may be blown in instead of irrigating with water. 
The external auditory canal should bo cleansed before making the test. 
A temperature of 25°—30° C. is best for the cool test, and one of 4f>°- 
48° C. for the warm irrigation.

The eyes should be watched closely, so that the irrigation may bo 
stopped the moment distinct nystagmus begins ; in this way violent vertigo, 
nausea and vomiting can be avoided.

If a patient bo unconscious, cold irrigation causes deviation to the 
irrigated side instead of nystagmus.

When spontaneous nystagmus exists, the test is difficult. If, for ex­
ample, there be a rotary nystagmus to the right and to the left, cold 
irrigation of the right car will lessen or stop the nystagmus to the right 
and intensify the nystagmus to the left.

If one labyrinth be destroyed (suppuration, hemorrhage, lues), or if 
the N. vestibuli be injured (neuritis, compression) cold irrigation of tbo 
ear on the same side will elicit no reaction; the reaction on the other side 
may be normal, though often it is less than normal, and may be absent.

A lessened or an increased caloric reaction is harder to judge of than 
an absence of reaction. Efforts arc being made to work out graphic 
methods of registration that will permit of quantitative judgments. Less­
ened reaction occurs in partial lesions. Increased excitability has been 
met with in brain tumors.
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iv. Nystagmus on Rotation of the Body

Rotation of the body stimulates both labyrinths simultaneously. If 
the body l>e turned to the right in a rotating chair, evenly, about 10 turns 
in 20 seconds, and then bo suddenly stopped, a horizontal nystagmus to 
the left will appear and will last about 42 seconds.

Clinically this test need bo but little used, though it is helpful in 
detecting simulation in cases of trauma followed by alleged vertigo 
(tiarany).

v. Galvanic Nystagmus

One electrode is placed in front of the tragus or in the external audi­
tory canal of the ear to be examined, the other at an indifferent site (fore­
arm, neck, chest, forehead).

If the cathode bo in the right ear, closure of the circuit elicits rotary 
nystagmus toward the right ; if the anode bo in the same ear, the rotary 
nystagmus is toward the left

Destruction of the labyrinth docs not abolish galvanic nystagmus ; 
lesion of the N. vestibuli docs abolish or diminish it.

vi. Effects of Compression or Rarefaction of Air in the External Auditory Canal

In normal persons, nystagmus or vestibular eye-movements cannot 
be elicited in this way. Otitis media alone is also negative. If a laby­
rinthine fistula complicate a suppurative otitis media, marked nystagmus 
may occur.

Minimal vestibular eye-movements with vertigo may occur with this 
test in rare cases of non-suppurative labyrinthine disease, in labyrinthine 
lues or trauma and in labyrinthine disease of unknown cause.

vii. Vestibular Disturbances of Equilibrium

The way a patient tends to fall or to rotate in a vestibular disorder cor­
responds to the direction of the slow movement of his vestibular nystag­
mus, and the movement will occur in the same plane as that of the nys­
tagmus. Thus if there bo a horizontal nystagmus to the right (with slow 
movements toward the left), the reaction-movement will bo in the horizon­
tal plane toward the left—he will rotate to the left. In vertical downward 
nystagmus, the reaction-movement will bo in the sagittal plane and back­
wards—he will fall backward. If there be rotary nystagmus to the right, 
lie will fall to the left.

Change in the position of the head alters the direction of falling. 
Thus, if there bo rotary nystagmus toward the right and the head of the 
patient bo rotated 00° to the left, he will fall forward ; rotate the head 
;|0° to the right and he will fall backwards. As Barany says, it is as 
though the direction of the fall “had grown fast to the head.”



174 DISEASES OF THE NERVOUS SYSTEM

The vestibular reaction-movements vary greatly in different persons. 
Whereas one, with moderate nystagmus, will fall over like a stick, an­
other, with extreme nystagmus, will stand as steady as a rock.

As tests of equilibrium, we ask the patient (1) to stand with his feet 
close together; (2) to shut the eyes; (3) to stand leaning forward or 
backward, and (4) to stand on one leg—an increasingly dilHcult series. 
A good routine is to begin by testing for a spontaneous Romberg (q. v.). 
If the patient sway, note whether a definite relation exists between the 
direction of the fall and any existing nystagmus. Next test the influence 
of rotation of the head on the direction of the fall. Finally, watch the 
effect of a caloric nystagmus upon the equilibratory disturbance.

Vestibular disturbances of equilibrium occur spontaneously during 
attacks of vestibular vertigo, and also along with the continuous nystagmus 
that sets in when the labyrinth is suddenly destroyed ; in the latter case, 
if the nervous system be normal, the disequilibrium lets up in severity in 
a few days and soon passes off entirely.

The body muscles stand under the influence of the vestibular apparatus 
by way of Deiter’s nucleus and the vcstibulo-spinal paths descending from 
it to the anterior horns of the spinal cord. The influence of the position 
of the head upon the falling direction probably depends upon centripetal 
impulses from the muscles and joints of the head and neck, which pass to 
the vermis of the cerebellum and thence by a cerebellofugal path to 
Deiter’s nucleus, either directly or by way of the nucleus of the roof.

Patients with pure cerebellar disease may fall much as do patients 
with vestibular irritation. But, in them, the direction of tho fall is inde­
pendent of nystagmus and of tho position of tho head (Barany).

viii. Vestibular Reaction-movements in the Extremities
A normal person with his eyes shut can stretch out one arm and hold 

it quietly very easily for about two minutes. Now if we produce a strong 
horizontal nystagmus toward tho right by the caloric method of Barany, 
and ask the patient to hold tho arm outstretched and quiet, it will bo 
observed that the arm deviates slowly and continuously to tho left, tho 
patient, as a rule, being unconscious of the deviation.

Still more striking, in some cases, than this arm-deviation is a modi­
fication of Grlife’s “touch test,” the “pointing error,” elicited as follows 
(Barany) :

Testing the Shoulder Joint by “Pointing Error” Test.—The pa­
tient, with eyes closed, sits in front of the examiner, whoso index-finger 
is held out horizontally in contact with the patient’s forefinger, his arm 
outstretched. The patient then lowers the extended arm so that it rests 
on his knee, and is then told to raise it until it again comes in contact 
with the under-surface of the forefinger of the examiner. If tho patient 
has a nystagmus to the right his arm will move out to the left and instead
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of going directly up to the examiner's finger will pass it on the left 
(“pointing error”).

Barany emphasizes the necessity of avoiding letting the patient know 
how he responds to the test, so as to rule out the influence of suggestion. 
Thus if ho fail to touch the examiner’s finger, the examiner, himself, 
should place his own finger on that of the patient just after the error has 
been made, in order that the latter may not know of it.

The test can also lie applied in the horizontal plane, to test for an “up” 
or “down” pointing error.

Testing the Elbow Joint and Other Joints by the “Pointing Error” 
Test.—-Tho patient supjwirts his elbow upon the arm of a chair, or, if in 
lied, upon a pillow, and performs the movements with his wrist held 
straight.

Similarly tho hip and knee can lie tested, sitting or lying, but tho 
vestibular reaction-movements are less striking in tho lower extremity 
than in the upper.

Testing the Wrist Joint by the “Pointing Error” Test.—The patient’s 
forearm lies over tho back of a chair and is held firmly there by tho 
examiner. The patient then holds the index finger out straight, the other 
fingers clenched in the palm, and performs the movements, making as 
large excursions as possible up and down at the wrist joint.

If, in a normal person, a strong horizontal nystagmus to the right 
l>o produced, and no voluntary movements lie made at tho wrist, tho 
arm hanging over tho chair back with all the muscles completely relaxed, 
not tho slightest movement will lie observable. This proves that the ap­
pearance of tho reaction-movements (in man) is indissolubly associated 
with voluntary innervations of tho muscles concerned.

Tho pointing error to the left in horizontal nystagmus to the right 
occurs no matter whether tho forearm is prone or supinated on the hack 
of tho chair. This is an important observation, since the voluntary in­
nervation of tho arm-muscles during tho movements is entirely different in 
the two instances. It is obvious, therefore, that the innervations proceed­
ing from tho cerebral cortex determine to what muscles the vestibular 
impulses shall bo sent (to the radial muscles in the one case, to the ulnar 
in the other). This determination, Barany believes, takes place in the 
cortex of the cereliellum. Probably the collaterals given off from the 
pyramidal tracts in the pons go to the nuclei pontis, whence the impulses 
puss through the middle peduncle into the cereliellum to the opposite cere­
bellar hemisphere to reach the Purkinje cells. These Purkinje cells are 
also surrounded by terminals and collaterals from vestibular fillers. The 
path from the cortex of the eereliellar hemispheres to the spinal cord is by 
wav of the brachium eonjunctivum to the red nucleus of the opposite side 
and thence bv the rubrospinal path of von Monakow to the cord. It 

« ( ins not unlikely that the anterior-horn cells concerned in a given move-
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ment aro doubly innervated, first by fibers of the pyramidal tract, and, 
secondly, by the rubrospinal path carrying cerebro-ccrcbello-vestibular im­
pulses 1

Another interesting point is the observation that the pointing error 
to the left will occur not only with horizontal nystagmus to the right 
with the head upright, but with any form of nystagmus, provided tho head 
bo moved into a particular position. Thus if the head bo bent down to 
tho right shoulder and then bo rotated to the left and so held, a vertical 
nystagmus upwards appears. A pointing error to the left will now occur. 
Though as regards the head the nystagmus is a vertical one, still, in 
space, it is a nystagmus to the right. Thus, if, during tho existence of 
a nystagmus, the position of tho head bo changed, tho direction of tho 
pointing error will also bo changed. As Barany puts it, the ‘pointing 
error is a function of two variables; one is the vestibular stimulus, the 
other the head-position stimulus. Tho two factors fuse in tho cerebellar 
cortex.

An analysis of lesions of the cerebellar cortex indicates that the 
muscles are represented in tho cerebellar cortex according to the joints 
they move and the movement-directions. Each movement-direction for a 
joint is represented only once, but each joint and each muscle is repre­
sented at least four times in one cerebellar hemisphere. Each hemisphere 
is connected with the extremities of the same side.

According to Barany tho center for moving tho upper extremity 
mcdialward lies on tho under surface of the cerebellum at its junction 
with tho lateral surface.

For tho details of localizing cerebellar and other lesions by means of 
tho pointing error and other vestibular tests tho original articles of Bar­
any should bo consulted.

ix. Anamnestic Vestibular Data

Rotary vertigo is the term used to designate tho movement-sensations 
that accompany vestibular irritation. This rotary vertigo may assume 
either ono of two forms : (a) sham-rotation of external objects, (b) sham- 
rotation of the patient’s body. In both cases tho sham-rotation, as a rule, 
is in tho direction of the quick movement of tho nystagmus, though not 
always.

Common concomitants aro (1) darkening of tho visual fields and color 
sensations, (2) nausea or vomiting, (3) sweating, (4) pallor, (f>) palpi 
tation, (fi) difficulty in breathing, (7) fainting, (8) tremor.

Psychoneurotic patients seem especially prone to manifest these con­
comitant symptoms of vertigo, while patients with vertigo due to ecrcbell; :• 
disease or to disease of the pons or midhrain seem to be unusually toléra: ' 
of their vertigo. In local disease of the labyrinth, lessened sensibility f



EXAMINATION OF SENSATION 177

vertigo is met with when the destruction is total; while in partial injury 
of the end-organ attacks of vertigo may continue for years in undimin- 
ished severity.

Barany distinguishes two varieties of vertiginous attacks: (a) that 
with the brief nystagmus-attacks on quick movements of the head (vide 
supra) and (b) attacks lasting longer—sometimes for 24 hours—without 
apparent cause and usually accompanied by nausea or vomiting. In tho 
latter, tho direction and intensity of the nystagmus often change during 
the attack ; the persistence of the vertigo is probably thus accounted for.

x. The Rolling of the Eyes Opposite to the Lateral Flexion of the Head

This sign consists in a rolling movement of tho eves in a direction 
opposite to the movement of the head, on lateral flexion of the latter. This 
Oegenrollung of tho eyes (Barany) can bo exactly measured by A. 
Schwarz’s apparatus, but the use of tho latter will doubtless bo confined to 
specialists on tho ear.

The method detects rolling movements invisible to the naked eye, but 
which may bo associated with severe vertigo. Patients thought to 1x3 simu­
lants may, with this apparatus, be found to have delinito vestibular lesions.

xi. Examination of the Vestibular Eye-reflexes in Cases with Eye-muscle 
Paralysis or Conjugate Deviation

It must be determined whether tho eve-muscle paralysis is due to a 
lower motor neuron lesion or not ; i. e., whether the paralysis is due, on tho 
one hand, to a lesion of the nucleus of origin or of the peripheral nerve, 
or, on the other, to a supranuclear lesion. In the former case vestibular 
stimulation will elicit no increase of movement in the paralyzed muscle, 
though in tho other non-paralyzed eye-muscles vestibular nystagmus may 
be normally elicitable.

In conjugate deviation, duo to lesion of the center, therefore, situated 
higher up than tho cyo-musclo nuclei, vestibular stimulation yields most 
interesting results of importance for diagnosis (Bielschowsky and 
Steinert, Barany).

According to Barany, one investigates tho condition as follows: (a) 
Docs spontaneous nystagmus exist? (b) On vestibular stimulation, does 
a nystagmus, associated equally with the two eyes, appear? (c) Is tho 
quick movement of tho vestibular nystagmus as quick as normal, or is it 
slowed? (d) In which direction can nystagmus bo experimentally elic­
ited, and in which not? (c) Docs a deviation of tho eves appear in place 
of a nystagmus? (f) Can tho eyes bo voluntarily moved out of the posi­
tion of conjugate deviation? (g) On doing this, does nystagmus appear?
( h) During tho vestibular stimulation, do both eyes show, or does only
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one. an increase of motility in the direction of the slow movement of the 
nystagmus that would normally appear under the same stimulus, and 
how great is the increase? (i) During the vestibular stimulation, do

Fig. 628.—Diagram of Horizontal Nystagmus to the Left Released by the Left Semi­
circular Canals, a, a' * Letters' Nucleus, Left and Right; b, b' = Nucleus VI, Left and 
Right; c, d = Nucleus III, Left and Right; d, d' = Left and Right Eye; e, e'*Rectus 
Ext., Left and Right; f, f'= Rectus lut., Left and Right; g = Ccnter for Looking to the
Left ; h = Left Veatlb. Nerve; 1 = Vestibular Path (----------- ), Crossing to Contralateral
Vl Nucleus ; k = Vestibular Path (---------- ), Crossing to Contralateral iv Nucleus;
| = Vestibular Inhibitory Paths (.............. ) to Homolateral III Nucleus; m = Vestibular
Inhibitory Paths (..............) to Homolateral VI Nucleus; n = Right Angular Gyrus
(Cortex) Center for Voluntary Eye-movements to Left; o = Cortical Paths (—--------- )
to Visual Center for Voluntary Eye-movements to Left ; p = Supranuclear Paths (----------- )
from Left Visual Center to Homolateral III Nucleus; q= Supranuclear Paths (------ -)
from Left Visual Center to Homolateral VI Nucleus; r = Mllatcrul Lesions at r, Abolishing 
the Voluntary Eye-movements, Leaving Vestibular Nystagmus Intact (Pscudo-ophthul- 
moplcgla of Wernicke) ; s = Dilaterai Lesions at a, Abolishing Voluntary Eye-movements 
and the (Julck Movements of Vestibular Nystagmus, Leaving the Slow Vestibular Move­
ments Intact (Supranuclear Ophthalmoplegia of BArAny). (After R. BArAny, “llaudb. d. 
Neur.," published by J. Springer, Berlin.)

both eyes show, or does only one, a diminution of motility in the direction 
of the quick movement of the nystagmus that would normally appear 
under the same stimulus, and how great is this ?

xii. Examination for Optic Nystagmus

Optic nystagmus can bo elicited by rotation of a roll marked with 
black and white stripes in front of the eyes of the patient. Optic nystag­
mus appears on looking at the water from the deck of a moving ship or on 
looking out of the window of a railway train in motion.

Bârany suggests the interest of a study of optic nystagmus in the cyv- 
muscle paralyses of supranuclear and of cortical origin.



(6) Table of Vestibular Syndromes
(Compiled by the author from R. Bdrdny’s writings)

I. n
Circumscribed R. labyrinth 

destroyed, or r. 
nervus vestibuli 

totally paralysed; 
two days after

IV
Same as in III. 
but eight days 

after injury

Latent destruction 
of labyrinth, or 
total paralysis of 

r. nervus vestibuli 
(several months

VI
Tumor of cerebello- 

pontile angle on r. side 
(destruction of labyrinth

on right)
Type a

VII
Same as M; but

Type b

vm
R. labyrinth normal; 
cereliellar abscess, or

on right side

1. Spontaneous 
nystagmus.

Absent; or slight 
rotary + horiz. N. 
to the r. on maximal 
deviation to the r. 
and slight rotary +

^Variable; may be Rob + horiz. N.

marked on looking 
in every direction.

N. to the L less 
(N. to the r. often 
well marked). De-

rapid with than 
without operation on 
the labyrinth.

Rot. N. to r. and 
rot. to 1. slight

^Rot^+ bons. X. to f.- Rot. + horiz. X. to 1. Rot + horiz. N. to r„ 
to L, or to both sides of 
high grade; often abnormal 
forms (intracranial), e. g„ 
vertical, diagonal rot. N. 
in one direction, and hori-

behind" ^thc opaque 

spectacles on look­
ing straight forward.

lb*™1 Horis. N. to the L Horiz. N. to the 
1. (even when none 
present^with spec-

Horiz. X. to r. Horiz. X. to L

3. Attacks of N. Absent; slight at-

bacco smokers.

On inclining head 
to r, usually rot. X.

to 1. and forward.

On inclining head
ticaMSi'diwnward" 

On inclining head 
lack, rarely vertical

Increase of spon- Increase of spontan. X.

(Head straight)

ligated with cold

(6) Right ear. ir­
rigated with hot

(а) Yields horiz. 
+ rot. N. to the 1.

(б) t^ Yields rot.

(a, b) Normal re­
sponse in both ears. live (hot and colil).

Left ear, with cohl 
= diminution of rot. 
N. to L, or rot. X.

Right ear, nega-

feeble; sometimes

Right ear. negative.
Left ear, normal or

Right ear, marked N.
Bilat. simultaneous irri­

gation often shows over- 
excitability of diseased side

5. Rotation of 
body with opaque

(o) N. to the 1. 
42" average dura-

16) N. to the r. 
12" average dura-

(a, 6) Normal re-
If N’/to affected 

side longer than 
2y\ certainly no
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(6) Table of Vestibular Syndromes—Continued

6. Galvanic nys-

(a) Cathode in r. 
ear anode m r. hand.

ear^ cathode in r.

(а) Rot. N.tor.
(б) Rot. N. to 1.

(o, 6) Normal re- Not constant. Positive or nega- Usually no reaction on 
the side of disease.

As in VI. Bilateral simult. stimu­
lation with cathode causes 
N. to diseased side: with 
:he anode, N. to opposite

7. Fistula eymp- ,t”L N”"" "-i~ As in VI. Nffttivc.

8. Disturbances 
of equilibrium:

(a) Spontaneous.
(b) On exptl rot. 

N.tor.

(а) Absent (neu­
rasthenics may show 
dist. not veetib. in

(б) When head 
upright falls to 1.; 
when head turned to 
r., fallsforward:when 
head turned to 1., 
falls backward.

Correspond to the (a) Head up­
right, falls to 1 hea l 
turned to r., falls 
backward; Lead
turned^ to 1., falls

Slight or absent. There are three possi­
bilities: o, 6, or c.

(а) Vestibular (falling to 
left, head upright); (falling 
forward, head turned tor.): 
i falling backward, head 
turned to 1.).

(б) Cerebellar (fall in­
dependent of direction of

in position of head).
(c) Expt l N. from ir­

rigating L ear reveals dis­
turbance of vestib. re­
actions since patient does 
not show typical depend­
ence of direction of fall on 
direction of N..and, further, 
the direction of falling is 
not typically altered by 
chance^Jn head-position

(а) As in VL except 
that vestibular falling is to 
the left, with the head 
upright, etc.

(б) As in VI.

^ Normal; impaired; Normal; or deaf. Deaf on right 
with noise-apparat-

Same as for II. Deafness in the right. A.ioVL lleiring present^ but

movements, as in 3.
(b) Long attacks 

without external
cause, with N. to the 
r.; last up to 24 hrs.

Sham movement 
of ext. objects to 1. 
Sham movement of 
own body to L

Slight, or none. Prescrit at beginning

£.9•5

11. Nausea and Absent on exptl 
N.; often present in 
psythoncurotic

^Often present with Marked at first, later 
absent; indeed, there de­
velops a sub-susccpti- 
bility to vestibular stimu­
lation; even strong N. 
elicited from I. ear causes 
no vprtieo and no nausea.
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(6) Table of Vestibular Syndromes—Continued

Position in Not noteworthy. Lies usually on 1. 
side, sini-e turning

^I.iee on healthy So™*1 NorauL Lies on the diseased side. Lies on the healthy side. Corresponds to the nys-

13. Ringing in 
the ears.

May, or may not, 
be present.

Present, or ab- Present, or absent. Same as for III. Same as for IV. Present, or absent. *,i°VL a*“'x
Notes: If this syndrome is found 

along with chronic sup­
puration of the middle ear. 
one can at once diagnose 
total destruction of the

aliscess. pince spontaneous 
N. to the diseased side in 
labyrinth-destruction 
(shown by absence of 
caloric N.) must have an 
intra-cranial cause.

Meningitis and cere­
bellar tumor can be ruled 
out by the other symptoms. 
If the syndrome be met 
with when the car-drum is 
intact, tumor of the cere- 
beljo-pontile ande iN ac- 
usticus) is probably present.

The diagnosis of an acut< 
diffuse destruction of the 
labyrinth is first made.

If, after a few days ob­
servation, _ the N. has not

intensity (especially after 
operation on the labyrinth ), 
or if it become more

cause is certain. Further

vi.

In the differential diag-

of labyrinth to be coo-

If the spontan. N- ob­
served longer than 24 hrs., 
he undiminished, an intra­
cranial cause is certain. 
The same is true of the 
abnormal forms of N- 
never observed in periph­
eral disease. In^thc re­

symptoms will differentiate.
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(c) Vestibular Signs in Paralysis of the Supranuclear Apparatus for 
Conjugate Movements of Eyes {After II. Bârâny)

Right aided, pure Blickliihmung Bilateral, pure Blicklühmung

1. Voluntary movements: Both eyes 
cannot he moved to the right beyond the 
middle line; to the left, the movements are 
free; the response is prompt and the move­
ments quick.

1. Voluntary movements: Those to the 
r. and to the 1. are entirely abolished.

2. Vestibular movements: On applica­
tion of a stimulus that should cause lmriz. 
N. to the r., there occurs, instead of this, 
a deviation of both eyes to the left, from 
which the eyes cannot voluntarily he set 
free. N. to the left can be elicited normally 
while it lasts, the eyes can be moved, 
voluntarily, to the extreme right!

2. Vestibular movements: Horn. N. to 
the r. or to the 1. cannot be elicited by any 
kind of vestibular stimulus. Instead of the 
v to die r., both eyes undergo deviation 
to the 1., the two eyes passing slowly to the 
extreme left, whence they cannot voluntarily 
be set free. Just the opposite occurs, when 
the stimuli that, normally, cause N. to the 
1. are applied.
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C. Examination of General Motility and of 
the Efferent Paths that Influence 

Striped Muscle
Wo must next learn how to examine the functions of the efferent, 

effector, or ccntrifugnlly conducting neuron systems that have an influ­
ence upon various structures in the hodv, and, through some of them, upon 
the external world. The nervous system is capable of altering the activi­
ties of the muscles (striped and unstriped ), the secreting glands and pos­
sibly other structures. Of the millions of neurons making up the whole 
nervous system (cerebrospinal and sympathetic), only a few conduct im­
pulses directly away from the nervous system to terminate in muscles and 
glands. These few, known as peripheral motor neurons, peripheral secre­
tory neurons, etc., serve the purpose of transferring impulses from an 
enormous number of afferent and associative paths to the muscles and 
glands; they arc common terminal paths (Sherrington) for a whole series 
of neural activities, and a study of these available terminal efferent chan­
nels is important for the understanding of the functions of the great num­
ber of reflex ares that make up the nervous system as a whole (spinal 
reflexes, bulbar reflexes, cerebral reflexes, etc.).
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These peripheral efferent or centrifugnlly conducting neuron systems can be 
directly influenced by the collaterals and terminals of peripheral afferent (or cen- 
tripetally conducting) neurons, or by successively superimposed groups of such 
neuron systems, on the one hand, and by central efferent neuron systems and cen­
tral associative neuron systems, on the other. These various central neuron sys­
tems, impinging upon the peripheral efferent neuron systems, are being gradually 
worked out anatomically and physiologically; we are now familiar with the struc­
ture and functions of many of them, though much more study must be undertaken 
for their further elucidation.

Clinically, we can already value :
1. The peripheral efferent neuron systems:

(a) Those going to striped muscle;
(b) Those going to the muscle of the circulatory apparatus (cardiac

and vasomotor) ;
(c) Those going to the smooth muscle of the respiratory, digestive and

genito-urinary systems; and
(d) Those going to the secreting glands.

The existence of
(e) Peripheral neuron systems exerting a definite trophic influence upon 

various tissues of the body is assumed also, but definite proof for 
the existence of such neuron systems has yet to be brought.

2. A great central neuron system, the axons of which are known ns the 
pyramidal tract, which throws the lower motor neurons going to striped musclo 
under the influence of the activities of the cerebral cortex; this great neuron 
system is composed of the so-called “upper motor neurons.”

3. A complex group of other central neuron systems concerned in long re­
flexes, automatic and instinctive reactions, tonus maintenance, complicated and 
coordinated motor activities, vasomotor reactions, etc. Among these are included 
(1) those the axons of which make up the rubrospinal path (v. Monakow), ex­
tending from the nucleus ruber to the anterior horns, and (2) those the axons 
of which make up the vestibulospinal path, extending from Deiter’s nucleus to 
the anterior horns.

The student, on Loginning his acquaintance clinically with the func­
tions of the efferent neuron systems, should confine himself to the hotter 
understood of these, and, later on, extend his study to the less well-known 
systems. In this elementary treatise, therefore, only the processes that 
are 1 letter understood will he dealt with.

In studying the afferent neuron systems, it has been noted that a largo 
number of their functions go on below the threshold of consciousness, only 
a few of them being accompanied by definite conscious phenomena. The 
same is true of the functions of the efferent or centrifugally conducting 
neuron systems ; a large part of them, including many of the reflex motor 
activities, the tonus maintenance in the general motor and in the vaso­
motor systems, the contractions of smooth musclo in the viscera, and the 
secretory activities, arc largely infraconscious ; some of them, like the 
respiratory movements and the movements of walking, are more or less
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subconscious, and others, the so-called voluntary acts, we arc definitely 
conscious of performing. We arc able to judge of the functions of these 
efferent neuron systems in others only by observing the changes (or the 
effects of these) that occur spontaneously in the muscles and glands, or 
by experimentally bringing about such changes. Thus, on the observa­
tional side, we note the posture of the limbs and trunk, the facial expres­
sion, the. evidences of glandular secretion, whereas on the experimental side 
we test the resistance to passive movements, the electrical condition of mus­
cles and motor nerves, the reflex activities, and the motor and secretory 
reactions to stimuli applied to the afferent or eentripctally conducting 
systems.

Wo shall take up, first, the examination of general motility and of the 
efferent paths that influence striped muscle.

The striped muscles of the hodv (with the exception of the muscles of 
the heart) arc innervated by the ‘‘lower motor neurons,” the cell bodies of 
which are situated in the anterior horns of the spinal cord and in the 
motor nuclei of the cerebral nerves. The axons of the lower motor neurons 
pass out through the ventral roots of the spinal nerves and through the 
motor roots of the cerebral nerves, to enter the peripheral nerve trunks 
(sometimes undergoing rearrangement in the plexuses), to end ultimately 
on the muscle fibers. The nervous impulses that cause contractions of 
these muscles—the reflex (lower and higher), the expressive (mimic, pan­
tomimic or gesticulatory), the reactive and voluntary (defensive and 
aggressive)—are mediated by these lower motor neurons and by the cen­
tral centrifugally conducting neurons that impinge upon them.

In accumulating data from which wo draw inferences regarding the 
state of the motor path, wo pay attention especially to the following:

1. The state of nutrition of the muscles as evidenced by their volume 
and by the electrical reactions (see electrodiagnosis) that they yield. Are 
any of the muscles atrophic? Does the electrical examination reveal a 
reaction of degeneration anywhere, or other anomaly ?

2. The state of tonus of the muscles observable when testing passive 
motion. Is there evidence of atony, of hypotony, or of hypertony (rigid­
ity, contracture) ? Are there any peculiarities of body-form, or attitude, 
due to abnormal contractions of the muscles ?

3. The behavior of the reflexes—deep and superficial. Arc they 
exaggerated, diminished or perverted?

4. The evidences of abnormal motor irritation. Are any involun­
tary movements visible?

5. The behavior of the muscles during active (or voluntary) contrac­
tions initiated by the cerebral cortex. Is there inability to perform any 
of these movements (paralysis), or is the power lessened (paresis) ? Does 
fatigue set in quickly (myasthenia) ? Arc the movements direct, precise 
ami smooth, or do they show signs of being improperly coordinated
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(ataxia) ? Can complex motor acts bo performed, or is there evidence 
of aphasia, agraphia or apraxia ?
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1. The State of Nutrition of the Striped Muscles : 
Atrophy ; Hypertrophy

The sizo of the voluntary muscles varies much among persons 
whom wo call normal. Some have a well-developed musculature ; in others 
the muscles arc poorly developed. This variation within tho domain of 
what wo call normal depends in part upon inheritance, and in part upon 
tho habits of the person. Muscles that arc much used increase in size 
(hypertrophy) ; muscles that are but little used tend to decrease in sizo 
(atrophy of inactivity). Marked atrophy from inactivity is often seen 
in wasting diseases or in convalescence from acute disease.

In making tho examination for the state of nutrition of the muscles, 
tho whole naked body should be inspected. Tho physician must, from tho 
examination of a large number of normal persons, be familiar with tho 
normal form of tho body and its musculature in order quickly to recog­
nize deviations therefrom. Especial attention should be paid to inequali­
ties in form 011 tho two sides of the body, and, when inspection reveals an 
apparent deviation from the normal, the muscles should be carefully pal­
pated and attention paid to tho consistence (tense, relaxed, toughened ). 
The presence or absence of fibrillary twitching (q. v.) in atrophied mus­
cles should be especially looked for. When muscles appear to be enlarged, 
one should test their strength, since the increase in volume may be due to 
fat (pseudohypertrophy), and not to muscle tissue.

Small size of the muscles in general may be due to faulty development, 
to malnutrition, or, often, to lack of systematic exercise of tho muscles. 
It, is surprising how few people realize the importance of spending a f<*\v 
minutes every day in systematically contracting and relaxing the various 
muscle-groups of the body. A person that spends twenty minutes daily 
with J. P. Midler’s “My System” or with S. Bennett’s “Exercises in 
Bed” can keep his muscles active and firm, even in the absence of oil r 
forms of exercise.
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Localized decrease in size (atrophy) is often most important for local­
izing diagnosis. When deviations from the normal arc found, exact 
measurements should be made with a metal tape, the extremities on the two 
sides being held in the same position during the measurement. A few 
measurements will suffice. In the forearm and leg, one measures the 
maximal circumference, in the upper arm the circumference at its middle, 
in the thigh the circumference 12 cm. above the patella. It is to be kept in 
mind that normal differences of from i to 1 cm. may exist; moreover, 
differences of from ^ to 1 cm. are within the limit of error as measure­
ments are ordinarily taken. Excision of small masses of muscle for his­
tological examination are of little value clinically in the diagnosis of 
atrophy or hypertrophy. Most important for judgment as to the state of 
nutrition of the muscle is the test of its electrical excitability (q. r.). The 
state of the mechanical excitability of the muscle, though sometimes help­
ful, is of less importance (q. v.).

In nervous diseases, two main forms of muscular atrophy are met with: 
(a) simple atrophy, which develops slowly and is never extreme, and (b) 
degenerative atrophy, which develops more rapidly, is sharply localized, 
and leads to entire disappearance of the muscle-substance. In simple 
atrophy, innervation of the muscles is possible, at least through the lower 
motor neurons, but docs not occur in normal amount. Here belong the 
different forms of “inactivity atrophy,” due to bone and joint diseases, to 
long sojourn in bed, or to lesions of the upper motor neurons.

In degenerative atrophy, nerve impulses are entirely cut off from the 
muscles affected, and they exhibit on electrical examination the reaction 
of degeneration (q. v.)
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2. The So-called Tonus o[ the Striped Muscles: 
Atony; Hyperlony; Contractures

Muscle-tonus is in part a variety of reflex, in part a conscious or sub­
conscious innervation for the purpose of maintaining attitude. We undcr- 
stand by it the even, continuous, feeble state of contraction in which the 
voluntary muscles are during life constantly maintained, a state necessary 
in order that voluntary movements may be quickly and purposefully 
initiated. This tonus appears to be maintained largely by afferent stimuli 
coming from the muscles, tendons, fasciae and periosteum to the spinal
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cord (protoceptivc paths of Sherrington), where the impulses are trans­
ferred to the lower motor neurons, stimulation of which contracts the mus­
cles concerned. Some of the tonus may arise from chemically stimulated 
central neuron systems, and some of it is consciously or subconsciously 
purposeful (attitude maintenance). Not all the muscles arc equally con­
tracted in tonus ; thus, in the legs, the extensor muscles are more contracted 
than the flexors, and in general it would appear that the muscles in highest 
tonicity are those that have to maintain the normal attitude of the body 
against the influence of gravity. The intensity of the tonic innervation 
is dependent not only upon the innervations in the lower reflex arcs de­
scried, hut also upon favoring and inhibiting influences arriving from 
higher neuron systems within the spinal cord and brain. Thus the tonus 
is increased greatly in certain muscles when the pyramidal tract is injured. 
Since the state of the muscle-tonus is a factor in the performance of active 
movements, it should l>o examined before the active movements arc sys­
tematically tested. For tonus of cerebral origin, consult C. K. M ill’s paper.

The muscle-tonus may bo greater or less than normal. We form judg­
ments concerning its degree by testing: (1) passive 
movements of the extremities, and (2) the reflexes, es­
pecially the deep reflexes.

(a) Test» of Tonm by Making Panttive Movement8

We tell the patient to relax his limbs, to give them 
over entirely to the examiner, avoiding all tension, and 
we show him how an extremity, passively lifted, if re­
laxed, should fall by gravity. Some patients have dilfi- 
culty in thus relaxing, in which case one must try to 
divert the attention by occupying the mind (multiply­
ing, dividing, etc.). When we have assured ourselves 
of the absence of voluntary contraction, we seize an ex­
tremity, and move it in all directions and to the maxi­
mal extent that mechanical conditions of the joints, etc., 
permit. One makes the movement at first slowly, and 
afterwards more rapidly. The more firmly the limb is 
grasped on each side of a joint the easier if. is, as a 
rule, for the patient to relax. If difficulty be experi-

Flg. Muscular , . ,. . . . J 1
il y p»t un y in enccd in performing these passive movements, wo try to 
Tabc8- ascertain whether it is due to the muscular condition

alone, or to joint changes (ankylosis, exostoses), or to 
other mechanical causes. The principal joints of the body should be suc­
cessively tested in this way.

Normally the tonus-resistance of the limbs to passive movements is 
very slight, though palpable, and it can easily bo overcome by a little
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force. One learns by experience what the normal tonus is. Increase of 
tonus is known as hypertony, as abnormal muscular rigidity, or as a 
spastic state. The dim- 
i n u t i o n of tonus is 
known as hypotony; its 
complete loss as atony.

Atonic or hypotonic 
muscles are met with in 
ta lies (due to lesion of 
the sensory limb of the 
reflex arc), and in the 
flaccid paralysis (due 
to lesion of the motor 
limb of the reflex arc).
They are softer and 
more relaxed in feel 
than normal. This per­
mits of an abnormal 
lengthening of the mus­
cles and of abnormally 
great excursions of the 
limbs on passive and ac­
tive movements of the 
joints. If the muscles 
of the legs be atonic, 
they can sometimes (as 
in some cases of tabes) 
bo placed about the pa­
tient’s neck. In hypotony, the joints, instead of the limitation of excur­
sion due to tonus met with in health, may exhibit a passive mobility like 
that demonstrable in a cadaver.

In markedly hypertonic states (such as those met with, for example, in 
spastic paraplegia and in other forms of pyramidal-tract lesions), the 
rigidity may bo so great as to make passive movements almost impossible. 
When the hypertony is slight, it may become noticeable only on rapid per­
formance of the passive movements, inasmuch as brusque passive move­
ments reflexly increase the tonus and unmask a latent hypertony ; thus, 
such a sudden flexion of the leg at the knee will sometimes reveal a hyper­
tonic state that otherwise go unrecognized.

A peculiar hypertony of unknown origin is to be seen in the rigidity 
of Parkinson's disease; the rigidity is often a more marked feature than 
the tremor of the disease; it is responsible for the clumsiness of movement 
of the patient and for the masklike rigidity of the face.

What is known as waxy flexibility (tiexibilitas ccrea), a condition

Contracture In Left Spastic llcwlparvsls. 
Servlet*. J. 11. II.)

5
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often met with in catatonic or cataleptic states, must he regarded as a 
peculiar alteration of muscle-tonus ; it is, in all probability, a condition 
brought about by cerebral influence. On performing passive movements, 
the extremities that arc in a state of waxy flexibility retain any attitude 
given to them, even when left to themselves for a considerable time. 
They behave as though they were made of plastic wax (catatonic or cata­
leptic rigidity) ; there seems to be a loss of voluntary power over motility, 
psychogenic in its origin. In children, and in hypnosis, this condition is 
sometimes simulated when the patient believes that ho cannot or dare not 
interfere with the passive movements made (so-called pseudoflexibililas).

Another extraordinary manifestation of muscle-tonus is that met with 
in those rare eases known as Thomsen’s disease (myotonia congenita), in 
which the patient, on attempting to perform a movement, is often unable 
to do so because of a suddenly appearing hypertony in the muscles con­
cerned when he attempts to initiate a movement ; or, having closed his list, 
he cannot quickly reopen it. An opposite condition of extreme flaccidity 
and atony of the muscles, especially of the lower extremities (amyotonia 
congenita) is sometimes met with in small children. Here the hypotony, 
like that in progressive muscular atrophy, seems to ho duo to a primary 
“motor” anomaly, not to injury of the sensory limb of the arc as in tabes, 
in certain joint diseases, and in some forms of idiocy (mongolism), a 
hypotony due to relaxation of the joint-ligaments is met with.

Recently, a peculiar condition has been described in which a marked 
hypertony with spasm affects certain groups of muscles, especially those 
of the pelvic girdle, causing the so-called “dromedary gait”; the condition 
is known as tortipelvis or dystonia musculorum deformans. A physician of 
my acquaintance suffers from it. It is apparently closely related to 
spastic torticollis.

When active and passive motility of a limb or joint has been perma­
nently interfered with through hypertony or muscle shortening, we say 
that a contracture exists. When the hindrance to movement can be re­
moved by influences that diminish the tonus or contracted state of the 
muscles (<?. g., manipulation in narcosis, or in the warm bath), the condi­
tion is called an active, contracture; but when the hindrance is due to 
actual muscle-shortening rather than contraction, it is called a passive 
contracture. An active contracture lasting a long time may give rise, 
finally, to a passive contracture from organic shortening.

Recently, a strong reaction against prevalent conceptions of muscle- 
tonus has set in. It is maintained (1) that there is no such thing as a 
general “contraction of the muscles when at rest,” (2) that what has been 
called tonus is a coordinative performance that culls forth a certain 
attitude by means of finely graded contractions. This new doctrine, which 
would avoid the term “tonus” altogether, has a bearing upon the explana­
tions of ataxia (M. Lcwandowsky).
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(b) Anomalies of Form and Attitude (IajcoI and General)

As a result of general and local disturbances of tonus (or of the special 
coordinative functions hitherto described as tonus) seen in cases of mus­
cular paralysis, muscular atrophy and contracture, certain characteristic 
alterations of the form and attitude of various parts of the body arise. 
Some of these will hero ho mentioned.

In the domain of the extremities wo meet with (1) the bird-arm or 
bird-leg, duo to reduction in size of the distal portions of the extremities 
from atrophy of the muscles of the fore-arm or leg; (2) the claw-hand, 
from atrophy of the interossei with contracture of the long flexors and 
extensors of the fingers (ulnar paralysis) ; (.9) the simian hand or ape- 
hand, duo to atrophy of the thenar eminence (progressive muscular atro­
phy, median paralysis) ; (4) the prearher-liand, duo to contraction of the 
extensors of the fore-arm and the long flexors of the fingers, with paralysis 
of tho small muscles of the hand (pachymeningitis cervical is) ; and (5) 
wrist-drop, duo to radial paralysis (lead-poisoning). Here belong also 
((?) flat-foot, (7) cquino-varus, and (8) the various forms of club-foot, 
dependent upon neuromuscular lesions.

In the domain of the head and trunk may he mentioned (1) the tapir- 
lips f due to weakness of the M. orbicularis oris (myopathies) ; (2) tho 
“starched face” or “mash” in Parkinson’s disease; (3) the eye-conditions 
in Basedow’s disease ; (4) the rotation of the scapula in paralysis of the 
trapezius ; (5) the winglihe projection of the- scapula in serrât us paral­
ysis ; (C) the scoliosis, lordosis and hyphosis of the spine met with in 
various conditions ; hernia-tile projection on both sides of tho
hypogastric region above Poupart’s ligament, brought out on straining, in 
paralysis of tho lower abdominal muscles (poliomyelitis, lower thoracic 
licmatomyolia).
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3. The Deep Reflexes or So-called Tendon Reflexes
A second important method of ascertaining the state of “muscle-tonus” 

consists in the demonstration of an increase or diminution of the activity 
of the reflexes, especially of the deep reflexes, though it must ho remem­
bered that hypertony and exaggeration of the reflexes do not always go 
parallel with one another.

The tendon reflexes depend also upon reflex arcs, of which the afferent 
limbs correspond to the protoccptive systems (afferent impulses from (a) 
muscle, and (b) bone, excited by the tap on the tendon) and the efferent 
limbs to lower motor neurons of corresponding segments. The muscular 
contractions in these reflexes are characterized (1) by their very short 
duration, the movement being due usually to a single contraction, and 
(2) by a latent period, which is so brief that some have even doubted, 
erroneously, the reflex character of the movement. Like the tonus of the 
striped muscles, the deep reflexes are under the influence of neuron systems 
within the spinal cord and brain that favor or inhibit them.

Clinically, the most important deep reflexes arc: (a) the knee-jerk; 
(h) the ankle-jerk ; (c) the tarsophalangeai reflex (Beehtcrcw, Mendel) ; 
(d) the periosteal-radial reflex ; (e) the biceps reflex ; (f) the triceps re­
flex ; and (g) the jaw-jerk.

Taule of Deep Reflexes

Reflex. Method of Eliciting. Result. Segmental Level

Knee-jerk ... Tapping patellar tendon. Contraction of M. vastus 
medialis; extension of leg. Li and Li

Ankle-jerk...

Ta i so-
phalangeal.

Tapping tendu Aehillis..

Tapping lateral tarsus or

Contraction of calf-flexors; 
extension of foot............... S, and S,.

Periosteal-
metatarsus................. Flexion of toes II-V.................. Li—8,.

Tapping radius just prox­
imal to styloid process.

Contraction of M. brachio- 
radiahs; flexion of fore­
arm held midway between 
promit ion and supination. Cs and C,.

Bleeps.......... Tapping biceps tendon Contraction of M. biceps; 
flexion of fore-arm............ Ci and C,.

Jaw-jerk ....

Tapping triceps tendon

Tapping examiner’s 
thumb over chin, pa­
tient’s mouth half open

Contraction of M. triceps; 
extension of fore-arm .. .

Contraction of masseter 
muscles; jaw closes..........

Ci to Thi.

N. trigeminus 
(pars motoriu-
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(a) The Knee-jerk or Patellar Reflex

This reflex, which consists of a contraction of the M. quadriceps on 
tapping tho patellar tendon, may lie tested either in the reçu minuit or in 
the sitting position, the former, if convenient, living preferable.

In the Recumbent Position. We flex the patient’s knee to an obtuso 
angle and support it from beneath with our left hand, the patient’s heel 
resting on tho lied. With our right hand wo seek the patellar tendon, 
and, having found it, give it a brief tap with a heavy hammer ( preferably 
Déjeritie’s), and observe whether or not a contraction in the M. quadri­
ceps, and especially in the M. vastus medial is, a little alwive the knee, 
follows. If the reflex lie active, the whole M. quadriceps may contract 
and cause extension of the leg. When less active, the contraction of the 
muscle beneath tho skin can lie observed, though care must lie taken not 
to confuse this with the simple jar of the skin and muscle propagated from 
the blow given to the tendon. Should no contraction result, wo must make 
sure that tho leg has not lieen held tense hv the patient. When the leg is 
properly relaxed it should fall at once by gravity when the supporting 
hand in tho popliteal space is suddenly withdrawn. Some patients have 
much more difliculty than others in relaxing their limbs, though usually, 
after a little instruction, they learn how to do it. A great deal depends 
upon the experience, skill and tact of the examiner. Where the difliculty 
is marked one may resort to reinforcement (Jcndrassik), the patient 
clasping his hands, and, on command, pulling powerfully without letting 
go while the examiner taps the patellar tendon.

In the Sitting Position.—The patient may sit (1) in a chair, with 
one knee crossed over the other; (2 ) in a chair, with the soles of the feet 
flat on tho floor, the legs almost perpendicular, or (3) on a table, with tho 
legs hanging over tho edge. While the patellar tendon is tapped tho 
examiner may place his left hand upon the thigh a 1 Hive the knee, in order 
to feel the contraction, or, lietter, he may tap his own left forefinger placed 
over the patellar tendon and feel the response as an increased tension of 
tho tendon. In Lnufennuer’s method of reinforcement the patient sits 
with the soles of his feet flat on the fhnir, while tho examiner, with tho left 
hand, grasps the patient’s quadriceps. The patient is then told to grasp 
tho left upper arm of tho examiner with one hand and to squeeze suddenly 
on command, tho examiner at the same time performing the tap. By this 
method one can tell whether or not the patient is really directing his atten­
tion to tho act of reinforcement. In Schonbom’s method of reinforcement 
the patient squeezes the left hand of the examiner, while the latter taps 
the tendon with the hammer held in his right hand. A jerk that is 

• ' hie often Incomes much stronger with reinforcement.
Experience teaches one what to expect as a normal response when test­

ing for tho knee-jerk, and, also, what is exaggeration, what diminution.
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Before one decides that the knee-jerk is absent, repeated tests should l>o 
made, and the absence of mechanical hindrances (diseased knee-joint, dislo­
cated patellar tendon, ununited fracture of the patella, burial of the tendon 
in fat, excessive edema) ensured.

When the knee-jerk is much exaggerated, a slight tap may cause a 
marked kick, and a spread of the contraction to other muscles. Further­
more, instead of a brief single contraction, a group of contractions rapidly 
succeeding one another may result, causing a clonus of the M. quadriceps. 
In such eases a patellar clonus can often be elicited by seizing the patella 
with the thumb and forefinger from above, pressing it suddenly down­
wards, and holding it in its depressed condition (yielding, perhaps, a 
little) ; the M. quadriceps is set into clonic contractions that continue 
until the patella is relaxed. Along with a patellar-clonus, or in place of it, 
and having the same significance as regards a pvramidal-tract lesion, is the 
crossed adductor reflex. When this is present, the tap on the patellar 
tendon is followed by a contraction of the adductor muscles of the opposite 
thigh, liest seen when this thigh is slightly abducted and rotated lateral- 
ward (Hinsdale and Taylor, P. Marie).

The absence of the knee-kick, sometimes known as WestphaVs sign, is 
of great diagnostic importance as a sign of organic disease of the nervous 
system, as will be seen later. In a normal person the knee-jerk can 
always be elicited. It is occasionally absent as a stigma of degeneration. 
It may be temporarily absent in persons otherwise healthy when they 
are fatigued or exhausted ; thus Knapp and Thomas often found it dimin­
ished and occasionally absent in long-distance runners after the race. The 
knee-jerk may disappear for a short time after an epileptic seizure or 
during chloroform narcosis; occasionally it is absent during acute infec­
tions, especially during pneumonia in, children.

The knee-jerk often disappears early in tabes (lesion of sensory limb 
of arc) ; it also disappears in multiple neuritis and in poliomyelitis 
(lesion of motor limb of arc), provided the disease attacks the region of 
the nervous system in which the reflex-are lies. The knee-jerk often dis­
appears temporarily after a cerebral insult (apoplexy), owing to shock or 
diaschisis. As a rule the knee-jerk is permanently absent after total 
transverse lesion of the spinal cord above the level of the arc (Bastian’s 
law) ; the reason for this is not known.

(b) The Ankle-jerk

(Tleel Phenomenon, Achilles Tendon Reflex)

The patient kneels in a chair, the feet relaxed and hanging free over 
the margin of the scat. The tendo Achillis is then gently tapped with a 
percussion hammer. Normally, plantar flexion of the foot results, owing
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to contraction of the calf-muscles. Tested in this way, the ankle-jerk is 
practically always present in healthy persons, including children.

The ankle-jerk may he absent in the same conditions as those in which 
the knee-jerk is lost. This reflex is fully as important as the knee-jerk; 
indeed, it usually disappears in tabes before the knee-kick goes.

Fig. 631.—'Testing the Achilles Reflex.

If the ankle-jerk ho increased there may result from the tap not only a 
single contraction, but clonic contractions known as ankle-clonus (foot- 
plicnomcnon or foot-clonus). When this is present it may be most beauti­
fully demonstrated if the patient be seated in a chair, his leg flexed 
slightly at the knee, the latter supported by one hand of the examiner, 
while with the flat of the other hand the ball of the foot is pressed sud­
denly upward into a position of dorsal flexion ; the foot should not be held 
lui» rigidly in the dorsally-flexed position by the examiner or the clonus 
will not occur. One tries stronger and gentler dorsal flexion until a max­
imal clonus is obtained. In true ankle-clonus (épilepsie spinale parfaite 
"f Rabinski) the contractions of the calf-muscles occur rhythmically four 
!" six times per second, and continue as long as the foot is held dorsally 
iloxed; in the false ankle-clonus (épilepsie spinale fruste of Babinski), 
im l with in hystericals, and occasionally in health, the oscillations arc more 
frequent, they are not present at every examination, and they do not occur
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in complete relaxation of the muscles. In some instances it is extremely 
difficult to differentiate the false from the true clonus.

(c) The Tarsophalangeal Reflex (Z ec ht erew-Mendel)
On tapping the lateral part of the dorsum of the foot, especially over 

the cuboid bone or the base of the third metartarsal, there occurs in health 
and in functional nervous disorders a dorsal flexion of all the toes except 
the great toe; in lesions of the pyramidal tract there occurs a plantar 
flexion of the toes, often accompanied by spreading of the toes. It is a far 
less reliable reflex than the Babinski phenomenon (q. v.). A special toe- 
reflex—plantar flexion and abduction after a brief volar tap—has been 
described by Rossolimo in pyramidal tract lesions after the third week.

(d) The Periosteal Radial Reflex
The patient’s elbow is flexed at a right angle, held midway between 

pronation and supination, so that the thumb is upward. The surface of

Fig. 6.32.—Testing the Periosteal llndlal Reflex. (Flexion of the Fore-arm on the Arm



Fig. 5.1.1.—Testing the Triceps Reflex.

triceps tendon is then struck with ft percussion hummer; the response 
consists in iv visible contraction of the M. triceps, with more or less exten­
sion of the forearm.

The <levp reflexes in the upper extremities arc somewhat less constant than in 
Hie lower, even in health, and, unless markedly exaggerated, or constantly absent, 
«re of hut little help in clinical diagnosis.

A hand-clonus, which can sometimes he produced by suddenly lifting the fin-
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the radius, just al>ovo its styloid process, is tapped with the percussion 
hammer, and the examiner watches for a contraction of the M. brachio- 
radiulis (supinator longus) near tho elbow.

(e) The Biceps Jerk
The patient’s loosely flexed ell>ow is supported in tho palm of tho ex­

aminer’s left hand, the thumb of this hand pressing upon tho biceps tendon 
at tho bend of the elliow. Tho examiner then taps his own thumb with 
tho percussion hammer. Tho response of tho patient’s tendon is felt 
under tho thumb, and there is an increased flexion of tho fore-arm.

(/) The Triceps Jerk
Tho examiner supports tho patient’s upper arm in a horizontal posi­

tion, the fore-arm hanging loosely, tho ellxnv flexed at a right angle. Tho
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gers hanging loosely in the flexed position, is, like ankle-clonus, an indication of 
exaggeration of tonus. A forearm-clonus and a pectoral clonus have also been 
described (Bouchard).

(g) The Jaw-jerk (Masse ter Reflex)
The patient’s chin, his mouth half open and his masticatory muscles 

relaxed, is supported by the index finger of the examiner’s left hand, the 
thumb resting upon the front of the chin, beneath the lower lip. The 
thumb is then tapped with a percussion hammer. Normally this gives 
rise to a slight contraction of the massctcr muscles, with elevation of the 
jaw. Another method of testing the jaw-jerk is to tap with a percussion 
hammer, the finger, the handle of a spoon or a table-knife placed upon 
the lower teeth.

In marked hypcrtony, mere depression of the lower jaw with the 
fingers may give rise to a clonus, the so-called jaw-clonus, or masseteric 
clonus.
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4. The Superficial Reflexes
(Skin and Mucous Membranes)

By superficial reflexes arc meant t.lio motor responses elicited by stim­
ulating certain areas in the skin and mucous membranes (reflexor/eno 
zones). They arc normally more easily elicited in earlier than in lal'-r 
life. A large number of such reflexes have been described, but only 
those most often used in clinical work will ho mentioned here.
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Table of Superficial Refluxes

Reflex. Method of 
Eliciting.

Normal
Result.

Segmental
Level.

Plantar.

Abdominal:

Partially flex hip and knee, 
rotating extremity 
slightly lateralward; 
gently st roke sole of foot 
from behind forward.

Contraction of all toe- 
flexors, extensors of foot, 
flexors of knee and hip.

Lr-8,.

1. Uppermost Stroke skin of chest down- Retraction in the middle T|—Te.
epigastric ward between 3rd and line near the xiphoid
(diaphragm). 7lh rib, or irritate the process and as far as the 

first, tendinous inscrip­
tion of rectus.

2. Supraum- Stroking skin of abdomen
from 7th rib down as far 
as level of umbilicus.

on side of stimulus from 
costal margin down as 
far as umbilical level, 
including upper parts of 
M. rectus.

3. Infrnumbili- Stroke skin from level of
umbilicus to Poupart’s on side of stimulus from

(Hypogastric) ligament. level of umbilicus to 
Poupart’s ligament.

Cremasteric. Stroke upper part of thigh 
on its medial aspect.

Retraction of testicle. Li—U
Sujierficial anal. Pricking skin of perineum. Contraction of M. sphinc­

ter ani extemufl.
S, and coccy-

tiulbocavcrnosus. Pinch dorsum of glans Palpable contraction of 
M. bulbocavernosus.

sAs.
Gluteal. Stroking skin of buttock. Contraction of M. gluteus 

maximus.
Li—Li.

Scapular. Stroking skin in inter- 
scapular region.

Contraction of scapular 
muscles.

C, to Tv
Palatal or uvular. Touch uvula, or soft pal­

ate, with glass rod.
Elevation of uvula and 

soft palate.
Swallowing. Touch root of tongue with Contraction of muscles of 

deglutition.
Gagging. '1 icklc posterior wall of 

pharynx.
Contraction of pharyngeal 

muscles; occasionally 
vomiting.

Coughing. Witli aid of laryngoscope, 
touch laryngeal mucous 
membrane with probe.

Cough. N. vagus.

Sneezing. Tickle mucous membrane 
of nostril with feather.

Sneezing. Motor part of 
N. trigemi-

Corneal and con- Touch cornea or conjunc- Quick and powerful clos- Sensory part of
junctival. tiva gently with glass ure of lid from contrac- N. trigemi-

Optic-lid.

rotl or head of pin. tion of M. orbicularis. nus: N. fa-

Threaten eye with fist. Closure of lid. N. opticus; N.
facialis.

rI lio reflexes in the table given above need no especial description. By 
far the most important, clinically, are the plantar reflex, the cremaster 
reflex and the abdominal reflexes.
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(a) The Plantar Reflex
The abnormal responses in the domain of this reflex are of the greatest 

help in differential diagnosis. In lesion of the pyramidal tracts (upper 
motor neurons), with integrity of the lower motor neurons and sensory 
paths, instead of the normal flexor response of the great toe to plantar 
stimulation, a remarkable pathological extensor response, known as Bab in- 
ski’8 phenomenon of the toes, is obtained. On stroking, with a dull needle

- --1

Fig. O.'M.—(fl) Left sided Organic Hemiplegia of a Year'» I Miration I‘holograph of the Right 
( Normal> Foot at Rest; (ft) Foot Represented in Figure 1‘holographed at the Moment of 
Stimulating the Sole with a Needle. Tills Illustrates a Normal Response : (e) Subject 
Whose Right Foot Was Shown in Figure (a). 1‘holograph of the Left Foot at Rest
(d) Foot Represented n Figure te). I‘holographed at the Moment of Stimulating the Sole 
with a Needle. "Toe i‘henomenon." This is ordinarily Known ns a "Positive Hnhinski 
and Indicates a Lesloi. of the Pyramidal Tract. (After J. llablnskl, "Gazette des Hô­
pitaux," published by 'tureaux d'abonnement, Paris.)

or with a latch-kcv, the tolo of the foot, especially from behind forward 
along its lateral margin,1 or transversely over the distal part of the soli 
there results a slow but strop g dorsal flexion of the great toe (M. extenso 
hnllucis longus), accompanied either by plantar or dorsal flexion of t!

1 Stroking the medial margin soi «‘times results in plantar flexion when strok 
ing the lateral margin yields dorsal fit xion.
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other toes if they move at nil, and often followed by spreading of the toes 
apart, especially by marked abduction of the little toe (so-called fan-sign). 
Dorsal flexion of the foot occasionally accompanies, and flexion of the knee 
and hip, with marked contraction of the tensor fasciae femoris, often ac­
company, the phenomenon of the toes (flight-reflex, shortening reflex). 
If a “tickle response” be so marked as to interfere with the test, one may 
try lowering the sensibility to tickling by rubbing ice over the plantar 
surface of the foot. It is to the slow hyperextension of the great toe that 
the examiner’s attention should always be directed. In some instances

2. Foot at Moment of Excitation.1. Foot In Repose.
Fig. 635.—Abduction of the Toes ("Fan Sign") of the Right Foot In Spastslc Paraplegia.

(After J. Babinski, “Revue Neurologique," published by Masson et Cle, Paris.)

one cannot decide definitely whether the response is positive or negative; 
the response is “equivocal.” One should test the reflex then on several 
different occasions.

Babinski’s sign has been found positive in the most different lesions of tlie 
pyramidal tract, including (1) recent and old hemiplegias, due to cerebral hemor­
rhage, embolism or thrombosis; (2) tumor cerebri; (If) meningo-cncephalitis; (4) 
Jacksonian epilepsy; (5) epidemic cerebrospinal meningitis; ((>) multiple 
sclerosis; (7) amyotrophic lateral sclerosis; (8) Friedreich’s ataxia; and (9) some 
cases of combined sclerosis in pernicious anemia. It is never positive in hysteria 
without associated organic lesion (Buzzard).

When the Babinski phenomenon is positive one can usually demon­
strate also the presence of the leg phenomenon of Oppenlieim; one runs 
the pulp of the thumb, or tlie handle of a percussion hammer, rather vigor­
ously along the medial surface of the leg over the tibia, or just behind its 
posteromedial edge, passing from above downward to the medial malleolus. 
When the sign is positive there is an active dorsal flexion of the great toe
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and of tlio foot, duo to contraction of tlm M. tibia!ia notions and the M. 
extensor hallucis longus (sometimes of M. extensor digitorum communis 
and of the Mm. peronci). In normal persons, the same summation of 
stimuli results only in plantar flexion of the toes or of the foot, or in no 
reflex movement at all.

In young infants (up to the seventh month) the normal response to 
plantar stimulation is of the extensor type, probably owing to incomplete 
development of the pyramidal tract; but after early childhood—certainly 
after the second or third year—the constant presence of an extensor re­
sponse to plantar stimulation indicates an organic lesion involving the 
pyramidal tract. There is, in my experience, no test more reliable than 
Babinski’s for differentiating organic from functional disorders.

Similar in significance to the Babinski phenomenon and to Oppen- 
licim’s sign is Gordon's paradoxical flexor reflex. The patient lies on his 
back, or sits resting his foot upon a chair, with muscles completely re­
laxed; the examiner, standing beside him, presses deeply with the tips of 
his fingers in the middle of the calf. In lesions of the pyramidal tract, 
extension of the great toe, or of all the toes, results. The plantar reflex 
may, like other superficial reflexes, he entirely absent in functional or 
organic anesthesia of the skin, of the sole of the foot, or, in lesions, of the 
lower motor neurons innervating the muscles concerned.

(b) The Cremaster Reflex
The method of eliciting this is indicated in the preceding table of 

superficial reflexes.
The cremaster reflex is almost constantly present in healthy persons 

(97-09 per cent).
An exaggeration of this reflex is, as yet, of no clinical importance, but 

its absence, especially on one side, is a very important sign of pyramidal 
tract injury. In the coma immediately following the apoplexy causing a 
hemiplegia, the reflex may he abolished on the hemiplegic side (Ited- 
lich), sometimes on both sides; the cremasteric reflex is, however, occa­
sionally retained, despite the existence of a hemiplegia.

(c) The Abdominal Reflexes
These, like the other cutaneous reflexes, are best elicited hv a summa­

tion of stimuli (c. (/., drawing the handle of a hammer or a needle in a 
lino across the skin, cither parallel to or at right angles to the middle line ). 
The response is a brief contraction of the abdominal muscles on the side 
stimulated, often with a corresponding displacement of the umbilicus 
toward the same side.

The response occurs always under normal conditions, provided tin* 
person examined docs not hold the abdominal muscles tense. It is often
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temporarily absent during intra-abdominal disease, especially in appen­
dicitis and in typhoid fever (II. I). Kollcston).

Absence of the abdominal reflexes in young people, especially when 
associated with weakness of the abdominal muscles, points strongly to 
multiple sclerosis (v. Striimpcll, E. Midler), an observation 1 bave many 
times bad opportunity to confirm.

The relations of the abdominal reflexes to the cerebral cortex arc inter­
esting. They are especially influenced by cortical lesions. A person can­
not elicit his own abdominal reflexes (psychic cortical influence). Again, 
in hysterical or suggested anesthesia of the skin of the abdominal wall, the 
reflex may not bo cl ici table.

It seems certain that the reflex depends on superimposed arcs, a lower 
arc made up of cord and peripheral nerves, and one or more higher ares 
made up of long paths, including the cerebral cortex within the arc. 
Hence abolition of the abdominal reflex may bo met with, not only in 
lesions of the pyramidal tract, but also in peripheral lesions (neuritis, 
pressure on nerve-roots, etc.). In tubes the reflex may be either abolished, 
or in cases with hyperesthesia of the skin of the trunk, exaggerated.

A number of reflexes (including the sphincter reflexes and the pupil­
lary reflexes), the motor limbs of the arcs of which belong to the autonomic 
nervous system, will bo referred to further on.
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5. Testing the Active Movements

(a) Preliminary Orienting Examination
Here again it is well to make, first, a quick, general and somewhat 

superficial examination for purposes of orientation, testing, (1) several 
simple voluntary movements by command, (2) certain of the more com­
plicated coordinated movements, such as (a ) touching the nose with the 
finger or (b) the knee with the heel, (3) the maintenance of equilibrium 
with the eyes shut, (4) the speech (including writing), (5) the gait of the 
patient and (6) certain praxic phenomena. If this first examination for 
orientation reveal abnormalities, then a systematic and complete investi­
gation of the whole motor sphere should lie undertaken according to the 
tables given at the end of this section.

In testing the active movements, we first exclude (a) pain-preventing 
movements and (b) the existence of mechanical hindrances to movement 
(joint-stiffness, scars, contractures).

i. Simple Movements
When the patient responds to our request to perform various move­

ments, we note any limitation in the extent of the movement and the slow­
ness or quickness with which it is performed. We test also the strength 
of the movement by requiring the patient to perform it against resistance 
made by ourselves. Wo compare especially the power on one side with 
that on the other, remembering, of course, that the power of the right arm 
is usually stronger than the left in the proportion of about 5:4. We keep 
in mind that, in voluntary movements, groups of muscles (synergists) are 
commonly used together, the agonists or protagonists contracting vigor­
ously, the antagonists simultaneously relaxing or contracting, only in su Hi 
cient degree to grade the movement. In these complicated synergisti • 
movements individual muscles may not act as a whole ; certain parts <
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individual muscles only contract. In an exact analysis, therefore, of 
motility, it is desirable to test, in as far as this is possible, the functions 
of the individual muscles, as well as the capacity for purposeful syner­
gistic movements.

Special attention should be paid to any abnormal tendency to fatigue 
on the repetition of voluntary movements. A patient may he able to per­
form a movement once or twice relatively well, but on further repetition 
the movements grow weaker until, finally, they can no longer be performed 
at all. In myasthenia gravis this abnormal fatigability of muscles often 
appears first in the eye- 
muscles or in the mus- 
c 1 es of mastication 
(chewing beef-steak).

One asks the pa­
tient to wrinkle up his 
forehead, to frown, to 
close the eyes tightly 
(against resistance of 
examiner’s thumb and 
forefinger), to open the 
eyes wide, to laugh, to 
show the teeth, to grip 
the jaws tightly togeth­
er, to make chewing 
movements, to put out 
the tongue and to move 
it from side to side.
The eye-movements are 
quickly and roughly 
tested by asking the pa­
tient to follow the exam­
iner’s finger moved in 
various directions. Con­
vergence is tested by 
bringing the finger close 
to the nose as the pa­
tient focuses upon it. If any abnormality in eye-movement is found, one 
tests each eye separately in order to distinguish disturbances of associ­
ated movements from monocular anomalies.

In the extremities the patient’s power of flexion, extension, abduction 
and adduction, medial and lateral rotation are tested for each joint, in as 
far as each joint is capable of undergoing such movements. The exam­
iner takes firm hold of the limb with his hands, one hand proximal to the 
joint to be tested, the other distal from it, and asks the patient to make

Fig. 536.—I'malyHls of M. senatus magnus aud M. rbom- 
boldvus. (Mod. Service, J. II. II.)
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movements against resistance. The strength of the hand may bo tested 
by the grip or by the dynamometer ; the latter is scarcely necessary, as one 
soon learns to estimate a normal grip.

In the region of the trunk especial attention should be paid to the size 
of the trapezius on each side, and one should note whether or not the 
scapulae stand at the same level and if the deltoid be normally prominent. 
The patient should be able to lift each arm to a vertical position. On 
testing the forearm for supination and pronation the shoulder should bo 
fixed, in order to make sure that the movements are made at the ell>o\v 
and not in the shoulder-joint. The movements of the spine are tested by 
asking the patient to bend forward, backward and to each side, and to 
rotate his trunk in each direction. On examining the lower extremity, 
besides testing the movements of the various joints in all directions, one 
inspects closely (1) the anterolateral surface of the leg to see whether or 
not the M. tibialis anticus and the M. digitorum communis project nor­
mally, and (2) the back of the leg, to sec if the calf-muscles are of normal 
volume. In the hands, the thenar and hypothenar eminences should 
always lie inspected, as well as the‘interosseous spaces on the backs of the 
hands.

ii. Coordinated Movements of the Extremities

For rough orientation two tests suffice: (1) the finger-nose test, and 
(2) the heel-knee test.

The Finger-nose Test.—The patient is asked to close his eyes, and, 
with his arm extended to one side, slowly to make a movement by which 
bo touches the end of his nose with the point of his index finger. One 
requires him to make the movement at different speeds, and notices (1) 
whether the finger reach its goal or not, (2) whether it attain it by the 
shortest course, and (3) whether any marked tremor or oscillation lie 
exhibited, especially as the goal is approached (intention-tremor).

One may modify this test by asking the patient to touch the index 
finger of one hand with the same finger of the other, or to place the tip of 
his index finger in the bell of a stethoscope held at some distance from 
him. One compares the ability of the patient to make the movement witli 
his eyes open with that shown when the eyes are shut.

Wo may also ask the patient (1) to bring a glass brim full of water 
to his mouth, (2) to button and unbutton his coat or his collar, and (3) to 
thread a needle.

The Heel-knee Test.—The patient, lying on his back, is asked to 
close his eyes and to touch the knee of one leg with the heel of the other, 
and then to pass the heel slowly down the front of the shin to the ankle

The patient may also bo asked to hold, with his eyes closed, each fool 
steady at a certain distance above the bed (static test), or ho may hi
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required to make a circle with his foot, or to designate certain geometrical 
figures therewith (dynamic test).

The pointing error lest has been described under Tests of Vestibular
Function.

iii. Coordination of Muscles of Trunk (Romberg's Symptom)

Any marked disturbance of equilibrium will probably bo shown by 
swaying oil standing or sitting. Slighter disturbances will be detected 
by removing from the patient some of the normal aids to equilibrium. 
One asks him to close his eyes and to stand with the medial margins of 
his feet close together. A healthy man can stand steadily, presenting 
only a very slight and slow oscillation. Marked swaying or inability to 
stand is known as Romberg's symptom. One also asks the patient to rise 
from a sitting position, and to sit down from a standing position, with his 
eyes closed. The maintenance of equilibrium can be made more difficult 
still by requiring the patient to hold his arms straight out in front of him, 
to incline his head to one side, or to hold his head strongly flexed, ex­
tended, or rotated.

Ataxia on walking, if slight, may appear if the patient be required to 
make, suddenly, a right about turn.

iv. Speech and Writing

The anamnesis will usually reveal whether or not any speech disturb­
ance is present. Wo note (1) how the patient expresses himself, and 
(2) whether or not ho understands what we say to him. Wo ask him to 
write his name and address, and note any abnormalities. If a speech dis-* 
turbance is obvious, or be suspected, the special examination for the 
organs of speech is made (see Aphasia, further on).

v. Gait

Wo ask the patient to walk, first slowly, then quickly, and wo observe 
closely the gait. Docs lie walk straight forward ? Arc the two legs moved 
alike? Does ho walk with a broad or narrow base? Is the gait stamping 
or flopping? Does he swing one leg out from the side or drag his toe ? 
Can ho turn quickly and walk in the opposite direction? (see section deal­
ing with pathological gaits).

vi. Certain Rough Praxic Tests

The examiner asks the patient to perform certain acts. For rough 
orientation the following will suffice: (1) beckoning; (2) lighting a can­
dle; (3) conducting an orchestra ; (4) grinding a coffee-mill, followed by 
turning a hand-organ ; (5) sealing a letter ; (ti) sharpening a lead pencil; 
(7) opening a pocket-knife (see Apraxia).
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(6) Systematic Analysis of Active Movements
A thorough examination of all the muscles of the body accessible to 

the clinician is necessary if one wishes to avoid overlooking important 
motor disturbances. There are so many muscles and movements that the 
examiner should not attempt to keep them all in his head, but should 
follow a definite scheme, such as that presented in the following table :

Scheme for Exact Investigation of Active Movements1

A. Head, Neck and Trunk
/. Movements of Face and Jaw

Active Movements

1 Wrinkling the forehead trans­
versely; elevation of eyebrows..

2 Frowning........................................
3 Shutting the eyes tight.................
4 Enlarging the nostrils; wrinkling
6 Drawing angle of month to side ;

laughing; showing teeth...........
6 Drawing angles of mouth down-
7 Elevating lower lip........................
8 Pointing the lips; whistling.........
9 Moving the external car...............

10 Chewing; biting.............................
11 Movement of mandible lateral-

ward and forward......................

Muscles Non",

M. cpicranius N. VII
N. VII

M. or! imluris palp. N. VII
M. uasalis; M. depressor septi N. VII
M. quadratus lab. sup.; N. VII
M. sygomatieus, etc.

N. VII
M. triangularis
M. mcntalis N. VII

N. VII
Mm. auriculae N. VII
M. masseter; M. temporalis N. V,
M. pterygoid, mcd. et. lat. N. V*

Segments

//. Movementa of the Eye»

Active Movements Muscles Nerves Segments

1 Elevation of upper lid...................
2 Looking upward and medial ward

M. levator palp. sup. N. Ill
M. rectus superior N. Ill

3 Looking upward and lateral ward M. o'.liquus inferior N. Ill
M. rectus medialis N. Ill

5 Looking lateralward M. rectus lateralis N. VI
6 Looking downward and medial-
7 Looking downward and lateral-
8 Associated movement of two eyes

to left and to right.....................
9 Convergence of eyes......................

10 Accommodation for near vision..

M. rectus inferior N. Ill
M. obliquas superior N. IV

M. ciliuris Autonomic

III. Movements of Tongue, Soft Palate, Pharynx and Larynx

Active Movements Muscles N.™» Segments

1 Protrusion and retraction of the 
tongue; movement of the tongue 
to each side.................................

Intrinsic mm. of tongue;
M. genioglossus;

N. XII

2 Movements of soft palate on in­
tonation ......................................

M. tensor palnti;
M. levator vcli palati;
M. palatoglossus;
M. palatopharyngcus

N. IX; X

3 Swallowing..................................... '1 he pharyngeal muscles in N. IX; X
4 Elevation of epiglottis...................

addition to the im Inti no
M. thyreo-nryepiglotticus N. laryng. sup.

6 Movements of vocal cords............ Laryngeal muscles N. reeurrens

i Compiled by the author from Oppcnheim, Jainiii, Flatau el al.
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IV. Movements of Head, Neck and Trunk

Active Movements Nerves Hegnients

1 Bending head and neck forward 
(Flexion).....................................

M. rectus capitis anterior;
M. longus capitis;
M. eternoclcidomastoideus

Nn. eerv. i-iii
Nn. cerv. i-iv
N. XI

Ci
C'|-C« 
Ct—c.

2 Bending head and neck backward 
(Extension).................................

M. spleniiiM canitis ct cervicis. 
M. semispinalis capitis et
M. rectus capitis post. maj.

Nn. cerv. i-iv
Nn. cerv. i-iv

Ct—c.
Ci—Ct
Cl—C,

3 Rotating head to one side............. M. sternoeleidomnstoi'leus
M. obliquus capitis inferior
M. longus colli

N. XI
Nn. cerv. i-iii
Nn. cerv. i-iii

Ct—Ci
Ct
Ct—c.

4 Flexing head latcralward to
shoulder......................................

5 General attitude of spine..............
0 Extension of spine; bending trunk

backward....................................

M. rectus capitis lateralis
M. spinalis cervicis
M. ilioeostalis dorsi ct lum-
M. longissiinus dorsi

Nn. cerv. i-iv
Cl

Nn. thoraeales
Nn. thoraeales

Tt—Li
Tt—Tn

7 Flexion of spine; bending trunk M. rectus abdominis, etc. Nn. tlior. viii-xii T.-T„
8 Rotation of the spine to right or
9 Latcro-flexion of spine ; bending

M. semispinatus dorsi Nn. thoraeales T«—-Tt
M. quadratus lumborum Plexus lumbalis Tu—Lt

10 Contraction of diaphragm (ali- 
dominal breathing; I.itten’ssign;

Diaphragm N. phrenicus Ct-Cs

11 Thoracic breathing.........................
12 Abdominal compression (bearing

down; coughing; loud crying)...

Mm. scalcni;
Mm. intercostales
Diaphragm with dosed glottis; 
Alxlominal muscles;
Muscles of jielvis floor

Nn. cervicales
Nn. thoraeales

C«—Tit
Ct-Cs
T»—Li
8i—8t

B. Shoulder Girdle and Upper Eilremily

/. Shoulder Blade

Active Movements Muscles Segments

1 Raising the scapula, drawing it 
upwards......................................

M. trapezius
M. levator scapulae

N. XI, Nn. eerv. iii, iv 
N. dorsalis scapulae

Ct-C. 
Ci—Cs

2 Drawing scapula toward middle Mm. rhomboidei N. dorsalis scapulae C«-C 1
3 Fixation, and rotation, of scapula. M. serratus anterior N. tliorac. longus Ci-Cj

II. Shoulder-joint
(Movements of Upper Arm)

Active Movements Muscles Nerves Segments

1 Lifting arm forward or at the side 
to a horizontal level; abduction

M. dcltoidcus N. axillaris C.—C.

2 Adduction of arm, and drawing it M. pcct. maj. ct min. (when 
arm is outstretched)

M. latissimus dorsi (downward 
and backward)

M. supraspinal us
M. infraspinatus
M. teres minor
M. subscapularis
M. teres major

N. tliorac. ant. Ci—Cs

3 Rotation latcralward.....................

1 Rotation inedialward.....................

N. subscapul.
N. suprascap.
N. simraseap.
N. axillaris
N. aubseap.
N. subscap.

C«—Cl
Cl
Ci—Cs
Ci
Ci—Cs
Cs
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///. Elbow-joint
(Movement* of the Fore-arm)

Active Movements Muncies N'"“ Segments

1 Flexion:
M. biceps brachii
M. brachial is
M. hrarhioradialis

Cl Cl

(6) In half-pronation...............
N. musculocut.
N. rndialis

Ci-C.
C.-C,

4 M. pronator teres N. medianus Ce-Cr

M. supinator (brevis) N. rndialis Ci—Cr

IV. Wrist-joint
(Movement* of the Hand)

Active Movements Muscles Nom» Segment*

1 Volar flexion................................... N. medianus Ci-Cjc.
2 Dorsal flexion (-Extension)........ M. extensor carpi rad. long.

M. extensor carpi rnd. lirev.
M. extensor carpi ulnnris

N. rndialis
N. rndialis
N. radinlis

Ct-Ci 
Ce—Cr 
Cr-C.

3 Mending hand radialward............. M. extensor carpi rad. long.
M. flexor carpi rnd.

N. radinlis
N. medianus

C*—C7 
Cr—Ci

4 Mending hand ulnarward............... M. flexor carpi ulnnris
M. extensor carpi ulnnris

N. ulnnris
N. radinlis

c,
Cr-C.

V. Movements of Fingers II-IV

Active Movements Hindoo Norvo. .Segments

Flexion of the proximal phalanges Mm. interossei N. ulnnris Ct—C.
Mm. lumbricales Cr-C.

Flexion of the middle and terminal 
phalanges....................................

M. flexor digitor. sulilim Nn. mod. et uln. Ct—Ti

Ct—Ti
Extension of proximal phalanges.. M. extensor digitor. com. N. radialis C.-C,

M. extensor indicia N. radialis C.-C,4 Extension of middle and terminal Mm. interossei N. ulnnris Ci—Ci

Spreading the lingers (nlxluction) Mm. interossei dorsales N. ulnnris
° Adduction of the fingers............... Mm. interossei volares N. ulnnris

VI. Movements of the Thumb

Active Movements Muscles Non™ a™,™

» Flexion of the metacarpus and of M. flexor poll, brevis Nn. mcd. ot uln. C.-C;

i Flexion of terminal phalanx.........
Extension of metacarpus and of

M. abductor poll, brevis
M. flexor poll, longus
M. extensor poll, longus

N. medianus
N. medianus
N. radialis

Cl—c. 
C< 1 
Cl—(

4 Abduction of metacarpus..............
M. extensor poll, brevis
M. abductor poll. long.

N. radialis
N. radialis
N. medianus SB
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VII. Movement» of the Little Finger
Active Movements Muscles Nerv™ Segments

1 Flexion............................................
2 Extension.......................................
3 Abduction.......................................
4 Opposition......................................

Mm. flexor digit, prof, et subi. 
M. flexor digit, nun. brev.
M. extens. digit, min. prop.
M. abductor digit, min.
M. opponent digit, min.

Nn. med.-et uln.
X. ulnaris
X. radialis
X. ulnaris
X. ulnaris

Cr-T.
C«
Cr-T.
C.-Ti
Ce

C. Pelvic Girdle and Lower Extremity

/. Hip-joint
(Movements of the Thigh)

Active Movements Muscles Xerves

U
 iji

iy
 ff

îïï
sl i1 Flexion............................................

2 Extension.......................................
3 Abduction.......................................
4 Adduction.......................................

5 Lateral (external) rotation............

0 Medial (internal) rotation.............
7 Sitting up, when lying on the back
8 Fixation ot the pelvis on the thighs:

At the side..................................

M. sartorius; M. rectus femoris 
M. tensor fasciae latao
Mm. glutacus mod. et min.
M. pcct incus
Mm. adduct, long., brev., et
M. gracilis
M. obturator ext.
M. pyriformis
M. quadrat us femoris
Mm. gemelli
M. obturator int.
Mm. glutacus med. et min. 
Abdominal muscles; Iliopsoas
M. glutacus maximes.............
Mm. glutacus med. et min.

Xn. lumbak-s
X. femoral is
X. femoral is
X. glut. inf.
X. glut. sup.
X. obturât.
X. obturât.
X. obturât.
X. obturator.
X. glut. sup.
X. ischindicus
X. ischindicus
X. ischindicus
X. glut. sup.

X. glut. inf.
X. glut. sup.

II. Knee-joint
(Movements of the Leg)

Active Movements Muscles N,r,„

1 Flexion............................................

2 Extension

M. biceps femoris
M. semi tend!nos.is
M. semimembranosus
M. gracilis
M. sartorius
M. quadriceps femoris

X. ischindicus
X. ischindicus
X. ischindicus
X. obturator.
X. femoralis
X. femoralis

III. Ankle-joint
(Movements of the Foot)

Active Movements Muscles Nerves Segments

1 Dorsal flexion:
(a) Elevation of medial margii
(b) Elevation of lateral margin

2 I'lantar flexion...............................

•i Adduction with elevation of media 
margin of foot (supination)...

4 Abduction; pronation..................

M. tibialis anticus

Mm. pcroncus long, ct brev.

M. soleus
M. tibialis posticus
M. pcroncus brevis 
(Also other Mm. peron. am 

M. ext. dig. 1.)

X. pcroncus

X. pcroncus
X. tibialis
X. tibialis
X. tibialis
X. pcroncus

Le

Le—Si

I*-* 
l-i—Si
Le—Si
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IV. Movements of Toes II-IV

Active Movements N.,v» Segments

1 Flexion:
(a) Of proximal phalanges----
(b) Of terminal phalanges.......

2 Extension........................................
3 Spreading the toes (abduction)...
4 Adduction.......................................

Mm. interoesei et lumbricales 
Mm. flexor digit, long. et. brev. 
Mm. extensor digit, long, et
Mm. interoesei dorsales
Mm. intcrossei volarcs

N. tibialis
N. tibialis
N. peronuus
N. tibialis
N. tibialis

Si—8*
I-i—Si 
û—Si

81—8* 
Hi—ti*

V. Movements of the Great Toe

Active Movements Muscles Segments

1 Flexion :
(а) Of the proximal phalanx..
(б) Of the distal phalanx.........

2 Extension:
fa) Of the proximal phalanx. . 
(6) Of the distal phalanx........

3 Abduction.......................................
4 Adduction.......................................

M. flexor hallucis brevis
M. flexor hallucis longue
M. extensor hallucis brevis
M. extensor hallucis longue
M. abductor hallucis
M. adductor hallucis

N. tibialis
N. tibialis
N. peroneus
N. peroneus 
\. til i:ilM
N. tibialis

8i—8*
Lt—ti*

fcfc
ht—Hi 
Hi—8i

VI. Movements of the Little Toe

Active Movements Muscles Nerves

2 Abduction......................................
3 Opposition......................................

M. flexor digit, min. brev.......
M. abductor digit, min.
M. opponens digit, min.

N. tibialis
N. tibialis
N. tibialis

8i—Hi
Hi—Hi

D. The Movements of the Eyes and Their Innervation

N.rv. Muscles Active Movement

N. Ill; N. oculomotorius__ 1 M. levator palpcbrae
2 M. rectus superior

3 M. rectus inferior

4 M. rectus mediulis
5 M. obliquus inferior

1 Lifts the upper lid.
2 Moves the cornea and the visual line chiefly

upward and slightly medialward; slight wheel- 
rotation of upper half of eye nasal ward.

3 Moves the cornea and the visual line downward
and slightly medialward; slight whoel-rotaimii 
of lower half of eye nasal ward.

4 Moves the cornea and the visual line medial-
ward; adduction, horizontal pull nasalward.

!i Pulls the posterior, lateral inferior quadrant 
medialward and downward: moves the cornea 
and the visual line upward and lateral ward, 
and causes wheel-rotation, so that the lower 
half of the cornea rolls medialward; the up|ier

N. IV; N. Irochleari*........... 0 M. obliquus superior 11 Pulls the lateral, upper, posterior quadrant of 
the eyeball upward and medialward; moves 
the cornea and the visual line downward and 
lateralward, and causes wheel-rotation so 
that the upper half of the eyeball rolls n i-ul-

N. VI; N. nbducens.............. 7 M. rectus lateralis 7 Moves the cornea and the visual lino lm > - 
ward; abduction, horizontal pull ln‘< ral-
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(c) Rules for Detecting Paralysis of the Eye-muscles
1. Examine the width of the lid-slits; if the upper eyelid hang too 

low and the patient cannot raise it (except by contracting the M. epi- 
craiiius), there is ptosis, due to paralysis of the M. levator palpcbrae.

2. Ask the patient to look at an object at a distance. Normally, the
axes of the two eyes will be ; if they be not parallel, squint or

A1.rrct.sup.

StM ini obi. inf.
Street. Kit. At. rect. med. ■M.reetjat.

W. obi. sup. 'At obi. sup.

M.rect. inf.

LETT EYE
/I. rect. inf 

RIGHT EYE

\A

Fig. C:S7.—Effects of Contraction of the External Muscles of the Eye. (After Heine.)

strabismus exists. This may be due t<> a paralysis of an eye-muscle (stra­
bismus paralyticus), or there may be no eye-muscle paralysis (strabismus 
concomitans).

3. Ask the patient to look spontaneously to the right, to the left, up 
and down, and note whether the eyeballs make the full excursions nor­
mally seen.

4. Ask the patient to follow the examiner’s finger, moved in the several 
directions; occasionally, eye-movements can thus bo performed that do not 
occur on spontaneous looking.

T*. Ask the patient to look at a distance, and then at the examiner’s 
finger held close to the face (convergence test).

55
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In 3, 4 and 5 the angle of a paralytic strabismus becomes enlarged on 
movements involving the function of the paralyzed muscle ; if a muscle l>o 
totally paralyzed, the eye does not move at all in the direction it should 
follow on normal contraction of the muscles ; if it he only paretic, it moves
less than normal with gradual increase of the angle of the squint. In
strabismus concomitans, the angle of the squint does not change on move­
ments of the eyes in any direction.

6. Ask the patient to fix on an object first with the paralyzed eye (the 
other covered with the hand), and then with the healthy eye (the paralyzed 
eye covered) ; it will bo observed that the deviation is greater in the eye

'itlglit Eye Seen rum Behind

jOjjalui nni.UA ‘tv •.

,.M. rectus superior

M. alHlueeUH

Mu.uniiqo •j\i
Region of macula 

N. opticus

M. obllq. superior 
JOfjoJu} 'bfiqn i\[ y 
M. rectus intern. ».

■ujAfuf nni.ua ‘jf 
M. obllq. inf.

uo)jJtlnn •btiqo -/V

\? / *'• M. rectus Inferior
AOiJJtlnn mi(,)ja yg*

pufqjff uiojJ u.uh oily tP'I

Elg. fi.'lR.—Diagram of Movements of the Eyeball and of Diplopias Due to I’aralysls of the 
Eye-muscles.— In the Vprlght Position the Diagram Is for the Right Eye; In the Dla 
gram Held Vpslde Down, the Italics Are for the Left Eye. The Arrows Near the 
Muscles Indicate the Components of the Direction of Action of the Individual Mus­
cles. The Arrows Pointing to the Rectangles Indicate the Double Images, the Black 
the Real Image, the White the False One; the Latter is Dislocated ns Regards the
Former in the Direction Indicated by the Arrow. After O. Veraguth, “Die kiln. Unter 
such. Nervcukrankcr," published by J. F. Bcrgmnnn, Wiesbaden.)

excluded from vision when the affected eye is fixed (secondary deviation > 
than vice versa.

7. Ask the patient, bis head being in the position for looking straight 
forward, to fix on an object with the affected eye, the object being place-1 
in a part of the visual field that, for fixation, requires contraction of tl 
enfeebled muscle. Then ask him to touch the object with his finger. Tl
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abnormally strong innervation required to make the weak muscle contract 
sufficiently to tix on the object, deceives the patient into thinking that the 
object is situated further from the middle line than it really is; lie pro­
jects it falsely in space. Thus, for example, if his M. rectus lateralis of 
the right eye bo paralyzed, ho will think the object lies farther to the right 
than it does, and on attempting to touch it (touch test), will place his 
finger to the right of it.

8. Make a systematic test for the existence of double images 
(diplopia) ; this test is far more delicate than the other tests fur strabismus, 
and may reveal eye-muscle weakness, not discoverable otherwise.

We take the patient in a dark room, cover one eye with a red glass, 
the other with a green glass, and ask him to look at a long, lighted candle 
which wo hold at a distance of !) or 10 feet from the patient and move into 
all nine parts of the visual field. We note (1) whether double images 
occur; (2) in what positions of the candle they occur; (3) how the two 
images—the false seen by the paralyzed eye, the true by the sound eye— 
stand in relation to one another; whether on the same side of the true 
image as the eye affected, or crossed ; whether the false imago is on a hori­
zontal level with the true, or is higher, or lower; whether the false imago 
has its upper end tilted toward, or away from, the true.

The kind of diplopia that will appear in the several paralyses, can bo 
easily arrived at by analysis if one knows the action of the several 
muscles on the eyeball and considers what abnormal position the eyeball 
must assume.

As Axenfeld emphasizes, it is absurd to learn by heart the squints and 
the double images for all the different paralyses. The two following rides 
are, however, helpful;

(a) The deviated eye in a squint always dislocates its (false) 
imago into the half of space opposite to that of the squint.

Thus in lateralward squint (strabismus divergens) ; false imago 
mediahvard (nasalward, crossed) ; in mcdialward squint (strabismus 
convergcns) : false image lateralward (temporalward, uncrossed); in 
downward squint (strabismus deorsum vergens) ; false image up­
ward ; in upward squint: false image downward.

(b) The false image becomes displaced in the direction toward 
which the paretic or paralyzed muscle normally draws the eyeball.

Thus, in paralysis of the M. rectus medialis: mcdialward (nasal- 
ward, crossed, corresponding to the strabismus divergens) ; in paraly­
sis of the M. rectus lateralis; lateralward (uncrossed, corresponding 
to the strabismus convergcns) ; in paralysis of the M. rectus superior: 
upward, slightly mediahvard (crossed), and the tops rotated slightly 
nasalward, vertical and slightly crossed diplopia.
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In all diplopias, the patient, in order to avoid the double images, tends 
to hold the head so that in looking straight forward the weak muscle is 
innervated as little as possible; thus for every eye-muscle paralysis there 
is a definite head-attitude.

For exact measurements of slight muscular insufficiencies (hetero- 
phoria), various instruments (phorometer, tropometer, clinoscope, plioro- 
optometer) have been devised for the use of specialists on the eye.

(rf) The Movements of the Tongue

We study the following movements of the tongue, as worked out by 
Flesch: (1) protrusion of tongue (bilateral action of Mm. gcnioglossi) ; 
extreme protrusion requires also the action of the Mm. pterygoidei to 
shove the mandible forward; (2) turning the protruded tongue to one 
side (M. genioglossus of opposite side); (3) retraction of the tongue 
(Mm. styloglossus, hyoglossus, and chondroglossus) ; (4) turning the 
tongue in the mouth to one side (M. styloglossus of the same side) ; (5) 
feeling the lateral surface of the mouth cavity with the tongue (simul­
taneous contraction of the homolateral M. styloglossus and the heterolateral 
M. genioglossus) ; (6) depression of the tongue (Mm. genioglossi and 
hypoglossi) ; (7) elevation of the tongue (Mm. styloglossi and palato- 
glossi) ; (8) narrowing and broadening the tongue (Mm. transversalis et 
longitud. linguae).

6. Disturbances of Motility (Striped Muscles)
Total inability to perform active movements is known as paralysis or 

akincsis. When the movement is weakened, though not completely lost, 
we speak of paresis or hypokinesis. Symptoms of motor irritation reveal 
themselves as involuntary contractions and are sometimes described under 
the designation hyperkinesis. Disturbances of coordination are grouped 
under the general heading of ataxia.

(a) Paralysis, or Palsy, and Paresis

(The Akinesias and Hypokinesias)

Paralytic disturbances of function can be classified in different ways: 
(1) according to the tonus of the paralyzed muscles; (2) according to tin 
state of nutrition of the paralyzed muscles; (3) according to the distrilm 
tion of the paralyzed muscles; and (4) according to the gravity of the 
disease.
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i. Paralyses Classified According to the Tonus of the Paralyzed Muscles

{Flaccid and Sinstic Paralyses)

When the tonicity of the muscles paralyzed is less than normal (hypo­
tonic or atonic) we speak of a flaccid paralysis. When it is greater than 
normal, the muscles being rigid (hypertonic), we speak of a spastic 
paralysis. In flaccid paralyses, the deep reflexes are usually diminished, 
whereas in spastic paralyses they are greatly exaggerated. As a result 
of paralysis of one group of muscles and hypertony of antagonists, con­
tractures are prone to develop.

ii. Paralyses Classified According to the State of Nutrition of the Muscles Paralyzed

(Atrophic and Non-atrophic Paralyses)

While all paralyzed muscles atrophy somewhat from disuse (atrophy 
of inactivity), there are certain paralyses in which a rapid degenerative 
atrophy develops and an electrical reaction of degeneration (see under 
Electrodiagnosis) appears in the muscles paralyzed. Such atrophic 
paralyses are due to lesions of the lower motor neurons ; the non-atrophic 
paralyses, those that show no degenerative atrophy, hut only the rela­
tively slight atrophy of disuse without reaction of degeneration, are due to 
lesions in the motor paths superior to the lower motor neurons. They 
include paralyses due to lesions of the pyramidal tract and the hysterical 
or so-called aboulie paralyses.
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iii. Paralyses Classified According to the Distribution of the Muscles Paralyzed

(Topography of Paralyses)

The paralysis may involve: (1) a single muscle or the muscles inner­
vated by a single peripheral nerve {neural paralysis); (2) the muscles 
belonging to the domain of several peripheral nerves and corresponding to 
the distribution of a plexus or a trunk of a plexus {plexus paralysis) ; (3) 
the muscles belonging to one nerve root or to one segment {segmental or 
radicular paralysis) ; (4) the muscles of a whole extremity or of a part of 
an extremity {monoplegia) ; if the face alone lie involved, we speak of a 
monoplegia facialis, if the arm alone, of monoplegia brachialis, if the leg 
alone, of monoplegia cruralis; or (5) the muscles of several extremities 
may lie paralyzed simultaneously. When the muscles in a pair of extremi 
ties (both sides of the face, both arms, both legs) arc symmetrically para
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lyzcd, we speak of a paraplegia or diplegia; thus paralysis of both arms is 
known as paraplegia superior, or paraplegia brachial is ; when both legs arc 
paralyzed, it is a paraplegia inferior, or paraplegia cruralis. When the 
musculature of one-half of the body is paralyzed or paretic, the condition 
is known as a hemiplegia. This may be total, involving face, arm, and 
leg; or it may be partial, involving only the face and arm, or only the arm 
and leg of one side. According to the site of the lesion within the central 
nervous system, wo distinguish cerebral from spinal hemiplegias; in the 
latter, the face is, of course, unaffected. In focal diseases of the midbrain, 
pons and medulla, there may be a paralysis in the domain of one or more 
cerebral nerves on one side and of the extremities on the other side, 
known as hemiplegia alternans. According as the lesion involves (1) the 
N. oculomotorius, (2) the N. facialis and N. abduccns, (3) the N. liypo- 
glossus and N. glossopharyngcus, wo speak of (1) hemiplegia alternans 
superior (Weber), (2) hemiplegia alternans inferior (Millard-1 )ublcr), 
and (3) hemiplegia alternans intima. When the arm on one side and the 
leg on the other are simultaneously paralyzed we call it a hemiplegia 
cruciula (see also Topical Diagnosis).
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iv. Paralyses Classified According to the Gravity of the Disease
(Organic and Functional Paralysis)

Clinically it is convenient to separate paralyses due to what we call 
-ranic lesions of the neuron systems, that is, to changes that are in some
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way demonstrable in the tissues by the methods at present at our disposal 
and largely irreparable, from the so-called functional paralyses, in which 
no such lesions are demonstrable by the methods we now use, structural 
changes, if they exist, being so delicate as not to be recognizable by our 
present means of study. The hysterical and other psychogenic forms come 
under the head of functional paralyses, whereas those due to vascular 
lesions (hemorrhage, embolism, thrombosis), to tumors, to inflammations 
and the like are described as organic paralyses. The means of distinguish­
ing between these types will bo discussed when the diagnosis of the nature 
of nervous diseases is taken up.

(h) Phenomena of Motor Irritation ; Involuntary Contractions of 
Striped Muscles

(The Hyperkinesias and Parakinesias)

Through increasing physiological stimuli, through pathological stimuli, 
or owing to pathological irritability of the motor neuron systems, symp­
toms of motor irritation (hyperkinesis) may develop.

Such abnormal stimulation or abnormal irritability may affect the 
lower motor neurons or the upper motor neurons, either (1) directly, or 
(2) indirectly, (a) through the centripetal conduction paths (reflex 
hyperkinesis), or (b) through the higher associative conduction paths 
(psychogenic livperkincsis).

Among the phenomena of motor irritation manifesting themselves as 
involuntary contractions of striped muscle, we shall consider (1) fibrillary 
and fascicular twi tellings ; (2) tremors; (3) pathological associated move­
ments or synkinesias; (4) chorea and the choreatic disturbances of mo­
tility; (5) athetosis and the athetotic disturbances of motility; (C) forced 
movements, forced attitudes, and conjugate deviations; (7) imperative 
acts; (8) paroxysms of over-contraction or hyperkinesis (fits or convul­
sions, cramps, etc.).
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i. Fibrillary Twitching, Fascicular Twitching and Myokymia

By these movements wo mean quick twitchings of single bundles ' 1 
muscle fillers (fibrillary twitching), or of larger groups (fascicular twitt ­
ing), or wavelike fluctuations (myokymia) without locomotor effect.

Many persons on exposure to cold present, temporarily, such twitch-
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ings or wavelike motions in the larger muscles of the extremities; they 
may be regarded as the first stages of a rigor or chill. Such contractions, 
which rarely affect the small muscles of the hand and almost never the 
muscles of the face, arc of no diagnostic significance.

Extremely important for diagnosis, however, arc the true fibrillary 
and fascicular twitellings, which occur in muscles undergoing degenerative 
atrophy due to lesions in the anterior horns of the spinal cord or in the 
motor nuclei of the medulla oblongata (progressive muscular atrophy, 
bulbar paralysis). They appear as brief, intermittent, twi tellings in 
different parts of a given muscle, causing slight visible deformations of 
the skin. Though usually without locomotor effect, marked fibrillary 
twitchings in the small muscles of the hand may cause slight movements 
of the thumb or of the fingers. They arc exaggerated by active or passive 
movements of flic muscles involved, or hv electrical or mechanical stimula­
tion. The tongue should always Ik* examined for fibrillary twitching, hut 
neurotic individuals often show much twitching in the absence of organic 
disease; if there bo no atrophy of the muscle of the tongue, caution should 
he observed in deciding that the twitching or tremor is of serious import. 
Though fibrillary twi tch ings are most often met with in irritative lesions 
involving the cell-bodies of the lower motor neurons (anterior horns, motor 
nuclei of cerebral nerves), they are occasionally seen in diseases of the 
peripheral motor nerves (neuritis).

Myokymia or wavelike fluctuation is most often seen in the calf- 
muscles, though it may affect the face, the thigh or other parts. Its cause 
is unknown, but is probably toxic.

A fibrillation, or myokymia, of the heart-muscle occurs in connection 
with paralysis of the atria (pulsus irregularis perpetuus) and is recog­
nizable in the electrocardiogram.

ii. Tremors

By tremors are meant rhythmical, involuntary, to and fro movements 
of very slight extent ; the movements are similar to one another and follow 
one another in quick succession. They may exist in the absence of volun­
tary movement, or may appear first on movement.

Normal persons may, during marked excitement, after fatigue, or 
oil ex|>osure to cold, manifest trembling movements of this nature, obvious 
esfiecially in the handwriting. When a tremor appears without apparent 
or sufficient physiological cause, it is called a pathological tremor. In 
certain families, a so-called eêêential tremor occurs, without any symptoms 
of progressive nervous disease (Dana). It may lw local or general.

Tremors may be fine or coarse, according to the size of the oscillations ; 
and there may be a rapid or a stow tremor, according to the number of oscil­
lai ions per second. Fine tremors, like that seen in Gruves’s disease, uro
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usually rapid (8 to 12 oscillations per second) ; coarse tremors, like that 
seen in Parkinsons disease, are usually slow (2 to 4 oscillations per sec- 
end), and are sometimes spoken of as “shaking” tremors. They are 
usually lessened by attempts at voluntary movement, though, occasionally, 
the reverse is true.

When the tremor appears only on attempts at voluntary movement, or 
is markedly exaggerated then, it is known as an intention tremor, a good 
example being that seen in multiple sclerosis. In this disease, the tremor 
is not very rapid ; there are usually 4 to 8 oscillations per second (M. 
Meyer). In the intention tremor of Westphal’s pscudosclcrosis, there arc 
from 80 to 120 oscillations per minute (v. Striimpcll).

A tremor may affect not only the muscles of the extremities, hut also 
those of the neck and trunk, and, sometimes, those of the eyes. In the 
latter instance, the tremor is known as nystagmus; it may 1m; horizontal, 
vertical or rotary (see Examination of the Vestibular Functions). Tho 
remarkable tremor of the lids on gently closing the eyes, so often seen in 
Graves’s disease and in psychoneurotic states, is known as llosenbach's 
phenomenon.

Tremors, when marked, can scarcely escape observation on inspection. 
Fine tremors in the fingers may first become visible when one asks the 
patient to thrust the whole upper extremity straight out from the shoulder, 
to spread the fingers apart, and to hold the hand stiff between the examiner 
and the light. Fine tremors can also be sometimes palpated, especially in 
alcoholics; the examiner asks the patient to rest the tips of his fingers per­
pendicularly on tho palm of his (tho examiner’s) hand, when very slight 
jarring or crepitation will bo felt (Quinquaud's phenomenon). This is 
present in most alcoholics and may occasionally occur with normal 
persons.

In testing for intention tremor the patient may be asked to touch the 
end of tho examiner’s finger or to touch the end of his own nose. The 
tremor becomes ever more exaggerated as the goal is approached.

To recognize nystagmus one inspects the patient’s eyes, first when he i> 
looking straight forward, and afterward when his eyes arc directed (a) i > 
each side, (b) upward, (c) downward, and (d) toward the middle lim; 
(convergence). A slight nystagmoid movement on strong lateral flexion 
of tho eyes should not be regarded as abnormal, but any oscillation on Ionis­
ing straight forward is pathological.

Tremors sometimes affect one-half of the body and not the otln r 
(hemitremor), especially in cerebral lesions. When tho hemitremor takis 
tho character of marked shaking, it is called hemiballismus (Kussmaul ). a 
condition transitional between tremor and hemichorca. Tremors can ko 
recorded graphically, if desired, but the curves reveal nothing of imp - 
tance inaccessible to the naked eye. Most tremors cease during sleep.

Tho cause of tremor is not well understood, but it is probably rclat d
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to disturbances of tlio tonus-innervations in muscles of reciprocal function 
(agonists and antagonists). Most tremors, if not all, have a central origin. 
Posthemiplegic tremors are common ; that accompanying Benedict’s syn­
drome (paralysis of oculomotor nerve with contralateral hcmiparcsis and 
tremor of the paretic extremities) is due to a lesion in the cerebral 
peduncle.
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iii. Pathological Associated Movements or Svnkinesias'

In early life, as the pyramidal tract develops, and later, as skill of 
different sorts is acquired, the gross mass-movements of the extremities 
gradually become “dissociated” into “isolated” finer movements, hut the 
tendency to “association” is always there. Skill in performing finer move­
ments consists largely in the voluntary suppression of assoeiated move­
ments. Think, for example, of the degree of isolation of.finger-movements 
in the piano-playing of a Paderewski ! Certain associated movements are 
normally retained throughout life ; thus in turning the fingers into the 
palm to “make a fist,” there is always u simultaneous extension (or dorsal- 
flexion) of the wrist, and on brisk walking, there is always some abduction 
and some swinging of the arm forward and backward. In certain diseased 
states, such normal svnkinesias may disappear (e. g., in Parkinson’s dis­
ease and in some cases of hemiplegia).

More common than loss of normal svnkinesias arc the pathological asso­
ciations of movement, which apjamr in diseases of the central nervous sys­
tem. By a pathological associated movement, is meant one that does not 
appear in association with u given voluntary movement in a normal person, 
but that does appear therewith, and cannot be suppressed, in the diseased 
I>crson.

Pathological synkinesias may be con! ratal oral, as in the so-called 
“identical” synkinesias ; homolateral, as in the ease of the tibial phe­
nomenon of Striimpell, and of the trunk-hip flexion synergism of Babin­
ski ; or bilateral and general, as in those remarkable cases described as 
“double athetosis,” and in the flexion of all four extremities on passive 
overflexion of the neck in meningitis (Brudzvnski’s sign).

Contralateral Synkinesias. —In the paralyzed muscles or paretic mus­
cles in a hemiplegic patient, it is not uncommon to see symmetrical con­
tractions appear when movements are voluntarily performed on the 
opposite (healthy) side of the liody ; thus, on closing the fist on the lion- 
paralyzed side, the fist of the paralyzed hand may also be closed. Again, 
but less frequently, attempts to move the muscles on the paralyzed side 
may result in involuntary symmetrical movements on the healthy side

1 In the German literature these are referred to as Mitbeweyungen; in tin: 
French literature as Mouvements associés.
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(,substitution-movements of Senator). Those “identical” synkinesias are 
seen especially in the movements of the smaller joints ; it is as though the 
movements of the two sides were fused into a unit. Occasionally, move­
ments in a paralyzed arm will appear on voluntary effort to lift the leg of 
the same side, or contractions in a paralyzed lower extremity may appear 
on flexion of the arm, or on speaking. On yawning, some healthy people 
simultaneously extend the upper limbs (pandiculation). Such extension- 
movements may he especially marked in paralyzed limbs during yawning, 
or as a reaction to tickling. They are especially common in the severer 
lesions of the pyramidal tract, notably in the infantile hemiplegias.

Homolateral Synkinesias.—Some of these are of aid in the diagnosis 
of lesions of the pyramidal tract

Tiie Tibial Phenomenon of von Strum pell.—The patient lies 
quietly in bed on his hack. The examiner stands beside him, one hand 
resting lightly on the thigh of the patient, the other hand laid lightly over 
the dorsum of the foot of the extremity under examination. The patient is 
then asked to draw his thigh up toward his trunk by forcible flexion at the 
hip. In spastic paralysis (upper motor neuron lesion), this leads to an 
insupprcssiblo contraction of the M. tibialis an tic us, visible and palpable, 
causing dorsal flexion of the foot, which becomes even more marked if the 
examiner oppose the movement by pressing on the patient’s thigh. The M. 
extensor hallueis longus may also participate in this synergism. The 
tibial phenomenon may appear on walking, causing the foot to assume an 
outspoken valgus-position (Oppcnhcim).

The tibial phenomenon does not occur in every case of pvramidal-tract 
lesion; it may occasionally be met with when the pyramidal tract is nor­
mal. It is, however, a valuable corroborative sign.

The Radial Phenomenon ok von Strum cell.—Powerful contrac­
tion of the fingers in the making of a fist causes insupprcssiblo excessive 
dorsal flexion of the hand. This is an exaggeration of the normal asso­
ciated movement, which can he voluntarily suppressed.

On attempts to lift the arm, hanging supine, an insupprcssiblo prona­
tion also occurs (pronation-phenomenon).

Bilateral Synkinesias.—The Trunk-hip Flexion Synergism.—An­
other associated movement met with in spastic states, first observed by 
Oppcnhcim (1880), and given a diagnostic value by Babinski (1000), is 
an insupprcssiblo flexion of the hip on the trunk on raising the upper part 
of the body from the dorsal recumbent position. We place the patient flat 
on his back, without a pillow, on the floor or on a firm mattress, and ask 
him to cross his arms in front and to keep the legs a little apart. If he 
now try to sit up without using his arms, the paretic lower extremity will 
become flexed at the hip and the whole extremity will be raised from the 
floor, the heel being lifted for a moment, to fall back again later. The 
boulder on the healthy side will be carried forward, us if to balance the
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weight of the opposite leg. The healthy extremity will remain, through­
out its whole length, in contact with the iloor. This sign is useful in dis­
tinguishing organic from hysterical hemiplegia.

Tiib Synkinesias Involved in Separate and Simultaneous Rais­
ing op the Leos (Phenomenon of Grasset and Gaussel).—Place the 
patient flat on his back on the floor, with his arms crossed in front and the 
legs separated. In incomplete organic hemiplegia, the two lower limbs 
cannot simultaneously he raised, though cither limb separately can bo 
lifted. In hysteria, both legs can be raised at once.

This disturbance of synergism may lie shown in another way, by ask­
ing the patient to lift the paralyzed limb and hold it in the air. If the 
healthy limb be now passively raised, the paralyzed limb at once falls, ow-

Flg. 541.—Left-sided organic Hemiplegia After a Year. Combined Flexion of the Thigh ami 
Trunk on the Left. (After J. Ilabinski, "Gazette dett Hôpitaux," published by Bureaux 
d" abonnement, Parle.)

ing to the patient’s inability to fix the pelvis by means of the muscles on 
the paralyzed side; but if the patient l>e asked to raise his healthy leg 
and we subsequently lift the paralyzed limb passively, the healthy limb will 
still remain lifted, as the patient can fix his pelvis by the noil-paralyzed 
muscles of the healthy side.

Hoover’s Sign for the Detection op Malingering and Frx< 
tional Paralysis of the Lower Extremities.—This test depends upon 
the same principles as the two preceding ones, and in practice will 1 •«• 
found a very valuable procedure. It is described by my colleague, Pro . 
II. M. Thomas, as follows:

“Hoover has shown that, when a normal person lying on his ha 
endeavors to lift the extended leg from the couch, the opposite leg 
pressed downward, ami that in an organic hemiplegia this same pressn 
occurs when the patient tries to lift the paralyzed leg. If in such a en •
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the patient lifts the un paralyzed leg, the downward pressure of the para­
lyzed leg is proportionate to its remaining strength. If the hemiplegia is 
due to hysteria the action is different. When the patient raises the non- 
atfected leg, the opposite leg, totally paralyzed for voluntary effort, is 
pressed strongly into the couch, while, if he l>e told to endeavor to raise the 
paralyzed leg, there is no movement on the non-paralyzed side, indicating 
that no outgoing stimuli have left the cerebral cortex, just as if he were 
consciously simulating the paralysis. Risien Russell bus called attention 
to a somewhat similar phenomenon occurring in hysteria, but in this case 
it concerns the lack of relaxation in the antagonistic muscles.”

Other Bilateral Synkinesias,—These arc the most remarkable of the 
whole group. Two examples may lie cited: (a) so-enllcd double athetosis 
and (b) flexion of the extremities on passive flexion of the neck in men­
ingitis.

(a) So-called Double Athetosis. Here the most extraordinary 
generalized (but by no means “identical”) associated movements occur. 
The syndrome might, as Lewandowsky suggests, lie designated the “disease 
of the associated movements.” The normal dissociation of movements is 
almost entirely absent. If the patient try to close one eye, or to speak, his 
whole face breaks out into wild grimacing movements. Isolated move­
ments of the fingers are no lunger possible. On walking, the Iwxly is 
thrown into grotesque contortions, “as though one, having slight spasms, 
tried to walk over eggs.” The movements stop during sleep, and, as a rule, 
when the patient is quietly at rest in lied, awake; but they start again on 
the approach of anyone, or on the sound of noises.

(b) Flexion of the Extremities on Passive Flexion of tub 
Neck in Meningitis.—This is one of the now well-known Brudzynski 
signs in meningitis. If tin» child's neck be forcibly flexed, so that the chin 
approaches the sternum, both arms and both legs are simultaneously drawn 
up. (See Part IV.)

Congenital and Hereditary Synkinesias.—In certain families, congen­
ital synkinesia occurs, and not only active movements, but also passive and 
electrically stimulated movements may occur bilaterally (identical svn- 
kinesias). In such patients, movements that arc to bo performed simul­
taneously, but differ on the two sides (c. g., piano playing), cannot 
lie learned. Since the identical synkinesias probably depend upon the 
distribution of each pyramidal act to both anterior horns, it may he that 
in these congenital eases there is an anatomical anomaly—perhaps an 
excess in homolateral distribution. The phenomenon may occur for gen­
erations in the same family (l)umsch, Fragstein, Brissaud and Sieard).
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iv. Chorea and the Choreatic Disturbances of Motility
Tn chorea wo have to deal sometimes with single muscular contractions, 

more often with combinations of involuntary and somewhat disarranged 
contractions, occurring quickly and irregularly, and passing from one 
part of the body to the other without apparent reason. The movements arc 
not wholly coordinated, though they may often resemble purposeful move­
ments such as those of grasping, defense, expression, occupation. In them­
selves they are unpurposeful, occurring when the patient intends to be at 
rest or during efforts at voluntary movements, which they disturb by inter­
ruption, inhibition, exaggeration, or other alteration. This remarkable 
form of motor irritation may cause movements of the limbs, of the face 
and of the tongue, less often of the trunk and eyes, but sometimes even <>f 
the pharynx and of the vocal cords. In some cases the movements are 
unilateral (hemichorea). They are exaggerated by emotion ; sometimes 
they arc momentarily lessened by efforts at voluntary movement ; they 
cease, as a rule, during sleep.
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Choreiform movements resemble closely the movements of embarrass­
ment that children Sometimes show (motiveless feeling, grasping and 
playing movements of the extremities, by means of which they try to hide 
internal excitement), a resemblance that has sometimes led parents and 
teachers to confuse true chorea with the involuntary movements that 
children show when they become uncomfortable from sitting still for a 
long time, or when they are fatigued, or in ill-humor.

Recognition of Choreiform Movements.—First, we observe the pa­
tient at rest for a short period, and look especially for jerkings of the 
fingers, quick movements of the hands, sudden kicks of the legs, rapid 
sighing inspirations and the like. If the symptoms are slight, it is well to 
ask the patient to hold both hands above the head ; slight choreiform move­
ments will then usually appear in a few seconds in the fingers of one or 
both hands. Afterwards, wo ask the patient to perform various move­
ments, and note the intercalation of disturbing involuntary contractions. 
Speech may be interfered with by choreiform movements of the tongue, 
sudden contractions of the diaphragm, or by swallowing-movements. The 
choreic patient is clumsy, may drop a plate out of his hand, have difficulty 
in eating, writing, dressing and undressing, and the like.

Finer Analysis of the Choreatic Disturbances of Motility.—Thanks 
to the careful clinical studies of neurologists, especially those of Bonhoeffcr, 
and of Focrster (li)04), we now know that the motility in chorea may be 
involved in a whole scries of different ways. Not only do (1) the spon­
taneous movements above described occur; but (2) the muscles are often 
very weak (chorea paralytica, chorea mollis, limp chorea), the paresis of 
the muscles affecting especially often the neck, sometimes the extremities, 
in a topographical distribution wholly unlike that in pyramidal tract 
lesions; (3) the muscles are often hypotonic or atonic (choreatic atony) ; 
(4) the voluntary movements arc poorly coordinated, as shown by the loss 
of the normal attitudes of the head, trunk and limbs, sometimes by an out­
spoken choreatic ataxia, or a choreatic aphasia; (5) attempts at voluntary 
movement exhibit a markedly long latent period, a peculiar kind of psycho- 
motor retardation, other movements occurring sometimes before the move­
ment “willed,” the latter appearing later, as though by chance; (0) there 
is an inability to maintain the innervation necessary for the continuance 
of firm contractions; pressure of the hand soon lets up, the hand cannot be 
held long in a position of dorsal flexion, and the protruded tongue is 
quickly drawn in again; (7) and, finally, remarkable associated move­
ments occur, differing from those seen in the hemiplegias, since they 
change in form and extent in the same person with successive attempts 
to repeat a given movement, the results suggesting that we have to deal 
less with involuntary movements indissolubly linked to the voluntary 
movement than with an overflow of the voluntary innervations into other 
than the normally associated neuron systems.
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Forms of Choreatic Disturbance.—Thcso movements, occurring in 
young people in association with rheumatism, tonsillitis or endocarditis, 
give rise to the picture known as Sydenham’s choira. Similar movements 
coming on after middle life and growing steadily worse, in association with 
progressive dementia, are known as Huntingtons hereditary chorea.

Chorea may also he met with in conditions in which diffuse patho­
logical processes exist in the brain (epilepsy, dementia paralytica, de­
mentia praecox, cerebral atherosclerosis) ; it has been observed in tabes 
and in Friedreich’s ataxia; still more interesting, from the standpoint of 
pathogenesis, is its occurrence in certain focal lesions of the cerebrum, espe­
cially those involving the brachium conjunctivum, the red nucleus and the 
thalamus. The term posthemiplegic chorea is ill chosen, for (1) complete 
hemiplegia excludes the possibility of this chorea, and (2) this chorea 
may occur in the absence of even a hemiparesis. Recent studies by J. Ram­
say Hunt point to the globus pallidus as the site of lesions in chorea.
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v. Athetosis and the Athetotic Disturbances of Motility

The athetoid or athetotic movements (W. A. Hammond) are continu­
ous, involuntary, slow, rhythmical movements, most marked in the fingers 
and toes. The fingers are slowly spread apart or adducted, or alternately 
flexed and extended. The movements arc exaggerated on voluntary move­
ment, and during excitement. They have a wormlike character, the 
fingers forming very slow, bizarre movements, the single digits mov­
ing neither simultaneously nor in the same direction, some digits being 
extended while others arc flexed. The fingers may be over-extended and 
spread widely apart when the hand is in a position of extreme flexion. 
The movements have been compared with those of the tentacles of a polyp 
The feet arc usually less affected than the hands ; the foot, when involved, 
most often shows plantar flexion and adduction with hyperextension of the 
great toe. Sometimes the movements involve also, to a slight extent, the 
more proximal portions of the limbs.

Athetotic movements do not occur in limbs that arc completely para­
lyzed, but only in those that are still more or less subject to the will. 
They usually cease, though they occasionally jwrsist, during sleep.

The muscles of an athetotic extremity are, in contrast with those of 
choreatic extremity, hypertonic. This by per tony is sometimes ver
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marked, often leading to a kind of intermittent spasm; the arms may ho 
strongly pressed against the chest or markedly rotated, the positions chang­
ing during active movements or on excitement (spasmus mobilis). This 
mobile spasm due toliypertony probably represents a transition to a spastic 
contracture; it may exist, in some eases, in the absence of athetotic move­
ments (so-called hemilony of infantile cerebral palsy). The muscles of an 
athetotic extremity may show hypertrophy instead of atrophy.

Fig. 54*2.—Instantaneous Photograph of the Hand In a Case of Posthemiplegic Ileml-athetosis. 
(After v. Monakow In Mohr and Btaelielln, “llandb. d. Inner. Med.," published by J. 
Springer, Ilerlin.)

Contrast between Athetosis and Chorea.—These two conditions are 
entirely separate and distinct. They may, it is true, occasionally coexist, 
hut each represents a disturbance of motility sui ycncris. The diifcrcnces 
are well shown in the following table:

Movement begins suddenly; course of 
movement quick and jerky.

When tlnr movement is over, the purl 
remains at rest.

When at rest, the muscles arc relaxed 
(atonic, hypotonic).

Movements extremely variable; no trace
of rhythmicity.

1. Movements slow and wormlike.

2. The movements are continuous, ceasing
only during sleep; they may be ex­
aggerated or diminished by psychic 
influences.

3. Muscles always hypertonic; transition
to spastic states (spasmus mobilis).

4. Movements rhythmical; always the samo
in the same patient.
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Causes of Athetosis.—-These are not well understood. Athetosis oc­
curs chiefly in association with diffuse cerebral lesions (encephalitis, 
porencephaly), acquired in infancy ; it is only rarely met with after a 
cerebral lesion acquired in adult life. Most commonly unilateral, as an 
accompaniment of infantile hemiplegia, it may he bilateral in cases of 
infantile cerebral diplegia ; this true bilateral athetosis has, however, 
apparently nothing to do with so-called double athetosis (athetose double), 
a disease of the associated movements (//. v.), in which athetotic disturb­
ances of inutility play a very small rule, if any.
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vi. Forced Movements; Forced Attitudes; Conjugate Deviations

Some patients arc forced to laugh against their will and in the absence 
of the corresponding emotion. Such attacks of laughing may be very 
troublesome to the patient. Forced laughing and forced crying of this sort 
are seen in multiple sclerosis and in pseudobulbar paralysis. Many of 
the crying and coughing attacks of hysterical patients, as well as the 
phenomena of major hysterical attacks (arching of the back, solicitation 
movements, forced walking in a circle, etc.), have to be considered here.

In irritation of the right middle cerebral peduncle, or on excitation 
of the right side of the cerebellum in animals, forced movements appear ; 
there is a rotation of the body around its own longitudinal spinal axis in 
the direction of unscrewing an ordinary screw (the head of the animal 
corresponding to the head of the screw). Ilut destructive lesions on tin* 
right side give free play to the impulses arising on the left side and tin 
give rise to rotation in the reverse direction; namely, that of screwing 
a screw. Besides this forced rotation, we may cite as examples of forci 1
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movements, (1) forced running in n circle, and (2) forced rolling move­
ments. As examples of forced attitudes, the forced lateral position, and 
the crouching position like that of a hunting dog (en chien de fusil), 
sometimes seen in meningitis, may he mentioned ; such forced attitudes are 
often due to painful contractures. Other forced attitudes result from 
spasm (e. g., in torticollis and in tortipelvis).

Conjugate deviation of the egrs and of the head in the same direction 
(déviation conjuguée de la tele et des yeux of Prévost), due either to irri­
tation of agonists or to paralysis of antagonists, is a g....1 example of
forced movement. In lesions of the cerebrum causing hemiplegia, the
head and eyes often 
look away from the 
paralyzed side; that is, 
toward the side of the 
lesion in the brain. In 
rare cases of cerebral 
irritation, and some­
times in pontile lesions 
(supranuclear area in 
region of the fasciculus 
longitudinal is mcdial- 
is), the eyes may look 
away from the lesion, 
instead ©f toward it.

At least three cortical 
areas seem to be concerned 
in combined lateral move­
ments of the eyes: (1) 
frontal (foot of middle 
frontal gyrus), (2) pari­
etal (angular gyrus and in 
ferior parietal lobule) and 
(3) occipital. The fibers 
from the cortical areas run 
through the projection-sys­
tem downward ; thus con­
jugate deviation may fol­
low lesions of the centrum 
semi-ovale, or of the cap­
sula interna. (For testing 
for conjugate deviation, see 
Vestibular Functions.)

In u few cases, the eyes 
are found turned to one

Fig. 643.—Pat ion l with Epiphyseal Tumor, Showing Inability 
to Elevate the Byes Above the Horizontal. Mobility 
Lnternlwiml Was Also Slightly Diminished in Both 
Byes. (After P. Bailey and S. E. Jelliffe, Arch. Int. 
Med.)

side, and the head to the other (déviation dissociée), due probably to paralysis of 
lateral deflection of the eyes and irritation of the head-rotators.

Often the eyes are alone affected, the two eyes not moving lateralward together
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beyond the middle line (paralysis of lateral associated ocular movements), but the 
head being entirely free to rotate in either direction ; in such cases the medial 
recti may work perfectly well for convergence. Such a paralysis always indicates 
a pons lesion, of the same side (usually in the medial portion of the formatio 
reticularis headward and ventral ward from the nucleus N. abduccntis, ventro-lateral 
from the fasciculus longitudinal» medialis). The fibers from the cortical areas 
appear to go down to this center and thence return to the eye-muscle nuclei.

Instead of the horizontal combined movements of the eyes, the combined ver­
tical movements may be paralyzed {paralysis of vertical associated ocular move­
ments). This is an important localizing symptom, pointing to a focal lesion in the 
midbrain (superior colliculi of corpora quadrigemina). Spiller, of Philadelphia, 
has made a careful study of this condition. It may be confused with nuclear paral­
ysis of the eye-muscles ; the differentiation is made by diplopia tests.

In some cases of lesion of the lateral lobe of the cerebellum, a skew deviation 
of the eyes has been observed ; in a case mentioned by Purves Stewart, the right 
eye was directed downwards and mediahvards, ind the left eye upwards and lat- 
eralwards.
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vii. Imperative Acts; Automatic Habits

In psychasthenic states, patients may be overcome by an irresistible 
tendency to perform certain acts. Thus some must bite their nails 
(onychophagia), keeping them always gnawed down to the quick. Tin- 
tics and the stereotyped movements of dementia praecox are referred to 
elsewhere.

Reference
Bêrillon {E.). De Vonychoph/igic; sa fréquence chez les dégénérés, et son traitement psycl 

thérapique. Ann. de psychiat. et d'hypnol., Paris, 1H93, n. s., iii, .1, 
35G.

viii. Paroxysms of Over-contraction or Hyperkinesis

(Fits or Convulsions, Cramps)

Under this heading we have to deal with the various types of fits or 
convulsions, cramps, spasms, etc. The terms in use here have never In-, t 
very sharply defined. As a result, different authors do not always me i



EXAMINATION OF GENERAL MOTILITY 237

the same thing by the same words. The tendency at present is to limit 
the word spasm to the pathological permanent contractions arising rcflcxly 
through purely quantitative increase of ' " çical stimuli, and to uso
the term cramp to indicate either continuous or intermittent muscular 
contractions depending on physiological stimuli and on a " logical 
irritability in the motor neuron systems or perhaps in the muscles them­
selves.

In the origin of such pathological contractions, summation of stimuli 
may play a part In other words, stimulation need not be immediately 
followed by muscular contraction, but, continuing, leads to a storing up of 
energy until suddenly a “discharge” takes place. Such motor discharges 
may lead either to a continuous tonic (or tetanic) contraction of the 
muscles, or to more or less rhythmical, intermittent contractions—the so- 
called clonic contractions. When the contractions are limited to single 
muscles or small groups of muscles, we speak of cramps, but if they in­
volve a whole extremity, or most of the musculature of the body, the term 
convulsion or fit is used.

The irritability of great groups of motor neurons is often affected by 
toxic substances circulating in the blood. Some of them have an 
afHnity for the upper motor neurons, others for the lower motor neurons; 
thus in epilepsy, uremia, eclampsia, etc., it is the upper motor neurons 
and probably their cell bodies in the cerebral cortex that are chiefly 
affected, while in tetanus, hydrophobia and strychnin-poisoning it is the 
lower motor neurons (and probably their cell bodies in the anterior horns 
of the spinal cord and in the nuclei of origin of the motor cerebral nerves) 
that arc acted upon. In reflex convulsions or cramps, the motor discharge 
is the result of an abnormal increase in centripetal impulses from some 
local source (reflex contractions as a result of nasal disease, phimosis, 
intestinal irritation, etc.).

Sudden disturbances of the circulation in the central nervous system 
can cause motor discharges (e. <7., anemic convulsions). Moreover, local 
inflammation, or trauma, involving the motor neuron systems, may be 
accompanied by motor explosions (convulsions in dementia paralytica, 
meningitis, encephalitis, cerebral hemorrhage, thrombosis, etc.).

The more extensive motor fits or convulsive attacks are either cerebral 
or cerebellar in origin.

(1) Cerebral Fits
The cerebral fits arc divisible into two great groups: (1) the psycho­

genic group of cerebral tits ; (2) the epileptiform group. The psychogenic 
o rcbral fits include hysterical convulsions and psychasthenic fits.

Hysterical Attacks.—The hysterical convulsions consist chiefly of cx- 
i cssive movements, or muscular contractions corresponding to those that

mipany strong emotions of various sorts (e. g., anger, erotism, joy,

4682
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pain, etc.). During tiie attack hysterical patients may be influenced by 
verbal suggestion, and may react to other external influences, such as the 
behavior of adjacent persons. They do not hurt themselves, as a rule. 
They may strike those about them. Often the movements reproduce those 
of some earlier experience (an assault, an accident, a fire). Hysterical 
catalepsy, hysterical contractures, hysterical chorea, and hysterical myo­
clonia often give rise to mistakes in diagnosis. A fuller description of 
hysterical attacks will lie found under special diagnosis.

Psychasthenic Fits.—Psychasthenic fits may closely resemble epilep­
tic fits; they have been described by Oppcnhcim, Kpiller, Friedmann, and 
others. They differ from both epileptic attacks and from hysterical 
attacks. They appear as attacks of unconsciousness, with or without con­
vulsive seizures, often as equivalents of the psychasthenic anxious state. 
The fits occur in people, who, earlier, have shown anxious states, phobias 
or tics. They never occur independently of some exciting factor, and are, 
as a rule, rare incidents in the patient’s life. Intelligence and memory 
are not lessened by the attacks. The condition is not benefited by bromid 
treatment, but rather by rest-cure methods. In young children, there 
may be attacks suggestive of petit mal, as many as 0 to 40 a day (Fried­
mann) ; these may be related to the “spasmophilc diathesis.”

Epileptic and Epileptiform Attacks.—The epileptic, or the epilepti­
form, attack may be general, involving the whole body, or local (Jack­
sonian), beginning in a given muscle-group and extending to a smaller, or 
larger, number of other muscles. The general convulsions include those 
of idiopathic epilepsy (cause unknown) and those of symptomatic epi­
lepsy, due (a) to toxic influences, e. g., in uremia, intestinal intoxication, 
placental intoxication, diabetes, plumbism, alcoholism, (b) to inflamma­
tory, circulatory, or neoplastic changes in the cerebrum itself, c. g., in 
dementia paralytica, lues cerebri, encephalitis, meningitis, apoplexy, 
glioma, and (c) to reflex influences, e. g., intestinal worms, scars, nose- 
ami car-diseases. The local or Jacksonian convulsions arc due usually t«> 
some focal irritation in the cerebral cortex (e. g., tumors, local inflamma­
tory, or circulatory, disturbance).

The General Epileptic Convulsion (Grand Mai Attach).—These at 
tacks have been carefully studied by a great number of observers, notably 
by Gowers, by Fere, by Turner, and by Spratling. In true epilepsy, 
and in epileptiform convulsions generally, there may be a forewarning of 
the attack in the form of an aura (paresthesia in some part, or a sudden 
sensation of sight, hearing, taste or smell). The patient may or may not 
cry out at the beginning, lie suddenly becomes unconscious, the whole 
musculature of the body becomes rigid (tonic phase), the patient falls to 
the floor, and the head and eyes are usually rotated slowly toward one side. 
The extended arms are pressed closely against the body, the forçan -i 
pronated, the hands flexed and clenched with the thumbs turned in, thu
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legs extended. The face, at first pale, soon becomes dark blue, owing to 
spasm of the respiratory muscles. The pupils arc widely diluted and do 
not react to light. The tonic contractions continue for a few seconds only 
(rarely for minutes), soon giving way to clonic contractions (clonic phase) 
with violent jerking of the extremities, the jerkings being slight, at first, 
but growing gradually more violent and involving not only the muscles 
of the extremities, but also those of the face, eyes and tongue. The violent 
clonic spasms of the jaw-muscles often result in biting of the tongue and. 
bleeding. The patient may pass urine or feces involuntarily. The clonic 
contractions last for a few minutes (J-5 minutes) only, and then 
gradually die down. The patient may open his eyes for a moment hut 
remains for a time in coma, which, in turn, is often followed by a deep 
sleep, lasting from a half to several hours. 1 f he be artificially aroused, ho 
may exhibit a twilight-state, behaving automatically for a time. On awak­
ing spontaneously, the patient complains of fatigue and headache, llo 
may he slightly confused ; he has no memory of the attack (amnesia). 
During the attack, the temperature rises slightly (not more than 0.5° 0.), 
the corneal and pupillary reflexes are abolished, sometimes the tendon 
reflexes also. Babinski’s sign may be positive. Such an attack is known 
as major epilepsy (grand mal). Rudimentary attacks, in which there 
may he no convulsion whatever, but simply a momentary unconsciousness, 
without aura or post-epileptic coma, arc known as minor epilepsy (petit 
vial). Sometimes peculiar mental states with abnormal behavior (am­
bulatory automatism, fugues, poriomania) occur as psychic equivalents 
of epileptic attacks (see Special Diagnosis).

Jacksonian Attacks (Cortical Epilepsy).—In this form of convulsion, 
the abnormal contractions begin in a definite group of muscles, and extend 
gradually to others, or to the whole body. They may not be associated 
with loss of consciousness. The convulsion may be confined to one 
extremity, or to one half of the body. It usually begins in a localized 
group of muscles (a single muscle, or a group variable in size) of the 
face, hand or foot, and extends gradually, in the form of a “march,” to 
other muscles of the same extremity, and then to the rest of the body. 
Along with the involvement of the whole musculature on one side of the 
body, there is usually conjugate deviation of the eyes and of the head to 
the opposite side.

The order of the march depends (1) upon the situation of the primary 
focus of irritation in, over, or beneath the cortex, and (2) upon the locali­
zation of movements in the central gyri. Thus contractions beginning 
in the face extend to the arm and then to the leg. Those beginning in 
the leg extend first to the arm and then to the face. Those beginning 
in one arm extend, as might bo expected from what we know of cortical 
representation of movements, approximately simultaneously to face and 
leg. The convulsive movements, in passing from one side of the body to
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the other, go first to the leg, then to the arm, and, lastly, to the head. 
The march may he arrested at any point without further involvement of 
the musculature. Unilateral attacks, frequently recurring, are known as 
status hemi-epilcplicus.

The muscles in which the movements begin are often paretic after 
the attack is over. The contractions arc usually clonic at the beginning 
of the attack; these quickly become accentuated, and lead into a tonic 
phase, which lasts a few seconds, after which the contractions arc again 
clonic in type. There are, however, great variations; in some eases there 
is no tonic phase ; in others the whole attack is tonic. The convulsion may 
last a few minutes, several hours, or even for days. During the attack, 
the conscious patient, as on electrical stimulation of the cortex (Cushing), 
has no motor idea corresponding to the movement; lie is surprised to see 
and feel the contractions of the muscles. Strong attempts to overcome 
the begilining contractions (resistance to the movements made with the 
opposite arm or leg) will sometimes arrest an attack (Gowers).

Jacksonian, or cortical, epilepsy is usually a sign of circumscribed 
irritation in the brain (e. g., trauma, tumor, abscess, gumma, tubercle, 
local meningitis, vascular lesion, scar), but similar circumscribed epilepti­
form convulsions are occasionally observed in diffuse irritations (e. g., 
increased intracranial pressure), in toxic states and in “genuine” 
epilepsy.
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(2) Cerebellar Fits

The forced movements, so typical in animals, are rarely seen in en - 
bellar disease in man, though Ballance has observed them after operatic * 
on the eerel>ellum. A forced “cerebellar attitude” of the head (the « r 
tilted toward the shoulder on the side opposite the tumor and the f; e
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turned slightly toward tho side of the lesion) has been reported by Batten 
in lateral-lobe lesions.

Two main types of cerebellar fits have been described, though it is 
not yet quite certain whether they depend upon irritation of motor struc­
tures or of centripetal paths in the neighborhood. Several possibilities bave 
been suggested: (1) path from cerebellum to Dciter’s nucleus to spinal 
cord; (2) path from cerebellum through brachium conjunctivum, (a) to 
red nucleus, Monakow’s bundle and spinal cord, or (b) to thalamus, cere­
bral cortex, pyramidal tract and spinal cord.

Cerebellar Fits, Supposedly Due to Unilateral Lesion.—The contrac­
tions are tonic, not clonic, and are more marked in the homolateral limbs 
than in those of tho opposite side. The arm and leg on the side chiefly 
affected are firmly adducted; tho contra-lateral limbs are abducted; tho 
head, neck and trunk, as well as tho limbs, undergo a scrcwlike rotation 
from the side of the lesion toward the healthy side (Stewart and Holmes), 
and there is conjugate deviation of the eyes toward the healthy side.

Cerebellar Fits Supposedly Due to Irritation of the Vermis.—The 
contractions are tonic, not clonic, and consist of retraction of the head 
with arching of tho back (opisthotonos), supination of the hands and 
flexion of tho elbows; tho legs are rigidly extended with the toes pointed 
(llughlings Jackson).
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(3) Pure Tonic Spasms
In some motor paroxysms tho contractions arc all tonic, in nature.
Tetanus.—In tetanus there is general hypertony, and under the in­

fluence of slight sensory stimuli (tactile, acoustic, optic) tetanic attacks 
are precipitated. Tho face becomes rigid, ofteu in tho form of a sar­
donic grin (rims sardonicus) ; the patient grits his teeth and bolds the 
jaws firmly closed (trismus or loci'-jaw) ; the head bores into the pillow; 
the back may bo arched so that the body is supported by the back of the 
head and tho heels (opisthotonus) ; respiration may be interfered with 
by fixation of the thorax in full inspiration; tho abdominal muscles are 
tense and tho abdominal wall retracted; the arms and legs are held 
rigidly extended.

Hydrophobia.—Here the tonic spasm affects especially the muscles 
of deglutition (so-called cephalic tetanus). A loud noise, a bright light,, 
or any other stimulus, may induce the spasm, though it is especially tho 
attempt to swallow liquids that culls it forth (hence the term hydro­
phobia).
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Strychnin Poisoning.—Paroxysms similar to those of tetanus occur in 
poisoning by strychnin. They differ from tetanus in two important re­
spects: (1) they begin with clonic contractions, which quickly become 
tonic; (2) between single paroxysms there is complete muscular re­
laxation, and not simply, as in tetanus, a remission in the degree of con­
traction.

Tetany.—The tonic spasm in tetany (due to parathyroid insufficiency) 
affects chiefly the musculature of the distal portions of the extremities. 
The contractions arc bilateral and symmetrical and are usually painful. 
The hand assumes the “obstetrical position” (conical shape, lingers ex­
tended at interphalangeal joints, slightly flexed at metacarpophalangeal 
joints, all digits pressed together with thumb tucked inside fingers, hollow 
of palm deepened from contraction of muscles of thenar and hypothenar 
eminences). The contractions in the legs are also characteristic (ankle 
dorsiflexed, foot slightly inverted, toes strongly flexed). Pressure on 
nerve trunk in sulcus bicipitalis, produced either by the fingers, or, bet­
ter, by the bund of a blood pressure apparatus, calls forth a cramp (Trous­
seau’s phenomenon) resembling that occurring spontaneously.

(4) Motor Tics and Habit Spasms

By a tic is meant a reflex movement, an expressive movement, or a 
defensive movement that has become an imperative movement. It 
occurs as a result, not of an external stimulus, nor of an adequate psychic 
process, but as the result of a pathological irresistible impulse to move­
ment. The kinesthetic memory is excessively lively in consciousness, with 
resulting necessity of performing the movement. Patients arc able tem­
porarily to resist the impulse, though this resistance is associated with 
marked discomfort, and, sooner or later, relief is sought by resorting to 
the act. A tic is characterized by (1) a somewhat shorter and more 
violent movement than the corresponding normal movement, and (2) 
the fact that the movement is frequently repented. A tic may be local, 
involving a single muscle or a small group of muscles, or general, in­
volving most of the muscles of the body (maladie des tics impulsifs, q. v. ; 
myospasia iinpulsiva).
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(5) Localized Muscle Cramps
These are divisible into two groups : (a ) those due to direct irritation 

of lower motor neurons, and (b) those of reflex origin.
(a) Cramps or Spasms Due to Direct Irritation of Lower Motor 

Neurons.—While the tics above mentioned affect, as a rule, complicated 
movements corresponding to certain acts in which muscles of different 
innervation participate (sucking, snuffing, licking, biting, snarling, 
scratching, plucking, gritting, clucking, etc.), there are many cramps 
duo to irritation (nuclear or infra nuclear) of lower groups of neurons, 
often limited to the domain of single muscles or nerves. In contrast 
with tics, these spasms may occur during sleep. Among them may be men­
tioned the various forms of facial spasm, glossospasm, pharyngismus, 
some forms of torticollis, respiratory spasm (including some cases of hic­
cough or singultus) and cramps in the calf-muscles (due to metabolic 
disturbances).

(b) Local Reflex Cramps.—As examples may be cited (1 ) the rigidity 
of the neck in meningitis ; (2) reflex facial spasm in tic douloureux; (3) 
the cough in pertussis and other reflex coughs, and (4) saltatory reflex 
cramp in the lower extremities, causing hopping or dancing movements 
when the feet touch the floor, though it may be that this is hysterical in 
nature.
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(6) Myoclonia
Here also should be mentioned an affection characterized bv clonic 

contractions, involving chiefly the muscles of the extremities and of the 
trunk, the face usually escaping. These contractions are brief and light­
ninglike; they usually cease during sleep, arc arrhythmical, affect 
muscles independent of synergism, and may at times be confined to a 
single muscle that cannot be independently innervated by the will (M. 
brachioradialis). Indeed, this muscle, the M. biceps, the M. trapezius, 
the M. quadriceps and the M. semitendinosus are those most frequently 
involved. Myoclonic contractions are sharply to be distinguished from 
fibrillary twitchings. The condition was described by Friedreich as para­
myoclonus multiplex; in his case the face was unaffected. Sehultzc de-
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scribes cases in which the face alone was involved as monoclonia, desig­
nating the Friedreich cases as pohjclonias. Some of the cases that have 
been called chorea electrica were probably instances of myoclonia. The 
occurrence of myoclonia in certain types of epilepsy and of dementia will 
be referred to under Special Diagnosis.
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(7) Occupation Cramps

Some persons manifest cramps involving movements that pertain 
to their occupations, that is, complicated movements in which skill has 
l>ecn acquired by long practice. Among them may be mentioned writer’s 
cramp, piano-player’s cramp, seamstress’s cramp, telegrapher’s cramp, 
shoemaker’s cramp and cigarette-roller’s cramp.

These occupation neuroses usually occur in psychopathic persons, 
especially on fatigue or under the inhibiting effect of strong emotion (ex­
pectation, anxiety, fear of losing one’s place, etc.). When the cramp 
exists, the more one tries, the move marked it is, while a “don’t-care atti­
tude” will sometimes overcome it.
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7. Phenomena of Incoordination
{The Alaxias and the Abnormal Gails)

Under this heading we shall consider static coordination and locomotor 
coordination and their disturbances.

(a) The Ataxias
By ataxia is meant disordered or uncoordinated movement. The 

patient, on making movements, betrays his uncertainty; he may fail to 
attain the goal of the movement, erring in direction, in distance, in smooth­
ness, and in velocity {dynamic ataxia). He may not be able to maintain 
an extremity, or his trunk, in a quiet position when muscular contractions 
are necessary to overcome the force of gravity {static ataxia). The gross 
strength of the muscles may lie entirely retained in ataxia ; though ataxia 
may coexist with motor weakness, in which event the movement will ho 
parotic-ataxic, and in hypertonic states, spastic-ataxic, either of which 
conditions may bo met with in the so-called ataxic paraplegia of Gowers.

In testing the coordination of muscles we have learned that, in every pur­
poseful movement, there is a complicated play of the muscles that act together 
(synergists). Not only do the prime movers (so-called agonists or protagonists) 
contract, but also accessory muscles, which help the main contraction or lix por­
tions of a limb during contraction, and often the muscles directly opposite in effect 
(antagonists) to the protagonists, arc either relaxed through inhibition of their 
tonus, or contracted in varying degrees to make the movement steady, precise and 
certain. The excitation of the protagonists and the inhibition of the antagonists 
depend upon impulses coming from neuron systems in the brain and spinal cord 
lying superior to the lower motor neurons, above all from the pyramidal tract.

Hut the degree of contraction and relaxation of the different groups of muscles 
concerned in a given movement is constantly varying during the movement itself, 
and these variations depend in large part upon the centripetal impulses received 
by the central system during the performance of the movement. Only a part of 
these centripetal impulses have a conscious correlate (joint sense, sense of muscular 
contraction, sense of innervation, etc.). The majority of those centripetal im­
pulses, in all probability, arc subconscious or unconscious, and pass (1) by the 
rollex collaterals in the posterior roots to the anterior horn cells, (2) through the 
direct cerebellar tract and Gowers’s tract to the vermis of the cerebellum and (3) 
through the posterior funiculi and the corpora restiformia to the cerebellum. The 
cerebellum is in turn connected by its superior peduncles (brachia conjunctiva 
and the decussation of the latter), with the red nucleus, and, ultimately, with the 
cerebral cortex. This connection permits of the passage of impulses in both 
directions—from cerebellum to cerebrum, and from cerebrum to cerebellum. The 
cerebellum is also thrown under the influence of the cerebral cortex by impulses 
that go by collaterals from the pyramidal tracts to the nuclei pontis, and thence 
through the middle cerebellar peduncles (brachia pontis) to the lateral lobes of 
I < erebellum, there to end about the Purkinje cells. Both the red nucleus and the 
cerebellum are in turn directly and indirectly connected with the gray matter of
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the spinal cord by spinopetal paths. These great systems of neurons must be re­
garded as the principal coordinating mechanisms. For the maintenance of equi­
librium, the vestibular paths and the centripetal paths from the eye-muscles and 
from the muscles of the head and the joints of the spine, both of which arc 
connected with the cerebellum, are probably of prime importance. Finally, the 
optic paths are of considerable importance in locomotor coordination, and the 
acoustic paths arc of especial importance in the coordination of the complicated 
speech-movements.

One secs how large a part of the central and peripheral nervous sys­
tems can he concerned in the coordination of movements. Since disease 
of any of the parts mentioned may cause incoordination, it is obvious that 
the unravelling of the pathogenesis of an ataxia may he a difficult prob­
lem. Certain clinical types of disturbance of coordination present them­
selves frequently. It is customary to distinguish static ataxia or incoor­
dination from dynamic or locomotor ataxia or incoordination.

When there is loss of ability to hold an extremity at rest in an ele­
vated position (opposing the force of gravity), or to maintain the body 
as a whole in the upright position (sitting or standing), static ataxia is 
said to exist.

When the disturbance of coordination is noticeable on the performance 
of a movement, especially in making changes of position of the extremities, 
or the carrying out of purposeful movements of various sorts, the con­
dition is called dynamic or locomotor ataxia.

As has been said, there may be no diminution of strength in the 
muscles concerned, and when paresis of the muscles coexists (as in cere­
bral ataxia and in ataxic paraplegia), it is to be regarded as a sep­
arate disturbance. While disturbance of the deep sensibility (of the 
joints, muscles, tendons, etc.) is often present (especially in the tabetic 
type of ataxia), it will be easily understood, from what has been said 
above, that in many cases of ataxia (especially cerebellar ataxia) no dis­
turbance of such sensibility may be demonstrable. Much more frequent 
than the association of anesthesia is that of hypotony with ataxia.

Four distinct types of ataxia are distinguishable: (1 ) peripheral and 
spinal ataxia due to loss of centripetal (conscious and infraconscious) im­
pulses from the bones, muscles and joints; (2) vestibular ataxia due to 
lesions of the labyrinth or of the N. vestibuli or its intracentral continua­
tions; (3) cerebellar ataxia, and (4) cerebral ataxia.

i. Peripheral, Radicular and Spinal Ataxia, Due to Loss of Centripetal Impulses
The commonest example is the locomotor ataxia seen in about one- 

third of the eases of tabes. It is due less to a loss of conscious sensat ions 
(bathyanesthesia), though these may be in part concerned, than to a loss 
of unconscious centripetal regulating influences, which pass from the 
muscles, bones and joints along the afferent peripheral nerves, the pus-
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tcrior roots of the spinal nerves, and through the afferent paths in the 
cord to (1) the anterior horns, and (2) higher regulatory neuron systems. 
Usually there is demonstrable bathyancsthesia and loss of the deep re­
flexes, but there may often be a high grade of ataxia with very slight ob­
jective sensory disturbance. Undoubtedly, the associated hypotony 
(Frenkel) of the muscles is of importance ; movements performed by 
the muscle-groups that are most markedly hypotonic, arc the most 
ataxic. As we have emphasized when considering muscle-tonus, what is 
called tonus is now thought to be synonymous with coordinated contrac­
tions of muscles when a part is at rest.

On finer analysis of the ataxic movements, one may (1) describe the effects 
Hint the faulty action of each single group of muscles can have in all movements 
that can occur (O. Foerster), or (2) limit the description to the functional dis­
turbances that occur on performing certain only of the coordinated acts (lying 
down, standing up, walking, rising from, and sitting down upon, a chair, ascend­
ing and descending stairs, special movements of the extremities, face, vocal cords 
and eyes) (M. Lewandowsky).

Besides tabes (lesions of sensory roots), the peripheral type of ataxia 
may bo seen in polyneuritis, and in pellagra. The similar ataxia in the 
ataxic paraplegias (pernicious anemia, etc.) is duo to the toxic degenera­
tion of the centripetal paths in the spinal cord.

ii. Vestibular Ataxia

The vestibular and vestibu 1 o-ccrcbcl 1 ar incoordination has been de­
scribed under the vestibular senses and their anomalies (</. v.).

iii. Cerebellar Ataxia

It is very difficult sharply to separate cerebellar ataxia from vestibular 
ataxia. The labyrinth exerts its influence largely through the cerebellum ; 
the cerebellum, in turn, depends, for the exercise of its functions, in no 
small measure, upon the centripetal vestibular impulses.

The striking features of cerebellar ataxia arc (1) difficulty in standing 
upright, and (2) difficulty in walking.

The patient, if he can stand at all, does so with his feet spread widely 
apart-—with a “broad base”—swaying from side to side. The visual sense 
helps the cerebellar ataxic less than the tabetic ataxic, though Romberg’s 
symptom is positive in some cases.

The <pit is that of a drunken man (demarche d’ivresse), the patient 
ru ling from side to side (cerebellar titubation), progressing in zig-zag 
bullion, with strong tendency to fall, sometimes in a definite direction. 
Jn unilateral disease, the patient falls toward the side of the lesion ; in
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bilateral disease, or in lesions of the vermis, lie falls usually backward, 
less often forward.

We try to analyze in each ease lmw much of a cerebellar ataxia is due to dis­
turbance of the power to orient the body in space (vestibular component) and 
how much to disturbance of the coordination of the muscles dependent upon cen­
tripetal impulses from the bones, muscles and joints (us in radicular ataxia).

The latter component and its associated hypotouy are always much less marked 
than in tabetic ataxia, and that present in cerebellar ataxia concerns the movements 
of the trunk much more than those of the extremities.

Babinski bas described in cerebellar cases a peculiar cerebellar anyth- 
ergy, manifest in a tendency of the upper part of the l*>dy to remain, 
on walking, behind the lower extremities; it is as though the “legs were

Fig. 544.—Cerebellar Asynergy. Attitude in 
Walking ; Patient Held by Two Assistants. 
( After J. Itnbiiiskl, "Itevue Mensuelle de 
Médecine Interne et de Thérapeutique," pub­
lished by Octave lJolu et Fils, l'a ris.)

Fig. 545.—Attitude of n Healthy 
Subject on Standing, Trying 
to Hold Ills Head Rack and to 
Curve Ills Rack in the Form 
of an Arc. (After J. Rabin- 
ski, “Revue Mensuelle de Mé­
decine Interne et de Théra­
peutique,” published by Oc­
tave Doln et Fils, Paris.)

running ahead of the center of gravity.” Tho same patient, on atteni) 
ing to touch an object with his feet, will make tho movements in the km 
and hip, not simultaneously, hut successively, first in one joint, and tin 
in the other. The hip-trunk flexion synergism (see Pathological Asso< 
ated Movements) is also demonstrable in such cases.
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In how far cerebellar ataxia may depend upon interference with ccre- 
hellnfugal, rather than ccrehellopetal, impulses has not yet been deter­
mined.

In cerebellar ataxia, a patient may, lying on his back, he able to hold 
one or both legs up in the air much more steadily even than a normal man 
(Babinski), This is a kind of calalcjdoid slate, in marked contrast 
to the wobbling of the legs (static ataxia) seen in tabetics on making a 
similar attempt.

Another sign, the discovery of which we owe also to Babinski, is that 
of adiadochukinesis. By this is meant loss of the capacity to make

Fig. MO.—Cerebellar Asyner­
gy. Attitude on Standing; 
tin1 Patient Is Trying to 
Hold Ills Head Rack anil to 
t'urvo Ills Trunk Baekwards 
In an Arc. (After J. Be-
I'iii-ki, “Revue Mensuelle 
di' Médecine Interne et de 
Thérapeutique," published 
i v octavo I kiln et Fils,
Paris.)

(to

Fig. 547.—(n) Attitude of n Healthy Subject Trying to 
Raise Himself from a Recumbent to a Sitting Posture; 
(to Cerebellar Asynergy. Attitude of Patient Trying 
to Raise Himself from Recumbent to u Silting Posture. 
(After .7. Babinski, "Revue Mensuelle de Médecine in­
terne et de Thérapeutique," published by Octave Doln 
et Fils. Paris.)

opposing movements in quick succession, for example, pronation and supi­
nation of the hand lying on the thigh. The rapidity is much lessened 
on llu- side of the disease in unilateral cerebellar lesions. The slowness 
of speech, sometimes seen, may bo related.

I'lio diminution of motor strength on the side of the lesion in uni- 
lat'-T.i! cerebellar lesions has been described as cerebellar hemiplegia
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(Mann) ; the weakness affects all the muscles, not certain muscles of 
predilection only as in the cerebral hemiplegias.

The tonic spasms in cerebellar lesions have been described under the 
hyperkinesias (7. v.).

Occurrence.—Cerebellar ataxia occurs in a variety of conditions. It 
is often due to focal lesions (tumor, abscess, hemorrhage, multiple sclerosis, 
etc.). It occurs sometimes in hydrocephalus, in meningitis serosa and in 
dementia paralytica. That it may bo due simply to a diffuse poisoning 
is evident from ordinary alcoholic intoxication.

In attempts at localization, it is important to remember that the 
movement-ataxia, the hypotony, the hemiparesis and the adiadochokinosis

Fig. 548.—Cerebellar Asynergy. Fifteen 
Seconds Exposure. In This State, Voli­
tional Static Equilibrium May be Main­
tained In a Perfect Manner. (After J. 
Babinski, "Revue Neurologique," pub­
lished by Masson ct Cle, Paris.)

'

Fig. 540.—Tabetic Ataxia. Fifteen Seconds 
Exposure. Note the Instability of the 
Legs. (After J. llahlnskl, "Revue Vn- 
rologlque,” published by Masson et Vie, 
Paris.)

arc, in unilateral lesions, all on the side of the lesion. When the symp­
toms arc equally marked on the two sides of the body, wo have to think 
of lesions of the vermis, or of bilateral lesions of the cerebellar hemi­
spheres or cerebellar conduction paths (see Topical Diagnosis).

iv. Cerebral Ataxia
Lesions of the lemniscus medialis, anywhere between the decussation in the 

medulla and the somesthetie area of the cortex can cause a unilateral movement- 
ataxia with anesthesias, with hypotony, and usually with, but sometimes without, 
a paresis of the muscles. This ataxia resembles peripheral or radicular at .1 xia, 
except that it is unilateral; this is not surprising, since it is due to lesion o! the 
same paths in their cerebral continuations.

The so-called frontal ataxia (Bruns), met with in tumors of the frontal loties, 
is of the cerebellar type, and is probably, in reality, a cerebellar ataxia, il to 
“chronic contrecoup.”
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(6) The Pathological Gaits
in normal walking, tho tody, inclining forward, is at each step 

si loved forward by extension of the hind ward leg. I11 each lower extrem­
ity, the activity is divisible into three periods: (1) that of tho swing 
forward; (2) that of support ; and (3) that of the shove of the body

The period of the swing begins when the foot leaves the ground, and 
ends when it touches it again. During it, the hip is Hexed, the knee is 
Hexed, the foot dorsally flexed ; then the whole extremity swings past its 
fellow; next the knee is extended, tbe heel touches the ground ; meanwhile 
the body has been shoved forward by the other leg and would fall, were 
it not supported at once.

The period of support begins at once, the moment the heel touches 
the ground, and continues until the body is again upright. The knee 
now becomes slightly flexed.

The period of shoving the hod g forward begins the moment the 
supporting leg passes bevond tho vertical. The “shove” occurs after



252 DISEASES OF THE NERVOUS SYSTEM

extension of the knee and lifting of the heel ; the hall of the foot and the 
toes, the last to leave the ground, give the body a thrust forward.

In walking, the trunk, besides being raised and lowered a little, 
(4 cm.), inclines at each step slightly lateral ward toward the supporting 
foot. As a leg swings forward, the trunk is slightly rotated, and the 
opposite arm is (actively) swung.

Normal people vary slightly in their gait, but, in disease, certain 
very characteristic gaits present themselves for observation. Only the 
more important of these will here he described, namely, (1) the paretic- 
gait, (2) the spastic gait, (3) the ataxic gait, (4) the reeling or titubating 
gait, (5) the Parkinsonian gait (propulsion and rétropulsion with trepi­
dation) and (6) the “walk with little steps.”

(1) The Paretic or Paralytic Gait.—The walking is slowed and the 
steps shortened. The legs are dragged. If the thigh-muscles arc weak, 
the patient leans forward, supporting the arms by canes. When there is 
a tendency to foot-drop, the leg is lifted high in order to clear the foot 
from the ground (high-stepping gait ; rooster gait). This steppayc 
may be met with in polyneuritis, poliomyelitis, and the muscular atrophies.

(2) Spastic Gait.—The patients walk with small, hopping steps ; the 
knees are held stiff; the foot shows plantar flexion, and the toes tend to 
“stick to the floor,” wearing out the toes of the boots (spastic paraplegia 
from cord disease). In organic hemiplegia, the weak leg is held straight 
and swung forward and lateral ward in a curve (scythe movement), since 
the weakening of the shorteners of the leg and the contracture of the 
lengtheners (especially of the calf muscles) makes flexion at the kneo 
and elevation of the point of the toe difficult, or impossible. The arm is 
held flexed, and at every step on the paralyzed side, it is lifted like a wing. 
In cerebral diplegia, or double hemiplegia, each leg is jerked forward, in 
turn, with a circular swing; the adductor spasm makes the knees cross 
alternately in front of each other (“scissors gait”).

(3) Ataxic Gait.—In the ataxic gait of tabes, polyneuritis, and 
Friedreich’s disease, the legs are slung forward with excess of force, and 
to irregular distances. They may ho lifted high, as in the high-stepping 
gait, and carried far forward and outward, or only small steps may he 
made. The patients cannot “walk a crack,” and the single st< ;>s 
taken are very uneven. Many of the movements are made too suddenly, 
or violently, and, when the feet return to the ground, they come down 
forcibly, flaillike, the heels stamping the floor. The incoordination is 
much increased when the eyes are closed. Sudden turning and walking 
backwards are not possible. When the eyes arc open, the patient watches 
the floor and his feet closely, as a help in guiding his movements.

In the ataxic gait, the hip is flexed too much during the period of the swing, 
and us it passes its fellow it is (owing to hypotony) over-extended at the ki i*. 
The patient cannot properly grade his innervations ; since uudcr-iunervutiou wu ild
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not raise the foot sufficiently, lie attempts correction by over-innervation. The foot 
may, during the swing, be held in an abnormal position (toe-drop; deflection to 
one side). During the third period, that of the “shove forward," he does not 
properly lift the heel from the ground. This lifting of the heel should begin 
almost at the moment the foot comes to the ground after the swing; the ataxie 
allows the heel and the sole to remain on the ground, so that the body, instead 
of being lifted forward, is thrown backward, and the patient may fall on his hack. 
Owing, too, to insufficient innervation of the M. gluteus médius and the Mm. 
pcronei, the pelvis sinks toward the side of the supporting leg; thus the body is 
bent inward, unless the patient prevents it by quickly placing the swinging leg 
in an abducted position, or by keeping the pelvis raised with a cane on the side of 
the supporting leg.

The ataxic, during the “period of support,” ns the extremity approaches the 
vertical, extends the knee fully, while, as we have seen, normally, the knee is 
slightly flexed, permitting of an elasticity and evenness of gait otherwise unattain­
able. In the ataxic, the knee may even be over-extended, as in genu recurvatum.

(4) The Reeling, Titubating or Drunken Gait.—This is the gait of 
so-called cerebellar ataxia. The patient walks as though lie were tipsy, 
making great oscillations from side to side, lie stands uncertainly, walks 
with a very broad base, and, usually, only with support. Ill this stagger­
ing and lurching, the feet are not lifted high, nor are they stamped down 
as in tabes. There may be a tendency to fall to one side, or forward, or 
backward. The peculiar relation of the trunk to the legs, sometimes 
seen, has been mentioned above (cerebellar'asynergy of Babinski). Many 
of these patients are dizzy.

(5) The Parkinsonian Gait.—The patients hold themselves stiff and 
walk with short shuffling steps, which tend to get faster and faster (festina- 
ting) as they go forward, “chasing their center of gravity” (propulsion). 
If, when standing, a patient be pulled gently from behind, lie tends to 
run backwards with short quick steps, often falling unless caught (retro- 
pulsion), The arms arc not swung as the patient walks. These features, 
combined with the expressionless face {Parkinsonian mask), the stoop, 
the flexed arms and the pill-rolling tremor, make a very characteristic 
picture, once seen, never to be mistaken.

(0) Walking with Very Short Steps.—Now and then, on the street, 
one secs an elderly man making slow progress by means of very short 
stops. This is the well-known démarche à petits pas of French writers. 
Mario regards it ns an important sign for the diagnosis of his “lacunar 
disease” of the cerebrum, a condition in which, at autopsy, the small 
arteries of the brain show visible perivascular spaces or lacunae.
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8. Disturbances of the Higher Motor Functions
These include (1 ) the dysarthrias, the motor aphasias and the 

agraphias ; (2) the apraxic disturbances ; (!$) the disturbances of the 
expressi ve movements ; and (4) the disturbances in the domain of conduct 
or behavior (will).

They will, for the sake of systematic completeness, be referred to here, 
but only briefly, and will be dealt with at greater length in other sections.

(a) Disturbance» of Coordination of the Movements of Speech and 
Writing

(Dysarthria, Motor Aphasia, Agraphia)

The capacity for speech depends upon the power to perform the move­
ments necessary for the pronunciation of the sounds of the vowels ainl 
consonants. When the loss of the power is not due ( 1 ) to a change in the 
general mental state (as in the psychoses, or in hysteria), or (2) to lesions 
in the muscles, the lower motor neurons, the pyramidal tracts (paretic or 
spastic states), or to ataxia, any of which may cause anarthria or 
dj/sarthria, the condition is called aphasia. The inability may be com 
pleto or partial ; in the latter case the involvement of spontaneous speech, 
of the power to repeat words, or series of words, heard, of the power to 
understand what is heard, of the power of reading, writing, calculator 
etc., may vary greatly with the single case. Inability to write is call» ! 
agraphia. The methods of examination are given further on.
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(6) The Apraxic Disturbances
The inability to make use of the extremities for certain definite com­

binations of movements, necessary for the performance of certain acts, 
though there is no paralysis of the muscles, is known as apraxia.

These disturbances, including the motor and the ideatory forms, are 
also considered further on.

(c) Disturbances of the Expressive Movements
The expressive movements include the mimic, pantomimic and geslicitr 

latory movements. They arc movements especially associated with affec­
tive states—the feelings and the emotions— " " ‘ 3 intensity
and the quality of these. The facial movements of laughing and of cry­
ing, of pleasure and disgust, come under this heading. The forced 
laughing and crying of multiple bilateral cerebral lesions (pseudobulbar 
paralysis, multiple sclerosis, cerebral softenings) have already been re­
ferred to. (See Forced Movements). Most remarkable alterations in these 
expressive movements are seen in mania and in melancholia. They are 
exaggerated in the former and diminished in the latter (apathy, stupor). 
An excessive tendency to grimaces and gesticulation is sometimes seen in 
dementia praecox.

Loss of the expressive movements on one side may occur with contra­
lateral lesions of the thalamus.

(d) Disturbances in the Domain of Conduct and Behavior (Will)
Any discussion of the efferent or ccntrifugally-conducting neuron- 

systems would be incomplete without at least mention of those sponta­
neous movements of persons that make up their conduct and behavior. 
It is in these that the normal variations in human beings arc chiefly 
expressed, and there are great deviations within the limits of what wo 
call normal. It is only when conduct diverges very markedly from the 
average that we dare speak of it as pathological. A study of abnormal 
conduct belongs to the domain especially of psychiatry.

When the spontaneous movements of a person are greatly exag­
gerated, wo speak of motor agitation, and when greatly diminished, of 
ahoulia and of motor stupor. Maniacal excitation is an example of the 
former, and the psychomotor retardation of melancholia of the latter. 
In mental disease wo often see stereotyped attitudes long maintained, 
the head, for example, being bold in an abnormal position for a long time, 
in dementia praecox, such stereotyped attitudes—attitudes that would be 
most uncomfortable for a normal person—are maintained for hours at 
a time and the patients resist any interference with them (negativism), 
or they may monotonously repeat various movements, simple or complex 
stereotyped movements). Among these may ho mentioned snoutlike 
projection of the lips, swaying movements of the head and trunk, and
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tattoo-movements of the arms. Sometimes the patients repeat nonsensical 
words over and over again ( verbigeration ), or they talk rapidly and con­
tinuously (logorrhea), or confusedly, in unintelligible sentences, mixed 
up with rhymes and alliterations (speech-confusion, word-salad).

Monotonous renewal and repetition of a movement, cither following 
on a single spontaneous movement, or on a single movement performed 
on request, is known as motor ■perseveration.

Under abnormal conduct are included also the various impulsive acts 
duo to temporary psychomotor over-valuation, in which the patients sud­
denly, and apparently imperatively, are led to perform simple and com­
pound movements of various sorts. When these are caused hv strong 
emotions (anxiety, anger, lust), they arc known as impulsive emotional 
ads or instinctive acts.

In psychasthenic states, various imperative arts arc encountered, usu­
ally as a result of abnormal fears ; thus the fear of contamination with 
dirt or with bacteria leads to a continued washing of the hands and 
cleansing of the clothes. From the so-called flight impulse, “fugue” 
patients, usually from anxiety, suddenly undertake long trips away from 
home. Dipsomania, in which persons usually abstinent arc suddenly 
seized with a pathological and irresistible desire for alcohol; the irresist­
ible impulse to steal (kleptomania), or to incendiarism (pyromania), 
as well as satyriasis and nymphomania belong here.

Another disturbance of the will is to be seen in the abnormal tendency 
to bo influenced excessively by other wills. A marked example is the 
condition known as the hypnotic slate. Another instance is the so-called 
command-automatism of dementia praecox, where the patients will re­
peat. movements, such as the clapping of the hands, made before them 
(echopraxia, echoTcincsis), or will repeat words heard (echolalia).

In the sexual domain, among the forms of pathological conduct met 
with, arc a tendency to inflict pain (sadism) and to receive injury 
(masochism), as a sexual stimulus. In exhibitionism, the sexual feel­
ings are increased by unseemly exposure of the sexual organs. Tin* 
excitation of sexual feelings by inspection or of various parts
of the body or of pieces of clothing of the opposite sex is known as 
fetichism. Persons that cut off hair, or pieces of dress, or that muti­
late corpses, and men of “Jack-thc-ltippcr” type are probably victims 
of sadistic and fetichistic impulses.

Masturbation and sodomy are other examples of pathological conduct 
in the sexual domain.

There is, obviously, every transition among human beings from those 
whom wo call “responsible,” through the domain of “partial responsi­
bility,” to those whom we regard as wholly “irresponsible.” The hearings 
of this field upon ethics and upon criminology are obvious. (See als . 
Disturbances of the Conative Functions, under Psychiatric Methods.)

0060



EFFERENT AUTONOMIC PATHS 257

Reference»
Déjerine (/.). Troubles du langage. In: ScméUtl. des affections du syst. nerv., Paris, 1914,

Gutzmann (//.)• Die dysarthrischcn Sprachstorungen. In: 11 aw lb. d. Neurol. (Lcwnn- 
dowsky). Berlin, 1914, v, .',91-512.

Heilbronner (1C.)* Die aphasischcn, apraktischen und agnoslischen Stilrunyen. In: Hatulb.
d. Neurol. (Lcwandowsky). Berlin, 1910, i, 982-1093.

Wyllie (/.). The disonlers of sjtecch. Edinburgh, 1894. 8°.
[Note.—Sec also references in Part XII, Section II.]

D. Examination of the Functions of the Effer­
ent Paths that Influence Smooth Muscle, 

Heart Muscle, and Secreting Glands 
(Autonomic Neuron Systems)
1. Anatomical-physiological Notes

We know much more regarding the efferent than we do of the afferent neurons 
of the autonomic system. Thunks to the researches of Langley and others, it has 
been established that certain medullated centrifugal (preganglionic) fillers coming 
out of the central nervous system do not go directly to smooth muscle and glands, 
but end in arborizations around the cell-bodies of the neurons in ganglia outside

Fig. 550.—Red, Sympathetic Nerves ; Blue, Craniosacral Autonomic, or Parasympathetic, Fibers, 
from the Oculomotorlus. (After II. II. Meyer and R. Gottlieb, '‘Pharmacology, Clinical 
and Experimental,” published by J. B. Lippincott Co., Philadelphia.)



DISEASES OF THE NERVOUS SYSTEM

—

258

the central system. The cells of the latter ganglia send their non-medullated 
axons (postganglionic fibers) to smooth muscle, heart muscle, or to secreting glands. 
What was formerly known as the sympathetic nervous system is now classified as a 
part of this great autonomic nervous system, so called on account of its relative 
independence of the central nervous system.

The efferent systems of the autonomic nervous system are conveniently grouped 
us follows:

(a) Mesencephalic Autonomic Neuron Systems
Cells situated in the midbrain (mesencephalon), send preganglionic fibers, prob­

ably through the oculomotor nerve, to the ciliary ganglion. The cells in the latter

Fig. 051.—Inuorvatlun of Salivary (Bands. Rvd, Sympathetic Nerves; Blue, Craniosacral 
Autonomic Nerves. (After 11. II. Meyer and It. Gottlieb, "Pharmacology, Clinical and 
Experimental," published by J. B. Lippincott Co., Philadelphia.)

send axons (postganglionic fibers) to the M. ciliaris (which controls accommo­
dation) and to the M. sphincter iridis (which contracts the pupil).

(b) Bulbar Autonomic Neuron Systems
Here neurons, whose cell-bodies arc situated in the medulla and pons, send 

their axons (preganglionic fibers) through the N. glossoplmryngeus, N. vagus, and 
some possibly through the N. trigeminus and N. facialis, to peripheral autonomic 
ganglia in the head, neck, thorax and abdomen. Cell-bodies of neurons situated 
in tliese peripheral ganglia send their axons (postganglionic fibers) (1) to the heart 
muscle (inhibiting fibers of the vagus), (2) to the smooth muscle of the blood 
vessels (vasomotor nerves), the smooth muscles of the respiratory tract (tracheal 
and bronchial musculature) and, to some extent, the smooth muscle of the stomach 
aad, intestines, and (3) to various secreting glands (lacrimal, salivary, sudoripur 
ous, respiratory, ayd digestive).
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(c) The Spinal Autonomic Neuron Systems
Those nmy he divided into two groups :
(a) The cervico-thoraco-luwbar autonomie neuron systems, ordinarily spoken 

of as the sympathetic nervous system ; and
(b) The sacral autonomic neuron systems.
The cervico-tlioracu-lumbar or sympathetic group consists of neurons with cell- 

bodies in the spinal cord, probably the intermediolateral group of nerve cells 
in the gray matter, whose axons (preganglionic libers) pass out through the ante­
rior roots of the spinal nerves and thence, as rami communicantes, to the sympa­
thetic ganglia, ending in them as arborizations upon cell-bodies situated there. 
From the cell-bodies of the latter neurons, the axons (postganglionic libel's) pass 
to the skin, to the viscera, and to glands, thus innervating heart-muscle, smooth 
muscle and secreting glandular tissue. The fibers going to the heart-muscle 
include the so-called accelerator nerves. The libers going to the smooth muscle 
of the eye and eyelids, include the M. dilator iridis (which dilates the pupil), 
the M. orbitalis (which influences the prominence of the eye), and the smooth 
muscle of the lids themselves (which influences the width of the lid-slit). The 
libers going to the smooth muscle of the blood vessels are the vasomotor nerves 
and especially the vasoconstrictors; it is possible that the vasodilators take a dif­
ferent course, since they emerge from the spinal cord through the posterior roots, 
not through the anterior. The libers going lo the smooth muscle of the hair-follicles 
or so-called pilomotor nerves, innervate the Mm. arrectores pilorum, contraction of 
which causes goose-skin. The libers going to the smooth muscle of the stomach 
and intestines and of the walls of the large digestive gland ducts control the move­
ments of the walls of these tubes. Other fibers go to the smooth muscle of the 
genito-urinary apparatus, including the ureters, bladder and urethra of both 
sexes, and in the male the scrotum and prostate, in the female the Fallopian tubes, 
uterus and vagina. The libers going to the secreting glands, include those inner­
vating the submaxillary gland, the sweat glands, and all the secreting glands 
of the digestive tract.

The sacral autonomic neuron systems include (a) vasomotor libers, especially 
tin1 vasodilators of the arteries of the rectum, anus and external genitals, includ­
ing the important N. erigens, controlling the blood supply of the penis and clitoris; 
(b) the peristaltic fibers, controlling the contraction of the lower colon, the rectum 
and the bladder; and (c) certain secretory fibers, innervating the glands of the 
urethra, Bartholin’s glands, etc.

The viscera are doubly innervated, on the one side by the sympathetic proper, 
and on the other by the craniosacral autonomic, or parasympathetic, system. Thus, 
tin- sympathetic innervation of the heart is through the accelerator nerves, the cranio­
sacral innervation through the N. vagus. Similarly, the smooth muscle of the gastro­
intestinal tract is doubly innervated ; contraction is stimulated by the N. vagus, 
inhibited by the N. syinpathicus. The pupil is also doubly supplied, the dilator 
fibers by the cervical sympathetic, the sphincter fibers by the midbrain autonomic.

Now such a double and reciprocally antagonistic innervation of the smooth 
muscle and secreting glands appears to hold throughout the whole body. The 
two antagonistic systems taken together were called, by Langley, the autonomic 
vern,ns system. The cervico-thoraco-lumbar part of this is the old sympathetic 
system; the rest of it is the craniosacral autonomic system, or, as some prefer to 
call it, the parasympathetic system. Physiologists and pharmacologists have 
thrown much light upon the opposing autonomic, systems by experiments with 
electrical and chemical stimulation, the results of which are well shown in the 
following table ;



I
Effect of Sympathetic 

Stimulation Atropin
Effect of

| Epinephrin
Effect of

Pilocarpi n Ergot oxin

Stimulates (Th. I and II)

Stimulates (Th. I-III)

Constricts (Th. II-IV)

Constricts (Th. II-IV7)

Constricts (Th. II-L. IV’) 
Constricts (L. I-IVr) 
Stimulates (Th. II-L. IV) 
Stimulates (Th. IY-VTI) 
Stimulates (Th. I-\r) 
Relaxes (Th. II-IV) 
Paralyzes (Th. II-L. IV) 
Diminishes (Th. II-L. IV) 
Paralyzes (Th. II-L. IV) 
Diminishes (?)
Inhibits (Th. II-L. IV) 
Relaxes (L. I-IV)
Relaxes (L. I-IV)
Relaxes (Th. II-L. IV) 
Inhibits (?)

Contracts (L. I-IV) 
Relaxes (L. I-IV)

Contracts CL. I-IV7) 
Increases (Piqûre of Cl. 

Bernard)
Increases (Piqûre vermis) 
Contracts

Paralvzcs
Stimulates

Paralvzes
Stimulates

Paralvzcs (Stimulates $)
Constricts
Dilates

Constricts (+) Constricts
Dilates Dilates

Constricts
Constricts

Inhibits Inhibits
Stimulates

Stimulates Stimulates
Relaxes Relaxes
Paralvzes Paralvzcs
Diminishes
Paralvzes Paralvzes
Diminishes Diminishes (?)
Paralvzcs Paralvzes
Relaxes Relaxes
Relaxes (?) Relaxes
Relaxes Relaxes
Inhibits Inhibits
Inhibits Inhibits

Contracts
Relaxes
Contracts
Relaxes
Contracts

M. ciliarls
M. orbitalis (Mueller’s) 
Salivary glands 
Cerebral blood vessels 
Oral blood vessels 
Cutaneous blood vessels of head 
Coronary blood vessels 
Intestinal blood vessels 
Cîenital blood vessels 
Sweat glands
Mm. arrectores pilorum (face)
Heart muscle
Esophagus

Tonus of stomach 
Peristalsis of stomach 
Secretion of stomach 
Motility of intestine

M. sphincter ani 
Gall-bladder 
Pancreas secretion 
Bronchial musculature 
M. sphincter vesica 
M. detrusor vesieæ 
Uterus (pregnancy)
Uterus (gravid)
M. retractor penis

Stimulates

Stimulates
Paralyzes
Stimulates

Constricts

Stimulates

Inhibits

Excites
Increases
Increases
Increases

Cramps
Contracts

Contracts

Paralyzes

Dilates

Paralyzes
Inhibits

Increases
Increases
Contracts

Sugar tonus 
Ileat tonus 
Pigment cells

Diminishes

Dilates

Effect of Craniosacral 
Autonomic Stimulation

Stimulates (N. III).

Stimulates (N. III).

Stimulates chorda tympani. 
Dilates (X. X).
Constricts (X. IX).

Dilates (X. pelvicus).

Inhibits (X. X).
Excites (X. X)
Excites (X. X). 
Increases (X. X). 
Increases (X. X). 
Increases (X. X). 
Excites (X. X).
Excites (N. pelvicus). 
Cramps (X. pelvicus). 
Contrasts (X. vagus). 
Excites (X. X).
Excites (X. X).
Inhibits (X. pelvicus). 
Contracts (N. pelvicus).

Relaxes (N. pelvicus).
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(d) Vagotonia and Sympathicotonia
Under normal conditions, a sort of balance exists between the innervations in 

the two antagonistic systems, this balance being kept up probably by chemical 
action of hormones upon the nerve cells. Writing on the subject in 1013, I made 
the following comment:

“The balance maintained, normally, between the two antagonistic systems is 
one of the most interesting of physiological phenomena. Think, for example, 
of the rate of the heart beat—how constantly it is maintained at a given level 
in each person when the body is at rest; the impulses arriving through the vagal 
system just balance those arriving through the sympathetic system, so as to main­
tain a rate of approximately 72 beats per minute. And a similar balance is main­
tained in other autonomic domains (e. g., pupils, bronchial musculature, gastric 
glands, gastro-intestinal muscle, sweat glands, bladder-muscle, etc.).

“This equilibrium is all the more remarkable when one considers how fre­
quently it is temporarily upset in the exercise of physiological function. The 
play of the pupils with varying light, the watering of the mouth at the smell 
of savory food, the response of the heart to exercise and emotion, the flow of 
gastric juice on adequate stimulation, the opening of the bile duct at the call of the 
chyme, the transport of the colonic contents through one-third of the length of the 
colon through one vehement contraction every 8 hours, the sudden relaxation of 
the sphincter and contraction of the detrusor of the bladder in micturition, the 
violence of contractions in the domain of the N. pclvicus in parturition in the 
female and in ejaculation in the male, come to mind at once as examples of sud­
den physiological overthrow of balance.”

Eppinger and Hess have introduced the clinical conceptions of vago­
tonia and of sympathicotonia. In vagotonia there is (1) a hypersen- 
sitiveness to pilocarpin, (2) a relative insusceptibility to sympathetic 
stimuli, and (3) various clinical symptoms indicating heightened tonus 
throughout the craniosacral autonomic system. In sympathicotonia, in 
turn, there is (1) a hypersensitiveness to epinephrin, (2) a relative in­
susceptibility to pilocarpin and atropin, and (3) various clinical signs of 
heightened tonus throughout the sympathetic system proper.

Clinically, an outspoken case of vagotonia may include a varying number of 
the following signs (corresponding to stimulations of the craniosacral system): 
small pupils, accommodation spasm, wide lid-slits, salivation, epiphora, profuse 
sweating, reddened face, cold and moist hands and feet, bradycardia, pulsus irregu­
laris respiratorius, bronchial asthma,, eosinophilia, hyperacidity, gastrospasm, 
cardiospasm, pylorospasm, spastic constipation, biliary colic of nervous origin, anal- 
sphincter cramp, pollakiuria, and priapism.

With Dr. Sladen, I have used the jdiarmncodgnamic method ns a test in the 
control of such cases. As a stimulant of the craniosacral (or “vagal”) system 
we have given pilocarpin hypodermically in doses of 0.01 to 0.003 grams (gr. 1/6 
to gr. 1 20), and ns a paralysant of the same system, atropin hypodermically in 
doses of 0.001 to 0.00065 gram (gr. 1/50 to gr. 1 100). As a sympathetic stimu­
lant, we have used epinephrin (adrenalin) usually in doses of 1 mg. hypodermically. 
Some use for these tests 1 mg. atropin, 1 eg. pilocarpin and 1 c.c. of adrenalin 

on (1:1000).
We found some patients who reacted in an outspoken way to both pilocarpin
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and cpinephrin, each of the two systems seeming to be hypersensitive. The pilg- 
carpin-sensitive patients react with salivation, sweating, nausea, epiphora, flush­
ing, and a fall in blood pressure. They react to atropin by palpita.ion, dryness 
of the mouth and throat, and precordial oppression. The epinephrin-sensitive 
patients, on being given cpinephrin, react with tremor, sense of cold, rigor, glyco­
suria and rise in blood pressure.

An analysis of the various pharmacodynamic reactions observed in twenty-one 
cases in this way will be found in our published paper.

Our studies led us to agree with those that urge that the conception of vagot- 
ony be not too rigidly defined; we must be prepared to meet with exceptions 
ns yet difficult to explain, and with deviations from the phnrmaeodynamical reac­
tions that might he expected. Certain of the hormones may be less elective 
than the physiologists have taught us to believe; thus the occurrence of vagotonic 
signs mixed with sympathicotonic signs in the forms of Basedow’s disease accom­
panied by outspoken psychic disturbances (von Noorden, Jr., and others), demand 
more careful study. As Higier wisely remarks, the new conceptions of vagotony 
and sympnthieotony will doubtless undergo evolution like the majority of clinical 
conceptions in neurology. We can, nowadays, make a diagnosis of tabes, Base­
dow’s disease, Parkinson’s disease, or of multiple sclerosis, even in the absence 
of one or more of the original pathognomonic signs, or cardinal symptoms, described 
by their discoverers.

For therapy, as well as for diagnosis, clinical men will do well from now on 
to give due consideration to disturbances of the visceral nerves. In no part of 
internal medicine can more be expected from pharmacotherapy; we have at our 
disposal a host of agents—nicotin, atropin, pilocarpin, physostigmin, colchicin, 
adrenalin, cocain, ergotoxin, calcium, to mention only some of them—that have 
already been shown to act more or less elect ivclv; may we not hope that, our clinics 
may find out how effectively to use them and others still to be discovered, in regu­
lating the functions of the visceral nerves in at least many of the instances when 
these are disturbed.
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2. Autonomic Symptoms and Signs
It is convenient to have at hand the symptoms and signs referable to, 

different parts of the autonomic system, as follows :

(a) Symptoms and Signs in the Head and Neck
(a) The Eyes. These include (1) miosis and mydriasis ; (2) accom­

modation-spasm and accommodation-paralysis; (3) widened and nar-
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rowed lid-slits; (4) von Graefe’s sign; (5) Dalrymple’s sign; (6) infre­
quent winking (Stelwag) ; (7) insufficient maintenance of convergence 
(Mœbius) ; (8) exophthalmos and enophthalmos ; (V) epiphora and dry­
ness of the eyeballs; (10) Loewi’s test (positive adrenalin-mydriasis); 
(11) Argyll-Kobertson pupil ; (12) anisoeoria.

(b) In the Nose and Mouth. (1) Excess of saliva with constant 
spitting; (2) dry mouth or xerostomia; (3) coryza vasomotoria.

(c) In the Skin, (vide infra).
(d) In the Meninges. Pain of vasomotor origin (cephalalgia; heini- 

crania).

(b) Symptoms and Signs Referable to the Respiratory System
(1) Laryngismus and laryngeal crises ; (2) asthmatic attacks ; (3) 

pulsus irregularis respirator!us; (4) Aschner’s phenomenon (pressure on 
the eyeballs stimulating first the trigeminus and then, reflcxlv, the vagus 
and leading to arrest of respiration in the expiratory phase, with slowing 
of the pulse), the oculocardiac reflex.

(C) Symptoms and Signs in the Circulatory System
(1) Tachycardia; (2) bradycardia; (3) changes in conduction time 

(dromotropic disturbances) ; (4) pulsus irregularis extrasystolicus; (5) 
angina vasomotoria ; (0) Aschner’s phenomenon ( vide, supra); (7) 
changes in blood pressure; (8) peripheral hyperemias and anemias ; (0) 
intermittent claudication; (10) dyspragia intermittens intcstinalis; (11) 
acrocyanosis ; (12) urticaria.

(d) Symptoms and Signs in the Digestive Apparatus
(1) E soph agi smu s ; (2) cardiospasm ; (3) gastric neuroses (hyper­

acidity, achylia, gastrosuccorrhea, pylorospasm, gastrospasm, gastric 
atony); (4) atonic and spastic constipation, diarrhea nervosa, colica 
mucosa, anal sphincter spasm.

(e) Symptoms and Signs in the Urogenital System
(1) Retention and incontinence of urine; (2) pollakiuria and tones 

mus ; (3) renal colic ; (4) disturbances of libido, of erection, of ejacula­
tion and of orgasm ; (5) uterine atony and certain menstrual disturbances.

(Z) Symptoms and Signs in the Cutaneous System
(1) Goose-flesh ; (2) trichopilar crises ; (3) contractions of smooth 

muscle of tunica dartos and of nipple ; (4) hvperhidrosis and anhidro<s 
(unilateral or bilateral ) ; (T>) bromidrosis; (6) vasoconstriction (pallor : 
(7) vasodilatation (erythema) ; (8) dermographism us.
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(g) Symptoms and Signs Referable to the Hemopoietic, Metabolic, 
and Endocrine Organs

(1) Eosinophilia; (2) eosinopenia; (8) lymphocytosis ; (4) status 
thymicolymphaticus ; (5) the pigmentations; (6) increased or diminished 
glucose-tolerance (glycosuria) ; (7) increased or diminished fat-tolerance 
(steatorrhea ).
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3. Tests for Pupillary Reactions and for the Power 
of Accommodation

Most important, clinically, are the test of the light-reflex ; the tests 
for the normally associated movement of contraction of the pupil on con­
vergence, and on accommodation ; the test for reflex dilatation of the 
pupil (ciliospinal reflex); test for the power of accommodation ; tests 
fur the function of the smooth muscle of the eyelids ; tests for the asso­
ciated movements of the eyeball and eyelid, and of the function of the 
M. orbital is (Midler’s muscle).

(a) Reflex Contraction of the Pupil to Light
{Optic-dynamic Iicfle.r)

The centripetal part of the reflex-arc is the retina and the X. opticus ; 
the centrifugal part is the mesencephalic autonomic system (fibers run- 
i"ir through the X. oculomotorius, ciliary ganglion, ciliary nerves to 
■M. sphincter iridis). Fibers go from each eye to the centrifugal arc of
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both eyes, since part of the pupillary fibers of the optic nerve cross in the 
chiasm, and part do not. Illumination of the retina, therefore, in one 
eye causes, not only contraction of the pupil of the same eye (homolateral 
reflex), but also contraction of the pupil of the other eye (heterolateral 
or consensual reflex).

Formerly, it was believed that the periphery of the retina as well as the region 
of the macula mediated the light reaction, and Wernicke on this hypothesis based 
his test for the hcmiopic pupillary reaction in hemianopsia. The studies of C. Hess 
by very exact methods indicate, however, that the part of the retina possessing 
pupillomotor power measures only 4 mm. in the horizontal diameter, and only 2.5 
mm. in the vertical diameter. Though these results have not yet met with full 
acceptance by control observers, it seems probable that the pupillomotor domain 
of the retina is central and small, and that but little, if any, reliance can be 
placed upon Wernicke’s hemiopio reaction.

On testing (1) the heterolateral or consensual reaction, we ask the pa­
tient to stand in front of a window and to look at some distant object in 
diffuse daylight. We then place a hand over one of his eyes; normally, 
the pupil of his other eye will dilate, and if, after a few seconds, the 
hand be withdrawn, the pupil of the eye that has not been covered will 
again contract.

On testing (2) the homolateral light-reaction, sometimes called the 
direct reaction, we make the patient face a window, with both his eyes 
open, and tell him to look at a distant object ; standing on one side of 
him, we close one of his eyes with one hand and then shade the eye that 
is to be tested with the other hand. After three or four seconds, this 
hand is quickly withdrawn. One then notes whether or not the pupil 
contracts, making sure that the patient has not, in the meantime, changed 
the focus of his eye, or converged.

If there be no reflex contraction on applying this test, or if the reac­
tion be sluggish, it is well to test the reflex with artificial light in a dark 
room, by throwing light into the eye with the reflector of an ophthalmo­
scope, as nearly centrally as possible, rather than from the side, noting, 
at the same time, the behavior of the pupil. Very convenient, for this 
purpose, in private practice, is the small pocket electric light, which 
permits one to throw a strong light into the eye without going into a 
dark room.

(6) The Associated Movement of Contraction of the Pupil on 
Convergence, and on Accommodation

(1) Testing the Contraction of the Pupil on Convergence.—When 
the eye converges, the two medial recti muscles contract together, and 
there is, normally, an associated movement of contraction of the pupil. 
This is not a reflex, but a true associated movement (synkinesia), the 
sphincter of the pupil taking part in the synergism. This contraction of 
the pupil on convergence is often retained when the light reflex is absen',
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hence the great importance of making sure, on testing the light reflex, 
that the patient continuously looks at a distance, the eyes not converging.

(2) Testing the Contraction of the Pupil on Accommodation for 
Near Vision.—Ordinarily, accommodation is associated with convergence, 
hut even when the medial recti are paralyzed, accommodation may not 
ho paralyzed, and, in such cases, the pupils may contract on accommoda­
tion. When there is no convergence, we ask the patient to look, first, at 
a distance, and then, quickly, at the end of his nose, and we note whether 
or not the pupil contracts. When the pupil docs not react to light, but does 
react on accommodation, it is an “Argyll-Robcrtson pupil” (q. v.).

(c) Reflex Dilatation of the Pupil
(Function of the M. dilator iridisy Ciliospinal Reflex)

This may bo tested in cither one of two ways:
(1) On pinching or pricking the side of the neck, there follows, nor­

mally, dilatation of the pupil on the same side. The afferent limb of the 
arc is made up of the sensory fibers of the cervical (spinal) nerves; the 
efferent limb runs through the first (or second) thoracic spinal root into 
the cervical sympathetic.

(2) Drop into the eye to bo tested a few minims of a 2 per cent solu­
tion of cocain hydrochlorate. This stimulates the endings of all the 
sympathetic nerves in the neighborhood, causing not only dilatation of 
the pupil, but also retraction of the upper lid, and slight exophthalmos. 
If the nerve endings of the sympathetic on the M. dilator are degenerated, 
no mydriasis follows the instillation of cocain.

(d) Disturbances of the Pupillary Reactions 

i. Changes in Shape and Size
An irregular pupil may be due to adhesions between the lens and the 

iris from iritis (synechiae), or to old irijury, or to partial paralysis of 
the sphincter (in tabes and general paresis). An excentric position of 
the pupil may he due to adhesions, to an iridectomy, or it may be con­
genital (coloboma).

The size of the pupil varies much physiologically. The pupils are 
relatively small in the new-born, in old age, and in hypermetropia. They 
are relatively large in older children, and in myopia. When pupils aro 
markedly small (miosis) or markedly large (mydriasis), a pathological 
condition should be suspected. One makes sure always, of course, that 
no miotic drug, such as eserin or piloearpin, or mydriatic, such as atro- 
pin, copain or euphthalmin, has been dropped into the eye before the 
examination, and that no drug influencing the size of the pupils has been
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taken inwardly, since nicotin and morph in will contract the pupil, and 
belladonna, hyoscin and scopalamin, taken internally, will dilate it.

Inequality of the pupils (anisocoria) is an important sign, demand­
ing most careful testing of tlio pupillary, reactions. Inequality may de­
pend, however, upon differences in the refractive media of the two eyes 
(anisometropia). A pathological anisocoria may upon a patho­
logical miosis of one eye (paralysis of M. dilator iridis, duo to a sympa­
thetic lesion ; loss of light-reaction in tabes and general paresis); or to 
a pathological mydriasis of one eye (stimulation of the dilator of the 
iris in sympathetic irritation; paralysis of the sphincter of the iris).

ii. Loss of the Light Reflex
One must determine in what part of the reflex arc the interruption 

has occurred.

(1) Unilateral Pupillary Rigidity
Lesion in the Centripetal Limb of the Reflex Arc.—If illumination 

of the right eye cause no contraction of either the right or the left pupil, 
whereas illumination of the left eye causes contraction of both the left and 
the right ", the disturbance must lie in the centripetal path of the 
reflex are; that is, in the retina or N. opticus of the right eye. Since 
vision will also he injured in this eye, this form of pupillary rigidity, 
which consists of the absence of the homolateral and heterolateral reflex 
from the one eye, with retention of both homolateral and heterolateral 
reflex when the other eye is illuminated, is known as unilateral amaurotic 
rigidity.

Lesion in the Centrifugal Limb of the Reflex Arc.—Now if the right, 
pupil does not contract cither on illumination of the right eye or of the 
left eye, hut the left pupil contracts consensu ally from the right, then 
the disturbance must he in the centrifugal part of the reflex arc (mid­
brain autonomic fibers in N. oculomotorius, ciliary ganglion, or ciliary 
nerves). If so, the right pupil will he constantly wider than the left, 
and it will not contract on attempts at either convergence or accommoda­
tion (so-called unilateral absolute rigidity of the pupil). In some of these 
cases the lesion destroys the fibers going to both the M. sphincter iridis 
(pupil) and the M. ciliaris (accommodation) ; the condition is then 
known as ophthalmoplegia interna. In rare instances there may he a 
lesion of the centrifugal limb of the arc involving the contraction of the 
pupil but not injuring the fibers innervating the M. ciliaris at all ; thi 
condition is known as uncomplicated sphincter paralysis, or as pure also 
lute pupillary rigidity.

Lesion Between the Centripetal Limb and the Centrifugal Limb of
the Reflex Arc.—If the right pupil docs not react to light at all, citlu r
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from illumination of the right or of the loft eye, ami yet will contract 
on accommodation and convergence, and the vision is good in both eyes, 
the disturbance must he cither in fibers of the N. opticus after they have 
gone past the lateral geniculate body on their way to the midbrain, or in 
some associative path between the centripetal limb of the arc and its 
centrifugal limb, perhaps in neurons intercalated between the two (Schalt- 
neurone of von Monakow), perhaps in the collaterals that go from the 
N. opticus to end in arborizations around the cell-bodies in the nucleus 
of origin of the centrifugal neurons (innervating the ciliary ganglion and, 
ultimately, the M. sphincter iridis). The condition is known as the 
unilateral Argy! I-Robertson pupil or unilateral reflex pupillary rigidity.

(2) Bilateral Pupillary Rigidity

When the light reaction, both homolateral and consensual, is lost in 
both eyes, we may he dealing with (1) bilateral amaurotic rigidity, if the 
patient he blind and the pupils still contract on convergence; with (2) 
bilalcral absolute rigidity, if the patient’s vision he good, hut there be 
no contraction of the pupils on accommodation or on convergence; or 
with (3) bilateral reflex rigidity nr double Argyll-Robert son pupil, if the 
vision he good and the pupils still contract on accommodation and on 
convergence.

It is to he kept in mind that combinations of these different kinds of pupillary 
rigidity may occur. Thus, for example, if the pupil do not contract on homolateral 
stimulation in either eye, while the consensual reaction is present in one eye, 
then the eye that, on illumination, yields n consensual contraction in the other 
eye must be the victim either of (1) absolute rigidity, in which case the pupil 
on that side will not contract on attempts at accommodation and convergence; or 
of (2) rellex rigidity, the accommodation-reaction being present; in the other 
eye, the rigidity will be amaurotic in type.

Injuries to the retina or to the optic nerve may cause amaurotic rigidity. It 
was long supposed that in lesion of one optic tract, there must be hcmiopic rigidity 
( Wernicke's hemiopic pupillary reaction) when a ray of light is focussed upon 
the blind half of either retina; and that in hemianopsia, or hemi-opsia, due to pun- 
lesions of the cortex, or of the oceipitothalnmic radiations, the pupillary reactions 
must be normal, since the pupillary paths through the optic nerves and tracts to the 
midbrain are not injured. Since the studies of Hess (vide supra) have shown that 
the pupillomotor area of the retina is central and very circumscribed, this test of 
Wernicke’s has lost its anatomical foundation, a matter of satisfaction, doubtless, 
to the many clinicians that have tried to apply it in differential diagnosis, only to 
be disappointed in the result.

Reflex rigidity, or the Argyll-Robertson pupil, is most common in 
tabes dorsalis and in dementia paralytica. It nearly always means the 
onset of one of these two diseases, though it may precede other outspoken 
symptoms by years, or even by decades.
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Ophthalmoplegia interna never occurs in “pure” tubes or dementia 
paralytica, but is very common in syphilis, rare in other organic diseases 
of the brain, and not uncommon from causes as yet wholly obscure.

Pure absolute rigidity, i. e., uncomplicated sphincter paralysis, due 
either to nuclear or intranuclear lesion, is especially common in syphilis,

5ph. irid.
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DilaUrid.

Cciliare

Pupillomol 
field of Rehna 
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l’lg. Grill.—Diagram of the* Innervation of the Pupils. Red = Fibers of N. Ill ; Green = 
Sympathetic Ganglion and Fibers ; lllue = Fibers of Optic Nerve Complex; M. Int. = M. 
rectus hit. ; Sph. Irld. = Sphincter l rid Is ; Dibit. Irid. = Dilator iridls ; C. vlllare = Cillery 
Body ; Ch. = Chiasm ; Gg. ell. = Ciliary Ganglion ; S. F. = Sympathetic Fibers: 8. 1. c. = 
Intrneentral Sympathetic Paths from Cartel to Clllosplunl Center In CH T. ; Ggl. cerv. sup.

Superior Cervical Ganglion; Ggl. up. = Spinal Ganglion; P. = Pupillary Nucleus of N. 
Ill ; A. = Accommodation Nucleus of N. Ill : C. = Convergence Nucleus of N. 111. Paths 
for the Direct Light Reflex l-4-4n—Homolateral; Consensual Light Reflex 2-4-4n—Con­
tralateral. Reaction to Accommodation 8-4-4a—Bilateral. Convergence Reaction 
7-4-4a—Bilateral. Perception Reflex for Light D-4-4n—Bilateral. Pain Dilatation Reflex 
DMO-lOa. Kmotlonal Dilatation Reflex, and Perception of Darkness 11 KMOa. <After o. 
Veraguth, "Die kll.n. V'ntersuch. Nervenkranker,” published by J. F. Bvrgraann, Wies­
baden.)

occurs occasionally in tabes and in dementia paralytica, and, much more 
rarely, in senile dementia, alcoholism, and other organic diseases of the 
brain (Bumkc).
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(e) Power of Accommodation
( Vision for Near Objects, Function of the M. cilinris)

Having first corrected any error of refraction (important!), we test 
for the patient’s “near point” ; that is, the closest point to the eye at which 
minute objects, such as the finest print, can be distinguished. For normal 
young people, fine print should be distinguished at a distance of 10 or 
15 cm. from the eye. If the power of accommodation be lost, we speak 
of paralysis of accommodation (lesions of N. oculomotorius, postdiph- 
theritic paralysis). If it be only weak, the condition is known as accom­
modation-asthenopia. One form of this is normal, namely, the gradually 
increasing inability to accommodate that begins to appear after the 
fortieth year (presbyopia), preventing reading at the ordinary distance 
(25 cm.) without spectacles ; but this is duo to loss of elasticity of the 
lens, rather than to paresis of the M. cilinris.

The so-called muscular asthenopia is due to faulty convergence (medial 
recti), and not to weakness of the M. cilinris.

(f) The Smooth Muscle of the Eyelids
Sometimes the tonus of these muscles is continuously increased, as in 

the widened lid-slit of exophthalmic goiter. Overfunction of this smooth 
muscle can often be demonstrated by asking the patient suddenly to fix 
upon an object, for example, the finger held in front of the eyes; sudden 
widening of the lid-slit ( Dalny tuple's sign) may occur. The cocain test 
above referred to may also be applied.

(g) Tests for the Associated Movements of the Eyelid and the Eyeball
Ordinarily, as the eye is raised or lowered, the upper lid follows it 

with equal pace. In conditions of hypertonicity of the smooth muscle of 
the upper lid, as in some eases of Basedow’s disease, there may be a 
partial dissociation of these movements. One makes the test as follows : 
Asking the patient to fix his eyes upon the examiner’s finger, the exam­
iner moves this slowly up and down in front of the eyes. As the eyes go 
down, the eyelids do not follow the eyeballs with equal pace. As a result, 
the white of the sclera may show between the cornea and the upper 1M 
{von Qraefe’s sign).

{h) The Function of the M. orbitalis {Muller’s Muscle) 
Exophthalmos; Enophthalmos

When Muller's muscle has its normal tonicity, the eye is normally prominent ; 
if it be hypertonic, there is exophthalmos, or, better, protrusio bulbi; if it lie 
hypotonic, there is enophthalmos, or retraction of the eye, with an incomplete
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ptosis (pseudoptosis), due partly to the retractiou of the eyeball, partly to the 
loss of tonicity of the smooth muscle of the upper lid, and usually associated with 
contracted pupil from loss of function of the dilator muscle of the iris (Horner’s 
syndrome in paralysis of the cervical sympathetic).
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t. Disturbances of Innervation of the Heart and 
Blood Vessels

(a) Nervous Disturbances of Cardiomotility
A slow pulse (bradycardia) may be due to excessive vagus stimulation. If so, 

the bradycardia will disappear a few minutes after the hypodermic administra­
tion of 1 80 or 1/00 grain of atropin. Bradycardia is a well-known sign in organic 
disease of the brain (vagus irritation). It is often due to reflex stimulation of the 
vagus from irritation of the intestinal tract (colica mucosa). A relative brady­
cardia is seen in typhoid fever.

A frequent pulse (tachycardia) may depend upon diminution of vagus stimu­
lai ion, though it is probably more often the result of excessive stimulation by 
way of the accelerator nerves. Fever, neurasthenic states, and (1 raves’s disease are 
conditions in which tachycardia is common ; if they can he excluded as causes, one 
must think of myocardial disease and of cerebral disease as possible causes.
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(6) The Oculocardiac Reflex (Aschner’s Phenomenon)
On compressing the eyeballs, the pulse is normally slowed from 6 to 8 bents per 

minute. The centripetal impulses puss through the N. trigeminus, the centrifugal 
through the autonomic fibers of the N. vagus to the heart-ganglia.

In vagotonic states, the heart-rate may, on pressing upon the eyeballs, be slowed 
much more than in normal persons, often as much as 10 to 1G beats per minute. 
In sympathicotonic states, a paradoxical reflex may be met with, the pulse becoming 
accelerated rather than slowed on applying the test.

In the gastric neuroses, 1/5 of the cases show a slight slowing ; 3/5 of the 
cases a slowing of 10 to 10 beats; 1/5 of the cases an acceleration of 20 to 30 beats 
(Loepcr and Mougeot).

(c) Disturbances of Vasomotility
Prolonged vasoconstriction of the skin causes pallor; vasodilation results in 

blushing. Theoretically, we have to consider the vasoconstrictor nerves and the 
vasodilator nerves, and, in turn, both paresis and spasm of the smooth muscle from 
under-action or over-action of each set of nerves. Clinical analysis cannot, as yet, 
be pushed thus far. It is to be hoped that before long the physiological studies 
of Porter of Boston may be found to be clinically applicable. In some patients 
the vasomotor nerves are particularly labile. In nervous young people, blushing 
and pallor are often excessive. Some patients suffer from vasomotor spasm 
(anginas, intermittent claudication, acroparesthesias, local syncopes of Raynaud’s 
disease) ; others have vasomotor paralysis (acrocyanosis, erythromelalgia). It 
may be that increased permeability of the vessels is due to abnormal function 
of the vasomotor nerves (angioneurotic edema, hydrops articulorum intermittens, 
dermatographism, urticaria fact ilia).

Vasomotor anomalies are often associated with organic disease of the central 
nervous system. In cerebral hemiplegia, the paralyzed side, after initial hyperemia, 
is often cold, and the blood pressure may also be unilaterally lowered. A vaso­
motor form of Jacksonian epilepsy has been described (Oppenheim).
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5. Disturbances of Innervation of Sweat Glands
and Tear Glands

The function of the sweat glands may be disturbed locally, or generally.
One may try to make the patient sweat, either by asking him to sit in an elec­

tric-light cabinet for a few minutes, or by administering piloearpin.
Some patients sweat too easily (hyperidrosis) ; others sweat but little (hypoi- 

drosis). In local lesions, there may be areas in which there is no sweat secretion 
(anidrosis). Such an area of anidrosis, or of hyperidrosis, may be objectively 
recorded by the method of Purves Stewart ; powdered charcoal is dusted on the 
skin ; the charcoal sticks to the wet areas, and a photograph is taken.

The secretion of sweat is sometimes perverted. The sweat of some patients emits 
an extremely foul odor (bromidrosis).

The functions of the lacrimal gland may, like those of the sweat glands, be 
disturbed through nervous influences.

In vagotonies, excessive lacrimal ion with epiphora (overflow of tears to the 
face) may occur. In sympathicotonies, especially in some cases of Graves’s dis­
ease, excessive dryness of the eyes is often complained of. I have recently seen a 
case in which very dry eyes accompanied a very dry mouth (xerostomia).
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6. Disturbances of Innervation of the Musculature 
and the Glands in the Respiratory System

The spasm of the smooth muscle of the bronchi is an important feature in 
bronchial asthma, and in acute and chronic bronchitis. In bronchitis this spasm 
is rcllexly caused by irritation of the bronchioles. In bronchial asthma the spasm 
may he reflex from the nose, or the paranasal sinuses. In other cases, the spasm 
may he centrally irritated (toxic asthma).

The spasm of the bronchioles in anaphylaxis is sometimes due to stimulation 
of nerve cells in the brain. Some forms of asthma may be anaphylactic in origin.

The perversions of secretion of the glands in the respiratory system through 
autonomie influences have not yet been clinically analyzed.
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Note.—Sec also references under Bronchial Asthma. Pt. V.

7. Disturbances of Innervation of the Musculature 
and the Glands of the Digestive Apparatus

Here belong the disturbances of peristalsis (atony, hypermotility) ; also the 
spasmodic contractions of smooth muscle in the abdomen (cardiospasm, hour-glass 
stomach, pylorospasm, angina abdominis, colica mucosa, lead colic, hepatic colit;, 
etc.). Disturbances of salivary, gastric, intestinal, hepatic, and pancreatic secre­
tion due to autonomic innervations come also under this heading. These are de­
scribed elsewhere.

The nervous mechanism of defecation is very much like that of mictu­
rition (q. v.).

In rectal paralysis there is retention of feces ([retentio alvi); it is met 
with sometimes with brain tumors.

When the feces cannot be retained, wo speak of incontinence of feces 
(incontinentia alvi). If the incontinence be intermittent, the lesion is 
probably above the center for defecation in the conus medullaris ; if it 
be continuous (“dribbling”), it may be due to anesthesia of the rectum 
(e. q., tabes) and loss of the internal anal reflex.

The reflex contraction of the non-striated internal sphincter may bo 
tested by introducing the finger into the anus; under normal conditions, 
the finger will be tightly grasped by the M. sphincter interims. One has 
to distinguish between the superficial anal ref ex involving the external 
sphincter (striped muscle) and the deep or internal anal reflex involving 
the internal sphincter (smooth muscle). If the finger be not firmly 
grasped, and, especially, if the anus remain open, “yawning” for a few 
seconds after the finger is withdrawn, the internal reflex is lost.
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8. Disturbances of Innervation of the Urogenital 
Apparatus

We shall consider briefly here flic disturbances of autonomic innerva­
tion influencing (a) the secretion of the kidneys, (b) the motility of the 
pelvis of the kidney, the ureter and the urinary bladder, (c) the mech­
anisms of erection and ejaculation in the male, and (d) the mechanisms 
of ovulation, menstruation, and parturition in the female.

(a) Nervous Disturbances of Renal Secretion and Renal Vasomotility
The study of these has only recently been begun. The kidney, like 

the other viscera, is doubly innervated by, apparently, reciprocally an­
tagonistic systems—sympathetic and vagal. Wo shall probably soon know 
more about the polyurias and the oligurias of neural origin than we 
know now. We must learn to separate the influence of the vasomotor 
nerves in the renal blood vessels from the influence of the secretory nerves 
(proper) on the renal epithelium.

(b) Disturbances of Motility of the Renal Pelvis and Ureter
The size of the renal pelvis and of the ureter can be studied intrn 

rilam by means of collargol x-ray examinations (paralysis, spasm).
llcnal colic and ureteral colic arc duo to spasm of the smooth muscle 

of the walls of the renal pelvis and of the ureter, respectively. This may 
ho due to stone, to inflammatory irritation, or to kinking of the ureter 
(as in DielVs crises).

(c) Disturbances of Motility of the Urinary Bladder
The nervous mechanism of the filling nnd emptying of the urinary bladder 

is rather complex. There are three superimposed reflex-ares: (1) peripheral auto­
nomic; in the plexus hypogastricus inferior of the sympathetic; (2) centripetal 
through the second, third and fourth sacral posterior roots to the centrum vesico- 
spinnle in the conus medullaris of the spinal cord (S3-S4) nnd thence (centrifugal) 
through the preganglionic fibers in the third and fourth sacral nerves into the 
N. pudendus and to the plexus hypogastricus interior, and thence through post­
ganglionic fibers to the bladder; and (3) ccrebrahvards through the afferent paths 
to the somesthetic area of the cortex, and then, centrifugnlwards, through the ante­
rolateral funiculi of the cord to the centrum vesicospinale in the conus; these 
cerebral impulses simultaneously cause either (a) relaxation of the M. sphincter 
vesieao along with contraction of the M. detrusor, during emptying of the blnd- 
der, or (b) contraction of the M. sphincter nnd relaxation of the M. detrusor, during

Normal retention of urine between nets of micturition seems to de­
l-end mainly upon the normal tonicity of the M. sphincter vosicae 
if rims (smooth muscle). The external sphincter of the bladder, or 
M. constrictor urethrae (striped muscle) probably helps in the retention
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by its normal tonicity, but has to do chiefly with the voluntary retention 
and with the interruption of the stream after it has been started. Mictu­
rition is voluntarily started, in the adult, by the prelum abdominis (con­
traction of the diaphragm and the abdominal walls) at the same time 
that the M. constrictor urethrae is relaxed. Once started, the M. detrusor 
continues to expel the urine, unless the stream be interrupted by volun­
tary contraction of the M. constrictor urethrae. When the cerebral arc 
is completely severed, owing to lesions in the brain or cord above the 
centrum vesicospinale in the conus, the voluntary control of the bladder

C.B.C.

-Sn M R

Fig. fiM—Diagram of Filling (F) and Emptying (A?) of Rladder; Sph. = Sphincter vealeac; 
M Mucous Membrane; I> - Detrusor vesleae ; S.p.-S.c. = Peripheral and Ventral Sensory 
Paths; Sn. M. P. = Supranuclear Motor Paths. 2.1). = to the Detrusor; 2. Sph. = to the
Sphincter. Motor Path Marked .........= Lowers Tonus. Motor Path Marked---------
- Raises Tone. Bp. U. V. = Spinal Venter for Bladder. C. B. C. = Cerebral Venter for 
Bladder. (After O. Veraguth, “Die kiln. Untersuch. Nervenkranker," published by J. F. 
Bergmanu, Wiesbaden.)

is lost as well as the sensation of fullness of the bladder. The vesicospinal 
arc and the subjacent autonomic arc then work automatically as in the 
new-born baby, with resulting intermittent incontinence or reflex incon­
tinence of urine; as soon as the bladder becomes partially distended, flic 
tension of the bladder wall excites reflex contraction of the detrusor and 
relaxation of the sphincter, and the urine is expelled in a jet. In rare 
eases of complete transverse lesion of the cord (above the conus), the 
reflex emptying of the bladder is abolished (like the other reflexes) and 
the bladder becomes distended (retentio urinae), sometimes causing rup­
ture of the bladder, if the urine be not drawn off by catheter.
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In rare cases an intermittent incontinence may bo duo to cystospasm.
In lesions of the conus medullaris involving tlio vesicospinal center, 

tho disturbances are greater than in lesions above this area, owing espe­
cially to total paralysis of tho M. constrictor urethrae (with loss of its 
tonus and degenerative atrophy). In some cases of total destruction of 
the conus, there is reflex incontinence (as in lesions higher up), mediated 
apparently by tho peripheral (extraspinal) autonomic arc (L. R. Midler) ; 
this point is, however, in dispute, and the division of labor between tho 
peripheral arc and tho spinal arc is not yet fully understood.

In lesions of tho peripheral autonomic arc (and, perhaps, of tho 
spinal arc) true incontinence (incontinentia vera) results, owing to 
permanent relaxation of both the M. detrusor and the M. sphincter.

In anesthesia of tho bladder wall, the bladder becomes insensitive to 
normal amounts of urine ; tho desire for micturition is not excited, and 
there is an initial retention (ischuria); as the bladder becomes over- 
distended, however, the urine, as a rule, mechanically dribbles away 
(ischuria paradoxa). This is seen often in tabetic patients, who always 
arc found to have residual urine on catheterization ; they expel the urine 
by contracting the abdominal walls, but the bladder is incompletely emp­
tied. Sooner or later, overdistention, with constant dribbling, plagues 
the patient

There may sometimes be retention of urine due to dulling of con­
sciousness (coma, typhoid), to crump of the sphincter, to an incapacity 
voluntarily to relax tho sphincter, to stricture of the urethra, or to en­
largement of the prostate.

Temporary retention of urine is common after operations, and in 
nervous patients under emotional stress (psychogenic retention) ; it is 
usually due to a cramp of the sphincter, and may often be relieved by a 
hot, bath or hot compresses, or it may pass off after one or two catheter­
izations.

Some nervous patients with normal urine (absence of cystitis), arc 
compelled to urinate very frequently (pollakiuria nervosa). Many chil­
dren and young people are troubled with incontinence at night (enuresis 
nocluma) ; as a rule, a transitory and not a serious symptom, due to loss 
of cerebral inhibition in sleep, it is occasionally due to epilepsy.

In some psychoneurotic patients, more often in persons that have suf­
fered some organic cerebral insult, the desire to urinate must be gratified 
at once, or involuntary micturition will occur (imperative micturition).

(d) Disturbances of the Motility and of the Vasomotility in the 
Genital Apparatus

In the male there may be disturbances of (1) the scrotal reflex, 
(-) the mechanism of erection of the penis, and (3) the mechanism of 
ejaculation of the semen.
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L The Scrotal Reflex
On stroking the perineum a few times with the handle of a percussion 

hammer, or on applying cold to it, or, gently, to the skin of the scrotum, 
the smooth muscle in the wall of the scrotum, the so-called tunica dartos, 
will in a few seconds contract; one secs a slow, wormlike contraction 
begin near the junction of the scrotum with the perineum, and extend 
slowly forwards. It is not to he confused with the cremaster reflex.

According to Curschmann it can bo elicited as long as two hours 
after death!

ii. Disturbances of the Mechanism of Erection of the Penis
Erection of the penis depends on (a) distention of the corpora caver­

nosa and spongiosa with blood (dilatation of arteries) and (h) increased 
consistence through prevention of the venous outflow by the tonic con­
traction of the M. transversus perinei, Mm. bulboeavernosi and ischio- 
cavernosi. There are three physiological mechanisms that lead to erec­
tion; practically the three mechanisms are usually combined with one 
another: (1) psychogenic, path from cerebrum, to upper lumbar cord 
and thence to pelvic sympathetic ganglia and peripheral organs; (2) 
spinal reflex, centripetal path from prepuce and glans through N. dor­
salis penis and X. pudendus communis to sympathetic ganglia, and thence 
through posterior sacral roots into the cord, especially to the second and 
third sacral segments (S2—S;t) (destruction of which abolishes this spinal 
reflex); thence, by centrifugal path, in roots of second and third sacral 
nerves through N. erigens to sympathetic ganglia and thence by post­
ganglionic fibers to the smooth muscle of the walls of the arteries sup­
plying the erectile tissue; at the same time, increased tonus in the mus­
cles preventing the venous outflow (S:t); (fl) autonomic (extraspinal) 
reflex, centripetal limb from walls of seminal vesicles (and urinary 
bladder) to ganglia in plexus hvpogastricus ; centrifugal limb from sym­
pathetic ganglia to the arterial walls. Erection from this third mechan­
ism occurs even after severance of the sympathetic ganglia from the 
spinal cord.

Lesion of the spinal cord below the upper lumbar region does w>t 
disturb psychogenic erection, hut transverse lesions above the lumbar 
cord, say in the cervical or upper thoracic region tend to cause continu-an 
erection (priapism).

Lesion of the spinal cord at the second sacral segment abolishes the 
spinal reflex erection, though “psychogenic” and “autonomic” erect -n 
may still occur.

iii. Disturbances of the Mechanism of Ejaculation
This mechanism consists of two parts: (a) a first, or autonomie, 

reflex, in which the smooth muscle of the vasa deferentia, of the ves;
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seminalia, ami of the prostata contracta and forces the semen into the 
urethra ; and (b) a second spinal reflex leading to striped-muscle clonic 
spasm of the Mm. ischiocavcrnosi and Mm. bulbocavcrnosi, by which the 
semen is ejaculated from the prostatic portion of the urethra. This spinal 
ret lex is mediated by the third sacral segment (Sa).

In diseases of the conus medullaris, along with loss of sensibility, it 
is the second part of ejaculation only that is interfered with (L. U. 
Midler), the semen being poured into the urethra still, through the auto­
nomic rctlex ; owing to loss of the spinal reflex however, it is not thence 
ejaculated, but may flow out, drop by drop.

iv. Impotentia coeundi

By this is meant an inability to perform the act of coitus.
This may be psychic in origin, when the reflex mechanisms arc intact. 

Sometimes it is due to premature ejaculation ' » praccox), espe­
cially in neurasthenics, the semen being discharged before the physio­
logically necessary preliminary stimuli have acted in normal summation.

In total or true impotence, the power of erection is lost (tabes, conus 
lesions) ; in partial or dissocia led impotence, there may be erection and 
orgasm without ejaculation; or ejaculation without orgasm (local lesions 
in conus, functional disorders).

v. Pollutiones nimiae

The sexually abstinent adult has, normally, a reflex emptying of tlm 
seminal vesicles during sleep (nocturnal emission), about once a month. 
In sexual neurasthenics, such seminal emissions may occur more often, 
even in the daytime, with slight provocation.

Nocturnal emissions are known as polluliones norlurnae, whereas 
emissions during the day independent of local stimuli are known as 
polluliones diurnae, or spermatorrhea.

In the female, the secretion of Cowper’s glands and of Bartholin’s 
glands may be poured out either at night with erotic dreams, or, some­
times, in the day-time with erotic mental states ; such discharges, not 
uncommon in psychoneurotic patients, are known as polluliones feminae.

vi. Genital Reflexes in the Female

These have, for obvious reasons, been less carefully studied than in 
the male. The innervation of the erectile tissue (clitoris) is doubtless 
similar to that of the erectile tissue in the male.

The autonomic innervation of the fallopian tube must lie important 
in the transfer of the ovum from the ovary to the uterus.

The uterine contractions are largely automatic. Women with com-

2531
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plcte destruction of the conus inedullaris have given birth to children, 
the uterine contractions going on entirely through autonomic influences, 
independent of the spinal cord.

Impotentia coeundi in the female may sometimes bo due to reflex 
spasm of the M. constrictor cunni (vaginismus).
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9. Disturbances of the Trophic Functions 
(Trophoneuroses)

The existence of distinct trophic nerves is still disputed.
The integrity of the lower motor neurons of the cerebrospinal system is certainly 

necessary for the nutrition of striped muscle. When they are injured the muscles 
innervated by them rapidly atrophy and show the electrical reaction of degen­
eration. Whether smooth muscle depends similarly upon the integrity of the effer­
ent autonomic neuron systems we do not yet know. It would he interesting experi­
mentally to injure the nerve fibers innervating the smooth muscle of the arteries 
and the intestines and watch the effect upon the muscle itself. I have sometimes 
thought it possible, from analogy, that striped muscle may also receive autonomic 
innervations, and that the trophic disturbances in degenerative atrophy in lesions 
of the motor nerves may be due to simultaneous injury to lesions of these autonomic 
innervations. This point should be investigated. It has been suggested that trophic 
influences are mediated by centrifugal conduction through the sensory neurons 
(Kohnstamm). Weir Mitchell believed that trophic disturbances in the skin and 
its adnexa are due to partiul injuries of nerves.

Certain disturbances that have been attributed to trophic nerves have in 
reality been due apparently to loss of sensation from injury to ordinary sensory 
nerves, permitting parts to be injured without the knowledge of the patient, the 
normal reflex defensive mechanisms not being started up. Thus the injury to 
the eye following extirpation of the Gasserian ganglion does not follow if the eye be 
protected from injury. Many bed-sores could be prevented from developing by the 
avoidance of pressure. The opinion generally prevails, however, among physicians, 
that the nervous system in some way or another directly influences the nutrition of 
the tissues, and indirectly has a still greater influence through vasomotor and 
secretory effects (as in acromegaly, myxedema, Dercum’s disease, etc.).

A most important contribution has been made by Hoad and Rivers, who severed 
cutaneous nerves in the skin and watched, first, the vasomotor and secretory dis­
turbances, and, later (after two or three months), the trophic changes. A trophic, 
ulcer healed only when the pain nerves regenerated. The studies of Head and 
Campbell on herpes zoster favor the view that there are not special trophic nerves, 
hut that the trophic disturbances arc due to irritation of the spinal ganglion cells. 
Studies on multiple neurotic gangrene of the skin have led Kreibich to the belief 
that the trophic changes arc due to excitation of vasodilator centers.

According to Cassirer, trophic changes in the skin, bones and joints are due 
more to pathological alteration of innervation than to total loss of innervation. 
He thinks that the tissue cells ordinarily can get on without neural regulation, but 
that Ihe latter becomes necessary when especial nutritional demands are made upon 
the cells.

Among the diseases still classified as trophoneuroses may be mentioned the 
bed sores of myelitis (acute decubitus), progressive facial hemiatrophy or hemi- 
hypertrophy, poliomyelitis, tabetic and syringomyelic osteopathies and arthrop­
athies, perforating ulcer of the foot in tabes, scleroderma, sclerodactylia, pig­
mentary disturbances of the skin, glossy skin, and painless whitlows (panaritium).
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E. Examination of the Mental State; Elemen­
tary Psychiatric Methods

1. Introduction
Certain of the disturbances of the cerebral cortex are associated with 

abnormal mental manifestations ; it is with these, especially, that psy­
chiatry has to deal. The changes in the cortex are often so slight as to 
escape detection by microscopical methods of examination ; indeed, they 
are in all probability in large part to bo regarded as the results of bio­
chemical and bio-physical processes in the cortical neurons. At present 
physical and chemical methods of examination are too undeveloped to 
permit of any satisfactory correlation of cortical lesions with the abnor­
mal psychic processes that accompany them, and, for the present, wo 
do best to study and to classify the abnormal mental manifestations fur 
themselves.

It is necessary, therefore, to learn how (1) to test perception, and to 
recognize anomalies thereof; (2) to examine the intellectual processes, 
and to recognize intellectual defects; (3) to observe the expressions of 
the emotions, and to detect any abnormalities that may be present ; and 
(4) to draw conclusions from the conduct or behavior of a patient as to 
bis character and the conditions of what wo call his “will.”

Modern psychiatry has of lato years undergone such marked develop­
ment that a methodical testing of the psychic functions and a thorough 
analysis of the psychic changes manifested has become matter for the 
psychiatric specialist. (See text-books of psychiatry.) So many diseases 
of the bodily organs and of the nervous system arc, however, associated 
with abnormal psychic manifestations, that the internist must bo versed 
in at least the elementary methods of psychiatric examination and anal­
ysis. Moreover, the milder forms of mental disease, not at all, or scarcely, 
noticeable in ordinary social life, and of which the patient and his friends 
may be scarcely conscious, are met with first by the general practitioner 
or internist, or perhaps by the neurologist, long before there has been 
any thought of consulting a psychiatrist. Recognition at this stage i- of
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the greatest importance for prophylaxis, on the one hand, and, on the 
other, for special observation and treatment.

A general idea of the mental state of a patient may ho gathered in 
the taking of the ordinary anamnesis. If psychic disturbances suggest 
themselves, opportunity should bo taken to test the more important psy­
chic functions more systematically, and, as far as possible, without hint­
ing to the patient that anomalies of mentality are suspected.

In addition to the anamnesis, the speech, the writing and other move­
ments of the patient, his general appearance and conduct, as well as 
certain vasomotor and secretory phenomena, may give clues as to the 
mental state. Keeping in mind the social stratum to which the patient 
belongs, and the individual differences that occur among persons in 
every social level, attention should be paid to certain points in exter­
nal appearance (cleanliness or uncleanliness, neatness or negligence, 
simplicity or affectation, modesty or immodesty, aggressiveness or shy­
ness, exaltation or depression, activity or relaxation, etc.). Wo note 
especially the spontaneous activities of the person, in contrast with 
the reactions exhibited on external stimulation (requests; mechanical, 
chemical, thermal and other stimuli).

Our examination will, perforce, be very different,, according to the 
clearness, or fogginess, of the general consciousness of the patient. Thus, 
a patient in deep coma responds to no external stimuli ; and, in eases of 
mental fog, the general consciousness may still be too obscured to permit 
of any extensive analysis of the mental state. Many persons, how­
ever, whoso general consciousness appears perfectly clear, who compre­
hend our questions, give quick answers, and on superficial examination 
may seem very normal, may bo found on analysis to be the victims of 
serious psychic anomalies (hallucinations, delusions, manias or suicidal 
impulses).

References

1. Methods of Psychiatric Examination
Aschaffenburg (G.). Allgemcinc Symptomatologie dcr Psychoscn. In: llandb. d. Phij- 

chiat. 4°. l^ipzig it Wien, 1915, U7-/t0Jh
Parker (L. F.). Dislitrlmnccs of more complex psychic processes. In: Mod. Med. (Osier .fc 

McCrac). Philadelphia it New York, 1915, v, 41-07.
Ilinsicangcr (O.). Allgemcinc Symptomatologie d<r Geislcskrankheitcn. In: Lehrh. d.

Psychint. (llinswanger & Siemcrling). Jena, 1904, ,1-62.
Roche (A.). Die Stomngen der psychischen Funktionen. llandh. d. ally. Pathol. ( Krehl 

& Marchand). Leipzig, 1913, Abt. 2, ii, 372-3SG.
lloch (A.) & Amsden (G. S.). A guide to the descriptive slwly of the personality, with 

sjteciol reference to the taking of anamneses of eases with psychoses. Ilcv. 
Neurol. & Psychiat., Edinburgh, 1913, xi, 677-587.

Isscrlin (M.). Psychologisrhc Einlcitung. In: Ilandb. d. Psychiat. (Aschaffenburg). 
Leipzig & Wien, 1913, 107-108. If.

J as iters (if.). Allgemeine Psychopathologic. Berlin, 1913, J. Springer, 354 P- 8°.



286 DISEASES OF THE NERVOUS SYSTEM

Savage (G. II.). Introduction to mental diseases. In: Syst. Med. (Allbutt & Rolleston) 
8°. Lomlon, 1910, viii, 823-842.

Si(lis (Boris). Symptomatology, psychognosis and diagnosis of psychopathic diseases. 
Boston, 1914, R.U. Badger. 467 p. 8°.

Sommer (/?.). Lehrbuch dcr psychopathologischen Unlcrsuchungstnethoden. Wien, 1899, 
Urban & Schwarzenberg. 399 p. 8°.

Southard (E. E.). General psychopathology. Psychol. Bull., Princeton, N. J., & Lan­
caster, Pa., 1915, xii, 246-273.

Stoddart (il7. II. B.). The new psychiatry. Lomlon, 1915, BatUière, Tindall & Cox. 70 p.

Wilmanns (K.). Die Psychopathien. In: Ilandb. d. Neurol. (Ijcwamlowsky). Berlin, 
1914, v, 613-580.

2. General Articles
Barker (L. F.). The relations of internal medicine to psychiatry. Am. J. Insan., Baltimore, 

1914, Ixxi, 13-28.
Bonhoeffer (K.). Uebcr die. Bcdcutung dcr mychiatrischcn Untersuchungsmcthodik fur die 

allgemeinc arztlichc Ausbilaung. Berl. klin. Wchnschr. 1912, xlix, 925 - 
927.

Burrow (T.). The meaning of the psychic factor. J. Abnorm. Psychol., Boston, 1913-14,
viii, 322-330.

Davenport (C. B.) & Laughlin (II. II.). How to make a cugcnical family study. Eugen.
Rec. Of., Cold Spring Harbor, N. Y., 1915. 35 p. 12°. 

de (lursac. IjCs écrits et les dessins (bins les maladies nerveuses et mentales. Paris, 
1905, Masson <fc Cie.

Dercum (F. X.). .4» <valuation of the psychogenic factors in the etiology of mental disease.
J. Am. M. Ass., Chicago, 1914, Ixii, 751-766.

Emerson (C. P.). Mental reaction in organic diseases. Indianapolis M. J., 1915, xviii, 
143-148.

Emerson (E. L.). The. psychopathology of the family. J. Abnorm. Psychol., Boston, 1914 
15, ir, 333-340.
[Discussion], 359.

Ilaberman (J. I7.). Psychic therapy, clinical psychology ami the layman invasion. Med. 
Rec., New York, 1915, Ixxxvii, 680-683.

Iloch (A.). Early manifestations of mental disorders. Proc. Men. Hyg. Confer., New York, 
1912, 201-203.

Jastrow (J.). The antecedents of the study of character ami temperaments. Pop. Sc. Month., 
New York, 1915, Ixxxtn, 690-4113.

Kempt (E. J.). The behavior chart in mental diseases. Am. J. Insan., Baltimore, 1914-15, 
Ixxi, 761-772.

MacCurdy (J. T.). A psychological feature of the precipitating causes in the. psychoses and 
its relation to art. J. Abnorm. Psychol., Boston, 1914-15, ix, 297. 

Mariotte (G. M. A.). Essai sur l'état mental du cancéreux. Contribution à l’étwle dis 
troubles psychiques dans le cancer. Bordeaux, 1907, P. Cassignol. 11 \ /». 
8°.

Meyer (A.). The problems of mental reaction-types, mental causes ami diseases. Psyrl l. 
Bull., Ijancaster, Pa., 1908, v, 245-261.
Misconceptions at the bottom of “ Hopelessness of attfPsychology.' ' Psye 7. 
Bull., New York, 1907. ir, 170-179.
Reception hospitals, psychopathic wards ami psychopathic hospitals. 1 m. 
J. Insan., Baltimore, 1907, Ixiv, 221-230.
The. rôle of the, mental factors in psychiatry. Am. J. Insan., Baltin r, 
1908-09, ln<, 89-56.
The value of psychology in psychiatry. J. Am. M. Ass., Chicago, 1912, 
Iviii, 911-914.



EXAMINATION OF THE MENTAL STATE 287

Meyer (A.)» Conditions for a home of psychology in the medical curriculum. J. Abnorm. 
Psychol., Boston, 1912-13, vii, 313-345.
Objective psychology or psychobiology, with subordination of the medically 
useless contrast of mental and physical. J. Am. M. Ass., Chicago, 1915, 
Lev, 860-303.

Prince (Morton) [et al.]. Studies in abnormal psychology. 2 v. Boston, 1913, Badger.

Stelzner (Helenefriederike). Die psychopathischen Konst it utionen und ihre sociologische 
Bedeutung. Berlin, 1911, S. Karger. 249 p. 4°-

Strong (E. K.), Jr. Fatigue, work and inhibition. Psychol. Bull., Princeton, N. J., <fc 
Lancaster, Pa., 1914, xi, 414-417.

Thompson (Ilelen Bradford). The mental traits of sex; an experimental investigation of 
the normal mind in men atul women. 2d ed., Chicago Univ. Press, 1905, 
vii. 188 p.

Traité international de psychologie pathologique. Directeur: A. Marie. Tome 111.
Psychopathologie appliqué. Paris, 1912, F. Alcan. 1091 p. roy. 8°.

[Note.—For references to larger texts on Psychiatry, see Part XII, Section III.]

2. Disturbances of Consciousness as a Whole
Clinically, we meet patients with every grade of awareness, from 

total unconsciousness, in which psychic phenomena arc entirely in abey­
ance (though the purely vegetative, automatic and lower reflex nervous 
functions continue), through variable limitations of consciousness, to 
complete awareness.

(a) Sleep and Disorders of Sleep
In normal persons, consciousness temporarily disappears, in whole 

or in part, during sleep ; in deep sleep, we are probably wholly uncon­
scious, but in light sleep consciousness, more or less clouded, continues 
in the form of dreams. The motor side is more affected in sleep than 
the sensory side, since sensory stimuli from the external world or from 
our bodies affect us, and become interwoven in our dreams, mingling 
with revived memories of recent or ancient events, in a wholly different 
way from that experienced while awake.

(1) Analysis of Dreams.—Modern neurology makes considerable use 
of dream-analysis in the effort to interpret nervous and psychic anomalies 
met with in patients ; for neuropathic and psychopathic persons some­
times reveal, through their dreams, the effect of influences, feelings and 
ideas that they consciously or unconsciously suppress while awake, but 
that arc of great importance for the understanding of their nervous 
and mental states (See English translation of Freud’s “Interpretation of 
Dreams”). There seems to be an innate tendency in human beings to 
drive out. of consciousness all painful, unpleasant or unconventional 
memories; and yet many of these (c. g., painful experiences, quarrels, 
fr: 'his, domestic misunderstandings, erotic feelings) have a powerful
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influence upon the mental life, exerting disturbing effects of which the 
patient himself may be entirely unconscious, or only dimly conscious.

(2) Insomnia.—The sleep of the patient should always be inquired 
into carefully. Sleeplessness, or insomnia, when not due to physical 
pain, to general bodily disturbance, or to emotional excitement, is usually 
dependent upon toxic, vascular or neural causes (circulatory insomnia, 
toxic insomnia, “nervous” insomnia). In insomnia of circulatory origin, 
we find either arterial hypertension (nephritis, atherosclerosis), or arte­
rial hypotension (anemia, neurasthenia, tuberculosis). The insomnias of 
toxic origin are most often duo to digestive disturbances, or to excesses 
in the use of alcohol, tea, coffee, or tobacco. The so-called nervous in­
somnias are usually duo to nervous exhaustion from overwork or from an 
improper life. They aro especially common in patients of neuropathic 
and psychopathic predisposition and in those suffering from hyperthy­
roidism.

(3) Somnambulism.—Children often, and adults occasionally, walk 
or talk in their sleep as a result of lively dreams. Somnambulism in 
children, especially if associated with night terrors (pnvor noctumus), 
should excite suspicion of the existence of adenoid vegetations in the 
nasopharynx, though they may bo due to pathological irritability of the 
cerebral cortex. Somnambulism is most common in the hysterical.
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(b) Hypnotism
A condition similar to that of normal sloop can ho produced in sug­

gestible persons ; that is, in those whoso psychic processes are abnormally 
easily influenced by an external will. The trances and twilight state of 
hysterical patients depend upon their suggestibility.

Technic of Hypnosis.—This requires self-confidence and experience on 
the part of the examiner. It is probably unwise to use hypnosis unless 
one takes the time and has the patience to attain to skill in the work.

The patient, especially if adult and intelligent, should bo told to yield 
himself wholly to the hypnotic influence and to avoid all opposition to 
it, concentrating his mind on going to sleep and on any statements made 
to him by the physician. ITo should ho seated comfortably in an easy 
chair, in a room in which the light is subdued, and told to fix his eyes 
upon some bright object held in front of him by the liypnotizcr, who 
must compel the patient to believe that ho is going to sleep. By con­
centrating the attention upon this, the suggestibility is heightened. Each 
hypnotist must work out his own methods, hut it is customary to state, 
‘‘You will soon bo asleep now ; your eyelids arc growing heavy; it is 
hard for you to hold your eyes open.” If the lids do not close of thein- 
selvos, the liypnotizcr may gently dose them and then give the command, 
‘‘Now go to sleep,” informing the patient, however, that he will hear 
what the physician says to him.
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According to the suggestibility of the patient and the skill of the 
hypnotizer, variable grades of the hypnotic state will bo produced (som­
nambulistic state, lethargic state, cataleptic state), and it may be neces­
sary to hypnotize the patient on successive occasions in order to attain to 
full hypnosis. I have found some patients very easy to hypnotize; others 
I have been wholly unable to influence. Hysterical patients are usually 
easily hypnotized. Typical psychasthenic patients in my experience are 
not easily accessible to hypnotic suggestion.

The patient once hypnotized, the physician may make such sugges­
tions as he wishes to try ; to hysterical patients he may say that the spasm 
or the paralysis, the pain or the anesthesia, of which he has complained, 
has vanished or will vanish at a certain time. It is generally better,to 
treat one symptom at a séance, and in many cases one will be more suc­
cessful by suggesting a gradual disappearance rather than a sudden 
disappearance of a symptom.

At the end of the séance the perron can bo awakened by a sharp 
command, “Now wake up,” or simply by blowing upon his check, pre­
ceding the blowing by a statement to, the patient that ho will awake 
when he feels it.

If hypnotism bo employed it should bo used with the greatest care 
and conscientiousness. Some people seem to have been injured by it. 
Occasionally it is helpful in diagnosis. I remember especially one ca<o 
presented by Dr. Hugh T. Patrick at the Chicago Neurological Society, 
in which the patient, who in his ordinary state had no memory of a 
fugue, after being hypnotized, told us all the details of his trip from 
Chicago into Indiana.
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(c) Coma
Tho severest form of general disturbance of consciousness is called 

coma. The patient makes no voluntary movements. lie lies with his 
limbs relaxed, making no response to his surroundings, his checks and 
alae nasi responding passively to tho ingress and egress of air during 
respiration. Tho automatic respiratory and circulatory centers continue 
to function, though the breathing may bo disturbed, sometimes being of 
the Cheyne-Stokes type. In deep coma, the superficial, deep and pupil­
ary reflexes may be absent, the pupils themselves being either contracted 
or dilated; there is involuntary passage of the urine and feces, and the 
patient swallows neither food nor water. Painful stimuli may elicit no 
response, though, when the coma is less deep, certain pathological responses 
(e. g., Babinski’s phenomenon or the sucking-chewing reflex of Oppen- 
lieim) may come out. Coma occurs at the termination of many diseases 
in the so-called agonal stage; in intoxications (alcohol, anesthetics, mor- 
phin and other narcotics, septic diseases, intoxications from defective 
secretion like uremia and cholcmia, or from disturbances of metabolism, 
as in diabetic coma); in prostration from heat, cold or starvation ; in 
epilepsy; in apoplexy and other sudden cerebral insults ; in encephalitis, 
meningitis, cerebral tumors, etc. A brief comatose state due to cerebral 
anemia from hemorrhage (hcniatemcsis, menorrhagia, external wound), 
or from cerebral vasoconstriction in emotional states, or splanchnic vaso­
dilatation in acute peritoneal injury, is known as a fainting-spcll, or 
syncope. It is not to be forgotten that in epilepsy the patient’s family 
nearly always speaks of his attacks as “fainting-spclls” or “attacks of 
faintness.” In true syncope, tho unconsciousness is usually preceded by 
a brief period of vertigo and of optic disturbance, the patient saying that 
everything turned black before the eyes; during the syncope, the radial 
pulse may bo absent, or only feebly palpable at tho wrist. The syncopal 
attacks of the Stokes-Adams syndrome are duo to the cerebral anemia 
dependent upon the extreme bradycardia of this disease.
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(d) Stupor
In severe depressive states (manic-depressive insanity, some catatonic 

states, etc.), the patients may lie in a condition of stupor, making no 
spontaneous movements, the musculature presenting often a marked



292 DISEASES OF THE NERVOUS SYSTEM

hypertony (catatonic rigidity, flexibility cerea), or an abnormal relaxa­
tion and hypotony (e. g., resolution). They make no response to stimu­
lation of the organs of special sense, though they may respond to questions 
or to cutaneous stimuli by raising the eyelids or by a slight movement of 
the head. They give the impression of being wholly ignorant of their 
surroundings (disorientation). Despite these symptoms, the cutaneous 
and deep reflexes and the pupillary reflexes may be retained and the 
sphincters kept under control. Such patients may swallow when fed, 
though some of them have to be fed through a stomach-tube.

References
Aschaffenburg (G.). SUirungen der Aufmcrksamkeit. In: Allgc/n. Symplamntol. d. Psy­

chosen ( Hatuib. d. Psychiat.). Leipzig A Wien, 1915, 190-194. 
Hotchkiss (R. />.). A case of mental stupor; recovery after six years’ duration. J. Ment. 

Sc., Lotulon, 1896, xlii, 687-692.
Lowenstein (/£.). Heitrag zur Differentialdiagnosc des kalatonischcn Stupors. Ally.

Zlschr. f. Psychial., Berlin, 1908, Lev, 790-813.
Noble (//. S.). Intermittent mental stupor. Am. J. I man., Baltimore, 1898-99, Iv, 695- 

606.
Stillman (C. K.). Postdelirious alcoholic stupor (alcoholic cerebral oedema, l(wet brain”).

M. AS. Rep. Bellevue Hosp., New York, 1907-08, iii, 123-132.
Sutton (7. McG.) \et al.]. How do you distinguish alcoholic stujxtr from other conditions 

resembling itf N. York M. J., 1908, Ixxxvii, 405; 451.
Whit well (J. R.). Mental stupor as a jxilhological entity. Brain, London, 1895, xviii, 

66-79.

(e) Sopor
When a patient, left undisturbed, sleeps very soundly, but can bo 

partially awakened by very strong stimuli so that he will give brief 
answers to questions and perhaps perform some movements, though ho 
quickly falls off to sleep again as soon as the stimulation is discontinued, 
the condition is known as sopor. Here the reflexes arc retained, and 
certain spontaneous movements are performed ; these are often of peculiar 
character, the patient picking at the bed-clothes (cnrphologia), making 
articulatory sounds (muttering delirium), scratching movements, move­
ments toward the genitalia, or purposeless movements of the arms and 
legs. Sopor, so common in the acute infectious processes (c. g., typhoid, 
pneumonia), often goes over, later, into coma.

(Z) Somnolence, Twilight States
(Mental Fog)

Tn certain diseases, mild grades of disturbance of consciousness as a 
whole are met with, leading to pathological sleepiness or somnolence, to 
mental cloudiness, sometimes called mental fog, or twilight state. The
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patients may be unable to concentrate their attention and may be partly 
disoriented. Sometimes they react abnormally easily to external stimuli, 
becoming pretcrnaturally suggestible. Such conditions are met with in 
the psychoneuroses (hysterical twilight states, epileptic twilight states), 
but are sometimes evidences of depression of the cerebral functions duo 
to organic disease (e. g., beginning increase of intracranial pressure in 
hydrocephalus, brain tumor, tuberculosis, meningitis, etc.).

In the hysterical twilight stales and hysterical trances, expressive 
movements and attitudes may attain to an excess never observable when 
the patient’s movements are subject to the inhibitory effects of higher 
cerebral control. Artists have utilized the expressions of emotions in 
the hysterical as models for the depiction of pure uninhibited emotional 
reactions. The “sleeping dancer” of Munich, whom I saw in 1904, could 
be made to exhibit many of these in hypnosis.

In epileptic twilight slatest long journeys may be made or crimes 
committed. In contrast with the hysterical twilight states, the epileptic 
patient is wholly inaccessible, during the mental fog, to external mental 
influences.

(g) Deliria

When consciousness as a whole is disturbed, there may bo not only 
loss of knowledge of the surroundings (disorientation), due to depres­
sion of the psychic functions, but also symptoms of motor and sensory 
irritation, the patient having lively hallucinations duo to irritation of 
the cortical sense-areas, and making abnormal movements (restlessness, 
screaming, violence), due to irritation of the motor cortex. Such a con­
dition, known as delirium, is common in many febrile states (e. g., typhoid 
fever, pneumonia, scarlet fever, meningitis). In chronic alcoholism, if 
flic patient be suddenly deprived of alcohol, an abstinence-delirium de­
velops (delirium tremens), characterized especially by peculiar optic hal­
lucinations (visions of large numbers of small, black, moving objects). 
Special deliria are also met with in various psychoses (exhaustion psy­
chosis after infections, puerperal psychosis).
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(h) Disorientation
Normally, wo can pay attention to our surroundings and recognize 

them, distinguishing our relations to other people, to time, and to place 
—we are oriented. This normal orientation depends (1) upon normal 
power of comprehension, (2) ujxm normal memory, and (3) upon normal 
judgment. The apathetic disorientation of dementia praecox, the am­
nestic disorientation of Korsakoff’s disease and the delusional disorien­
tation of many psychoses, are examples of disturbances of these various 
functions. Disorientation is associated with a peculiar and disagreeable 
feeling of perplexity.

Tests for Orientation.—Wo must test the patient’s capacity to form 
normal ideas regarding (1) himself (self-consciousness), (2) his rela­
tions to the world around him (spatial orientation), and (3) regarding 
time (temporal orientation). A few simple questions will suffice. Thus 
we ask :

(1) What is your name?
(2) Where do you live?
(3) What is your occupation ?
j(4) What is your religion ?
|(5) What year is this ? What month ? What day of the month ?
'(C) What day of the week is this? What time of day ?
(7) What place is this you are in?
(8) When did you come here ?
(9) Who came here with you ?

(10) Who is this standing next to you ?

If a patient does not answer a question, we must not immediately 
conclude that he does not know the answer. lie may know it, and yet 
not say it, as in the psvehomotor retardation of manic-depressive insan­
ity, or in the negativism of dementia praecox. Or the patient may 
consciously and intentionally avoid the correct answer, as in catatonic 
paralogia.

When a patient is completely disoriented as to the relation of his 
own person to the surrounding world, to space and to time, and his ideas 
are incoherent, wo say that ho is in a state of confusion. Confusional 
states are common in epilepsy, and in advanced stages of dementia par i 
lytiea ; in the latter, loss of memory and of the power of critical judgment 
are important factors in the origin of the disorientation (Sommer).
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3. Disturbances of Perception and Identification
In ordinary sense perception, the sensations resulting from stimu­

lation of the sense organs arc combined with certain memories of previous 
similar sensations into a perception. In disturbances of perception, 
therefore, the cause may lie in the sensory clement, on the one hand, or 
in the associated memory element, on the other, or in the process of 
assimilation of the two. Among the disturbances of perception may bo 
mentioned (1) the sense deceptions known as hallucinations, pseudo-hallu­
cinations and illusions, and (2) the various failures in recognition or 
identification (sensory aphasias and agnosias) due to the inability of 
sensory stimuli to revive the memories necessary for full perceptions and 
identification.

(a) Sense Deceptions
i. Hallucinations

By hallucinations wo mean perceptions that appear in conscious­
ness without excitation of the sense organ concerned by an external object, 
duo to internal irritation of the sensory or associative neuron systems. 
The patient has a lively sensory experience and is completely deceived 
as to the true origin of the sensory stimulation, referring it always to 
an objective cause outside himself ; the visions he secs, the voices he hears, 
and the contacts ho feels, are more real to him, though subjective in their 
origin, than are the sensory perception experiences of normal life.

Hallucinations may occur in any one of the various sense domains, 
including (1) visual hallucinations (visions), (2) auditory hallucina­
tions (akoasmata, consisting of indefinite noises, and phonemes when 
voices are heard), (3) gustatory hallucinations, (4) olfactory hallucina­
tions, (5) tactile or haptic hallucinations, (0) kinesthetic hallucinations 
(feelings of movement), and (7) visceral hallucinations.

ii. Pseudohallucinations
By pscudohallucinations are meant memories that arc so lively as 

In possess almost the quality of perceptions, though the patients recognize 
that they are internal in origin, and du nut attribute them to external 
stimuli.

iii. Illusions
Illusions arise when the perception resulting from actual stimulation 

« I a sensory conduction path undergoes distortion; these are pathological 
v. tien they are due to pathological processes in the cerebral cortex. Some 
o! the visions in delirium tremens are illusions. External objects are 
v roiigly interpreted. Harmless sounds may bo interpreted as threats.
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iv# Tests for the Presence ol Sense Deceptions

We infer their presence, (1) from observation of the behavior of the 
patient, especially of his expressive movements (peculiar staring of the 
paranoiac hallucinant, the tense listening, or the stopping of the curs, of 
the patient who hears voices, the defensive, or aggressive, movements of 
the alcoholic or epileptic hallucinant) ; (2) from the response of the 
patient in speech, or writing, to questions asked. In the majority of 
cases, visual and auditory hallucinations arc revealed in answer to the 
two questions: (1) Have you seen anything peculiar, for example, any 
strange visions? and (2) Have you heard voices speaking to you which 
you could not account for? Some secretive hallucinants will give false 
answers, but the majority will admit having seen the “visions” and heard 
the “voices.”

(6) Sensory Aphasias and Agnosias

When a patient is capable of sensory stimulation in a given domain, 
but, owing to the lack of sufficient revival of memories of previous similar 
experiences, or imperfect combination of the sensations with the memories, 
he is unable to recognize or identify the perception, *ho suffers from menial 
anesthesia.

These perceptions may have to deal with symbolic things (conventional, 
learned) like letters, words, figures, musical notes, gestures, in which case 
the mental anesthesia is known as a sensory aphasia (e. g., alexia, word 
deafness) ; or the perceptions may deal with non-symholic things, in which 
case the mental anesthesia is known as a sensory asymholia (Meynert), or 
as an agnosia ( Freund). Motor disturbances of similar sort occur, those of 
symbolic character being known as motor aphasia (Broca) and agraphia, 
those of non-symbolic character as motor asymholia (Meynert) or apraxia 
(Steinthal, Gogol) ; these motor disturbances are described further on.

i. loss of Power of Recognition or Identification in Visual Domains]

The agnostic disturbances in the visual domain may bo cither (1) sen­
sory aphasie or (2) agnostic prope r.

On the sensory aphasie side, t ic patient, while seeing letters, words, 
pictures, etc., does not understand their meaning and is unable, therefore, 
to read (alexia). This condition is hot to be confused with the so-called 
optic aphasia (Freund), in which the patient cannot name objects that 
ho secs, but, after feeling them, can give the name.

On the agnostic side proper (sensory asymholia), we have to consider 
the so-called mind-blindness or ojitic agnosia. This is to be sharply distin­
guished from the so-called cortical blindness in which only visual pcive]>* 
tion is lost. In mind-blindness, the visual acuity is sufficient of itself to
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permit of optic recognition and identification, Lut the patient fails to recog­
nize objects seen because ho has lost bis visual memories, which give to his 
visual sensations a meaning and a value.

iL Loss of Power of Recognition or Identification in Acoustic Domains

Here the auditory acuity is great enough to permit of the recognition 
of the meaning of sounds, but the meaning is not recognized because of tlio 
loss of auditory memories or of the associations between auditory memories 
and those of other sense domains.

On the sensory aphasie side the patient may have word-deafness, hav­
ing lost the power to understand (1) sounds of syllables, (2) the sense of 
words, or (3) the sense of sentences.

As acoustic agnosia proper, or mind-deafness, is designated the condi­
tion in which sounds other than those of speech are heard but are not 
understood. The condition has not yet been sufficiently studied, but seems 
undoubtedly to exist

The so-called amusia occupies a position intermediate between the ob­
ject-agnostic disturbances and the symbolic-agnostic disturbances; in such 
cases a patient may have lost the power to understand music, although ho 
may still be able to sing.

iii. Loss of Power of Recognition or Identification in Tactile Domains

Under the topic of stercognosis (q. v.) wo have pointed out that, 
despite retained tactile sensation, there may be inability to recognize ob­
jects felt, owing to the loss of tactile memories. This condition is known 
as tactile agnosia (Wernicke’s Tastlàhmung), At least three forms may 
he distinguished (Liepmann), ( 1) loss of memory pictures of tactile sense 
proper, (2) inability to fuse the single impressions belonging to the total 
memory picture, (3) splitting off of the tactile memories from the mem­
ories of other sense domains, owing to lesions of associative paths. Thus, 
let us take an orange as an example. On palpation of the orange, wo 
receive at first simple tactile impressions (perception), which call forth 
the tactile memories of an orange (primary identification), following upon 
which there arises a total memory picture of the object (including visual, 
gustatory and other sensations in addition to tactile), the so-called sec­
ondary identification. Any part of this process may be disturbed.

These tactile agnosias are due to lesions in the parietal lobe. The per­
ceptive form seems to be due to lesion in the posterior central gyrus, while 
the associative form, or true tactile agnosia, follows lesions further back 
in the parietal lobe, perhaps just behind the posterior central gyrus.

The term tactile aphasia should be reserved for the very rare condi­
tion in which things felt cannot be named, though they are recognized in
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—

nature and can bo named when looked at ; it is duo, probably, to a lesion 
in the path connecting the tactile sense-area of the cortex with the speech- 
center. Some French observers have, unfortunately, used the term 
aphasie tactile in the sense of tactile agnosia.

Concerning olfactory, gustatory and vestibular agnosia wo know as yet 
little or nothing.

References
Aschaffenburg (G.). Wahmchmung, Auffassung, Aufmerksamkeit uiul Hire Storungen.

In: AUgem. Symptomalol. d. Psychoscn (llundb. d. Psychiat.). Ixipzig 
& Wien, 1915, 180-218.

Binsicanger (O.). Die Stôrungen dcr Empfindung. ImLehrb.d. Psychiat. (Binswanger A 
Siemerling). Jem, 1904, 2-13.

Goldstein (JC.). Die 11alluzination, ihre Entstehung, ihre Ursachcn und ihre RealiUU. 
Wiesbaden, 1912, J. F. Bcrgmann. 70 p. Jf.

Ileilbronner (K.), Die agnostischen Storungen. In: Ilandb. d. Neurol. (Lewandoicsky). 
Berlin, 1510, i, 1048-1051.

Paton (S.). Disturbances of sensation, including hallucinations. In: Psychiatry, Phila­
delphia & Lotulon, 1905, 51-60.

Woods (Elizabeth L.). An experimental analysis of the, process of recognizing. Am. J, 
Psychol., Worcester, 1915, xxvi, 313-387.

4. Disturbances of the Intellectual Functions
The old psychology subdivided the mental functions into (1) those of 

the intellect, (2) those of the emotions, and (3) those of the will. Mod­
ern psychology has shown the intimate interdependence of all three, yet, 
for convenience of description, an analysis based upon the three subdivi­
sions is still useful. Under disturbances of the intellectual functions we 
shall consider those of (a) the attention, (b) the memory, and (c) idea­
tion.

(a) Disorders of Attention
Psychologists seem very much at sea in their efforts to explain the 

phenomena of attention. Everyone recognizes that of the many stimuli, 
conducted centripetal ward from the organs of special sense, and from the 
bodily sense organs simultaneously to the brain, and capable of arousing 
sensations, certain only arc attended to, at any given time, and utilized 
for the arousing of memories to combine with them in the formation ef 
perceptions. We focus our attention, as wo say, upon a particular group 
of sensations and memories, with resulting influence upon the current <T 
association of ideas. The portions of the ticld of consciousness to which 
our attention is directed are said to be focal, while the rest of the field 
is marginal, in consciousness. The capacity for “paying attention,” • f" 
directing thought toward a definite task (vigility) and of maintaining this
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task despite intercurrent stimuli (tenacity) is of fundamental importance 
as a part of the capacity of acquiring memory pictures and ideas—the so- 
called recording faculty. Through it, our store of memories can be in­
creased or supplemented. This faculty of recording is, however, inde­
pendent of the faculty of revival of memories long since acquired.

The attention is faulty in all states in which the consciousness is 
clouded or befogged.

The associationisls assume that the elementary psychic conditions that dom­
inate the process of attention arc subject to the lavs that hold for the course of 
the association of ideas. Attention is, for them, not an especial activity, but 
simply a part of the association of ideas. Wundt, the father of “apperception- 
psychology,” makes the association of ideas subordinate to attention and regards 
the latter as a special independent mental faculty, a sort of internal will-activity.

Attention may be pathologically increased or pathologically diminished, 
or inhibited as regards cither vigility or tenacity. Lack of attention is 
usually shown in the progressive dementias. In idiocy and imbecility there 
is aprosexia, inability both to set and to maintain a task ; hvpovigility is 
combined with hypotenacity. The attention can bo abnormally easily dis­
tracted, that is, changed in its direction (hypervigility), in chronic nerv­
ous exhaustion (acquired neurasthenia), in psychopathic states, and in 
outspoken maniacal states. The greater the distractihility, the more 
dirigible from without, the less thorough is the intellectual work. The 
term hyper prose xia or exaggerated attention, though often applied to the 
easily diverted feeble attention of the maniacal (increased tendency to 
change the task set, or hypervigility, with diminished tenacity), should 
ho reserved for hypcrtcnacitv, the fixing of the attention in a given direc­
tion to the exclusion of other directions (e. g., the proverbial absent- 
mindedness of the professor). In the depressive phase of manic-depressive 
insanity the attention may ho thus pathologically chained to sad ideas; in 
hypochondriac states, to ideas of disease; in psychasthenic states, to the 
troublesome obsessions.
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(6) Disorders of Memory
We distinguish between memories of recent events, dependent upon 

tin recording faculty mentioned above, and memory in the narrower
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sense, including all out earlier experiences, depending upon the firmness 
of fixation and case of revival of past memories.

i. Testing the Reproduction of Old Impressions

(School Memories)

This is best done by testing the school memories of the person (calcu­
lation; national, religious, geographical, and historical facts). We ask 
the patient the following questions:

1. Who discovered America? When?
2. Name the larger rivers of the United States.
3. Who was the first President of the United States?
4. Name the States in New England.
5. Repeat the multiplication table.
0. Subtract seven from one hundred, seven from the remainder, and 

so on.
7. Repeat the alphabet, the names of the days of the week, and of the 

month.
8. Repeat the Lord’s Prayer and the Ten Commandments.

One can easily extend the scries at will. For the sake of comparison, 
a uniform set of a few simple questions, such as the list recommended by 
Sommer is desirable. Memory tests are useful in differentiating the dif­
ferent forms of dementia. In the 11011-paralytic dementias, school mem-

aa a

Fig. 5S0.—Figures T*hp<1 to Test Symbolic Intelligence, Since They Appeal to the Visual Under- 
«landing. (Afler O. Vernguth, “Dio kiln. Vnlersuch. Nervenkranker,” published by J. F. 
Itcrgmann, Wiesbaden.)

orics are often very well retained, in marked contrast with dementia 
paralytica in which simple scries of letters and numbers are often imper­
fectly remembered. In catatonic dementia, loss of school memories may 
bo simulated by the grotesque irrelevancy (paralogia) exhibited in an­
swering questions; in maniacal states it may be simulated by the discur­
siveness due to distractibility of attention and flight of ideas; in mchin- 
cliolia, the slowness of reply may deceive the examiner and make him 
think that memory is injured.
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ii. Testing the Reproduction of Recent Impressions
(Recording Faculty)

We ask the following questions:
1. Who came with you to this place?
2. What did you have for breakfast ?
3. Where were you yesterday ?
4. Where were you a week ago to-day ?
5. Where were you last Christmas ?

Recently, psychiatrists like Ranschhurg and Boldt have provided us 
with special optic and acoustic tests of the recording faculty. They are 
briefly dcscriltcd in my article in the last volume of Osier and McCrae’s 
•‘Modern Medicine.”

The recording faculty, which has already been referred to under 
Attention, consists of two factors: (1) perception and (2) reproduction. 
It, is most efficient in childhood, especially between the 12th and the 
14th year.

When it becomes impaired, the faculty of recording numbers seems 
to go first. The recording faculty begins to go very early in dementia 
paralytica.

I/)ss of memory is known as amnesia, impairment as hypumnesia, exag­
geration as hypermnesia, and perversion as paramnesia. Amnesia may 
be general or partial.

General Amnesia.— In general amnesia, we may have only an exag­
geration of normal forgetfulness, inasmuch as our latent memory pictures 
depending upon protoplasmic conditions are subject to alteration, and final­
ly to dissolution, as a result of the metabolic changes that go on in the 
cortical neurones. Frequent reproduction of ideas in some way renders the 
material traces, upon which memories depend, more firm. We can easily 
understand why destructive diseases of the cortex, like those occurring in 
dementia paralytica, in atherosclerosis, and in syphilis, should powerfully 
disturb the storing of memories. It is interesting, in such cases, that 
memories of the later experiences of life disappear, as a rule, before those 
of earlier experiences. The old man remembers tbo events of his child­
hood and youth, and talks about them, though ho may have lost track 
entirely of the events of his later life.

Partial Amnesias.—These arc isolated or elective defects, which in­
volve certain groups only of the general store of memories (e. g., loss of 
optic memory in optic agnosia, or auditory memory in auditory agnosia).

These agnosias have already been referred to (vide supra).
Paramnesias.—In the perversions of memory, several groups of dis­

turbance are included : (1) memory misrepresentations, in which constitu­
ents of actual experience are pathologically rearranged in groups and asso-
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datively united ; (2) memory falsifications, in which the patient describes 
as experiences things that arc wholly imaginary, having no counterpart 
in his past, though they appear to bo reminiscences (e. g., confabulation 
in hysteria, in imbecility, in dementia paralytica and in senile dementia; 
pseudoreminiscences in Korsakoff’s psychosis).

Closely related to these disturbances are (1) the pathological lies, met 
with in the degenerative psychoses, and (2) the so-called pseudologia fan- 
iastica, in which the fancy of the egoistic person is given free rein, ami 
the most remarkable talcs are concocted and related.

Another interesting disturbance of memory is that so often met with 
in psychasthenics, who suddenly feel in a given situation that they have 
experienced it some time before (sentiment du déjà vu). It is a disturlh 
ancc of identification, sometimes lasting only a few moments, sometimes 
continuing for weeks or months, in which case the patient fuels that ho 
leads a sort of double life.

iii. The Binet-Simon Tests, and Other Tests of Intelligence

For practical purposes, a rough-and-ready method for quickly testing 
the intelligence, especially of children, has been found to be of great 
importance. Too much should not be expected of such tests ; their results 
at best ore only very rough approximations, but with the modifications 
that hove gradually grown up as regards their use, the Binet-Simon tests 
are very helpful.

In making such tests we must distinguish sharply between memory and judg­
ment. We often meet with a good memory that has made the accumulation of many 
facts possible, though these facts may not be properly valued; in other instances, 
we meet with a natural endowment capable of valuing facts properly even in the 
absence of a large store-house of facts in the memory. In the feeble-minded we sec, 
usually, both defects of memory and defects of judgment, though the memory is 
<»ften less defective than the judgment. For this reason, methods of testing lIn­
intelligence that depend merely upon testing school-memories are insufficient.

Binet and Simon have devised a series of tests that give a fairly good idea *>f 
the intellectual capacities of children between the ages of three and thirteen years, 
obtainable in a very short time. These tests are not directed so much toward the 
knowledge ordinarily acquired at school, as toward knowledge obtained in everyday 
life. They include tests of the powers of observation, of the recording faculty, of 
the judgment, and of the power of combination.

( 1 ) The Binet-Simon Tests
Three Years Old.

1. Where is your noset Your eye? Your mouthÎ
2. Repeat sentences of six syllables. (It rains. I am hungry.)
3. Repeat two numerals (“G-t-4”).
4. Show three Binet pictures representing some people and a situation. (“II hut 

do you seef”) A child of three names the things, but does not der* liu 
actions.
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Four Years Old.
1. Sex of child. (“Are you a little boy or a little girlf”)
2. Name familiar objects. A key, a knife, and a penny. (“What is that 

thing?”)
3. Repeat three numerals (“7—2—9”).
4. Compare the length of two parallel lines, 3 cm. apart ; one 5 cm., the other 

G cm. long. (“Which is the lunger line?”)

Five Years Old.
1. Compare the weights of two blocks; 3 and 12 grams; 6 and 15 grams.

(“Which is the heavier?”)
2. Copy a square of 3 or 4 cm. ; with ink, not pencil.
3. Repeat sentences containing ten syllables, (“llis name is John, lie is a 

very good boy.”)
4. Count, with the finger, four pennies placed in a row.
5. Game of “Patience” with two pieces. Cut a visiting card diagonally. Place 

a whole card on the table. Nearer the child place the two pieces with the 
two hypotenuses away from each other. (“Put these two pieces together so 
that they will be like that uncut card”)

Six Years Old.
1. Distinguish between morning and afternoon. (“Is this morning or is it 

afternoon?”)
2. Define known objects. (“What is a forkf A tablef A chair? A horse? 

A mama?”)
3. Carry out three simple orders given simultaneously. (“Do you see this key? 

Put it on that chair. Then shut the door. After that, bring me the box that 
is on the chair, liemember, first the key on the chair, then close the door, 
then bring the box”)

4. Distinguish right and left. (“Show me your right hand.” Later, “Show me 
your left ear”)

6. Make an esthetic comparison of G heads of women (Binet), in pairs. “Which 
is the prettier?”

Seven Years Old.
1. Count, with the finger, 13 pennies placed in a row.
2. Describe the same picture as used in age 3. The child should now be able 

to describe things instead of simply enumerating.
3. Finish an incomplete picture. Four unfinished sketches arc shown the child. 

(“What is lacking in that picture?”)
4. Copy, with a pen, a drawing of a diamond-shaped figure.
5. Name four colors, touching successively a red, a blue, a green, and a yellow 

paper, 1 by 5 inches in size. (“What is that color?”) Normally completed 
in six seconds.

Eight Years Old.
1. Compare two things from memory. (“What is the difference between a but­

terfly and a fly?” “Wood and glass?” “Paper and cloth?”) Two of the 
three pairs should be answered correctly.

2. Count backwards from 20 to 1.
3. Name the days of the week in order.
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4. Count one-cent and two-cent postage stamps placed in order as follows: 
1, 1, 1, 2, 2, 2. (“How much are they worth, or, How much money to buy 
them1 Counts)

5. Repeat 5 numerals (“4—7—3—9—5”).

Nine Years Old.
1. Make change—9 cents out of 25.
2. Define common objects other than by “use”.
3. Name the day of the week, the month, the day of the month, and the year.
4. Recite the months of the year in order within 15 seconds.
6. Arrange 5 weights in order. Use 5 wooden cubes of same size and appear­

ance, but loaded so as to weigh ti, 9,12,15 and 18 grams. Time limit, three 
minutes.

Ten Years Old.
1. Name 9 pieces of money—cent, nickel, dime, quarter, half-dollar, one dollar, 

two dollars, five dollars, ten dollars (in regular order). Have the child 
point with the finger and name each piece as he points.

2. Draw a simple design from memory.
3. Repeat fi numerals (e. g., 8—5—4-^-7—2—0). Make three tests.
4. Answer simple questions involving everyday problems.
6. Usé three given words in a sentence (e. g., Baltimore, money, river).

Eleven Years Old.
1. Criticize sentences containing some absurd or ridiculous expression.
2. Use three words in a sentence.
3. Say (it) words in three minutes. (“Say as many words as you can in three 

minutes; like table, board, beard, shirt, carriage.”
4. Make rhymes for given words.
5. Put words in order. (“Make a sentence out of these words.”)

Twelve Years Old.
1. Repeat 7 numerals (2—9—4—6—3—7—5; 1—6—9—5—8—4—7; 9—2—8 

—5—1—6-4.
2. Define abstract terms. (“What is charity? Justicef Goodnessf”)
3. Repeat a sentence of 20 syllables. (“The other day I saw in the street a 

pretty young dog. Little Maurice has got spots on his new apron.”)
4. Resist suggestion.
5. Problem of various facts. (“What is it?”)

Fifteen Years Old and Adults.
1. Cutting-out test. Have the child watch the folding of a sheet of paper in 

four. With scissors cut a small triangle from one edge—the edge that docs 
not open. Ask him to draw a picture of the paper as it will look when 
unfolded.

2. The reversed triangle. Cut a visiting-card along the diagonal. Ask the child 
to describe the resulting shape if one of the triangles were turned about and 
placed so that its short leg was on the other hypotenuse and its right angle 
at the smaller of the two acute angles.
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3. Differences. Ask the difference between :
Pleasure and honor.
Evolution and revolution.
Poverty and misery.
Pride and pretention.

4. Difference between President and King.
5. Give sense of a selection read aloud.

For the full details of these tests see Town’s translation, and especially for the 
desirable modifications introduced by Goddard, see the tiinet-Simon Measuring 
Scale for Intelligence. Revised edition, 1911.*

(2) The Yerkes-Bridges Point-scale
This scale, particularly suited to work with pro-adolescents, is a point- 

scale and not an age-scale, the tests being arranged in order of difficulty. 
It originated in the Iluey scale. No matter what the ago of the person 
under examination, he it the third year of childhood, a 12-year-old boy 
at puberty, or a 30-year-old adult, the examiner begins with the first test 
and proceeds through the entire series, or at least far enough to satisfy 
himself that the limit of mental attainment of the person under exami­
nation has been reached. Properly carried out, the principal intellectual 
functions arc subjected to test.

After the point-scale examination has been made, the results may lie 
expressed (1) by the “score,” (2) by the “mental age” as determined, 
and (3) by the so-called “coefficient of mental ability,” all three expres­
sions appearing on the record-sheet.

To take an example given by Miss Hardwick, let us assume that a subject 
twelve years old scores 68 points. The examiner writes “68” after the phrase 
“total credits” at the top of the record blank. The graph shows 68 to be the norm 
for 11.3 years, and “11.3” is therefore registered as the “mental age.” The norm 
for the subject’s chronological age is seen in the graph to be 77 points; his co­
efficient of mental ability is then 68/77 or 88 per cent. The coefficient is entered 
on the same line with the score, the norm being written on the line below.

In working with the Yerkes-Bridgcs point-scale, the examiner should be familiar 
with Ilealy and Fernald’s monograph, and also with that of Yerkes, Bridges and 
Hardwick.

(3) Other Mental Tests
In addition to the methods above mentioned, students in this field 

now make us of :
(1) The so-called Ilcahj tests (q. v.), consisting of moves on form 

lioards, completion of pictures, memories of observations, picture-puzzles, 
etc.

| *On sale at the Training School, Vineland, N. J. Price 15 cents. Pictures and 
oilier materials useful for the Binet tests can be obtained of 0. II. Stoelting, 121 
N. Greene St., Chicago.]
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(2) The Knox scale, developed at Ellis Island for the examination of 
illiterate aliens.

(3) Certain miscellaneous tesls for attention, rhythm, memory, anal­
ysis, imagination, judgment and feeling.

A good epitome of these methods of testing, together with the bibliog­
raphy, will be found in the artiele by Rose S. Hardwick (see References).
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(c) Disorders of Ideation, Intelligence, and Judgment
Though workers in normal psychology have long been interested in the 

phenomena connected with the association of ideas, it is only relatively 
recently that neurologists and psychiatrists have begun adequately to 
value association-tests in their work.

L Tests of Association

Wo use a list of about one hundred stimulus-words, consisting of 
nouns, adjectives and verbs, and including abstract and concrete words, 
words that will apply to the various relations of life, but" wo mix 
these words up with one another so that words of similar significance

shall not follow one an­
other. With stop-watch 
in hand, one gives the 
patient a test-word and 
asks him to give expres­
sion immediately to 
whatever comes into his 
head. From the nature 
of the associations the 
test-words call up, and 
from the time of the re­
action for each word, 
important conclusions 
can be drawn regarding 
(1) the intellectual ca­
pacities of the patient, 
and (2) the feelings 
and emotions that in­
fluence his thought 
Test-words that for any 
reason arouse an un­
pleasant feeling (or 
negative feeling-tone), 
as, for example, those 
associated with unpleas­

ant past experiences (quarrels, fears, sexual matters) are often not re­
plied to promptly, but only after a considerable delay, and, when the 
response does come, it is often unusual and unexpected in character 
(Jung). The existence of such unpleasant feeling-tones may often be 
recognized by the psychogalvanic test of Ycraguth.

Fig. ft66.—The Apparatus for Conducting a Psychogalvanic 
examination. The Patient Holds In Ills Hands Two 
Metal Klectrodes That Arc Connected with Two Le- 
clanchfi Cells and a (lalvanometer. A Ithcostat Is In­
cluded In the Circuit. The Lamp and Scales Serve to 
Itecord the Fluctuations of the tialvanometcr. (After 
O. Veraguth, “IHe kiln. Vntersuch. Nervenkrankcr," 
published by J. F. Itcrgmann, Wiesbaden.)
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The following list of words will bo found convenient in making these 
tests :

1 Head 21 Ink 41 Money 61 Law 81 Decency
2 Green 22 Bad 42 Stupid 62 Dear 82 Narrow
3 Water 23 Needle 43 Handle 63 Glass 83 Brother*
4 Prick 24 Swim 44 Suspect 64 Quarrel 84 Damage
5 Angel 25 Journey 45 Finger 65 Goat 85 Stork

26 Blue 46 Dear 66 Big 86 False
7 Ship 27 Bread 47 Bird 67 Turnip 87 Anxiety
8 Count 28 Sin 48 Hold 68 Paint 88 Kiss
9 Window 29 Lamp 49 Book 69 Part 89 Bride

10 Friendly 30 Rich 50 Unjust 70 Old 90 Pure
11 Table 31 Tree 71 Flower 91 Doors
12 Question 32 Sing 52 Separate 72 Strike 92 Choose
13 State 33 Sympathy 53 Hunger 73 Box 93 Hay
14 Stubborn 34 Yellow 54 White 74 Wild 94 Content
15 Stem 35 Mountain 55 Child 75 Family 95 Joke
16 Dance 36 Play 56 Listen 76 Wash (Hi Sleep
17 Lake 37 Salt 57 Pencil 77 Cow 97 Month
18 Sick 38 New 58 Sad 78 Foreign 98 Lively
19 Pride 39 Custom 59 Plum 79 Fortune 99 Dog
20 Look 40 Ride 60 Marry 80 Lie 100 Scold

The kinds of ideas that become associated with the given test-words may be 
classified as follows:

A. Sense of test-words correctly understood.
(a) Internal associations.

(1) Associations of spatial and temporal coexistence.
(2) Predicative associations.
(3) Causality associations.

(b) External associations.
(1) Associations of spatial and temporal coexistence.
(2) Identities.
(3) Speech-reminiscences.

B. Sense of test-words not understood.
(c) Test-words acting only through their sound.

(1) Word-supplements.
(2) Sound-associations and rhyme-associations. (A) Intelligible,

(B) Nonsensical.
(d) Test-words acting only by setting free reactions.

(1) Repetition of test-word.
(2) Repetition of earlier reactions without sense.
(3) Associations for words used earlier.
(4) Reactions without recognizable connection.

Internal associations are those directed toward the sense of the test-word; 
external associations are those dependent upon custom, habit, speech, or sound- 
relations.

In predicative associations something is affirmed or asserted regarding the 
object; in cnsunlity-associations there is a relation of cause and effect. In word- 
supplementation the reaction-word taken with the test-word makes up another 
word, a form of clang-reaction.
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In mediate associations a connection between the test-word and the reaction 
can be understood by assuming some intermediate member of an association series 
(usually a clang-association).

Some observers classify reactions into those that are (1) objective, and (2) 
subjective or egocentric.

If more than sixty seconds elapse before an answer is given to the test-word, 
the result is designated as a “fault.” Sometimes the only reaction is a repetition 
of the test-word. When an earlier test-word or reaction-word appears as a reaction, 
it is called perseveration. The number of repetitions and perseverations should 
be counted. When an association is spontaneously continued, cither in an intelli­
gent way or a nonsensical, we speak of discursive association.

For valuing the results of association tests we must refer to the monograph of 
Jung and to the papers of Aschaffenburg, Sommer, Jung and Riklin, and Isserlin.

il. Velocity of Association

In some instances, the association time may be abnormally shortened, 
in others, abnormally lengthened (vide supra). Even more important 
than the actual velocity of a given association is the rapidity with which 
a change in the direction of association occurs; thus, in the so-called flight 
of ideas, met with in mania, the patients talk with great rapidity, but the 
ideas given forth have only a superficial connection. Where the connec­
tion is better marked, though the impulse to talk is abnormally great, the 
condition is called logorrhea. An abnormal tendency to repetition of an 
idea once awakened in subsequent associations is known as perseveration. 
In some cases this perseveratory tendency is so marked that the same 
word or sentence may bo repeated uninterruptedly for hours or even for 
days at a time (e. g., in the nonsenical verbigeration of dementia praecox).

Some of the “brilliant” people of ordinary every-day life show slight 
hypomaniacal traits; everything is easy for them ; they are restless, or very 
busy, people, with multiple superficial interests (pressure of activity).

Pathological slowing of associations is met with in the different forms 
of inhibition or so-called psychomotor retardation. This is most marked in 
conditions of so-called stupor. Here the associations arc very slow. A 
sensation may be very slow in reviving a memory, and thus perception is 
made difficult; again, single ideas give rise only very slowly to otlur 
ideas normally in association with them, and it becomes difficult, for tint 
patient to pass through an associative series to a motor “goal-idea.” Tl is 
accounts for the slow, difficult speech in such eases, which, in extreme in­
stances, may result in complete mutism. Similar difficulties arc encoun­
tered in the use of the bodily musculature, and such patients may dr« s 
very slowly, sometimes requiring hours for the process. Sometimes tlio
inhibition is so great that they lie for days and weeks in a state of   -
plcte relaxation (resolution), or in a state of hypertension and waxy fh i- 
bility (catatonic rigidity).
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iii. Pathological Dissociation of Ideas

(Incoherence)

In severe disturbances of association, the connections among ideas may 
bo very seriously altered. There may be an entire absence of goal-ideas 
to direct the course of associations, as in the incoherence of dementia 
paralytica and of dementia senilis. Sudden and brief loosenings of the 
associations—so-called sejunction of Wernicke—may cause momentary 
lacunae in consciousness—the so-called psychic deliquia of L. Meyer; and 
these may form the starting-point of serious disturbances, leading to the 
formation of delusions. There is every gradation from such momentary 
dissociations to the more complete disorientations lasting for days, weeks 
or even mouths.

iv. Intensity, Duration and Content of Ideas

Among the results of disturbances of the association of ideas may bo 
mentioned the appearance of wholly abnormal ideas. Wo distinguish (1) 
exaggerated ideas, (2) imperative ideas, (3) autochthonous ideas and (4) 
the outspoken delusions.

(1) The Exaggerated or Hyperdynamic Ideas.—These include (a) 
single words or numbers that, without apparent reason, suddenly bob up in 
consciousness and disturb orderly thinking {onomatomania) ; (b) hypo­
chondriacal ideas caused by abnormal visceral sensations; and (c) pre­
monitions. The exaggerated ideas are not recognized by patients as in­
truders in consciousness, but arc looked upon as an expression of their 
innermost nature; defending them, they feel themselves struggling for tho 
maintenance of their personality.

(2) Imperative Ideas or Obsessions.—These include ideas that 
arising in the patient’s consciousness are recognized by him as un­
justifiable, nonsensical intruders. The patient says he knows tho idea is 
absurd, but despite this, it recurs and troubles him. Examples are seen 
in the ideas associated with abnormal fears (e. g., fear of places (ayora- 
phobia), fear of contamination (my so phobia), fear of infection, fear 
of doing others an injury, etc.). They are frequently accompanied by 
negative feeling-tones. Patients subject to such imperative ideas are 
often tho victims of indecision, and of the doubting mania (folie du 
d'iule). These phenomena arc characteristic of the so-called psychas­
thenic states. In the severer forms, normal thinking is interrupted by 
the intrusion of all sorts of nonsensical questions, the so-called mania of 
interrogation (e. g., Why are scissors called scissors ? ; Why has a chair 
f 'ir legs ? ; Why is gold a metal ?). Patients are unable to rid themselves 
of |he thoughts in spite of their desire to do so. Such a mania of inter- 
ruyution would seem to be closely allied to the hebephrenic states (q. v.).
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(3) Autochthonous Ideas.—In true autochthonous ideas, arising 
from pathological associative activity, tho attention is, as in the impera­
tive ideas, forcibly directed toward tho ideas that are felt as trouble­
some intruders ; but they differ from imperative ideas in that tho latter 
aro never regarded as foreign, as not belonging to the personality, and so 
do not have tho dangerous significance for tho whole mental life that 
attaches to autochthonous thoughts. The latter are closely related to 
hallucinations; indeed, tho hearing of voices is sometimes preceded by 
a jicriod in which autochthonous thoughts exist.

(4) Delusions.—The most important disturbance in tho association of 
ideas is tho falsification of content seen in delusions. In health, the intel­
lectual activity, which leads to tho formation of judgments and infer­
ences through tho association of ideas, depends upon tho regular connec­
tion of the memory pictures with tho perceptions corresponding to them 
coming from tho external world and tho body. Faulty judgments in 
health, known as mistakes, prejudices and superstitions, depend upon tho 
admixture of personal experience with trains of thought current in a 
given community, or at a given time, and lying outside personal experi 
ence; in other words, our judgments aro derived, partly from personal 
knowledge depending upon our perceptions and their memory pictures, 
but partly also from faith and beliefs, that is, from certain abstract 
chains of ideas supplemented by our fantasy.

Thus arise the various religious, scientific, social and political faiths. The 
feeling-tones accompanying such faith-ideas are unusually strong; the judgment is, 
consequently, much influenced by them. The greater the individual experience, 
and the lu-tter developed one's personal power in arranging knowledge in the forma­
tion of a judgment or an inference, the more independent the person will be in the 
judgments he forms ; but the judgments of everyone, even the most intellectual 
person, are influenced by beliefs, since belief, or faith, is an absolute necessity 
for bridging over gulf's that could not be crossed if wo were to try to form 
judgments bused entirely upon personal experience. This explains why everyone 
is subject to mistakes, and why what wo call knowledge is always undergoing 
alteration. There is every gradation from the mistake to which any normal brain 
is subject, to the “pathological mistake” met with in disease, which we call a delu­
sion. No hard and fast line can Imî drawn between them ; each is the result of 
a wrong train of thought that does not eorrespond to tho facts of the external

Great earc, therefore, should lie taken in tho examination of patients 
to make sure whether tho environment of a patient ean account for ihe 
origin of abnormal ideas in a brain that is not diseased, or whether Ihe 
idea is one that could not arise in a normal brain exposed to the sn-ue 
environment. This task is not always easy. The beginner will Ik* wise 
to dcseriljc as delusions, therefore, only ideas that are so grossly wr ng 
as to be unmistakably the result of the activities of a pathological bv n.
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v. Tests for the Presence of Pathological Ideas
Among the pathological ideas most important to recognize clinically 

we may mention : (1) melancholic ideas, associated with powerful nega­
tive feeling-tones (e. g., suicidal ideas, ideas of poverty, ideas of self- 
depreciation, and other micromanic ideas) ; (2) expansive ideas (e. g., 
delusions of grandeur, and other mégalomanie ideas) ; (3) ideas of refer­
ence, in which the patient refers to himself words heard, or the behavior 
of others, when there is no justification for such reference; ho may think 
that others are making fun of him, scoffing at him, scorning him, defam­
ing him, etc.; (4) ideas of persecution, in which the patient thinks that 
others are treating him badly, that lie does not get his deserts, or that 
conspiracies are formed against him.

Usually, such ideas can be unmasked by asking a few simple ques­
tions; namely, (1) Are you sad? (2) lias any one been making fun of 
you? (3) Have people treated you well? Has anybody “had it in” for 
you ? (4) Are you sick ? (5) Have you been unusually successful ?

Patients usually cherish a delusion; it is hard, usually impossible, 
to convince them that the idea is false ; they lack disease-insight.

In paranoid states, ideas of reference and ideas of persecution, asso­
ciated with pathological egoism and an exaggerated consciousness 
of the self (personality) are characteristic. In the manic-depressive 
states, during the periods of exaltation, the patient is expansive, euphoric, 
mégalomanie ; during the periods of depression, ho is sad, hypochon­
driacal, suicidal, sinful, poverty-stricken.

Delusions of grandeur are very common in the expansive state often 
met with in dementia paralytica.

It is not uncommon to have delusions arise as a result of the general 
weakness of judgment in idiocy and imbecility, and in the various de­
menting processes (c. g., dementia praecox).
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5. Disturbances of the Affective Life
(Feelings, Emotions and Moods)

The intimate association of affective or emotional states with the intellectual 
activities has been seen above. It is desirable, however, in analyzing mental states, 
to pay some special attention to the feelings, emotions and moods. The tendency 
in the mind is to refer sensations, memories of sensations and ideas to external 
objects acting upon an observing subject, while the feelings, and the emotional 
states arising out of the feelings, are the more subjective elements of consciousness, 
and sene for building up that part of the content of consciousness that refers 
more particularly to the condition of the subject himself.

In neurological diagnosis, it will often be found that what camel 
pleasure and displeasure in life is the key to the understanding of pu/./ ng 
nervous and mental states. Tho intellectual life of our patients is in 1 igh 
degree dependent upon feelings, moods and emotions; in other w Is, 
upon affective states, and upon tho impulses to give expression to 11 in. 
Only a few of tho abnonnal affective states can bo mentioned here.
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(a) Pathological Increase of Emotional Excitahilitg
This is seen, for example, in hysteria, in the irritability of neuras­

thenia, in the furor epilepticug, in the violence of alcoholic intoxication, in 
the anger of mania, and in the outbreaks of the senile or paralytic dement.

(b) Apathy
Apathy, or depression of emotional excitability, is seen in the various 

forms of stupor, in the apathy of dementia praecox, ami in that of imbe­
cility. Sometimes the apathy shows itself in a lack only of the higher 
feelings (moral, esthetic).

(c) Exaltation or Hyperthymia
In this state, positive feeling-tones (joy, excitement) accompany all 

the intellectual processes, even those that, under normal conditions, are 
only slightly pleasant, or even a little unpleasant Among the best exam­
ples are the exaltation of mania, and of alcohol and drug intoxications, 
and the euphoria of dementia paralytica.

(rf) Depression or Dysthymia
Hero the ordinary intellectual activities are accompanied by intense 

negative feeling-tones (discomfort and depression) leading to inhibition 
or to tension.

in normal life care, anxiety and bereavement cause sadness, but these 
stimuli, in pathological cases, give rise to excessive negative reactions, 
and even the stimuli that normally cause joyful reactions may not elicit 
them; hence in the depressive psychoses arise the micromanic delusions, 
the ideas of poverty, of unpardonable sin, of self-depreciation, and of the 
worthlessness of life. The patients assert that they have lost the interests 
that they formerly had, and they cannot understand why.

(e) Psycho-analysis
Many imperious acts and imperative ideas arc the result of the latent 

after-effect of exciting experiences, fears, and expectations. Important 
therapeutic results can sometimes bo achieved in such states and in hys­
teria by “unearthing a hidden sorrow’,” or bringing into the focus of con­
sciousness some long-forgotten painful experience, especially in sexual 
domains (psycho-analytic method of Freud ; psycho-analysis of Jung).
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6. Disturbances of the Conative Functions 
(Will; Conduct)

Conduct and behavior have already been briefly referred to under 
Disturbances of the Higher Motor Functions. From the psychic side, 
however, some special mention of the functions of the will, observable in 
the conduct, behavior or stylo of the patient, seems desirable. We can 
judge of the mental processes of men in health and disease only through 
their motor reactions (including, of course, speech) ; that is, through 
the contractions of their muscles. Thus, the intensity and the quality
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of the feelings reveal themselves in the expressive movements, those mimic, 
pantomimic or gcsticulatory distortions of the face and limbs that are 
largely independent of what is ordinarily called the patient’s will. The 
movements that result from a train of thought terminating in a so- 
called goal-idea arc designated as voluntary acts or deeds. The whole 
conduct and demeanor of a person depends upon the chains of ideas 
terminating in such voluntary acts, and on the feelings and emotions, 
which, to a large extent, control the chains of ideas and also determine the 
expressive movements. A man’s speech, his conduct, his behavior, his 
style in writing, speaking, dressing, etc., yield us the information that is 
obtainable regarding his conative functions.

What wo ordinarily call a strong will or a feeble will depends upon 
the totality of affective and conative activities (character) of the person. 
But these affective-conative tendencies arc in turn influenced by the intel­
lect or cognitive faculty. Thus memory is necessary, in order that a 
voluntary act may be performed. The influence of partial losses of 
memory or voluntary activity is well seen in the aphasias and the apraxias.

(o) Suprapyramidal Disorders of Speech Movements, Writing 
Movements and Learned Movements of the Extremities

Intermediate between the lower organic motor disturbances and I lie 
motor disturbances met with in the psychoses stand certain disorders of 
speech, of writing, and of non-symbolic movements of the extremities 
known as the aphasias, the agraphias, and the apraxias.

L The Disorders of Speech Movements in the Aphasias

In the absence of anarthria or dysarthria (lesions of the pyramidal 
tracts or of the lower motor neurons), and of speech disturbances de­
pendent upon the general mental state (coma, psychoses, hysteria), inabil­
ity properly to perform the speech movements is known as aphasia.

The sensory aphasias, due to lack of understanding of speech, have 
already been referred to; in the disturbance of speech shown in the motor 
aphasias the difficulty is on the expressive rather than on the receptive 
side.

The severest forms of aphasia are those in which the power of spn -'h 
is wholly abolished ; the patients are actually dumb. Such complete alm- 
lition of spccch-sound-making power is very rare; usually, even in the 
very severe cases, some words or phrases can still lie spoken, and though 
the patients cannot talk, they may pronounce one or more words over md 
over again, residues of speech that Hughlings Jackson called “recur ng 
utterances.”

In the milder forms of aphasia, the power of speech may be only
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slightly injured, and all gradations between these mild forms and the 
severest forms present themselves for study.

In studying the disturbances of the speech movements in the motor 
aphasias, we examine (1) the power of spontaneous speech, (2) the power 
of repenting what is heard, (3) the power of serial speech, and (4) the 
power of reading aloud.

(1) Disturbances of Spontaneous Speech

Under spontaneous speech wo include (a) ordinary spontaneous con­
versation (descriptions, expressions of desires, answers to questions), and 
(li) the naming of objects.

in spontaneous conversation the quantity of speech movements made 
should be noted. Some aphasies, with mild involvement, shun speech, 
even answering questions with great brevity; others seem to enjoy talking, 
the speech apparatus, once started, seeming not to find it easy to stop.

The qualitative changes are more important. As far as the content of 
the speech is concerned, two extremes arc met with: in one, phrases with 
no words of concrete meaning, or only a few; in the other, almost exclu­
sively words of concrete meaning are juxtaposed without small words or 
connectives (alcalapliasia, ayrammatismus). Tho agrammatic eases have 
been further subdivided by French writers into (a) those with “tele­
graphic style,” and (b) those with “negro style”; in the former, conjuga­
tion is retained, in tho latter, not.

In nearly all cases conglomerates of syllables or letters occur, which 
at first seem to bo utterly without significance; in the less marked in­
stances of this, the clues can sometimes be discovered ; in the severe forms, 
the whole expression is a jumble ( jargon-aphasia).

In the naming of objects, it may bo more difficult to find the word de­
sired (from the sensory impressions) than in ordinary conversation (from 
association). Often when tho right word cannot be found ( word-amnesia), 
it will be recognized as right as soon as presented and can be correctly 
repeated. Substantives, especially concrete and proper names, give the 
most trouble; adjectives and verbs less.

Sometimes the patient, recognizing the object, but unable to name it, 
can help himself to find the word, by making movements illustrating the 
use of the object; but, even then, as a rule lie confuses words (verbal 
paraphasia) or distorts them (literal paraphasia). In verbal paraphasia, 
a word used before, or one unsuccessfully sought before, may be spoken 
instead of the right word, a persévéra tory phenomenon ; or, a word associat- 
tivel.v related (by sound, by coordination or subordination, by causality, 
h\ coexistence, etc.) may be produced. Literal paraphasia represents a 
severer disturbance than verbal paraphasia; syllables arc displaced in the 
words, and letters in tho syllables.
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(2) Disturbances of Repetition
Aside from true echolalia, or imiterative repetition of words heard, 

a condition already referred to as occurring in the “tic” disease, we study 
in the aphasias (a) interrogatory repetition, and (b) repetition on direct 
request

In interrogatory repetition, the patient, when asked a question, repeats 
it, often in a slightly different form ; thus if asked, What is your name { 
ho may say, What is my name ? This form is evidently not far removed 
from echolalia.

In repetition by direct request, the patient repeats, at our request, the 
words we pronounce lief ore him. He sometimes misunderstands our intent, 
and thinks that we are asking him a question.

In some cases, though spontaneous sficcch is greatly disturbed, every­
thing heard can lie correctly repeated, even difficult test-words ; more often 
repetition is imperfect, short words being repeated usually 1 letter than 
long ones, though occasionally a patient who can rejieat a long polysyllabic 
word perfectly will find it impossible to repeat a short sentence containing 
only monosyllabic words (Ilcilbronncr).

Familiar words can he repeated 1 letter than unfamiliar words, or than 
words of a foreign language. Sometimes short words can lie repeated 1 letter 
than the sounds of single letters (consonants). One should notice whether 
or not the patient tries to read the examiner’s lips when under test, as this 
has an influence on the results obtained.

Entire loss of power of repetition does not occur except where the 
power of speech is practically aliolishcd ; attempts at repetition then result 
only in the expression of one of the residue-utterances, and, strange to 
say, if given such a residue-utterance as a task, the patient often fails 
to repeat it. The patients arc often reluctant to try to repeat words ; this 
is sometimes due to a misunderstanding of the examiner’s intention, some­
times to a feeling of shame of their disability.

Sometimes a distortion of words (literal paraphasia) will appear on 
attempts at repetition, when no such distortion is noticeable in spontaneous 
conversation and only a little on naming objects. A confusion of won Is 
(verbal paraphasia) on attempts at repetition is not uncommon, often due 
to perseveration, sometimes to other associative cause. It is well to choose 
some words from a series (numbers, letters, days of week) as tests; not 
infrequently, instead of repeating the test word, the patient will ivaet 
with another word from the same series (Monday, Thursday), or with a 
word from a different series (a letter, a number).

(3) Disturbances of Serial Speech
Serial speech is very important in the study of aphasies; patient- vlio 

can faultlessly reproduce series (letters, numbers, days of week, nain of
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months, prayers, poems) must ho devoid of speech disturbance; moreover, 
in the milder aphasies, a study of the errors in serial speech will often 
yield clues to the nature of tho disturbance, unobtainable by the tests of 
spontaneous speech and of tho powers of repetition. Unfortunately, not 
every patient has had, normally, at his disposal, a large selection of 
series; moreover, it is not always easy to make the patient understand that 
wo wish him to say the scries to us. In trying to get him to count, if 
ho does not understand our spoken request, we may make signs before him 
(rhythmical clapping, serial movements of the fingers, use of beads on a 
counting hoard, etc.) ; or to get him to say tho days of tho week, or the 
names of the months, wo may make clear what we want by showing him a 
calendar.

Wo note whether on interruption in tho course of a scries, the patient 
can begin again where ho left off, or must licgin all over again; as a rule 
the scries has to be given, as it were, automatically, in toto.

Omissions in a series arc common ; thus, cither:... 23, 24, 25, 35, 3(1, 
37 . .. or 37, 38, 39, 50, 51 . . . ; again, tho patient may wander off into 
a different scries, e. g., 17, 18, 19, 20, 30, 40 ... or Monday, Tuesday, 
February, March. Other examples arc cited by Ileilbronncr.

(4) Disturbances of the Power of Reading Aloud
Reading aloud is a complex process, involving both the receptive and tho 

expressive side of speech ; it is accordingly very often disturbed in aphasies. 
Wo have to think not only of the words and syllables as a whole ( tho phonetic 
word) but also of the words and syllables as made up of individual letters 
(orthographic or alphabetic word). It is well to find out first what tin; 
patient ean do with letters as such, and then to seo whether lie can com­
bine them with syllables and words and can pronounce tho combinations; 
later wo test tho power to read sentences, both matter which is intelligible, 
and matter unintelligible to tho patient An inability to read (alexia) 
may bo receptive, or expressive, in nature, or both.

ii. The Disorders of Writing (Agraphia)

These may lie hard to test if there bo paralysis of tho right arm ; if 
there bo only weakness, tho patient may get on well enough with chalk 
ami a blackboard ; wo may also encourage writing with the left hand (which 
will be found to bo not infrequently mirror-writing). We examine (1) 
tho writing without copy, cither (a) spontaneously or (h) on dictation, 
and (2) tho writing when tho patient lias a sample before him (copying).

(1) Writing Without Copy
Most patients who can write anything spontaneously can usually copy 

in s'lino way (cither freely, or slavishly) ; inability to copy, when writing
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without copy is possible, is very rare, occurring only in the so-called iso­
lated, or pure, alexia.

In the severer disturbances, letters cannot ho made on paper at all, 
nor can signs resembling letters bo made ; attempts at writing result only 
in lines and scratches, a meaningless scrawl. Some patients seem to have 
a memory of the forms of certain of the letters, tut are unable to write 
these forms, showing discontent with their fruitless attempts; others seem 
content with their nonsensical scribbling and may even, subsequently, 
try to redd aloud what they have written. Often a few letters arc fairly 
well written at first, only to be followed by unintelligible strokes, hooks, 
and loops, some of these bearing a resemblance to one or more of the let­
ters previously written (perseveration).

In the milder disturbances, two groups of eases are distinguishable: 
in one, the patient can write single letters lie intends, or is asked, to 
write, though in general he is agraphic ; in the other group, the patient 
cannot make single letters correctly on dictation. In case of failure, one 
must be sure that the task is understood; this is usually indicated by 
evidences of dissatisfaction with the effort made, and, especially, if 
among a set of printed or black letters, he can pick out the right one.

On trying to write words, the troubles with the letters reappear, 
though the patient’s own name and even his address, may sometimes bo 
written without error, when otherwise there is almost complete agraphia.

Writing is the most complex of all the speech-performances. Agraphia 
disturbances are more severe and less reparable as a rule than the disturb­
ances of vocal speech.

(2) Writing from Sample (Copying)

One sets a copy and asks the patient to write as nearly like the sample 
as possible.

iii. The Disorders of Learned Movements other than Speech and Writing (Apraxias)

Speech and writing are, as we have seen, conventional and learned 
modes of expressing the contents of our ideas—they are symbolic in 
character. The suprapyramidal disturbances in this domain have bi en 
described as aphasie; suprapyramidal disturbances of the learned m* o- 
ments other than those of speech and writing are designated as apraxic. 
The normal condition in this domain is known as praxia or euprn.i t; 
pathological conditions here arc known as apraxia or dyspraxia. ( Mir 
newer knowledge of apraxia is due largely to the researches of Liepmn n, 
Pick, Bonhoeffer and Heilbronner.

In apraxia we see three main types of disturbance: (1) dimini- <1 
spontaneity or almost total abolition of movement, despite the absent1, of



EXAMINATION OF THE MENTAL STATE 323

paralysis in tlio apraxic extremity ; (2) distortions of movement in the 
apraxic part; and (3) confusions of movement, an entirely different act 
being performed than that intended.

(1) Absence or Diminution of Spontaneity of Movement
This is best seen in unilateral apraxia of the upper extremity. The 

non-apraxic extremity may perform all complex actions without hesita­
tion, while the apraxic extremity is quiet, except on special request, or 
when the patient is repeatedly reminded to make the movement. It seems 
as though the patient has to exert his will in an extraordinary way to 
make any movement, the apraxic limb acting, not like a part of the 
body, but rather as a complex instrument attached to the body, which 
the patient is beginning to learn how to use. When an object is placed 
in the apraxic hand of such a patient, he is prone to hold it tightly, even 
when it hurts him, and does not spontaneously lay it aside, though if 
asked to do so he usually can. The personal initiative seems to be lost for 
the apraxic limb, though not all patients show this phenomenon. Some­
times if the limb bo placed passively in a given position the patient will 
not change the position of his own initiative, a condition simulating the 
waxy flexibility of catatonic states.

(2) Distortions of the Movements in Apraxic Extremities
These distortions can bo best demonstrated, as a rule, by asking the

patient to perform certain complex movements in imitation of natural 
movements but without the presence of the natural object to which the 
movement pertains ; thus, wo may ask him to make the movement of shak­
ing hands, of counting out money, of beckoning, of opening and closing 
a door, of lending an orchestra. The apraxic patient will make the most 
bizarre attempts at the movement, moving his fingers this way and that, 
twisting his joints, stopping as though in doubt, and starting all over 
again, the movements being so grotesque that they have been described 
as “grimacing of the extremities”; if the patient he not aphasie and can 
still reveal his emotions by the expressive movements, his fruitless at­
tempts are accompanied by exclamations of discontent and vexation, with 
the expressive movements of despair, shame or anger, not unlike the be­
havior of a normal person after a long struggle to solve a mechanical 
puzzle. Now and then a patient, after prolonged floundering, will sud­
denly and unexpectedly succeed ; but if he try the same movement again 
a little later on, ho meets with as many difficulties as at first.

An excellent test for apraxia is to ask the patient first to imitate 
the movement of grinding collce in a coffee-mill, and, immediately after- 
ward, to turn the handle of a hand-organ. This test has l>een called by 
1L ilbrouncr the shibboleth of apraxia-testing. Even in mild apraxiax
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where each of these twro movements by itself may be satisfactorily per­
formed, the successive performance is faulty, resulting in a compromise 
between the two movements resembling an unskillful attempt at sawing 
wood.

It is much harder, as a rule, for the patient to perform a movement 
entirely from memory on request than to deal with the natural objects 
before him, though the movements under the latter conditions should 
also be tested. We can ask him to open a lock with a key, to take money 
out of a purse, to open a pen-knife, to light a safety-match on its box, 
to seal a letter, to affix a postage stamp, to sew, to knit, or to play a 
musical instrument.

In some cases apraxic disturbances appear on attempts at imitation of 
movement. We may passively move a non-apraxic extremity and ask 
the patient to imitate the movement with the apraxic extremity, or wo 
may make movements liefore him ourselves, and ask him to imitate them, 
standing cither symmetrically with him, or, to make the test more difficult, 
facing him.

Apraxia is most common in the upper extremities and may affect one 
or both. The most frequent combination met with is right hemiplegia 
with left-sided dyspraxia. A few cases of unilateral apraxia without 
paralysis of the opposite side have been described. Apraxic disturbances 
in the lower extremities arc known, but have been as yet little studied.

Apraxic disturbances of the trunk have also been described; the 
patients had difficulty in turning over in bed, in sitting down upon and 
rising from a chair. Care must of course be taken not to confuse apraxia 
with ataxia in such cases. Bilateral apraxia of the muscles of the face 
and head manifest themselves by inability to blow or to whistle.

In severe apraxic states the patient may find it difficult or impossible 
to take a drink of water or to feed himself. lie may bite at the glass 
or spoon, or make bizarre movements of the tongue, or be unable to hold 
the glass and bring it to his mouth.

Obviously these disturbances of the more complicated movements of 
the extremities, face and trunk run closely parallel to the disturbances 
of movement described in aphasia and agraphia; indeed, aphasie and 
apraxic disturbances belong together in systematic description. Aphasia 
and agraphia are, in reality, apraxia in the domain of the speech and 
writing movements.

(3) Confusions of Movements in Apraxia

Just as in aphasies wo distinguish between verbal paraphasia or word- 
confusion and literal paraphasia or word-distortion, so in apraxia wo 
distinguish between confusion of movements and the distortion of m< e- 
inents above described.
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When movements arc confused, the attempt to make one movement 
results in the performance of another different movement, usually duo 
to perseveration, the movement resulting being identical with or resem­
bling a movement performed earlier. Sometimes a part of the movement 
only will show this perseveratory tendency. Such movement confusions 
are best seen on attempts to manipulate objects; instead of making the 
movement intended, the patient may seize the object in a convulsive way 
and temporarily be unable to release it, his mistake leading him to at­
tempts forcibly to shake the object out of his hand. Or, instead of 
manipulating the object intended lie may take another. Sometimes while 
lying in bed such a patient will seize the coverlet and be unable to let 
go of it. Ilcilbronncr descrilies a patient who captured his own thumb 
in the hollow of his hand and could not let it go.

The separation of the apraxic limb from the will and the personality 
of the patient is a striking feature, and the patients themselves notice this 
and complain of it. A patient will often threaten his left hand with his 
right, saying ho cannot trust his left hand; it will not do what lie tells 
it to do. Such patients describe the actions of the apraxic hand, not as 
their own, but as those of the hand, or they may speak of it as belonging 
to a third person ; “now lie is doing that.”

Very peculiar confusions of movement arc sometimes met with. On 
the way to performance of a given movement the intention seems to be­
come “switched off”; a man starting to comb his hair will stick the 
comb behind his car as though it were a pen, or, beginning to peel an 
apple, will suddenly cut it through the middle, or, on attempting to blow 
a wind-instrument, will try to smoke it, or, on taking hold of a lead- 
pencil for writing, will stick it in the ink-bottle, or, instead of putting 
on his trousers in the ordinary way, will attempt to use them as a coat. 
One of lleilbronner’s patients tried to peel a hard-boiled egg like an 
apple. The analogy to the x'erbal paraphasias is obvious.

In a systematic examination of an apraxic disturbance, the following 
routine may bo followed:

(1) Can the patient move parts of his body 1 " _ "ying force
to any external object? (Wrinkle nose, show tongue, make a list, spread 
tlio lingers, cross the knees.)

(2) Can the patient perform automatic symbolic acts? (Winking, 
shaking hands, kissing, taking an oath, saluting, beckoning.)

(3) Can the patient apply his movements properly when asked to 
use external objects? (Lighting a cigar, pouring water into a glass, aflix- 
ing a postage stamp, opening a pen-knife.)

(4) Can ho make purposeful movements (in the absence of the 
external object), that is to say, can lie reproduce the movements from 
memory? (Grind a coffee-mill, turn a hand-organ, catch a fly, count out 
money, lead an orchestra.)
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(5) Can ho perform purposeful movements on his own body? 
(Brush the teeth, blow the nose, pull an car, wipe an eye, scratch himself. )

(6) When simple and complicated movements such as those above 
described are made by the examiner in front of the patient, can he imitate 
them?

(7) IIow docs the patient behave when spontaneously handling 
objects ?
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(6) Peculiarities of Conduct Met With in Abnormal Mental States 

L Motor Agitation

By motor agitation or excitation is meant a state in which voluntary 
acts aro performed in increased lmmliers and very rapidly. Movements 
appear to be easy for the patient ; normal inhibitions are removed ; there 
seems to be no sense of fatigue. The highest grade of motor agitation is 
met with in maniacal excitement (e. g., in manic-depressive insanity, in 
dementia paralytica, in the episodic maniacal states of dementia praecox, 
paranoia and epileptic insanity).

ii. Motor Stupor and Aboulia

By motor stupor, or aboulia, is meant the pathological weakness of 
will in which motor discharges are interfered with by abnormally intense 
inhibitory processes.

Certain special perversions of voluntary activity are met with in dis­
ease. Among them may be mentioned (1) stereotyped movements and 
attitudes, (2) command-automatisms, and (3) impulsive acts.

iii. Stereotyped Movements and Postures

The patients may assume uncomfortable attitudes and maintain then 
for long periods (stereotyped postures). They often resist both passim 
change of posture and request for active change thereof (negativism).
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Other patients repeat monotonous, often rhythmical, movements over 
and over again (stereotyped movements). This frequent repetition of 
the same movement is sometimes called motor perseveration.

Lcmmand-automalism
By command-automatism is meant an abnormal suggestibility to 

nient. Thus, a patient may repeat movements made before him
kinesis or echapraxia), __ __ ___________

may repeat lift | I I HSV IIS'flft|M
pronounced before I ft I I ft I II I I | D II
him (echalalia ). The I 'K ? F III •
stereotyped r c p e t i- Il I | ftjl ftîÿ
tion of a movement at |Sll I . % y:

•loscly re- I 1command is c 
lated to these phenom­
ena.

If the limbs he 
placed in a given posi­
tion this may Ik* main­
tained for a long time, 
as in waxy flexibility 
and in catalepsy.

v. Impulsive Ads or Deeds

By impulsive acts 
or deeds we mean vol­
untary movements that 
the patient performs as 
the result of a tempo­
rary psychomotor over­
valuation. They may 
l'° 'hie (1) to intense affective disturbances (e. y., anger, anxiety, patho­
logical libido), (2) to imperative ideas, or (3) to delusions.

lor a fuller discussion of disturbances of will, and of other psychiatric 
phenomena, the reader may consult my article in the last volume of Osier 
and McCrae’s “Modern Medicine,” or one of the modern text-books of 
psychiatry (see References).

Fig. 557.—Catalepsy. (Mod. Service, J. 11. 11.)
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On inspection and palpation of the skull, information is obtained 
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F. Certain Special Examinations Bearing upon 
the Condition of the Nervous System

Under this caption will be considered :
1. The external examination of the head and measurements of the 

head and body.
2. X-ray examinations of the central nervous system, skull and spine. 
8. Lumbar puncture, and puncture of the ventricles of the brain.
4. Electrodiagnosis and electroprognosis.

On inspection and palpation of the skull, information is obtained 
regarding its form. It should bo inspected from in front, from behind 
and from each side. Wo pay attention especially to the mode of junction 
of the skull-capsule with the facial skull, the position of the root of tlio 
nose, the prominence of the supraorbital ridges, the distance apart of the 
frontal eminences and their prominence, the character of the temporal 
region on each side, the skull just above the cars, and the shape of the b:i<-k 
of the head. Asymmetry (scars, exostoses, etc.) can often be best made 
out by palpation with the eyes shut. Before palpating, we place the tips 
of the fingers close together in a single horizontal plane (say on a tabl« . 
With the fingers held in this position, they are allowed to glide slowly 
over the surface of the skull, when abnormalities in form, and espccia y

—
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asymmetry, can bo far better made out than by the index finger alone. 
The lines of the sutures should bo especially palpated. In children the 
size of the fontanelles should bo ascertained.

(b) Measurements of the Head (Cephalometry)

For clinical purposes, measurements aro inado (1) with a metal centi­
meter-tape, for curves and circumferences, and (2) with Bencdikt’s grad­
uated compasses for linear measurements.

i. Measurements of Curves and Circumferences

The following measurements should bn made:
(1) Greatest anteroposterior curve (Nt), from the middle of tho 

glabella (N) to a point (t), which lies 1.25 mm. higher than the lowest 
sharply definable point of tho external occipital protuberance as pal­
pated by the index finger of the left hand ; in man Nt is about 35-37 cm.

(2) Horizontal circumference, measuring around the head over tho 
end points (N and t) of the greatest anteroposterior curve; in man 49— 
55 cm.

(3) Greatest transverse frontal curve, measuring from tho root of 
the zygoma (behind tho jaw-joint) on one side, up over tho skull and 
down to the root of tho zygoma on the other side; in man 29—34 cm.

(4) Length of curve from glabella (N) to anterior end of sagittal 
suture (a).

(5) Length of curve from glabella (N) to posterior end of sagittal 
suture ( /9 ).

(G) Length of sagittal suture (= Np —N « ).

ii. Linear Measurements (Compass)

(1) Greatest length (L) in the median plane, forehead to most pos­
terior point of occiput; in man lfi.5-19.0 cm.

(2) Greatest breadth (Br), or linear distance between the points 
most lateralward from the median plane on tho two sides; in man 13.5— 
15.0 cm.

(3) Tho length-breadth index ( —y—**), known as L.-Br.-T. Thus

aro distinguished (a) the brachycephnlic or short heads, (b) tho dolicho­
cephalic or long heads, and (c) the mesoeephalic or or hocephalio heads 
(of medium length).

International Skull Indices
A. Dolichocephalic 55.5-74.9.
B. Mesoeephalic 75.0—79.9.
C. Brachycephalic 80.0-99.9.

I
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The L.-Br.-I. for the head is greater than for the naked skull. For 
full details of head- and body-measurements see the last edition of Vier- 
ordt’s Daten und Tabellen f iir Mediziner.

Very large heads (macrocephalic) and very small heads (micro- 
cephalic) are abnormal.

Marked depression between the facial skull and the cerebral skull : 
marked projection of the upper jaw (prognathia) ; or projection of 
the mandible so that the lower row of teeth project beyond the upper, 
should be especially noted. In this connection v. Ihering’s profile-angle, 
may be measured ; it is formed by the junction of two lines, (a) that from 
the middle of the external auditory canal to the lower margin of the 
bony orbit of the same side, and (b) that from the frontonasal junction 
to the most prominent point of the alveolar process of the maxilla of the 
same side. This angle measures (1) in orthognathia, 89-91°, (2) in 
prognathia, 7G° or more, (3) in opisthognathia, 91° or more.

(c) Measurements of the Adult Body

Average
Statistics of Hoffmann Topinard's

Men Women
Percentages

Body-length ........................................................ 167.8 156.5 100
Trunk-length (vortex to perineum).................... 1)8.6 93.7 52.5
Height of head (vertex to angle of mandible) 18.5 17 4 13.3
Length of neek (occiput to 7th cervical spine).. 24.6 23.4 4.2
Distance from 7th cervical spine to perineum. . til .6 58.2 35.0
Lower extremity (crista ilii to sole of foot)... . 103.0 98.4 47.5
Upper extremity (shoulder to tip of middle finger) 74.2 69.2 45.0
Shoulder-breadth................................................. 39.1 35.2 23.0
Hip-breadth (iliac crest to iliac crest)............... 30.5 31.4 18.8

Paris of Extremities
Upper arm............................................................ 31 2-32 29 -30 19.5
Forearm................................................................ 24.6-27 22.8-24 14.0
Hand..................................................................... IS.4-20 17.4-18 11.5
Trochanter to sole................................................ 89.8 84.8
Thigh (trochanter to knee)................................. 11 9-43 39.8(37) 20
Ix*g (knee to ankle).............................................. 39.6-43 37.8(36) 23
Foot-height (hit. malleolus to sole)................... 7.8 7.8 4.6

Certain Other Dimensions (Krause)
Total height.......................................................... 173.4 162.6 100
Vertex to navel.................................................... 69 65 40
Navel to symphysis.............................................. 14 16

60
Circumference of trunk at iliac crest................. 81 84
Distance between trochanters............................. 34 35
Width of hand at middle..................................... 11 9 6
Length of foot (heel to toes)............................... 26 23 15
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(d) Stigmata of Degeneration
Of the hereditary stigmata sometimes indicating psychopathic or neuropathic 

inheritance, but sometimes due to simple local developmental anomalies, may bo 
mentioned :

(a) Anomalies of the external ear.
(1) Absence or imperfect development of the lobule of the ear.
(2) Absence of the helix or antihelix.
(3) Large outstanding ears with low ridges and flat grooves (Morel’s

(4) Marked Darwinian tubercles.
(5) Markedly projecting antihelix (Wildennuth’s ear).

(b) Other developmental anomalies. These include harelip, cleft palate, arched 
hard palate, anomalies of dentition, retinitis pigmentosa, albinism, congenital colo- 
hotna, eccentric pupils, polydactyly, syndactyly, hypospadia and other congenital 
anomalies.

(c) Psychic stigmata of degeneration. These include:
1. Abnormal affective states, including:

(a) Striking capriciousness of emotional life, with violent outbreaks
of anger or outspoken anxiety.

(b) Obstinate persistence in definite pathological moods (grouch;
depression ).

(c) Marked tendency to syncopes, convulsive states, unmotived
vomiting.

(d) Faulty development of higher intellectual feelings (social,
altruistic, esthetic), with abnormally great development of the
egoistic feelings, including the sexual.

2. Abnormal disharmonious intellectual development, with dominance 
of the fantasy, or one-sided intellectual endowment (e. g.} unusual memory for 
language, mathematical faculty, musical talent ), while conceptions and judgments 
in other intellectual domains are faulty. The psychasthenic phobias and obses­
sions belong here. Certain disturbances of sleep (e. g., pavor noctumus, protracted 
enuresis nocturne) arc suggestive. Marked lack of tolerance to alcohol and tobacco 
are common signs.

(e) Percussion of the Skull
Percussion of the skull is of some value for clinical diagnosis. Direct 

percussion with the finger is better than with a hammer. Increased sensi­
tiveness on percussion, if sharply circumscribed, is highly important, 
often locating a focal lesion (tumor, abscess) in or near the cerebral 
cortex. Diffuse hyperesthesia of the skull is of no diagnostic value.

A tympanitic tone, or a cracked-pot sound, on percussion may indi­
cate a thinning of the skull, duo to a focal lesion (c. <J., tumor), to hydro­
cephalus, or to osteoporosis.
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(f) Auscultation of the Skull
Auscultation of the skull should not lie omitted. Murmurs are heard 

in aneurisms of the basilar artery (hack of head) and of the internal 
carotid artery (over temporal region). Murmurs arc sometimes heard 
over vascular brain tumors.
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2. X-ray Examination of the Nervous System, the 
Skull and the Spine

X-rav examinations of the skull are occasionally helpful in dingi "sis. 
The findings in sinus disease are described under the Respiratory Appa­
ratus; those in mastoid disease are becoming equally important. M 11 for­
mations of the skull and spine, cervical ribs, abnormalities of the 1 pm 
of the extremities in organic nervous diseases, can often be detect. ! by
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x-ray examinations. Enlargement of tlic sella turcica can often be clearly 
made out in cysts and tumors of the " ‘ sis. Certain foreign bodies
in the skull and spine or in the brain and cord can be made out ; thus 
bullets, knife-tips and grains of shot yield sharp pictures and can be 
exactly localized. Tumors of the bones of the skull and tumors or caries

Fig. 058.—Culdlivd I'luval Ulaud. (X-ray Dvpt, J. II. II.)

ft*.' 1

of the spine can be recognized in x-ray plates. Tumors of the brain itself 
are visible only when calcified. A calcified pineal gland is sometimes ob­
servable.

When signs of root-lesion of the spinal nerves exist, x-ray plates should 
always be made, since the nerve roots may be involved in some process 
all’ecting the bones of the spine (artlii ’ * a, caries, carcinosis, dislo­
cation, fracture, etc.).
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3. Lumbar Puncture and Examination of Cere­
brospinal Fluid

Lumbar puncture and examinations of the cerebrospinal fluid have 
already been described (see Exploratory Punctures).
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Note.—See also references on Lumbar Puncture in Part III.

4. Cerebral Puncture through the Skull 
(Method of Neisser and Poliak)

The head is shaved and the skin disinfected and anesthetized with ethyl chlorid. 
The soft parts and skull are perforated quickly by a rapidly rotating auger 2 mm. 
in diameter, driven by an electromotor, care being taken to stop the rotation 
and to withdraw the auger at the moment the feeling of resistance ceases, when the 
lamina interna is perforated. Through the channel thus made, a needle 7 cm. 
long (carrying a centimeter scale), attached to a syringe, is introduced. One 
tests first for the presence of extradural fluid. If none is obtained, the needle 
is shoved through the dura, a vacuum being maintained in the syringe as it 
proceeds gradually into the depth. The method has been employed as an aid in 
the diagnosis of cerebral abscess, cerebral hemorrhage, brain tumors and hydro­
cephalus. After the needle has been removed the opening is closed with a sterile 
dressing.

The part of the skull punctured will depend upon the nature of the pathoh < nl 
process suspected, but, in every case, precautions should be taken to avoid art. vies, 
veins, and the sinuses. Temporal abscesses are usually sought by pun ure 
0.5-0.75 cm. perpendicularly above the upper attachment of the external car. 
For further details the directions of Neisser and Poliak should be consulted.

This method is of very doubtful value. On occasions when it would be rc.-rted 
to it is usually wiser to open the skull by a decompression operation, and then 
explore with a needle.
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5. Eleclrodiaijnosis and Electropro^nosis
In electrical examinations of the muscles, both forms of current, (1) 

tlio faradic or interrupting, and (2) the galvanic or constant current, are 
employed. The “indifferent” polo or largo flat electrode (70 cm.2), is 
applied over the sternum or the back of the neck, the “different” pole or 
stimulating electrode to the muscle or nerve to he examined. For the 
latter, a small electrode is used (3 cm.2 for nerves, 10 m.2 for direct 
stimulation of the muscle) in order that the current may reach the point 
to bo irritated in the greatest possible density.

As is well known, the density (D) increases as the transverse diameter (T) of 
the electrode diminishes and as the intensity of the current (I) increases; thus

On applying the electrodes, they should bo moistened thoroughly with 
warm water, or warm salt solution, in order to diminish the resistance to 
conduction as much as possible.

(a) The Faradic C -rent
In making examinations with the f;i lie current, to test the so-called 

faradic excitability, it is of course secondary or induced current
that is used, and we express the ngth of the current required to 
cause minimal but distinct contract - ^tetanus) by recording the distance 
in millimeters to which the secondary coil has to bo pulled out. The 
further apart the two coils are, the weaker the current. The strength 
of the faradic current can also bo varied by pulling the iron core of the 
primary coil in and out. The further in the core, the stronger is the cur­
rent, the further out, the feebler. The stimulating electrode may be 
applied over a motor nerve (indirect stimulation of the muscle) or over 
the muscle itself (direct stimulation).

On stimulating a given nerve, it is important to notice whether or not 
all the muscles supplied by it respond; any muscle failing to respond to 
indirect faradic stimulation should bo carefully tested by direct stimula­
tion.
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(6) The Galvanic Current
In testing with the galvanic current for galvanic excitability wo ean 

stimulate in four different ways, according as we excite with the cathode 
or the anode, and, in each instance, as we close or open the circuit; the 
four stimuli are then (1) cathodal closure, (2) cathodal opening, () 
a nodal closure, (4) a nodal opening. Wo first apply the negative pole, or 
cathode, to the nerve or muscle to he tested and begin by using the 
cathodal-closure stimulus.

If one is in any doubt as to which is the anode and which the cathode, he may 
immerse the ends of the conducting wires in water, when hubbies of hydrogen 
will appear at the cathode; or the wires may he immersed in a solution of potas­
sium iodid and starch, when clouds of blue color will appear at the anode, owing 
to the setting free of iodin by the nascent oxygen.

Wo apply at first very feeble currents, gradually increasing the 
strength by means of the rheostat until we have reached the strength of 
current that calls forth a minimal contraction of the muscles at the 
moment when the current is closed (cathodal closure contraction, CaCIC). 
The strength of current is read off on the galvanometer.

By means of a commutator, the stimulating electrode may now I» 
changed from cathode to anode, and wo next determine the amount of 
current necessary to cause a minimal contraction on closing the current, 
(anodal closure contraction, AnCIC). By the thumb on the interrupter, 
we cause closing or opening of the current at will. The electrodes arc, 
of course, to he held steadily on the spot to be stimulated.

Examination by Means of Condenser Discharge.
Another method of electrical examination, sometimes employed, consists in 

charging an electrical condenser by a current the tension of which varies (as read 
off on the volt-meter) and then discharging this condenser through the body of the 
patient. The capacity of the condenser usually chosen is one mikrofarad.

Knowing (1) the capacity of the condenser and (2) the tension to which it is 
charged (in volts), the " of these two values gives (3) the amount of elec­
tricity (in mikrocoulombs) that is discharged through the body; in other words, 
the amount of electricity (Q) = capacity ((’) multiplied by tension (V).

On using this condenser-method, extraordinarily brief impulses are employed 
and the time required for discharge is so short that no alterations of resistance or 
of excitability can occur. The method, ns used clinically, has been described by 
Zanietowski.

(c) Normal Electrical Findings
Under normal conditions the feeblest currents that are capable »f 

causing a contraction do so on cathodal closure of the current ; with 
somewhat stronger currents, this cathodal closure contraction law es 
more marked, and anodal opening and anodal closure contractions I" in

17
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to appear. With still stronger currents, cathodal closure causes continu­
ous contraction, or tetanus, while anodal opening and closure still give 
rise to a single contraction only. If one cautiously increase the inten­
sity of the current still more, a point will be reached when cathodal open­
ing of the current also causes contraction.

I. orblc. mis 
XI. mnsseter-- 

M. orblc. ovIh- 
.V. fucialis

mi-ntalls.

Fig. 559.—Motor Points of tin- Head and Nock.

M. frontalis- 

M. corrup. ■upcrcIL—. , M. tcni|s>rnlls

M. orblc. or nil

M. nnsnlls 

|l quadrat. lab.

M. triangularis. 
M.

M. quadrat, lat.

-X. auric, temp.

,—M. sternocleidomastoid 
.—.y. acccsMoriiiH

M. cucullarls 
M. cucullarls

\! axilla tin

.V. donwff* Hvaiiuluc 
. V. IliuiaculiH ant.

auric, /tu*!, iiru/.
X. JaclallH 

M. biventer
_M. spb-nlus
-- M. stylobyoldcus

The series of responses on electrical stimulation with currents gradu­
ally increasing in intensity under normal conditions are shown, therefore, 
in the following table :

1. Cathodal closure contraction : CaCIC.
-. Anodal closure contraction : AnCIC.

Anodal opening contraction : AnOC.
I. Cathodal closure tetanus: CaCITe.

Cathodal opening contraction: CaOO. The strength of current 
rm-sgary to yield CnOC is usually so great (7-1 T» milliampères), that the 
tvs I is as a rule not carried so far.
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This normal series of responses holds for indirect stimulation of tho 
muscles from the nerves; when the electrodes are applied directly to the 
muscles, responses occur chiefly on closure of tho currents, the anodal

diitoldvuH.

Itmguri.

tncdianuH.

lumlirltalls'

M. flexor rorpl 

M. flexor dlgltorum profundus

M. flexor polllels 

M. pronator

M. abductor polllels 

M. opponens 

M. flexor polllels 

M. adductor polllels 

M.

M. peetoralls major

muHCulocutanruii 

bleeps braehll

braehlalls 

ulnar in 

mrdlanux 
pronator teres

M. palmarls longus 
flexor carpi ulnarls

flexor dlgltorum subllmls

flexor dlgllorum subllmls 
(Indicia et digit, quint.) 

ulnarix

palmarls brevis 

abductor digit, quint, 

flexor digit, quint, brevis 

opponens digit, quint. 

Interossel vola res 

lumbrlcalcs

Fig. GOO.—Motor Folnts of Upper Extremity. Anterior Surface.

closure contraction occurring with currents almost as feehlo as those tlmt 
excite a cathodal closure contraction.

We apply tho stimulating electrodes to the so-called motor poirls 
(Erb). These are points on the skin where the motor nerves lie siij r- 
ficially, or near where the nerves enter tho muscles.

The most important motor points are shown in the accompany* ig 
figures.
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Wo place tbo patient in a good light in order to bo able to sec tlio 
slightest response of the muscle. A contraction can sometimes Ixi felt 
when it is too feeble to bo seen. The patient should be instructed to 
relax tbo muscles of tbo part undergoing examination. The examiner

,M. triceps hrivlill

-M. bruchlurudlnlis

„M. extensor carpi rndlalls longus

-M. extensor carpi rmllulls lirvvls

M. extensor carpi ulnarls M. extensor dlgltorum communis

M. extensor dlgltl ciulntl proprlus-

•M. extensor Imllels proprlus

"\M. abductor polllcls longus 

».M. extensor polllcls brevis
M. extensor polllcls longus

M. abductor dlgltl ciulntl—^

Mm. Interossel dorsale? ■kMiii. Interossel dorsales

Fig. 661,—Motor Points of Upper Extremity. Posterior Surface.

should always test the strength of tbo current on his own skin before 
applying it to tbo patient.

It is rarely necessary to make a complete electrical examination of 
all tlio muscles of tbo body; this would bo very time-consuming. The ex­
amination of a selected group of muscles in a suspected urea usually 
suffices. One muscle tested carefully is often worth much more than 
a general examination made superficially.
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On testing faradie reactions, wo stimulate muscles always indirectly 
through their motor nerves, the individual muscles at the motor points, 
groups at the points corresponding to nerve trunks. On testing the 
muscles of an extremity, we place the parts in a position in which con-

JV. cruraUa

M. obturator externus

■M. pcct Incus

.M. adductor longus 
M. adductor magnus
M. gracilis

■ M. vastus Intermedins

M. vastus medialls

M. tibialis antic

Mm. Interosscl dorsales

M tensor fasciae latac-

M. sartorlus
M. quadriceps femorls *-••

M. rectus femorls-

M. vastus lateralis*

N. pcroncua» 
M. peroneus longus - 

M. extensor dlgltorum longus.

M. peroneus brevis'#-...-. 

M. extensor liallucls longus

M. extensor dlgltorum brevis———Jr** ',n
Mm. Interosscl dorsales *" ^*m" *ll*|,roMK|1* dorsales

Fig. 0<$a.—Motor l‘oints of Lower Extremity. Anterior Surface.

tractions will heeomo most evident, lmt wo should not always expod a 
locomotor effect, and must often depend upon visible, or palpable, move­
ment of the muscle beneath the skim

Omit difficulty is often experienced in making electrical tests on small il- 
dreu. It is difficult to keep them quiet, and, often, the extremities must he Md
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bv someone during the examination ; one must try to distinguish the contractions 
due to the electrical stimulation from voluntary contractions and reflex movements. 
The thick layer of fat in young children also obscures the results of the test.

mnxlmuH.

gracilis-

Wiialht.

M. glutens mcillii*

M. gluteus

AT. isehitulit us. 

M. adductor ningnua. 

M. scmllcndlnosuH- 
M.

M. Kcmlmcmlirnnosus.

N. Uhl,ilia

M. gnstmcncmliis (cn|iut mcdlalo).

M. Ilcxor dlgltormn longus

y. prroncu*

M. gastrocnemius (caput latérale)

M. biceps femorlH (caiuil lougimi)

M. UIcc|ih fcniorls (ca|int breve)

M. flexor halluelH longus

Fig. 503.—Motor Points of Lower Extremity. Posterior Surface.

fd) Disturbance* of Electrical Excitability

Pathological modifications in electrical excitability may consist, (1) in 
a quantitative change (increase or decrease), or (2) in both a quantitative 
and a qualitative change (reaction of degeneration).

i. Quantitative Changes in Excitability

Electrical excitability may he increased or diminished either for the 
faradic or for the galvanic current.
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In judging of quantitative changes of excitability to the faradic cur­
rent, one must be acquainted with his instrument and know the approxi­
mate coil-distance that elicits responses under normal conditions. Only 
very marked deviations from this distance should be regarded as patho­
logical; no attention should be paid to slight differences. In unilateral 
affections, the healthy side may be contrasted with the diseased side. For 
quick orientation one may test a few points: (1) N. frontalis, (2) N. 
accessorius, (3) N. ulnaris, (4) N. peroneus.

On testing the galvanic excitability quantitatively, we read off the 
amount of current in milliampères on the galvanometer. As is well 
known, most of the motor points respond on cathodal closure to a current 
of 0.5 to 2-fî milliampères. Exact figures for the different points as 
tested by a definite instrumentariuin are available in the following tables 
of Stintzing:

Scale of Faradic Excitability of the Nerves

(Coil-Distance in Millimeters)

Upper Limit, Lower Limit Average

1 N. accessorius............................................. 130 145 137.5
2 N. musculocutaneus.................................. 125 145 135
3 It. mcntalis................................................. 125 140 132 5
4 N. ulnaris I................................................ 120 140 130
r. R. frontalis................................................. 120 137 128.5
« R. zygomaticus.......................................... 115 135 125
7 N. medianus............................................... 110 135 122 5
8 N. facialis................................................... 110 132 121
0 N ulnaris II............................................... 107 1.30 118.5

10 N. peroneus................................................ 103 127 115
11 N. cruralis.................................................. 103 120 111.5
12 N. tibialis................................................... 95 120 107.5
13 N. radialis................................................... 80 120 105

Scale of Galvanic Excitability of the Nerves 
(Milliampères for CaCIC)

Upper Limit Lower Limit Average

1 N. musculocutaneus.................................. 0 28 0.05 0.17
2 N. accessorius............................................. 0 44 0 10 0.27
3 N. ulnaris I................................................. 0.9 0.2 0.55
4 N. medianus............................................... 15 0.3 0 9
5 R. mentalis................................................. 1.4 0.5 0.95
0 N. cruralis................................................... 1.7 0.4 1.05
7 N. peroneus................................................ 2 0.2 1.1
8 R. zygomaticus.......................................... 2 0.8 1 1
9 R. frontalis................................................. 2 0.9 1.45

10 N. tibialis.................................................... 2.5 0.4 1.45
11 N. ulnaris II............................................... 2.6 0.6 10
12 N. facialis................................................... 2.5 1 0 1.75
13 N. radialis................................................... 2.7 0.9 1.8

Increased excitability is scon in tetany, where very feeble curr< its, 
wholly without effect in healthy persons, cause muscular contractions. A
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similar hyperexcitability is seen after lightning-stroke. In the so-called 
neurotonic reaction, found sometimes in hysteria (Marina), and in 
progressive muscular atrophy (Remak), though there is no increase of the 
quantitative minimum irritability, anodal opening contraction appears 
very early from stimulation of the nerve hut not of the muscle. There 
is also a special tendency to tetanus on stimulation of the nerve at cathodal 
closure and at anodal opening.

A simple diminution of excitability may ho met with in long-standing 
paralysis not accompanied hy degenerative atrophy of the muscles (e. g., 
upper motor neuron paralyses, arthritic muscular atrophies and the 
various myopathies).

ii. Qualitative Changes in the Reactions (Reaction of Degeneration)

For diagnostic purposes this is the most important form of change in 
electrical excitability. The reaction of degeneration is usually abbrevi­
ated as DeR. It may practically always he considered as a sign of de­
generative atrophy of the muscle due to disease or destruction of some 
part of the lower motor neuron (anterior horn cell, ventral root, peripheral 
nerve, or nerve-ending in muscle).

The reaction of degeneration may he complete or partial.
The complete DeR is characterized hy (1) loss of excitability of nerve 

to the faradic current; (2) loss of excitability of muscle to the faradic 
current ; (3) loss of excitability of nerve to the galvanic current ; (4) in­
crease of excitability of muscle to the galvanic current and modification 
of the response thereto, in that the contraction is sluggish and wormlike, 
and that the contraction on anodal closure (AnCIC) is greater than the 
contraction on cathodal closure (CaCIC) ; thus AnCIC >’ CaCIC. The 
increase of the galvanic excitability is present only in the early stages ; 
later it grows less, until, finally, a feeble, wormlike contraction on power­
ful stimulation at anodal closure is all that is left. Far more character­
istic than predominance of the anodal closure contraction over the cath­
odal closure contraction (for the two may bo equal), is the sluggish, 
wormlike nature of the contraction, which is pathognomonic.

In the partial DeR, the excitability of the nerves (both faradic and 
galvanic) may be only diminished; the faradic excitability of the muscles 
is diminished or lost ; on direct galvanic stimulation of the muscle, the 
slow, wormlike contraction appears, and the contraction-formula may be 
reversed, so that AnCIC is greater than CaCIC. Every gradation is met 
with between such a partial DeR and the complete DeR described above. 
The milder forms of DeR are easily overlooked, but will usually be recog­
nized if the examiner keeps his attention focused upon the sluggish, worm- 
like character of the muscular contraction as compared with the normal 
response.

After experimental section of a nerve, or after injury or disease,
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tlio DcR does not appear immediately ; about a week elapses before it is 
fully present The course of irritability in different forms of lesion 
of the lower motor neurons is graphically shown in the well-known curves 
of Erb (sec Special Texts).

The Dell, once it has appeared, persists, unless, through regeneration 
of the lower motor neurons, a normal condition is reestablished. During 
nerve regeneration, voluntary power over the muscle may reappear some 
time before normal response to electrical stimulation returns.

In the so-called mixed Dell, some fillers of a muscle retain their nor­
mal reactions, while adjacent fillers show Deli; this is due to involvement 
of certain only of the nerve fibers and muscle fibers in the degenerative 
process (e. g., progressive muscular atrophy).

The Deli is the most constant and certain sign of true degenerative 
processes in the lower motor neurons and the muscles they innervate. 
It is present in all serious lesions (a) of the nerves containing motor 
axons, (b) of the anterior horns of the spinal cord, and (c) of the anterior 
roots of the spinal nerves; indeed, it occurs iu all diseases affecting tlio 
lower motor neurons in any of their parts (cell-liody, axons, terminals).

Among these processes may be mentioned the following:
T. Diseases affecting the cell-bodies of the lower motor neurons.

A. Spinal.
(1) Poliomyelitis anterior.
(2) Amyotrophic lateral sclerosis.
(3) Progressive muscular atrophy.
(4) Gliosis spinalis, affecting anterior horns.
(5) Forms of myelitis affecting anterior horns.

B. Bulbar.
(1) True bulbar paralysis.
(2) Polioencephalitis inferior.

II. Diseases affecting the axons of the lower motor neurons.
A. Axons of anterior roots of spinal nerves, or of roots of motor <•• 're­

lirai nerves.
(1) Compression by neoplasms.
(2) Meningeal thickenings (e. <j., lues, pachymeningitis eervnnlis

hypertrophicn).
(3) Compression at intervertebral foramina in diseases of the s| mi:

(caries, fracture1, dislocation, tumor).
B. Severe lesions of axons in their course toward the periphery.

(1) Traumatic.
(2) Toxic and infectious.

(a) Rheumatic (e. g., facial paralysis).
(b) Lead-palsy.
(c) Alcoholic neuritis.
(d) Arsenical neuritis.
(e) Polyneuritis infectiosa.



ETÆCTRODT AG NOSIS 34.r>

iii. Certain Special Types of Abnormal Electrical Reaction
In certain diseases, peculiarities of electrical response arc met with. 

Among these, the two most important are: (1) myotonic reaction, and 
(2) myasthenic reaction.

(1) Myotonic Reaction of Erl) (MyR).
In Thomsen’s disease (myotonia congenita), a peculiar form of re­

sponse to electrical excitation is met with. There is very little change 
in the faradic excitability of the nerves; the stimulation of the nerves with 
stronger currents causes a tonic contraction of the muscles with persistence 
of the contraction after stimulation, while single opening induction-stimuli 
cause only a brief contraction. The direct faradic muscular irritability 
is increased; even feeble currents cause a tonic contraction with long 
persistence. On continuous faradic stimulation, one sometimes secs an 
undulation of the muscles stimulated.

Galvanic excitability of the nerves is somewhat depressed. The di­
rect galvanic muscular irritability is increased, but only closure contrac­
tions occur and usually AnCIC is greater than CaCIO. The striking 
feature is the slow, tonic character of the muscular contractions and their 
persistence. By steady application of the galvanic current, a rhythmical 
undulation of the muscle occurs, a contraction-wave passing from the cath­
ode toward the anode with stronger currents. This myotonic reaction is 
also observable in some normal animals (new-born mammals, normal 
toads) and in muscles after certain intoxications (digitalin, veratrin, 
oxalic acid, etc.).

(2) Myasthenic Reaction of Jolly
In myasthenia gravis, if a totalising faradic current be applied, either 

to nerve or muscle, and repented at intervals of a second, the muscular 
contractions grow feebler with every stimulation until they finally disap­
pear, though the muscle, after a brief period of rest, may again show 
its normal excitability. Or, if one allow the current to act continuously 
for from 15 to GO seconds, one will observe an even diminution of the 
contraction, which will, sooner or later, according to the strength of the 
stimulus, disappear entirely; here, also, a pause of less than a minute 
suffices to restore the muscle so that the stimulus becomes as active as 
before. A pause of a couple of seconds may he long enough to restore 
excitability of an exhausted muscle, and a muscle fatigued by the faradic 
current may still respond to the galvanic.

(e) Hints for Prognosis from Electrical Examination
Considered along with other facts, the condition of electrical excit­

ability may be of great importance for prognosis. This is well seen in
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rheumatic facial paralysis (Bell’s palsy), and in acute anterior polio­
myelitis (infantile spinal paralysis).

In Bell’s palsy, if Deli is still present after two weeks, we can bo 
sure that at least several months or even a year will elapse before com­
plete recovery, if recovery is to take place at all. If, on the other hand, 
at the end of two weeks, there is no marked Dell present, the lesion has 
been slight, and recovery may occur in a few weeks. If the I)cR be 
partial, recovery may require 8 to 10 weeks. Furthermore, the course 
of the electrical changes during convalescence is helpful for prognosis; 
thus, if there be no return of mobility and no change in the Dell after 30 
weeks, the prognosis is grave, whereas a gradual improvement in the elec­
trical reactions is favorable.

In poliomyelitis anterior, if no DeR appear within 2 or 3 weeks, we 
can bo sure that the anterior horn cells have been injured only slightly, 
but if the Dell become outspoken, the outlook for tho paralyzed muscles 
is bad.
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6. Mechanical Excitability of Nerves and Muscles
A blow on a muscle with a percussion hammer usually calls forth a contraction 

in normal muscle, characterized hy a quick contraction of the longitudinal bundles 
lying at the spot irritated and in the formation of a visible muscle-ridge (idio- 
muscular contraction). This mechanical excitability is increased in cachectic 
states (e. g., anemia, neoplasm) and in all conditions in which the electrical DeR 
with increased galvanic excitability is present in the muscles. In the latter case, 
the response is not lightninglike hut wormlike. There is also an increase in the 
excitability in myotonia congenita (Thomsen’s disease). Mechanical excitability 
of the nerves is an important diagnostic sign in tetany. Thus, on tapping tlie- 
skin over the facial nerve, or sometimes even on gentle stroking of the cheek, light­
ninglike muscular contractions occur (Chvostek's phenomenon). In less marked 
cases a slight blow with a percussion hammer below the zygomatic, process will 
evoke a contraction at the angle of the mouth and within the nose on the same 
side. Pressure on the trunks of the nerves (with a blood-pressure apparatus, or 
with the fingers) will, in tetany, call forth tonic spasm in the forearm with Un­
hand in the obstetrical position (Trousseau's phenomenon). Sometimes the sen­
sory nerves are also hypersensitive to mechanical stimulation, so that a slight blow 
at one of Valleix’s points will cause intense pain or paresthesia in the distribution 
of the nerve (Hoffmann's symptom.)



Part XII
Suction II

UTILIZATION OF ACCUMULATED NEUROLOGICAL DATA 
FOR DECIDING UPON THE SITE OF THE LESION 

(LOCALIZING DIAGNOSIS, TOPICAL DIAGNOSIS)

A. Introduction
After collecting data concerning the various functions of the nervous 

system according to the plan outlined in the preceding section, one lias 
to value them (1) for a decision regarding the localization of the dis­
ease in the nervous system, and (2) for a decision regarding the exact 
nature of the pathological process that has been the cause.

The present section deals with the facts that help in locating the 
site of a lesion ( Topical Diagnosis) ; while the following section will 
take up the diagnosis of the nature of the lesions (Special Diagnosis).

Reference»
Bing (Robert). Kmnpcndium tier topisrhen CSchim- tmd Riickenmarksdiagnostik. Rrrlin 

<t* Wien, 1909, Urban it* Schuxirzcnbcrg. 200 p. S°.
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1. Distribution of the Neuron Systems and of tIll- 

Conduction Paths within the Nervous System
For topical diagnosis, a knowledge of the distribution of the many 

neuron systems and of the principal conduction paths in the peripheral 
and central nervous system is essential. Anatomists have, it is true, given 
us information regarding a great number of conduction paths (lu-nron 
chains) that as yet we arc unable to use in our practical clinical ">rk. 
But clinicians must he acquainted with those more important condu ction 
paths injury to which gives rise to specific disturbances of neural func­
tion that we can recognize and therefore locate. The student. fore 
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approaching this part of tlic subject, will then do well to refresh his 
memory by consultation of some good Anatomy of the Nervous System 
(see References) regarding the following paths:

A. The afferent (sensory) paths.
These include (1) the somesthctic path from the periphery 
through the lemniscus to the cerebral cortex; also the spino­
cerebellar paths and the spinothalamic paths; (2) the gustatory 
paths; (3) the vestibular paths; (4) the cochlear paths; (5) the 
optic paths; and (0) the olfactory paths.

B. The efferent (motor) jxiths.
These include (1) the lower motor neurons; (2) the upper motor 
neurons (pyramidal tracts); (3) the suhcorticospinal paths 
(rubrospinal, thalamospinal, tectospinal, and vestibulospinal).

C. The paths underlying the chief reflexes (including tonus).
D. The autonomic paths.

These include the paths of the sympathetic and the parasympa­
thetic systems.

E. The higher associative paths.
These include the paths concerned in aphasia, agnosia, and 
apraxia.

Reference
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The lirain and Nense-Oryans. In: Lull. Manual Hum. Anal., Phila­
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[Note.—For other references see p. 125 ]

2. The Larger Subdivisions of the Nervous System
While the most logical subdivision of the nervous system, anatom­

ically and physiologically, is the subdivision, as above, into neuron groups 
and chains of neuron systems along functional lines, it is also convenient, 
clinically, to follow that rougher, older, anatomical subdivision into ( 1 ) 
peripheral nerves (Xn. spinales et cérébrales), (2) the spinal cord 
(medulla spinalis), (3) medulla and pons (rhombencephalon, includ­
ing the medulla oblongata, and the pons Varolii), (4) the cerebrum, in­
cluding (a) the midbrain (mesencephalon), (b) the interbrain (dien- 
cephalon), and (c) the end-brain (telencephalon), and (f») the cerebellum 
(strictly speaking, this belongs to the rhombencephalon). In our dis­
cussion of topical diagnosis we shall, therefore, begin with the criteria 
that permit us to localize lesions in the peripheral nerves and then go 
on to the criteria that permit of a localization in the spinal cord and 
in the higher parts of the nervous system.
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B. Diagnosis of Lesions of the 
Peripheral Nerves

Ilerc wo include the diseases of:
1. The cerebrospinal nerves ; and
2. The autonomic nerves.

1. Diseases of the Cerebrospinal Nerves
The cerebrospinal nerves include (1 ) the spinal nerves (Xn. spinales ), 

and (2) the cerebral nerves (Xn. cerebrates).

(a) Diseases of the Spinal Nerves (Nn. spinales)
There arc 31 pairs of spinal nerves ; 8 pairs of cervical nerves (Xn. 

cervicales, Cx-(\) ; 12 pairs of thoracic nerves (Xn. thoracales, Tx-Tv, I; 
5 pairs of lumbar nerves (Xn. lumbales, L{-L6) ; 5 pairs of sacral nerves 
(Xn. sacrales, Sx-S6) ; 1 pair of coccygeal nerves (X. coccygeus).

Each spinal nerve is formed of a motor (anterior) and a sensory 
(posterior) root, the latter having a special ganglion upon it. These 
two roots unite to form the main trunk of the spinal nerve, which, almost 
immediately, divides into an anterior part and a posterior part, each 
carrying motor and sensory fibers. The posterior branches, smaller than 
the anterior, supply the skin and muscles of the neck and back. The 
larger anterior branches unite to form several plexuses :

1. The cervical plexus (plexus ccrvicalis) (C1-C4).
2. The brachial plexus (plexus brachialis) (C5-(J8, and part of T, ).
(The other thoracic nerves do not enter into the formation <-f

plexuses. )
3. The lumbar plexus (plexus lumbalis)f made up of L,-L3 and 

most of L4.
4. The sacral plexus (plexus sacralis)> made up of part of L4 and 

Lft and S,-S4.
5. The coccygeal plexus (plexus coccygeus), made up of a part «-f 

S4 and of S5, and the coccygeal nerve.

It will be noted that the diseases of the peripheral nerves include:
1. Those portions of the lower motor neurons that lie outside f 

the central nervous system ; that is, all except their cell-bodies and du­
el rites and the proximal portions of their axons ;

2. Those portions of the peripheral sensory neurons that lie it 
of the spinal cord ami brain, including their cell-bodies (in the gang! i, 
their peripheral axons and their terminals, and the proximal portier f
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their central axons, but not the main extent of the latter lying within 
the central nervous system (exogenous sensory fibers of the cord and 
brain). In lesions that atfcct the cell-bodies in the ganglia, the periph­
eral axons and the central axons will both be involved, since the ganglion 
cell is the trophic center of the peripheral sensory neuron. The sensory 
axons will then degenerate, not only in the posterior roots, but also 
within the central nervous system (posterior funiculi in the spinal cord, 
sensory fibers in the medulla and pons as far as the nuclei of termination 
of the cerebral sensory nerves).

Of the anomalies of function of the peripheral nerves wo distinguish :

Fig. 5G4.—Areas Supplied by the Cutaneous Nerves of the Head. (After F. Merkel.)

1. Depression or abolition of conduction power, causing (a) paral­
ysis in the domain of the motor nerves, and (b) anesthesia in the domain 
of the sensory nerves.

2. An irritative state : spasms in the domain of the motor nerves, 
and pains or paresthesias in the domain of the sensory nerves.

Since, further, the trophic center for the lower motor neurons and for 
the muscles they innervate lies in the cell-bodies of these neurons, any 
lesion of the peripheral motor nerves will cut off the muscles from their 
nutritive centers and so lead to degenerative atrophy with the charac­
teristic electrical phenomena (Sec Electrodiagnosis).
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From the grouping (topographical distribution) of the spasms or 
paralyses, on the one hand, or of the pains and anesthesia, on the other, 
we can decide, in the first place, whether the lesion has affected one nerve 
or several, and, in the second place, whether it is located in the nerve 
roots, in the plexuses or in the peripheral nerves distal from the plexuses.

Since localization according to nerve roots (as they emerge from or 
enter the spinal cord or brain) is of the greatest importance in connection 
with corresponding lesions of the spinal cord or brain stem, the distribu­
tion of symptoms corresponding to these nerve roots will ho considered 
when the diseases of the spinal cord (segmental diagnosis) and of the 
medulla and pons arc taken up.

Here we shall consider, therefore, the topographical distribution of the 
symptoms in lesions of the various plexuses and of the peripheral nerves 
(motor and sensory) distal from these plexuses.
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i. Lesions of the Domain of the Cervical Plexus

According to the extent of the lesion, there will ho variable combi­
nations of sensory and motor symptoms in the domain of the four uj or
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cervical nerves. The most important nerve here is the N. phrenicus, 
which supplies the diaphragm. It may bo injured in affections of the 
spinal column (fractures, caries, tumors) and of the meninges, or by 
compression or trauma in the neck or in the thorax ; the phrenic nerve 
may also ho involved ah me or in combination with other nerves of the 
cervical plexus in infections and intoxications.

Unilateral paralysis of the N. phrenicus is easiest recognized, when 
suspected, by fluoroscopic examination of the diaphragmatic movements ; 
one sees absence of movement of the diaphragm on inspiration on one side, 
or the diaphragm on that side lags behind the other. Bilateral phrenic 
paralysis causes severe clinical phenomena. Since the diaphragm is the 
chief muscle of inspiration, there is marked dyspnea, especially on exer­
tion, and abdominal breathing is no longer possible; accordingly, only 
the upper part of the thorax expands and there is an absence of the normal 
bulging of the epigastrium on inspiration.

ii. Lesions in the Domain of the Brachial Plexus

This plexus may bo involved by: ( 1) tumors near the spine or in the 
supraclavicular fossa ; (2) direct and indirect trauma ; (3) injuries duo 
to dislocations of the arm or fractures of the clavicle ; (4) pressure from 
cervical ribs ; (5) injuries to the new-born -child during birth.

Three main types of lesion in the domain of the brachial plexus are 
recognizable : (1) the upper lesion of the brachial plexus (Erb’s type) ; 
(2) the lower lesion of the brachial plexus (Klumpke’s type); and (3) 
the total lesion of the brachial plexus.

(1) Upper Lesion of the, Brachial Plexus (Erb’s Type)
When the lesion affects the roots of CR and O0 or the superfieially- 

lying cord of the plexus formed by the union of the anterior subdivisions 
of the fifth and sixth cervical nerves, a particular paralysis results, due 
to inability to innervate certain muscles (the deltoid, biceps, brachialis 
interims, braebioradialis, sometimes the supinator brevis, sometimes the 
infraspinatus, and rarely also the subscapular is). Those are the muscles 
that contract on stimulation of the so-called Erb’s point, a spot two 
fingers’ breadth behind the margin of the M. stcrnoclcidomastoidous 
(See Electrodiagnosis). The arm cannot be lifted to the level of the 
shoulder, the forearm cannot be flexed at the elbow, nor can the upper 
arm be properly rotated lateralward. Sometimes the hand cannot be sufli- 
ciently supinated and the forearm and the hand arc held in the prona­
tion position.

This lesion is usually duo to: (1) direct trauma at Erb’s point; 
(-) compression between the clavicle and the first rib from forcible 
movements of the elevated arm backward and outward ; or (3) tearing
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of the nerve roots from the same cause (Clark, Front, Taylor). Thus 
are explained the birth paralyses and the narcosis paralyses (postopera­
tive or postanesthetic).

There is DeU in the paralyzed muscles. The periosteal-radial reflex is 
lost; the triceps reflex is retained; sensory disturbances aro inconstant.

n med

Fig. 505.—Diagram of the Tlexua brachlnlls Showing the Location of the Lesion In Krh'e 
I’alsy. I = Truncus hruchluliH primnrlus superior; II = Truncua bruchlulit* prlmiirlus 
roi'dlus ; 111 = Truncus brachlalls pilinnrlus inferior; A|, A8, A* = Anterior Brandu - ; 
l‘i, 1* P* = Posterior Brunches (Black); X = Truncus braclilalls HccundarhiR superior; 
Y = Truncus brachlnlla secundarlus Inferior: Z = Truncus bracblalls svcundarlus po«. 
tcrlor ; L = Location of the Lesion In Erb's Palsy.

(2) Lower Lesion of the Brachial riexus (KlumpTce's Type)

This lesion involves the part of the plexus arising from C8 and T,. 
It may on cervical rib, tumor, trauma, inflammation, etc.

There is atrophic paralysis of the small muscles of the hand (thenar, 
liypothenar and interosseous groups); o< * illary symptoms (narr 
ing of lid-slit, enophthalmos, miosis) ; anesthesias in the domains of ulnar 
and median nerves; and, sometimes, partial paralysis of the flexors f 
the hand and lingers.

(3) Total Lesion of the Brachial Plexus

When the whole plexus is involved in a lesion, all the muscles of c 
upper extremity arc paralyzed. Occasionally a few nerve fibers i v

19
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escape, or a lesion that interrupts all fibers at first grows less later, 
giving rise to a somewhat irregular distribution of the disturbance of 
function of the various motor and sensory nerves arising from the plexus.

Fig. fififi.—Anas Supplied by the Cutaneous Nerves of the Upper Extremity. (After A. 
Haulier, “Lebrb. <1. Anatomie d. Mensehen," published by G. Tlileme, Leipzig.) A, Volar 
Surface; B, Dorsal Surface; sc, Nn. supraelavleulares : ax, N. axillaris; cm, N. eutaneus 
hrachll medlalls; c, vied, N. eutaneus antlbraehll medlalls ; c. med', Area of Upper Arm 
Supplied by Foregoing Nerve; cl, N. eutaneus antlbraehll lateralis, a Branch of the X. 
nmsculoeutaneus ; r\ N. eutaneus hrachll posterior tBranch of N. radlalls) ; r-, N. eutaneus 
nnllliraehll dorsalis (Branch of N. radlalls) ; rs. Branch of N. radlalls on the Back of 
the Hand: u, N. nlnarls (ramus dorsalis rnanus and ramus volarls nianusi In the Hand; 
» . ramus eutaneus palmarls of N. ulnarls; m, N. medlanus In the Hand; tn\ Its ratnus 
pulmarls.

(1.

These total lesions arc rare; they arc nearly always traumatic, eel- 
mi neuritic, in origin.
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(4) Lesions of Single Peripheral Nerves, Branches of the 
Brachial Plexus

These are sufficiently well shown in the tables on pages 357-58.
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Motor and Sensory Phenomena Accompanying Lesions 
of Single Branches of the Plexus brachialis (C5—Th2)

Nerve Muscles Innervated
Movements Concerned 

in Paralysis or 
Spasm

Topography of 
Sensory Disturbance 

(Anesthesia, 
Neuralgia or 
Paresthesia)

N. supra- 
scapularis.

M. supraspinatus.
M. infraspinatus.

Lateral rotation of 
arm; holding head of 
humerusin jointeavity.

Vn. subscap- M. subscapularis.
M. teres major and

M. latissimus dorsi. 
M. serratus poste­

rior inferior.

Medial rotation, ale- 
duct ion and extension 
of upper arm.

N. dorsalis 
scapulae.

M. levator anguli 
scapulae.

M. rhomboideus.
M. serratus posticus.

These muscles hold 
the scapula down and 
bring it near the spine; 
wh('n paralyzed, the 
scapula isdislocated up­
ward and lateralward 
and its medial margin 
stands out from the 
thorax like a wing.

N. thoracicus 
longus.

M. serratus anticus This fixes the scapula 
on elevation of the arm 
above the horizontal; 
in paralysis, this is no 
longer possible, and, at 
rest, there is winglike 
projection of lower part 
of scapula; on extend­
ing arm forward, the 
whole scapula projects.

Nn. thoracici 
anteriores.

M. pectoralis major. 
M. pectoralis minor.

Adduction of the

N. axillaris 
[circumflex).

M deltoideus.
M. teres minor.

Elevation of the arm 
as far as the horizontal 
level by the deltoid. 
Function of the teres 
minor is lateral rota­
tion of the arm.

Skin over posterior 
half of deltoid and back 
of upper part of up|»er

N. musculo- 
cutaneu8.

M. coracobrachialis. 
M. biceps.
M. brachialis inter-

Flexion of the fore­
arm in |H)sitions other 
than that of supina­
tion; in paralysis this 
is impossible, though 
flexion may occur in 
the supination position 
by means of the M. 
brachioradialis.

Radial half of the 
flexor surface of the 
forearm and a band 
along the radial side of 
the extensor surface.
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Motor and Sensory Phenomena Accompanying Lesions of Single Branches of 
the Plexus brachialis (C» — Tht)—Continued

N. cutaneus 
brachii medialis
(purely sensory).

N. cutaneus 
brachii médius
(purely sensory).

N. radialis.

N. medianus.

N. ulnar is.

Muscles Innervated

1. M. triceps.
M. supinator.
M. brachioradialis.

2. M. extensor 
carpi radialis and

ulnaris.
3. M. extensor 

digiti communis.
M. pollicis longus

and brevis.
M. abductor pollicis 

longus.
1. M. pronator 

quadratus.
2. M. palmaris longus. 

M. flexor carpi
radialis.

3. M. flexor digitorum
subi im is.

M. flexor digitorum 
profundus (radial half) 

M. lumbricales 
I and II.

4. All the muscles of 
the thumb except 
the M. adductor.

1. M. flexor carpi
ulnaris.

M. flexor digitorum 
profundus (ulnar half)
2. M. interossei and 
lumbric. Ill and IV.

3. M. adductor pollicis.

Movements Concerned 
in Paralysis or 

Spasm

1. Extension and su­
pination of forearm ; in 
paralysis, forearm can 
neither be extended nor 
supinated, and flexion 
in the semi-prone posi­
tion is enfeebled.

2. Dorsal flexion,ad 
duction, and abduction 
of tile hand.

3. Extension of the 
proximal phalanges of 
the lingers, extension 
and alfduction of the 
thumb.

. Pronation of the 
forearm.

2. Flexion of the

3. Flexion of the 
middle phalanges, as 
well as flexion of the 
terminal phalanges of 
the middle and index 
fingers.

4. Flexion and oppo- 
sition of the thumb.

Skin on the anterior, 
medial and posterior 
surfaces of the upper

Ulnar half of the 
flexor and extensor sur­
faces of the forearm.

1. Back of the hand 
as far as the middle, 
backs of first three 
fingers, except of the 
terminal or of the mid­
dle and terminal pha­
langes. Dorsal surface 
of the thumb and hit- 
-ral domain of t lie 
thenar eminence.

2. Skin of the dorsal 
surface of the forearm.

3. Skin of the lateral 
surface of the up|H-r

. Flexion of the 
hand (partly).

2. Flexion of the 
proximal and extension 
of the terminal phalan­
ges of the fingers; sep­
aration and approxi­
mation of the fingers.

3. Adduction of the 
metacarpal bone of the 
thumb.

Topography of 
Sensory Disturbance 

(Anesthesia, 
Neuralgia or 
Paresthesia)

Palm of the hand as 
far as t he fourt h meta­
carpal Isuie; volar sur- 
jface of the first three 
and radial side of the 
fourth digit.

Dorsal surface of the 
second and third pha­
langes of thumb, index 
and middle finger.

Palm of tli 
corresponding t<> the 
fifth and the middle of 
the fourth met a trpal 
hones; volar mv 
the little lim."' Ulld 
ulnar margin of 11 ring 
finger. The back i t he 
hand as far as i! mid-, 
die: dorsal surfai fthe 
little finger, rini igcr 
and the ulnar 1 i <>f 
the middle fing' with 
the exception the 

I terminal phalai ■■
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iii. Lesions of the Thoracic Nerves (Nn. Ihoracales)

The thoracic nerves send motor branches to the muscles of the back, 
the intercostal muscles and the abdominal muscles on each side ( M. rectus, 
M. obliquus externus, M. obliquus interims [partly], and M. transversus 
[partly] ). They send sensory fibers to the skin of the chest, abdomen 
and back. Lesions of the motor branches of the thoracic nerves seldom 
cause recognizable paralyses unless several nerves are simultaneously in­
volved, since the muscles of the chest and back are innervated from 
several sources.

(1) Paralysis of the Muscles of the Pad'.

In bilateral paralysis, on sitting, the trunk “sinks together” in kypho­
sis; on standing, a lordotic position is assumed. The patient is unable, 
when bent forward, to straighten up without the help of the arms resting 
upon the thighs. Unilateral paralysis causes lateral curvature (scoliosis), 
with convexity toward the paralyzed side.

(2) Paralysis of the Abdominal Muscles

In unilateral jxtralysis, the navel is dislocated toward the healthy 
side, a deviation that is increased on coughing or straining. On forced 
expiration, there may be bulging of the paralyzed side, and, on palpa­
tion, one can easily distinguish the relaxed paralyzed muscle from the 
tense contracted muscle of the healthy side.

In bilateral paralysis, there is lordosis of the lumbar spine, the pelvis 
heinir inclined strongly forward so that a plumb-line suspended from the 
thoracic vertebrae will fall against the middle of the sacrum. There is



360 TOPICAL NEUROLOGICAL DIAGNOSIS

Klg. ,ri(l7.—The Arons of the Skin Supplied by the Cutnneous Nerves of the Lower Extremity. 
A, Ventral Surface ; It, Dorsal Surface. (After A. Haulier, “Lelnb. d. Anatomic <1. 
Menschen,” published by <1. Tlileriie, Leipzig.) In R the Domnin for the Dorsal Brandies 
of the Plexus luinlmsacrnlls Is Outlined on the Posterior Sulface of the Illp, the Brandies 
rf.l. Being Dorsal Branches of the Nn lumliales (Nn clunlum superiores i ; iI.h., D -.nl 
Branches of the Nn sacrales (Nn clunlum Inferlores) ; y.»., Area Supplied by tin- Y 
perfornns llg. tuberososacrum ; t./i„ N. Illohypognstrlcus ; g, Area of Dlslrlbutic.n of Urn 
N. Illolnguinnlis and N. spermntlcus externus ; l.i., N. lumbo-lngulnnlls ; o.K, N. cutn - ns 
femorls lateralis ; r.cr, rami cutnnel anterlores of N. femoralls ; o, N. obturntorlus :
N. cutaueus femorls posterior ; aa, N. saphenus ; p.l, lateral, p.ui , Posterior Bran ->f 
N. peroneus to the Leg; au, N. similis ; p.a., N. peroneus superliclnlls (N. cutaneus l'»r- 
sails medlnlls et N. cutaneus dorsalis Intermedins et Nn. digitales dorsales pc -1 ; 
p,p„ N. peroneus profundus (Nn. digitales dorsales hnlluels lateralis et dlgltl sc 
medlalls) ; m, N. plantarls media Ils ; I, N. plautarls lateralis.
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marked projection of the alxlomcn in front and of the nates behind. 
Lying on his hack, the patient cannot rise except through the aid of his 
arms. Forced expiration (in singing, coughing, crying) is no longer 
possible; there may Ikj difficulty in defecation and micturition owing to 
interference with the prelum abdominis. For the distribution of anes­
thesias, neuralgias and paresthesias in the domain of the thoracic nerves 
(or intercostal nerves), see atlases. Unilateral or bilateral loss of 
the various abdominal reflexes may he helpful in localizing diagnosis 
(see reflexes).
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iv. Lesions of the Lumbar, Sacral and Coccygeal Nerves

Lesions of the lumbar and sacral plexuses, and of the nerves derived 
from these plexuses, arc far less common than lesions of the plexuses and 
nerves supplying the upper extremities.

The posterior branches of the lumbar nerves supply the short and 
long muscles of the back in the lumbar region (M. erector trunci and 
M. quadratus lumboruin), and send sensory branches to the skin of the 
lumbar region (close to the spine) and of the upper part of the buttock. 
The anterior branches of the three upper lumbar nerves and a part of 
the fourth nerve form the plexus lumbalis, while part of the fourth to­
gether with the fifth lumbar nerve helps to form the plexus sacral is.

The sacral nerves (and N. coccygcus) supply, with their posterior 
branches, the skin over the sacrum and the adjacent part of the buttock ; 
the anterior branches help to form the sacral plexus and the pudendal 
plexus.

The nerve roots forming these plexuses, the plexuses themselves, or 
the peripheral nerves distal from the plexuses, may become involved in 
tumors arising in the spine, the bones, the organs of the pelvis, the retro­
peritoneal glands, or the femur ; or they may be injured by psoas abscesses, 
or in various forms of neuritis (gouty, alcoholic, diabetic).

The distribution of the sensory disturbances accompanying lesions of 
these nerves are well shown in the illustrations. The motor and sensory 
disturbances can ho easily gathered from consultation of the following 
tallies.
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1. Branches of the Plexus lumbalis

Nerves Muscles Movements Sensation

N. iliohypo- 
g (18 trie us.

N. ilio-inguinalis
(purely sensory).

Lower part of abdom­
inal muscles.

(M. obliquus internus 
and M. transversus 

abdominis).

Skin over the M. 
gluteus médius, and 
over lowermost part of 
abdomen.

Skin of the groin and 
of the external genitals.

N. genltofem-

(o) N. lumbo-in- 
guinalis.

Skin of the subingui- 
nul region.

(6) N. spermati- 
cus externus.

M. cremaster. Retraction of the tes- 
t Idle.

Anterior part of skin 
of scrotum and adjoin­
ing thigh.

femoris lateralis
(purely sensory).

face of thigh.

N. obturatorius. M. gracilis.
M. adductor brevis. 
M. adductor longus. 

M. adductor magnus. 
M. obturator externus.

Adduction of the 
thigh; crossing of the 
legs. Lateral rota­
tion (only in part), and 
this less import ant than 
the rotary function of 
the sciatic nerve.

Skin of the medial 
surface of the lower 
half of the thigh.

N. femoralis. M. il opsoas.
M. sartorius.
M. pectineus.

M. quadriceps femoris.

1. Flexion of the 
thigh. 2. liaising the 
trunk in the recumbent 
position without use of 
the hands. 3. Exten­
sion of the leg. Walk­
ing and standing.

Skin of the anterior 
surface of the t high and 
of the medial surface 
of the leg and foot 
(medial malleolus, me­
dial margin of the foot 
as far as the great toe).

2. Branches of the Plexus sacralis

Nerves Muscles Movements Sensation

N. gluteus 
superior 

(purely motor).

1. Mm. gluteus médius 
and minimus.

2. M. pyriformis
3. M. tensor fasciae 

latæ.

1. Medial rotation 
and nliduetion of the 
thigh (paralysis causes 
waddling gait).

2. Lateral rotation
of thigh.

3. Flexion of thigh.
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1. Branches of the Plexus bacralib—Continued

Nerves Muscles Movements Sensation

V. gluteus inferior
(purely motor).

M. gluteus maximus. Extension of the 
thigh at the hip; on 
fixation of the lower 
extremity, it extends 
and inclines the trunk. 
Paralysis makes st and­
ing upright when the 
trunk is inclined for­
ward impossible with­
out the use of the arms; 
also causes inability to 
mount steps, jump or 
rise from a chair. At­
tempt to stand on a 
chair dislocates the pel­
vis markedly forward.

Lower part of skin of 
buttock and ixistcrior 
surface of thigh.

femort» posterior
(purely sensory).

N. ischiadicus 
(sciatic nerve).

In the thigh:
1. M. gemelli.
M. obturator 

intemus.
M quadratus 

femoris.

Lateral rotation of 
the thigh.

2. M. biceps femor 
M. semitendinosus. 

M. semimem­
branosus.

Flexion of the leg.

Branches of the 
sciatic:

(I) JV. peroneus. 
{a) supcrficialis.

{h) profundus.

Mm. peroneus longus 
and brevis.

M. tibialis anterior.

Mm. extensor digiti, 
longus and brevis. 

Mm. extensor 
hallucis,

longus and brevis.

Dorsal flexion and 
pronation of foot.

Dorsal flexion and 
supination <>f foot. 

Extension of toes.

Extension of great

Skin of lateral and 
of posterior surface of 
leg and of dorsal sur­
face of foot.

M. gastrocnemius. 
M. soleus.

M. plantaris.
M. tibialis posterior. 
Mm. flexor digiti com. 
longus and brevis.

1. Plantar flexion ol 
the foot, and adduc-

2. Flexion of thi

Skin of the heel and 
sole of the foot and of 
the lateral margin of 
the foot.

(H) N. tibialis. M. flexor hallucis 
longus.

Mm. interossei, 
abductor and 
adductor hallucis.
M. abductor digiti 

minimi.
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3. Branches of (he Plexus pudendus and Plexus coccygeus

Nerves Muscles Movements Sensation

Nn.hemorrhoidalis 
inferior and 

médius.

Mm. sphincter ani 
extemus and intemus. 
M. levator ani ; Vesica 

urinaria
(M. detrusor and M. 

sphincter vesicae).

Continence of the 
bladder and rectum.

N. pudendus. M. transversi perinei. 
M. bullm- and 

ischiocavemosus. 
M. sphincter ani 

extemus.

Defecation; erection 
of penis; ejaculation of 
semen.

Skin of perineum, 
[Kisterior part of scro­
tum (in the male) labia 
majora and minora (in 
the female).

N. dorsalis penis.
membrane of the penis.

Plexus coceygcus. M. sphincter ani 
extemus and M. 

levator ani.

Rectal function. Skin al>out the anus 
and over the coccyx.
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(6) Diseases of the Cerebral Nerves (Nn. cerebrates)

Under this heading we shall consider briefly the topical diagnosis of 
lesions involving the twelve “pairs” of cerebral nerves. Some of these 
nerves are purely sensory (e. g., Nn. olfactorii ; Nn. opt ici ; Nn. acustiei, 
etc.), sonic arc purely motor (c. g., Nn. oculomotorii), and some contain 
both motor and sensory fibers (c. g., Nn. trigemini).

References
llregman (E.). U citer cxperimcntcllc aufsteigende Degeneration motorischer und sensihler 

Ilimnervcn. Jahrb.f. Psychiat., Leipzig u. Wien, 1892, li, 73-97.
Taylor (E. H7.). Diseases of the cerebral urnes. In: Moil. Med. (OsUr A McCrae). 2 ed. 

Philadelphia it* New York, 1915, v, 471-532.
Turner ( W7. A.). Diseases of the cranial nerves. In:Syst. Med. (Allbutt it Itolleston). 8°. 

London, 1910, vit, 600-639.

i. N. I. The Olfactory Nerves (Nn. olfactorii)

Loss of smell (anosmia) may he due to interference with breathing 
from nasal obstruction (anosmia rcspiratoria)y the olfactory stimuli thus 
being unable to reach the beginnings of the nerves of smell, as in hyper­
trophic rhinitis, polyp, etc. When it is the choanac that are thus ob­
structed, the loss of the smell of foods, such an important part of what 
is jMipularly called their “flavor,” is known as anosmia gustaloria.

The olfactory area in the nose, with the nerve beginnings, may be 
injured or destroyed in local disease (e. g., lues), or the Nn. olfactorii 
may be injured anywhere in their course from the nose to the olfactory 
bulbs (fracture of the skull, meningitic process, tumors, etc.).
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ii. N. II. The Optic Nerve (N. opticus)

The N. opticus is, in reality, anatomically a part of the central nervous 
system. Devclopmentally considered, it is only the bipolar cells of the
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retina that are analogous to other peripheral sensory neurons. It U 
customary, however, to consider the optic nerves and the optic tracts as 
parts of the peripheral nervous system. When blindness exists or visual 
acuity is diminished, and when there is any limitation of the visual, field 
(hemianopsia, scotoma) for ordinary light or for colors, the possibility 
of injury of the optic nerve, or of the optic tract, must be considered.

The ophthalmoscopic examination decides whether a visual disturb­
ance is dependent upon an optic neuritis (neuritis optica; choked dish ), 
or upon an atrophy (primary or secondary) of the optic nerve.

Optic neuritis is common in lues cerebri, in hemorrhagic pachymenin­
gitis, in different forms of meningitis, in nephritis, in chlorosis and in 
chronic lead poisoning. It occurs also in acute febrile diseases (scarlet 
fever, typhoid, influenza, rheumatism), in acute anemia, in diseases of 
the orbit and nasal sinuses, in otogenic abscesses, and in multiple 
sclerosis.

Atrophy of the optic nerve may be secondary (arising from a pre­
ceding neuritis optica or choked disk) or primary and bilateral (c. g., in 
tabes, or in dementia paralytica). The optic atrophy of multiple sclero­
sis is usually partial and begins as a temporal pallor of the disks.

Retinitis occurs in nephritis, tabes, leukemia, anemia, gout and sepsis, 
merely rarely in malaria, typhoid and pneumonia.

Choked disk when bilateral is most often due to brain tumor or to 
hydrocephalus; it may occasionally depend upon brain abscess, hematoma 
of the dura, sinus thrombosis or lues cerebri. Unilateral choked disk is 
most often met with in disease of the orbit or of one of the paranasal 
sinuses.

Retrobulbar neuritis may be met with in nicotine poisoning, alcohol­
ism, tabes or multiple sclerosis.

When there is amblyopia without marked change in the disk or retina 
we consider the following: (a) when there is concentric contraction of 
the visual fields, neurasthenia or hysteria; (b) when there is hemianopsia, 
some cerebral disease (apoplexy, lues cerebri, brain abscess, encephalitis, 
hydrocephalus, tumors of the base of the brain) ; (c) when there is em'nil 
scotoma, we think of retrobulbar neuritis optica. (See also The Sen-' of 
Sight and Its Anomalies, and, Lesions of the Visual Conduction rath.)
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iii. N. III. The Oculomotor Nerve (N. oculomotorius)

This is a pure motor nerve. If all its fibers be interrupted, there will 
be total paralysis in its domain, including (1) ptosis, from inability to 
lift the upper lid by the M. levator palpebrae superioris, though it may 
still be a little lifted by contraction of the At. frontalis (innervated by 
the N. facialis) ; (2) the eyeball cannot be moved upward, downward, 
or medialward, or be rotated by the inferior oblique (paralysis of the Aim. 
rectus superior, inferior, medialis and obliquus inferior) ; (3) there will 
be loss of the power of accommodation ; the pupil will Ixî partly dilated, 
and will not react to light on direct illumination, on convergence, or on 
illumination of the eye of the opposite side (paralysis of autonomic fibers 
to At. ciliaris and to At. sphincter iridis).

In partial oculomotor paralysis, the branches to certain of the eve- 
muscles may escape. Occasionally the extrinsic muscles arc paralyzed 
(ophthalmoplegia externa) while the intrinsic smooth muscles ( M. 
sphincter iridis, At. ciliaris) retain their function. The latter, of course, 
are innervated by autonomic nerves running in the oculomotor nerve.

Oculomotor lesions arc most common in basai meningitis (luetic) and in basal 
neoplasms, but may be met with in polyneuritis (e. g., in diphtheria, typhoid, or 
influenza). The bilateral paralysis of the accommodation muscle (M. ciliaris), so 
common in diphtheria, is a paralysis in the domain of the autonomic nervous 
system.

It is sometimes difficult to distinguish an oculomotor paralysis due 
to lesion of the peripheral nerve from one duo to involvement of the 
nuclei of origin of the nerve. Both arc lowcr-motor-ncuron paralyses. 
As a rule, in peripheral paralysis all the muscles supplied by the nerve 
are involved, while in nuclear affections single muscles arc more likely 
to be picked out and the affection is more often bilateral than uni­
lateral. Simultaneous involvement of both the intrinsic and extrinsic 
muscles of the eye points most often to peripheral lesion; separate in­
volvement of intrinsic or extrinsic muscles points more often to nuclear 
lesion, though not always.

The diagnosis of a peripheral lesion is supported by the presence of 
other symptoms pointing to disease at the base of the brain.

The cases of periodic oculomotor paralysis are probably peripheral 
in origin, depending upon vasomotor changes that influence the Mood 
supply of the peripheral nerve (anemia from vasoconstriction, compres­
sion from vasodilatation). Sec also, Examination of the Eye-muscle 
Alovements (Strabismus, Diplopia).
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iv. N. IV. The Trochlear Nerve (N. trochlearis)

This is a pure motor nerve, supplying only one muscle (M. obliquus 
superior). When injured, there is interference with movement of the 
eyeball downward and lateral ward, with a slight squint medial ward and 
upward. On looking downward, the patient secs two images, one above the 
other ; the false image is below the true one, has its upper end tilted toward 
the other, and seems to the patient to be nearer to him than the true image. 
The double vision is especially noticeable on going down stairs; the steps 
appear double, and the patient usually feels a little giddy. There is 
slight strabismus convcrgcns.

v. N. V. The Trigeminal Nerve (N. trigeminus)

The motor root is small, and innervates the muscles of mastication. The sen­
sory root, with its gasserian ganglion, is large. The sensory part of the nerve, 
peripheral to the ganglion, divides into three main branches, the motor fibers 
adjoining the third branch. These three divisions of the trigeminus are known as: 
(1) the ophthalmic nerve (ramus ophthalmicus), (2) the maxillary nerve (ramus 
maxillaris), and (3) the mandibular nerve (ramus mandibularis).

The ramus ophthalmicus (N. V,) receives sensory impressions from the skin 
of the face and upper part of the head ; also from the conjunctiva and cornea, the 
mucous membrane of the paranasal sinuses and of a part of the nose; in this 
branch run the secretory (autonomic) fibers for the lacrimal gland.

The ramus maxillaris (N. V,), also purely sensory, innervates a part of the 
skin of the face, the mucous membrane of the upper part of the mouth and of 
the nasolacrimal duet ; a part of the nasal mucous membrane and of the palate, 
as far as the arcus palatopharyngeus ; and that of the sinus maxillaris (antrum of 
Highmore) ; it also carries the sensory fibers from the teeth of the upper jaw, 
and in its lingual branch run the taste fibers (belonging to the N. intermedius) 
for the anterior two-thirds of the tongue.

The ramus mandibularis (N. V,) is (a) partly motor, supplying the muscles of 
mastication (M. masseter ; M. temporalis ; Alin, pterygoidei ), the M. tensor tym- 
paui, the M. tensor veli palatini, the M. mylohyoidcus and the anterior belly of the
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M. digastrieus, and (b) partly sensory, supplying the skin over the lower jaw, 
the external ear, and the temple; the mucous membrane of the tongue, cheek, and 
lower lip; and the lower teeth.

The most common primary peripheral disease of the N. trigeminus is 
that causing neuralgia (tic douloureux) of one or all of its branches, hut
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Ogl. (inss. — (insserlan (iangllon ; I, II, III = HI visions 'of V; H. gel. Rol. = Huhsianlla 
gelaiInosa of Rolando. (Afier O. Veragulh, “Die kiln. IJntersuch. Nervenkranker," pub- 
llslied liy J. F. llergmann, WIcHliaden.)

lesions causing anesthesias and paralyses may he duo to basal processes 
(meningitis, fracture of the hase of the skull, caries, tumors). The 
healthy nerve may lie affected in the neighborhood of the gasserian gan­
glion, or any one of the branches may he injured in its peripheral course.

Total lesions of the trigeminal nerve cause (1) anesthesia in the do­
mains mentioned, (2) paralysis of the muscles of mastication, and (3)



General Etiology of the Principal Dis­
turbances in the Trigeminal X cur on- 
complex. Their Chief Primary 

Pointa of Attack.

Clinical Disturbances Re­
sulting Therefrom.

I. Mechanical Lesion (Compression, 
Section) by Hypophyseal or other 
Tumors. Carotid Aneurism, Vari­
cosities, Sinus thrombosis. Frac­
ture of the Base of the Skull, 
Hemorrhage.............................................

Sensory Branches of All

Motor Branch of the Third

II. Nutritional Disturbances :
(a) Ischemia in Arteriosclerosis.

(b) Inflammation Extending from 1 
Neighboring Structures (

Gasserian ganglion and

media, Eye diseases

(c) Intoxications :

The Sympathetic ganglia

Malaria, Lues, Influenza.. 

Diabetes, Arthritis, Diges­
tive Disturbances............

III. The Doubtful Causes of Syringo-

Neuralgia.

Anesthesias.

Trismus.

Paralysis of the Muscles 
of Mastication.

Ageusia.

Trophic Disturbances.

Secretory Disturbances.

Fig. 570.—Survey of the Disturbances In the Functional Distribution of the N. trigeminus. (After O. Veraguth, "Die klin. Untersuch. Nervenkr.,”
published by J. F. Bcrgmann, Wiesbaden.)
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loss of the corneal reflex on the diseased side. In addition to these tri­
geminal phenomena proper, such lesions may injure non-trigeminal fibers 
carried in the trigeminal nerves (autonomic and gustatory) ; thus the 
secretion of tears, and the secretion of the glands of the nasal mucous 
membrane, may he lacking on the diseased side, and taste may be dis­
turbed in the anterior two-thirds of the tongue on that side.

Bilateral paralysis of the muscles of mastication (diplegia masticn- 
ioria) causes jaw-drop ; in bilateral paresis, the chewing movements aro 
enfeebled (ihjsmascsia). Fatigue on chewing is often an early sign in 
myasthenia gravis.

In unilateral paralysis of the masticatory muscles (monoplegia mas- 
ticalorla), the patients can chew on the non-paralyzed side only ; this is 
easily made out on palpation of the M. massctcr. The patient cannot 
shove his lower jaw over to the healthy side; and on opening his mouth, 
the mandible deviates toward the paralyzed side.

Partial lesions cause symptoms of sensory irritation (hyperesthesias, 
neuralgic pains), or localized anesthesias. In distinguishing peripheral 
trigeminal lesions from central lesions, it may be borne in mind, (1) that 
nuclear trigeminal lesions arc always accompanied by other symptoms 
referable to the pons or medulla oblongata ; (2) that unilateral cerebral 
lesions never cause paralysis of the muscles of deglutition; and (3) that 
trigeminal anesthesias of cerebral origin aro probably, always, only a 
part of a liemi-anesthesia.
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vi. N. VI. The Abduccns Nerve (N. abducens)

This purely motor nerve innervates only one musclo (M. rectus lat­
eral is), a muscle that moves the eyeball directly lateral ward. In lesions 
of this nerve, the eyeball (and the center of the pupil) cannot bo 
directed lateralward further than the middle line ; the paralysis is very 
easy to recognize. After a time, contracturo of the antagonistic M. rectus 
medialis causes a convergent squint (strabismus convergeas). The diplo­
pia, duo to the paralysis, appears on looking toward the side of the lesion, 
nut. on looking toward the other side. The two images stand beside one 
another, the false image being on the same side of the true image as 
tin- muscle paralyzed ; that is, in paralysis of the left lateral rectus, the 

image is to the left. The images grow farther apart on looking 
toward the paralyzed side.

Abducens paralysis is not uncommon. It may bo duo to compression 
from tumors, not only those situated at the base of the skull, but also 
fi i tumors elsewhere in the brain ; to meningitic processes (luetic, tubor- 
h ' is, pyogenic); or to congenital, or acquired, hydrocephalus. Periph­
eral lesions of the nerve are distinguished from nuclear paralysis by 
tliv pontile symptoms that accompany the latter.
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vii. N. VII. The Facial Nerve (N. facialis)
The facial nerve proper is a pure motor nerve, innervating all the muscles of 

the face and, in addition, the M. buccinator, M. stylohyoideus, M. platysma, and 
the posterior belly of the M. digastricus ; a branch from the fallopian canal goes 
also to the M. stapedius. The facial nerve, besides these motor fibers, carries, 
throughout a part of its course, (1) centrifugal autonomic fibers for the lacrimal, 
salivary and sweat glands, and (2) centripetal gustatory fibers for the anterior 
two-thirds of the tongue ; the latter, passing from the N. lingualis (N. V,) into 
the chorda tympani, go centripetal ward through the facial nerve ns far as the 
geniculate ganglion of the N. intermedins. Their further course is disputed, it 
being generally assumed that they pass through the N. petrosus superficialis major, 
or minor, back to the N. trigeminus, or to the N. glossopharyngeus, and thence into 
the brain.

If this nerve be irritated, we see facial spasm; if it be interrupted in its con­
tinuity, we see facial paralysis.

Bell’s palsy (total unilateral peripheral facial paralysis) is easy to 
recognize. The face, even at rest, is strikingly asymmetrical, and the 
asymmetry becomes very marked on attempts at facial movement. On 

the paralyzed side, the wrinkling of the 
forehead is absent, the eye stays wide 
open (often so wide that the mucous mem­
brane of the lower lid is exposed) ; tears 
run down over the face, the eye cannot 
be voluntarily closed, the angle of the 
mouth is drawn to the healthy side, and 
the nasolabial fold on the paralyzed side 
is absent. On expiration, the check bulges 
on the paralyzed side (buccinator paral­
ysis) ; and, on attempts at whistling, air 
escapes from the mouth on that side.

Disturbances of taste, of salivary secre­
tion, of sweat secretion, of tear secretion, 
and of hearing, may or may not occur, 
according to the site of the lesion (n 'c 
infra). DeTt is demonstrable in tho 
paralyzed muscles.

Facial paralysis due to disease of o

Fig. 571.—Woman F.xhlhltlng Facial 
Hemispasm ( Right-sided). Tonic 
Phase of the Attack. (After J. 
ZahlfiNkle, "La Nouvelle Icono­
graphie de la Salpétrière,” pub­
lished by Masson et Cle, Paris.)
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nerve must be distinguished (1) from nuclear paralyses, and (2) from 
supranuclear or cerebral paralyses.

Dell is demonstrable in the paralyzed muscles in peripheral lesions 
and in nuclear lesions, but not in supranuclear lesions. In both periph­
eral and nuclear lesions it is usual to have all the muscles of the face 
paralyzed, while in supranuclear lesions the muscles supplied by the 
so-called upper-facial—that is, the muscles of the forehead and eyelid— 
are not paralyzed.

In nuclear lesions the paralysis is always associated with other pontile 
symptoms (q. v.). These are absent in peripheral lesions, except in the

Fig. 072.—Complete Right Facial Palsy, Complicating Herpes Zoster In the Geniculate Zone :
Edema and Slight Lateral Dislocation of Right Auricle. (After J. R. Hunt, Arch. Int.
Med.)

instances in which the facial nerve is injured just at the base of the brain, 
in which event the cochlear and vestibular nerves may bo simultaneously 
involved and other general cerebral symptoms coexist (tumor of eerebello- 
pontile angle).

Exact Localization of a Lesion Involving the Peripheral Part of the 
Facial Nerve (Fig. 573).—If the nerve be injured in the fallopian canal 
between 1 and 2 in the figure, that is below the point of entrance of the 
chorda tympani, there will bo facial paralysis without ageusia; if the 
injury lies between 2 and 3 there will be, in addition to the facial paral­
ysis, ageusia on the anterior two-thirds of the tongue, and the salivary
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secretion will he abnormal. If, in addition, there he hyperemia, the 
lesion will lie between 3 and 4, while if, still further, there he disturb­
ances of the secretion of tears, the lesion is probably situated at the level

Fig. 673.—Dlngram for Facial Paralysis Representing the Course of the Facial Trunk .m 
the Base of the Skull to the Pea anserlnus. S.n., Auditory Nerve: N.f., Facial .v ' ;
N. p.H., Large Superficial Petrosal Nerve; Geniculate Ganglion; N.c.o.p.t., Co 
eating Branch to Tympanic Plexus: A’.sf.. Stapedius Nerve: ('h.t., Chorda tymi■ m :
O. f., Gustatory Fibers ; tips., Secretory Nerve to Salivary Glands ; F.st., titylom.i >i<l 
Foramen: N.ap., Posterior Auricular Nerve. (After W. Krb.)

of the geniculate ganglion between 4 and 5; when the lesion lies between 

5 and 6, that is above the geniculate ganglion, there is no ageusia.
Causes of Peripheral Lesions of Facial Nerve.—Many cases of f ial 

paralysis arc due to exposure to cold (“rheumatic neuritis”) ; many le* 

pend upon extension of an inflammation from the middle car; still o rs
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are due to infectious processes, to fracture of the skull, or to caries of the 
temporal hone. Lesions of the nerve at the hase of the brain are usually
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due to tumors (especially those of the cerehellopontile angle), or to menin­
geal inflammations (tuberculous, luetic).
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viii. N. VIII. The Auditory Nerve (N. acusticus)

This nerve is made up of two parts, which have entirely different 
functions, the N. cochleae, or nerve of hearing proj>er, and the N. ves- 
tihuli, which has to do with equilibrium and with the setting of the eyes 
and of the head.

The peripheral lesions of the N. acusticus may be situated in the 
internal car itself involving the membranous labyrinth (inflammations, 
hemorrhages, sclerotic processes), or they may ho located in the nerve 
roots at the base of the brain (meningitis, tumor, caries). For the dis­
tinction between deafness due to middle ear disease and labyrinthine 
disease, see The Sense of Hearing and its Anomalies.

Circumscribed disease of the cochlea causes partial deafness ; total 
destruction of the cochlea on one side causes complete unilateral deaf­
ness. In either case there may he subjective noises in the diseased car; 
indeed subjective sensations may arise from irritation also in the cochlear 
paths or in the cortex. In labyrinthine disease, it is common to have 
certain parts of the tone-series more affected than others ; the tones near 
the upper limit arc most often involved ; next in frequency, the tones near 
the lower limit; last of all, the tones at the middle of the series.

It is rare to find complete unilateral deafness from lesions of I lie 
cochlear paths above the superior olivary nucleus ; since the paths a little 
above this undergo partial decussation, unilateral lesions higher up cause 
bilateral impairment of hearing, the impairment being greater in the 
hearing on the side opposite the lesion. Bilateral lesion of the auditory 
paths in the temporal lobes causes total bilateral deafness.

Since the N. cochleae and the N. vestibuli run close to one another 
from the labyrinth to the hindbrain, and since the cochlear and the ves­
tibular paths diverge after the central nervous system has been entend, 
it is obvious that combined cochlear and vestibular symptoms point to 
peripheral injury, whereas lesions within the brain arc more likely to 
injure one path without injuring the other.

If bilateral deafness (complete) occur before the fourth year of life,
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the patient will never learn to speak (deaf-mutism) ; if it occur between 
the fourth and the seventh year, mutism does not always follow; if it 
occur after the seventh year, mutism rarely results.

Vestibular lesions, such us those accompanying Meniere’s disease, are 
characterized by equi libra tory disturbances (vertigo, nystagmus, disturb­
ances of the Bârâuy reflexes). Among the signs of vestibular disturbance 
that should direct attention to its domain arc: (1) nystagmus, (2) 
vertigo, (3) disturbances of orientation, of judgments regarding the posi­
tion of the head, or of the body, in space, (4) loss of power to judge 
distances and directions, (5) sensations of sinking, or of being lifted, 
(G) inclined appearance of vertically placed objects, and (7) hypotony 
of the muscles.

Experimental nystagmus is interfered with in disease of the labyrinth 
and of the N. vestibuli, whereas it can be elicited, as in normal persons, in 
cerebellar disease provided the latter leaves the N. vestibuli uninjured.

In partial lesions of the labyrinth, or in irritation of the N. vestibuli, 
there is often spontaneous nystagmus; the caloric reaction may be dimin­
ished, but nystagmus appears on rotation of the body, and especially on 
sudden movements of the head (Barany). For further details of the 
caloric reaction, and the “pointing error” tests, see the Vestibular Senses 
and Their Anomalies.

Meniere’s Disease.—-This is a form of vertigo occurring with disease 
of the internal ear (vestibular apparatus), usually due to hemorrhages 
into the labyrinth. The hemorrhage in turn may depend upon lues, 
gout, atherosclerosis, or one of the diseases associated with hemorrhagic 
diathesis.

The vertigo comes on in paroxysms. The patient often feels as 
though struck to the floor by a blow on the head. He may even lie uncon- 
scioiis for a moment. He feels cither that his body rotates, or that 
objects in the external world are rotating about him. It is important 
tu learn the direction of these rotations (see Vestibular Syndromes). The 
paroxysms may bo accompanied by nausea and vomiting, which may per­
sist for several hours. There is usually labyrinthine deafness in the 
corre? " g car and often persistent tinnitus. Nystagmus and diplopia 
may be concomitant. The cases should be analyzed by Barany’s methods.

Paralytic Vertigo.—(GerUer’s Disease).—This is an endemic disease 
prevalent in certain parts of Switzerland. The patients complain of 
violent vertigo, diplopia, temporary amblyopia, difficulty in swallowing 
and chewing, and on examination show ptosis and paresis of the extremi­
ties and of the muscles of the neck. The paralysis is of the flaccid type. 
The disease is paroxysmal in character. In the intervals between the 
paroxysms the patients feel quite well. Each attack lasts a few minutes, 
'll " kuhisa<jara of Japan, described by Miura, is probably the same dis­
ea 1. The nature of the diseuse is entirely unknown.

A7D
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ix. N. IX. The Glossopharyngeal Nerve (N. glossopharyngeus)

This nerve is both sensory and motor. It carries (1) the taste fibers 
for the posterior third of the tongue and the soft palate ; in addition it 
contains (2) the fibers of common sensibility from the middle ear, eu- 
stachian tube and part of the pharynx ; (3) motor fibers to the M. stylw- 
pharyngeus and the M. constrictor pharyngcus ; and (4) the autonomic, 
secretory fibers to the parotid gland.

Loss of function of the nerve is characterized by (1) ageusia in tlio 
posterior third of the tongue and on the palate; (2) areflexia on stimula­
tion of the pharyngeal mucous membrane ; (3) anesthesia of the upper 
pharynx ; (4) difficulty in deglutition; and (5) disturbances of parotid 
secretion.

Lesions of this nerve are practically always associated with lesions 
of adjacent cerebral nerves at the base of the brain (basal meningitis, 
neoplasms, gumma, or aneurism in the posterior fossa of the skull). 
Occasionally, pharyngeal disease (diphtheria, streptococcus angina) may 
paralyze the motor nerve endings in loco. Inflammations of the middle 
ear may start a neuritis of this nerve and lead to ageusia, or to increased 
salivary secretion.
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x. N. X. The Vagus Nerve (N. vagus)

The N. vagus or pneumogastric nerve carries (A) cerebrospinal 
axons, and (B) autonomic axons.
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(A) The cerebrospinal axons are partly (1) motor, innervating the striped 
muscles of the throat and soft palate, and, especially, the muscles of the larynx 
(the N. laryngeus inferior or N. recurrens, supplying all the laryngeal muscles 
except the M. cricothyroideus, which is supplied by the N. laryngeus superior), and 
partly (2) sensory fibers, (a) from the posterior circumference of the external 
auditory canal, (b) from the mucous membrane of the pharynx, from the lower 
margin of the velum palatinum downward, (c) from the epiglottis, larynx and 
respiratory passages, and (d) from the esophagus.

(B) The autonomic fibers include:
(a) Centripetal fibers from the respiratory organs, the digestive organs, and 

the heart and the aorta (including excitation-fibers for the respiratory center).
(b) Centrifugal fibers (preganglionic to the ganglia, and thence by postgan­

glionic fibers to the viscera), including:
(ba) Fibers to the smooth muscle of viscera of the thorax and abdo­

men (respiratory; digestive; urogenital (?) ).
(bb) Inhibitory fibers for the heart.
(be) Vasomotor fibers for the pulmonary and coronary arteries and 

for the arteries of the abdominal viscera.
(bd) Secretory fibers for the glands of the bronchi, esophagus, stomach, 

intestine, pancreas, kidney, and, perhaps, other abdominal 
organs.

Symptoms of Unilateral Vagus Lesions

These include: (1) unilateral paralysis of the velum palatinum, the 
paralyzed half hanging a little lower on quiet breathing, and no move­
ment being visible on the paralyzed side on phonation; (2) paralysis of 
the muscles of the throat, though this rarely causes marked disturbance 
of deglutition; (3) laryngeal paralysis, the vocal cord on the paralyzed 
side occupying the median position and not moving on phonation or on 
respiration ; (4) occasionally, unilateral anesthesia of the pharynx and 
larynx.

Symptoms of Bilateral Vagus Lesions

The symptoms mentioned above arc present on both sides; the velum 
palatinum hangs low and shows no movement on phonation; the speech 
has a nasal twang; on attempting to drink, the fluid is returned through 
the nose (palatine musculature); deglutition is disturbed, especially for 
solid foods (pharyngeal musculature) ; there is inspiratory dyspnea, 
aphonia, and inability to cough (laryngeal musculature). In addition, 
autonomic disturbances are met with (tachycardia, alteration in the fre­
quency and regularity of respiration, gastric disturbances).

Lesions of the Inferior Laryngeal Nerve (Recurrens Paralysis)

The laryngeal muscles are divisible into two functional groups: (1) 
the closers of the glottis or adductors of the vocal cords (M. crico-aryte-
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noideus lateralis, Mm. arytenoideus transversus, Min. cricothyroideus 
externus and interims) ; and (2) the openers of the glottis, or abductors 
of the vocal cord (M. crico-arytenoideus posticus). According to Risien 
Russell, a special, separate bundle in the N. recurrens innervates the 
openers of the glottis. (See also Examination of the Larynx.)

In partial lesions of the N. recurrens, as a rule, the abductor muscle 
suffers first (Rosenbach-Semon law).

In unilateral lesions, the vocal cord, on the paralyzed side, occupies 
a middle position between adduction and abduction, the so-called cadaveric 
position. Un phonation, it comes no nearer to the middle line; the vocal 
cord of the healthy side, however, goes beyond the middle line, and the 
arytenoid cartilages overlap. The vocal cord on the paralyzed side stands 
still during inspiration, while the cord of the other side is abducted.

In bilateral lesions, both vocal cords assume the cadaveric position, 
and remain in it, both on phonation and on respiration. There is aphonia 
and marked inspiratory dyspnea (stridor).

Lesion of the Superior Laryngeal Nerve

Occasionally this is involved alone, in which event the voice is hoarse 
and deep, from faulty approximation of the thyroid and cricoid cartilages, 
due to paralysis of the M. cricothyroideus; there is also anesthesia of 
the laryngeal mucous membrane.

Vagal Irritation, and Vagal or Vasovagal Attaclcs

Vagus irritation may cause marked bradycardia, which disappears 
under a hypodermic of atropin. Gowers has described characteristic 
vagal, or vasovagal, attacks, with gastric, respiratory, and cardiac symp­
toms ; in the attack, there is palpitation, the arms go to sleep, there arc 
subjective feelings of cold, there is slowness and difficulty in thinking, 
and, sometimes, mental fatigue and feelings of unreality; some of the 
patients have tetanoid spasms of the extremities. The condition was 
placed by Gowers in the borderland of epilepsy; it is often seen in hys­
terics. Some patients seem continuously to manifest an excessive vagot- 
ony. (See Examination of Autonomic Neuron Systems.)

Vagus lesions may occur at the base of the skull (then usually asso­
ciated with paralysis of other cerebral nerves), or in the course of the 
nerve in the neck.

The intracranial vagus lesions may be due to meningitis, ncopl ms, 
gumma, aneurism or periostitis.

Cervical lesions of the vagus are usually duo to trauma, or to com­
pression from enlargements of the cervical lymph glands. Recv rens 
paralysis may be duo to mediastinal tumor, struma, aortic aneurism,
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pleural thickenings (tuberculosis), or, occasionally, to dilatation of the 
left atrium in mitral stenosis. A collective review of the causes of 
recurrens paralysis will ho found in the article by Felix.

Vagus neuritis may occur in alcoholism, in poisoning from lead or 
arsenic, in diphtheria, and in various infections. The vagal symptoms 
of tabes and of multiple sclerosis have not yet been fully explained.
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xi. N. XI. The Accessory Nerve (N. accessorius)

This nerve yields the motor supply for (1) the M. sternocleidomas- 
toidcus and (2) the M. trapezius. The cervical nerves also send a few 
tihers to these muscles, more, however, to the M. trapezius than to the 
M. stcrnoclcidomastoideus; it is asserted by some, probably erroneously, 
that the cervical nerves mentioned contain only sensory fillers ; others 
believe that they contain motor fibers for the acromial portion of the 
M. trapezius.

In unilateral sternocleidomastoid paralysis, the bead inclines toward 
the healthy side, the chin is turned toward the paralyzed side and slightly 
elevated, the head and chin cannot lie well rotated toward the healthy 
side, and efforts to make the rotation are not associated with normal ten­
sion and bulging in the paralyzed muscle. In bilateral paralysis of this 
muscle, the patient cannot, while lying down, press his chin against his 
chest.

In unilateral accessorius lesion with paralysis of the M. trapezius, 
the shoulder is lower than normal, is displaced forward, the clavicle lieing 
lower and somewhat rotated ; the scapula is farther than normal from the 
midlinc, is higher than it should be, and its lower angle is dislocated
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mcdialward, and is separated a little from the thoracic wall, though the 
whole scapula docs not separate from the wall as in serratus palsy. The 
rotation of the scapula into the boat-position of Duchenne, depends espe­
cially on paralysis of the acromial part of the muscle and this sometimes 
escapes in pure accessorius lesions. The shoulder cannot he lifted (except 
by the M. levator anguli scapulae), and since the scapula cannot bo rigidly 
fixed, the arm movements suffer, especially elevation of the arm from 
the side.

In bilateral accessorius lesions, both shoulders sink forward, the 
thorax looks narrowed, ;o back is arched from side to side, and the 
clavicles are more prominent than normal. On asking the patient (1) to 
draw the shoulders bock (middle and lower parts of Mm. trapezii), and 
(2) to shrug the shoulders up (upper portions of muscles), one notices 
the absence of the contours of the contracting muscles, normally so striking.

Irritation of one N. accessorius may cause spastic torticollis, or so- 
called accessory cramp, hut this spasm docs not usually have the tend­
ency to limit itself to a definite nerve domain; it usually begins in one 
muscle, and, in the course of the disease, involves others.

The accessory nerve may be injured alone, or in combination with adjacent 
cerebral nerves (N. vagus, N. hypoglossus). Caries of the cervical spine often 
injures this nerve on one, or both sides; or the nerve may be involved in a men­
ingitic or neoplastic process near the foramen magnum. Surgeons sometimes injure 
the nerve in operations on the neck.

In long standing paralysis of the M. trapezius, the dislocation of the scapula 
can sometimes be overcome by fastening its medial margin to the spine with a 
piece of the fascia lata (Rothschild).
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xii. N. XII. The Hypoglossal Nerve (N. hypoglossus)

This is the motor nerve of the tongue (supplying the M. geniogl ^us, 
M. styloglossus, as well as the intrinsic muscles of the tongue) ; it also 
innervates the geniohyoid, omohyoid, sternohyoid, hypothyroid and ^ mo- 
thyroid muscles. For testing the hypoglossal functions, see Movements 
of the Tongue.
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In unilateral lesions of the N. hypoglossus, tlio tongue is not pro­
truded straight, but deviates obliquely toward the paralyzed side; the 
raphe forms a curve, the concavity of which is directed also toward the 
paralyzed side. The tongue on the side paralyzed wastes away, looks 
thin, wrinkled and relaxed, and electrical DcR is present. There may be 
but little disturbance of speech (except, difficulty with “sh” and “x”), 
deglutition or mastication. Sensation is normal. Fibrillation points to 
nuclear, rather than to peripheral, lesion.

Bilateral atrophic paralyses of the tongue (in which the tongue lies 
immobile in the mouth and can neither be protruded nor moved lateral- 
wards, interfering much with (1) the transport of food within the mouth 
and (2) the pronunciation (of the linguals and dentals) arc, apparently, 
never peripheral, but always nuclear, in origin ; they are usually asso­
ciated with lesions of other cerebral nerves.
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2. Diseases of the Autonomic Nerves
From wlmt has been said in the sections dealing with the method of exam­

ining the functions of the centripetal and centrifugal autonomic neuron systems 
(mesencephalic, bulbar, sympathetic, sacral), it will be understood that it is com­
paratively easy to refer certain symptoms to definite parts of the autonomic 
system. It is by no means easy, however, as yet, to decide what symptoms in 
these various domains depend upon lesions in the peripheral autonomic neurons 
proper, and what depend upon the higher sets of neurons superimposed upon them, 
since all the autonomic and sympathetic reflexes arc subordinate (1) to higher 
reflex centers in the spinal cord, and (2) also, especially, to cerebral activities. The 
main facts regarding the significance of disturbances of the pupillary reflexes, and 
of the genito-urinary and rectal reflexes, are described elsewhere, llcre attention 
must still be called to (1) lesions of the cervical sympathetic, (2) certain visceral 
neuralgias and (3) sympathicotonia and vagotonia.

(a) Lesions of the Cervical Sympathetic
These may be irritative, or destructive.
Irritation of the cervical sympathetic is characterized by dilatation of the 

pupil, flattening of the cheek, widening of the lid slit, exophthalmos, symptoms of 
hyperidrosis, sluggish reaction of the diluted pupil, and neuralgic pains along the 
blood vessels, at the angles of the jaw, and in the ears.

Destructive lesions causing paralysis of the cervical sympathetic are character­
ized by the so-called Horner’s symptom-complex : (1) contraction of the pupil on 
the same side (miosis), with retention of reaction to light, though the light reaction
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may be sluggish and incomplete; (2) narrowing of the lid slit (sympathetic ptosis), 
due to loss of tonus in the smooth muscle of the upper lid, the pupil not being 
covered; the capacity to lift the lid without contraction of the M. epivranius is 
retained; (3) retraction of the eye (enophthalmos), due to paralysis of the M. 
orbitalis, and to atrophy of the fat in the orbit; (4) sometimes, dilatation of the 
blood vessels on the same side of the face and head; (5) anidrosis of the same 
side of the face; and (fi) emaciation of the same side of the face.

Sympathetic ptosis is easy to differentiate from ptosis due to oculomotor paral­
ysis. It should be borne in mind, however, that sympathetic ptosis may depend, 
not upon lesion in the cervical sympathetic, or upon a lesion of the centrum 
ciliospinale in the spinal cord, but upon injury to the ventral roots of the first 
or second thoracic nerves (T„ T,).

(b) Visceral Neuralgias
Violent neuralgic pains are sometimes felt in the internal organs when they 

are diseased, or when the nervous system is diseased (e. g., gastric crises, gastral- 
gia, enterulgia, hepatalgiu, nephralgia, etc.). The pains of renal colic, pancreatic 

colic, hepatic colic, dysmenorrhea, etc., should 
also be mentioned. The explanation of these 
pains is not yet clear. Some of them arc ap­
parently associated with smooth-muscle-spasm.

The segmental pains, or hyperesthesias in the 
skin (Head’s zones of referred pain) due to 
visceral disease, find their explanation, in my 
opinion, in abnormal irritation of the centrip- 
etally conducting sympathetic neurons, which, 
terminating upon the ganglion cells in the 
spinal ganglia, so irritate the peripheral cere- 
bro-spinal sensory neurons as to give rise to 
sensations referred to the source whence these 
neurons normally gather impressions, that is 
the skin.
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(c) Vagotonia and Sympathicotonia
These conditions are described elsewhere (See Examination of Auto­

nomic Neuron Systems).

C. Diagnosis of Lesions of the Spinal Cord
(Medulla spinalis)

In localizing lesions of the spinal cord wo pay attention especially to 
two points: (1) the segmental level or levels involved, and (2) the amount 
of white matter and gray matter involved in the transverse direction at 
each level affected.

For the localization of disease in the spinal cord it is essential to think 
of it as made up of single segments, these segments in turn being 
united manifoldly with one another, and, by means of long afferent and 
efferent paths, with the higher parts of the nervous system (cerebrum, 
medulla and pons, cerebellum).

This view is in accord with the original metamcric structure of the body of 
vertebrate animals. For each mctamerc, or segment, there is n nervous part ( neu­
rotome), a muscular part (myotome), a cutaneous part (dermatome), a general 
mesoblastic part (sclerotome), and probably a vascular part (angiotome). Often 
the viscera may be divided into portions (viseerotomes) corresponding to their 
innervation, since a neurotome may have a definite visceral connection through the 
autonomic nervous system.

A single neurotome gives rise, in bilateral arrangement, to (1) an afferent 
neuron system (sensory nerve ; posterior root ganglion ; posterior root; intra­
medullary continuation of posterior root fibers); (2) the motor, efferent, or cen­
tripetal, neuron system (anterior horn cells and dendrites; anterior roots ; motor 
spinal nerve) ; (3) an autonomic system (centripetal and centrifugal) including 
both preganglionic and postganglionic fibers in both instances; and (4) certain 
associative neuron systems (including (a) intercalated cells, the functions of which 
are limited to the segment itself, and (b) associative neurons, with longer axons, 
which connect it with adjacent and more distant segments and with higher parts 
of the nervous system). The anterior and posterior roots of the spinal nerves, and 
the peripheral, sensory and motor nerves, lie outside of the spinal cord.

In development, the dermatome innervated by one posterior root, lies close to, 
and at right angles to, the spine, and extends from the middle line in the back 
to tin- middle line in front. This arrangement persists for the trunk throughout 
life, but in the extremities the dermatomes are pulled out into long, longitudinal
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strips, which run the whole length of the limb. In embryonic life the derma­
tomes are sharply separable from one another, but, later on, they overlap to a 
certain extent, and there is also an overlapping, therefore, in the sensory inner­
vation of the skin, the cutaneous area receiving nerve fibers not only directly 
from the posterior root chiefly supplying it, but also from the adjacent roots, 
above and below (C. S. Sherrington). This explains why experimental section 
of a single posterior root need not cause complete anesthesia. The overlapping 
appears to be more marked for the sense of touch than for the senses of tem­
perature and pain, and for the hyperalgesia and herpes (Head's zones) that cor­
respond to the autonomic metameric innervation.

This morphological arrangement explains why the anterior motor root of 
the spinal nerve does not innervate single muscles, but, instead, parts of dif­
ferent muscles (corresponding to the muscle-tissue derived from a single myo­
tome). In development, the dermatome supplied by a given posterior root comes 
to be dislocated somewhat eaudalwurd as regards the myotome innervated by the 
corresponding anterior, motor root (Sherrington); in lesions of a given segment 
of the spinal cord, therefore, the upper limit of the paralysis may lie somewhat 
higher in the body than that of the anesthesia duo to the lesion.

In our analysis of the symptoms (motor, sensory, reflex, visceral) due 
to a disease of the spinal cord, wo must try to answer the following ques­
tions; (1) Do the symptoms indicate that definite conduction paths of the 
spinal cord alone are implicated, the disease being limited to single or 
several neuron systems? or, (2) Has the spinal cord been injured more 
diffusely, over a smaller, or larger, part of its cross-section, owing to, say, 
a lesion that has paid no regard to single neuron systems or conduc­
tion paths? When the symptoms are duo to clean-cut involvement of 
neuron systems (sensory, motor, or combined), wo speak of simple or 
combined system diseases (e. g., tabes; amyotrophic lateral sclerosis; 
ataxic paraplegia) ; when this is not the case wo speak of non-system 
diseases (e. g., complete and incomplete transverse lesions; hemilesioiis, 
and the like).

The hitter may ho duo cither to focal disease originating in the sub* 
stance of the spinal cord itself (e. g., myelitis, myelomalacia, tumor), or 
to pathological processes in the neighborhood of the spinal cord, extending, 
by contiguity, to it (e, g., meningeal diseases, vertebral diseases).

The system diseases of the spinal cord may involve (1) the motor 
neurons, (2) the intramedullary continuations of the peripheral sensory 
neurons or so-called exogenous sensory fibers, or (3) the conduction paths 
in the cord, including (a) the spinopctal paths (pyramidal tract from the 
cerebral cortex, thalamospinal, rubrospinal, vestibulospinal, cerebello­
spinal, etc.), and (h) the spinofugal (including the upward relayed con­
tinuations of the afferent paths—the direct cerebellar tract, Gower’s tract, 
etc.).

In every case, after wo have decided upon the localization of the 
disease-process, we go on to a consideration of the special kind of [litho­
logical process underlying it. Our conclusions regarding the latte- are
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based usually upon tlio whole course of tho disease and upon accompany­
ing phenomena in other parts of tho body (see Diagnosis of tho Nature of 
the Lesion).
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1. Diagnosis of Involvement of Single and Multiple 
Neuron Systems in the Spinal Cord (System Diseases)

As examples, wo may illustrate the localization of disease (a) in tho 
upper motor neurons in the spinal cord, (b) in the lower motor neurons 
in the spinal cord, (c) in tho upper and lower motor neurons simultane­
ously in tho spinal cord, (d) in tho peripheral sensory neurons in tho 
spinal cord, and (o) in tho peripheral sensory neurons and at the same 
time in other afferent and efferent neuron systems in the spinal cord (com­
bined system diseases). For didactic reasons only tho principal diag­
nostic points will hero bo referred to, free from bewildering detail. Once 
the main outlines have been thoroughly mustered, it is easy enough to till 
in with finer matter.

(a) Lesions Involving only the Medullated Axons of the 
Upper Motor Neurons in the Spinal Cord

{Pyramidal-tract Lesions)

Of the upper motor neurons it is only tho more distal portions of their 
medullated axons (tho uncrossed fibers in tho anterior funiculus and tho 
crossed fibers in the lateral funiculus) that arc present in the spinal 
cord, since the cell-bodies of these upper motor neurons arc located in the 
motor areas of tho cerebral cortex and tho proximal portions of their 
medullated axons lio in higher parts of tho nervous system (centrum semi- 
ovalc, internal capsule, pons, and medulla). (Seo Fig. 589, p. 438.)

Lesions of the axons of tho upper motor neurons situated in tho spinal 
cord cause paralysis, or paresis, of voluntary movement of tho extremities, 
with hypertony (tendency to spastic contracture, increase of deep re­
flexes ) ; there may be patellar clonus and ankle clonus j the Babinski phn-
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nomcnon is positive. The paralyzed muscles are not markedly atro­
phied ; Dell is absent ; sensation and the sphincters arc normal (see Spastic 
Spinal Paralysis).

(6) Lesions Involving only the Lower Motor Neurons in the Spinal 
Cord

(Anterior-horn Lesions)

When the lower motor neurons in the spinal cord are involved in n 
lesion, flaccid atrophic paralysis, with DcR on electrical examination, 
appears in the muscles innervated by the neurons affected. Thus, if the 
anterior horns in the cervical region arc involved, the atrophic paralysis 
will affect the muscles of the hands, forearms, or anus, whereas if the 
localization be in the lumbar enlargement, the paralysis and atrophy 
will appear in the muscles of the lower extremities.

If the cell-bodies of the lower motor neuron concerned in a reflex are 
1)C diseased there will bo loss of the corresponding reflex. An especially 
important manifestation, pointing to the involvement of the lower motor 
neurons in the spinal cord rather than of the axons of the same neurons 
in the peripheral nerves, is the appearance of fibrillary twitching in the 
degenerating muscles.

If the disease be limited to the anterior horns and to the cell-bodies and 
dendrites of the lower motor neurons they contain, there is no disturbance 
of sensation or of the sphincter-functions (except in the instances in whi« h 
the spinal sphincter levels S3—SB are injured). Examples of such disease 
involving the lower motor neurons in the spinal cord aro (1) acute and 
chronic anterior poliomyelitis and (2) the spinal form of progressive 
muscular atrophy.

(c) Combined Lesions of the Upper and Lower Motor Neurons in 
the Spinal Cord

It is not uncommon to have the axons of the upper motor neurons in 
the spinal cord (pyramidal tracts) involved simultaneously with the lnu.r 
motor neurons in the cord (anterior-horn cells), thus forming a systn. io 
disease of the general motor conduction path in the cord. In such <• s 
the atrophic flaccid paralysis with DcR and fibrillary twitching max l.o 
met with in the muscles of the upper extremities, while in the lower • - 
tremities there may bo spastic paresis, with exaggeration of the <1 - p 
reflexes. The sensibility and the sphincters are normal. Amyotro; c 
lateral sclerosis may bo cited as an example.
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(d) Lesions Involving only (or chiefly) the Peripheral Sensory
Neurons in the Spinal Cord

Under the influence of certain toxins, elective degenerations of the 
intramedullary continuation of the posterior roots of tlm spinal nerves 
(exogenous fibers) occur (e. g., in tabes). The degeneration affects the 
posterior funiculi (Goll and Burdach) and the collaterals going into the 
grey mutter, to the anterior-horn cells, to the cells of Clarke’s column, etc. 
When the lesion is systemic and is limited to tho sensory, centripetal 
neuron systems, the cutaneous sensibility and the deep sensibility (bones, 
joints, fascia, muscles) arc disturbed. Sometimes there is anesthesia for 
all qualities of sensation ; sometimes there is an elective loss of single 
modalities. In addition to tho sensory disturbance, the reflexes, of which 
the degenerated neurons form tho afferent limb of the arc, are lost. There 
is hypotony of tho muscles associated with the batlivanesthesia, owing, 
probably, to the loss of the centripetal impulses concerned in the mainte­
nance of the normal tonus. Though the power of the muscles is unaffected, 
there is incoordination of the muscles (ataxia), owing to the bathyanes- 
tliesia and hypotony. The function of the bladder is often disturl>ed 
owing to the loss of centripetal impulses from the bladder-wall conse­
quent upon degeneration of the afferent neurons of the autonomic system. 
Symptoms of sensory irritation (lancinating pains) arc common.

The principal criterion for distinguishing lesions of the radicular and 
intramedullary portions of the peripheral sensory neurons (e. g., tabes) 
from extramedullary lesions of the peripheral sensory neurons is tho topog­
raphy of the sensory disturbance. In tlm radicular and in the intra­
medullary lesions, the anesthesias are radicular or segmental in distribu­
tion ; in extramedullary lesions (c. g., in neuritis), the anesthesias corre­
spond in distribution to tlm domains supplied by peripheral nerves rather 
than to tlm domains supplied by posterior nerve-roots (spinal segments). 
Other criteria lie in the accompanying symptoms and in the etiology (see 
Special Diagnosis).

(e) Combined Lesions of the Peripheral Sensory Neurons (Posterior 
Funrculi)~and of the Upper Motor Neurons (Pyramidal Tracts) 
wit hi nt he Spinal Cord

When the intramedullary continuations of tlm posterior roots and tlm 
pyramidal tracts of tlm lateral funiculi of the spinal cord are simultane­
ously involved in a systemic disease, the clinical phenomena that result 
are a combination of those met with in conditions a and d (above de­
ni ibed) ; that is to say, the phenomena of spastic spinal paralysis are 
combined with the symptoms of tabes. Sometimes the sensory symptoms 
predominate, sometimes the spastic motor symptoms are the more promi-
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nent. In the former case the tabetic syndrome is accompanied by a motor 
weakness of the extremities and by a positive Babinski or a positive 
Oppenheim sign. In the latter case, in addition to the syndrome of 
spastic spinal paralysis, certain tabetic symptoms appear (anesthesias, 
lightning pains, ataxia, vesical disturbances).

Examples of such combined motor and sensory systemic disease in the 
spinal cord will be found in the sections dealing with special diagnosis. 
(See ataxic paraplegia and Friedreich’s ataxia.)

References
1. Syslcm Diseases of the Spinal Cord 

Jamin (Fr.). Systemerkrank ungen des Rückenmarks. In: Lehrb. d. Ncrvcnkrankh.
(Curschmann). lierlin, 1909, 246-208. J. Springer.

Oppenheim (//.). Die Strang- und Syslcmcrkrankungen des Itückennuirks. In: Ijciirb. d. 
Nvrvcnkrankh. 6. A ufl. Berlin, 1913,113-337.

2. Upper Motor Neurons
Barker (L. F.), The pyramidal tract. In: Nervous system and its constituent neurones. 

New York, 1899, 076-1015.
Gordon (A.). Extrapyramidal hemiplegia. J. Nerv. A Ment. Dis., New York, 1915, xlii. 

167-169.

3. Lower Motor Neurons
Barker (L. F.). Neurones confiecting the central nert'ous system with the voluntary muscles 

of the body (lower motor neurones, or jteripheral centrifugal neurones). In: 
Nervous system and its constituent neurones. New York, 1899, 884-951.

4. Sensory Neurons in the Spinal Cord
Déjerine (J.). Le syndrome des fibres radiculaire longues des cordons postérieurs. Com pi. 

rend. Soc. dc biol., Paris, 1913, Ixxv, 551,-556.
Déjerine (J.) & Jumentiê (/.). Un cas dc syndrome, des fibres radiculaires longues <hs 

cordons /toslericurs suivi d’aiùopsie. Rev. ncurol., Parus, 1914, ne 
971-273.

Guillain (G.) & Rouvilier (D.). Périarthritc rhumatismale chronique consécutive à un 
zona et localisée dans le territoire de l’éruption. Bull, et mém. Soc. mcd. 
d. Mp. de Par., 1913, 3e s., xxxvi, 437-440-

Hanson (S. H7.) & Von Hess (C. L.). The conduction within the spinal cord of the nff( n ut 
impulses producing pain and the vasomotor reflexes. Am. J. Physiol., 
Baltimore, 1915, xxxviii, 198-162.

Starr (Ai. A.). Ijocal anaesthesia as a guide in the diagnosis of lesions of the lower spinal 
cord. Am. J. M. Sc., Philadelphia, 1892, civ, 16-36.
Local anaesthesia as a guide, in the diagnosis of lesions of the. upper portion 
of the spinal cord. Brain, Ijondon, 1894, xvii, 431-611.

2. Diagnosis of Lesions of the Spinal Cord not 
Limited to Specific Systems

(Non-Systcmic Diseases)

We have next to consider the lesions that arc not confined to spent • 
neuron systems, but that, owing to their mode of origin, have a disti i-
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tion regard loss of the specific systems, involving sometimes more, some­
times less, of the different neuron systems present in the cord. Here 
belong: (a) the various transverse lesions, complete and incomplete, in­
cluding the hemilesions; and (b) the multiple, focal, lesions of the cord.

(a) Transverse Lesions of the Spinal Cord
Total or partial transverse lesions of the spinal cord may he duo (a) 

to focal lesions in the substance of the cord itself (e. y., transverse mye­
litis, hematomyelia, intramedullary tumors, gliosis, trauma), or (b) ‘to 
extramedullary causes, leading to compression of the cord, including verte­
bral diseases (caries, fractures, tumors), and meningeal diseases (tumors, 
chronic inflammations). The origin and course of the disease, and the 
accompanying phenomena, permit one to decide as to their nature (see 
Special Diagnosis).

i. Total Transverse Lesions

When the spinal cord is completely interrupted wo try to determine 
(1) the main division of the cord, whether cervical, thoracic, lumbar, or 
sacral, involved (gross level diagnosis) ; and (2) the precise segmental 
levels concerned (segmental level diagnosis). These level diagnoses will 
lie taken up a little further on.

ii. Incomplete Transverse Lesions

These include (1) hemilesions of the cord (or Brown-Sequard’s paral­
ysis), and (2) incomplete transverse lesions other than hemilesions.

(1) Hemilesions, or Unilateral Lesions, of the Spinal Cord 
(Broivn-Séqwrd’s Syndrome)

Such lesions, duo to trauma, gumma, myelitis, etc., give rise to a very 
characteristic clinical picture—the Brown-Scquard syndrome. On the 
side of the lesion there is (1) noil-atrophic, spastic paralysis for muscles 
innervated by anterior horns caudal from the level of the lesion, with 
exaggeration of the reflexes and positive Babinski; (2) hyperesthesia for 
pain and temperature; (3) normal touch sensation; (4) loss of the deep 
sensibility (ha thy anesthesia) and (5) incoordination of the voluntary 
movements (ataxia). On the heterolateral side of the body (opposite the 
lesion) there is (1) hypesthesia for touch; (2) anesthesia for thermal 
stimuli (thermanesthesia) ; and (3) loss of pain sense (analgesia).

Part of this clinical picture is easily explained by our knowledge of 
the conduction paths in the spinal cord, since the paths for deep sensibility 
run (uncrossed) in the homolateral posterior funiculus, while those for
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the cutaneous sensations of temperature and pain run (crossed) in the 
lateral funiculus of the opposite side; the paths for touch run, chiellv 
crossed, through the white matter of the opposite side, but, partly un­

crossed, through the white matter of the 
same side. The spastic paralysis is, of 
course, due to the involvement of the pyram­
idal tract. When the lesion is, as most 
often, in the thoracic part of the cord, tin? 
paralysis is a hemi paraplegia; if the lesion 
be in the cervical cord, paralyzing both the 
arm and the leg, it is a hemiplegia spinalis. 
The origin of the homolateral hyperesthesia 
is not easily explicable.

In addition to tho above phenomena, 
liemilcsions arc often accompanied by ( 1 ) 
vasomotor paralysis, with red, warm skin 
at first, later cyanosis and cold, on the side 
of the lesion, due to severance of the homo- 
lateral vasoconstrictor fibers of tlic lateral 
funiculus, and (2) a narrow, unilateral 
zone of anesthesia on the side of the lesion, 
at the level of the lesion, duo in all probabil­
ity to injury of the posterior root (periph­
eral sensory neurons) entering the spinal 
cord at this level.

Typical hemilesion is rare ; more often 
the lesion takes in rather less than half tho

Fig. B76.—™rown-8dr)iiard Syndrome. c?r<1 0n 0nC ,side> 0r> l,csi<le9 i"jur.V to olio 
night-sided Hemilesion of spinal side, the lesion encroaches somewhat upon 
( ord" the other half also.

The symptomatology of Brown-Soquard’s paralysis may be graphically 
represented in the following table:

Hyperesthesia 

S Anesthesia

Conditions on the Side of the Lesion in tho 
Spinal Cord

(Homolateral)

1. Spastic motor paralysis.
2. Exaggerated reflexes.
3. Bathyanesthesia.
4. Ilyjjeresthesia for temperature and pain. 
6. Narrow segmental zone of anesthesia at

level of lesion.
6. Vasomotor paralysis.
7. Sometimes ataxia.

Conditions on the Side Opposite the 
Lesion in the Spinal Cord

(Ilcterolatcral)

1. Analgesia.
2. Thennanesthesia.
3. Hypesthesia for touch.
4. Deep sensibility normal.
5. Normal mobility.
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(2) Incomplete Transverse Lesions Other Than Ilemilesions

Hero the clinical picture will vary according to the portions of white 
or gray substance involved and the level at which they are involved.

Lesions involving chiefly the anterior horns of the gray matter will 
yield clinical pictures resembling anterior poliomyelitis. Lesions involv­
ing predominantly the posterior horns of the gray matter (e. g., some cases 
of gliosis spinalis) will give rise to dissociated anesthesias (thermancs- 
thesia and analgesia with retention of other forms of sensibility). Some­
times the anterior horns and posterior horns are simultaneously involved 
(see Gliosis and Syringomyelia).

(6) Multiple Focal Lesions of the Spinal Cord

Tn certain diseases the spinal cord is simultaneously, or successively, 
affected at different levels by focal injuries. In such cases the cerebrum 
is often the site, also, of multiple lesions, and we have to do with the so- 
called “disseminated” or “scattered” cerebrospinal diseases (e. g.f sclerosis 
multiplex, myelo-enceplmlitis disseminata, lues cerehrospinalis).

The localizing diagnosis may he difficult, and even for some time im­
possible, since the symptoms may suggest, for a time, a single focal lesion, 
when in reality they are due to a number of lesions, which, taken together, 
have the same effect in interfering with the functions of neuron-systems 
as a single larger focus exerts ; in other cases, small multiple foci of disease 
may ho present in the spinal cord, which, by virtue of their position or of 
their small size, do not give rise to recognizable localizing symptoms. It 
is the cerebral phenomena accompanying the spinal phenomena that, as a 
rule, give us the clue to diagnosis; thus a beginning optic atrophy (tem­
poral pallor), along with loss of abdominal reflexes, may, in a case of 
spastic paraplegia, lead us to the diagnosis of lesions disseminated through 
both brain and cord (multiple sclerosis).
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3. General Focal Localization or Gross Level- 
Diagnosis in the Spinal Cord

The table on the following page will be found helpful for a general, 
orienting, localization of the general level of lesions of the spinal cord.

4. Precise Level Diagnosis of Lesions in the 
Spinal Cord

(,Segmental Diagnosis)

Our knowledge of motor, sensory, reflex, and visceral representation 
in the single segments of the cord, though far from what we would 
like it to he, is now sufficient to permit us tolerably sharply to localize 
circumscrilicd lesions involving any considerable amount of the white or 
gray matter at a definite level of the spinal cord. We have included, 
in a table, lists of the phenomena characteristic of involvement of the 
cervical, thoracic, lumbar and sacral portions of the spinal cord (sec Gross 
Level Diagnosis), but there arc 8 cervical, 12 thoracic, 5 lumbar and f> 
sacral segments, besides 1 coccygeal segment. It becomes necessary, there­
fore, to make our localizing diagnosis still more precise by a consideration 
of the disturbances of motility, of sensibility, and of reflex and of visceral 
activity that result from the injury of each single segment of the cord, 
or of the anterior and posterior nerve roots pertaining to that segment 
(segmental diagnosis, radicular topography).

This segmental knowledge has come through a long series of embryo- 
logical, anatomical, experimental physiological and clinical-pathological 
studies. The conditions in lower animals arc much simpler than in man ; 
for the human cord, our ideas of metamerism are based upon its relations 
to the anterior and posterior roots of each pair of spinal nerves. A seg­
ment of the spinal cord is, then, for clinicians, the immediate central pro­
jection of the anterior and posterior roots of one pair of spinal nervs. 
We assume that if one segment of the gray matter of the cord were 
etroyed, the sensory and motor symptoms would be topographically in ly
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the same as those that accompany destruction of the pair of Nn. spinales 
attached to that segment. The theory of tirissaud, according to which 
there is a metamerism in the cord in which parts of extremities (hand, 
forearm, upper arm, etc.) are definitely represented, is not now in favor; 
anatomical and clinical findings aro not compatible with it.

We may most conveniently consider segmental diagnosis of diseases of 
the spinal cord by discussing (1) the segmental (or radicular) innervation 
of the body-musculature, (2) the segmental (or radicular) innervation of 
the skin, (3) the segmental (or radicular) representation of the more 
important spinal reflexes, (4) the segmental representation of the viscera, 
and (5) the combined representation of motion, sensation and reflexes in 
the single segments of the spinal cord. To this discussion we shall 
append a note regarding the topographical relations of the single ver­
tebrae (1) to the segments of the spinal cord, and (2) to the points of 
emergence of the roots of the spinal nerves.
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(a) Segmental Representation of the Motor Functions (Myotome*)
Knowledge here 1ms been gained (1) by anatomical dissections (J. M idler, 

Ilcrringham, Paterson, Bolk, Thorhurn, Frohlich and Grosser) ; (2) by embrvnlogi- 
ral studies of developing ncurotomes and myotonies (W. Ilis, F. P. Mall, L. I’ulk, 
Warren Lewis) ; (3) by histological studies of the cells in the cord by Ni-si’s 
method, (a) after section of nerves or extirpation of muscles (Marinesco, 1’ irlion 
and Goldstein, Lapinsky) ; (b) after amputations (Flatau, Sano), or (<• 'Iter 
aplasias of muscle or nerve, or lesions of single nerves or muscles (v. Mur kow, 
Parhon und Goldstein) ; (4) by experimental-physiological methods, stim 'ling 
the anterior roots and observing the muscular contractions that follow (1 rier, 
Risien Russell, Sherrington) ; and by clinical-pathological methods, in whi the
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paralyses have been observed in instances in which the level of the lesion (tumor, 
myelitis, trauma) in the cord or anterior root has been established.

Tho peripheral motor nerve innervating n given muscle rarely, if ever, 
arises from a single segment, hut, through tho mediation of plexuses, has 
its origin in a combination of fibers from tho anterior roots of several 
spinal nerves, that is, from several adjoining segments of the spinal cord. 
In other words, each muscle lias a plurisegmcntal innervation. For tho 
intercostal muscles only is tho relation between tho peripheral muscles and 
tho spinal-cord segments more simple (unisegmental).

Again, a single anterior root may innervate, not only different mus­
cles, hut also muscles of different function. Furthermore, portions of a 
myotome may become innervated by tho root more caudalward, or the root 
more cranialward, than that of tho corresponding neurotonie. Finally, 
in tho innervation of the muscles of the extremities, tho more proximal 
muscles are innervated by segments of a higher level than tho segments 
innervating tho more distal muscles (Ilerringham’s law) ; thus the muscles 
of tho hand are represented at a lower level (Th, ) than tho level for tho 
muscles of the shoulder (C4-C5).

In the accompanying tables, the segmental innervation of tho body- 
museulaturo is graphically represented. In these tables the more prox­
imal muscles of tho extremities—that is, those nearest the spine—are 
generally placed above tho more distal; that is, those further and further 
away from the spine are placed lower down. Tho segments of tho spinal 
exil’d, from C^-Sb arc presented as a continuous series passing from left to 
right. One can see at a glance the relation of tho several muscles to tho 
several segments (neurotonies).

A knowledge of the segmental distribution of disturbances of motility 
is of clinical importance for tho correct localization of certain disease 
processes accessible to operation, which, without surgical interference, 
would be fatal. Among the diseases of this sort may be mentioned some 
oliseuro types of caries of tho spine, pachymeningitis, serous arachnoiditis, 
and, especially, tumors of the vertebral column, of tho meninges, and of 
the spinal cord.
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(b) Segmental Representation of the Sensibility of the Skin 
(Dermatomes)

In the accompanying figures, the cutaneous areas innervated by tlio 
different segments of the spinal cord arc graphically represented. It will 
bo noted that the cutaneous areas innervated bv segments of the thoracic 
cord run approximately horizontally, in girdle-shaped hands, around tlio 
trunk, while the areas innervated by cervical and lumbosacral segments 
(including the skin of the upper and lower extremities) are longitudinal 
zones that run more or less parallel to the long axis of these extremities. 
In the upper extremities these zones 
are nearly vertical ; in the lower ex­
tremities they take a spiral course.

We have pointed out already that 
tlio destruction of a single segment 
of the spinal cord does not cause a 
total anesthesia of the cutaneous area 
innervated by it, owing to the over­
lapping innervation from adjacent 
segments (Sherrington). A total 
anesthesia in a segmental domain in­
dicates, therefore, involvement not 
only of that segment in the lesion, 
but also of two or more adjacent seg­
ments situated above and below it.
The upper level of the lesion will he 
represented, therefore, not only by 
the segment whose cutaneous area is 
totally anesthetic, but by that higher 
segment whose cutaneous area shows 
oidy a hypesthesia ; thus, for example, if the patient, on examination, 
were found to have a total anesthesia in the cutaneous domain correspond­
ing to Th8 in the figure, and only a hypesthesia in the domain correspond­
ing to Th7 and Th0 in the figure, wo would have to assume that the lesion 
in the spinal cord extends upward as far as the 0th thoracic segment.

Though it may bo comparatively easy to establish very precisely tlio

Fig. 577. Arrangement of Dermatome» 
CrV4. (After Hoik.)
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situation of tlio upper level to which a lesion extends by a consideration 
of the sensory disturbances met with, the establishment of the lower level 
of that lesion may be impossible from a consideration of the sensory phe­
nomena alone, owing to the fact that transverse lesions interrupting the

Ll+l

Fig. 678.—Segmental or Itadleiilar Innervation of the Skin. A, Anterior Surface of Body ; 
B, Posterior Surface of Body. (After Kocher.)

spinal cord at any given level injure not only the peripheral sensory neu­
ron systems of the level itself, but they also, simultaneously, interrupt till 
the sensory conduction paths of the spinal eord carrying impulses upwanl 
to the brain from that portion of the body lying below the site of the lesi-•
A lesion completely interrupting the cord at the level of Tha causes, thei 
fore, not only anesthesia in the cutaneous band (dermatome) corrcspoii !-
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ing to Thg, but of nil the cutaneous bands (dermatomes) on the trunk 
below this, and of the whole skin of the lower extremities. The extent of 
an anesthesia is, therefore, often of great help in determining not only the 
upper segmental level of a lesion, hut also the completeness of involvement 
in the transverse section of the cord at that level.

Fig. 570.—Direction Lines and Tln-lr Relations to Dermatomes and the Sensory In nerval Ion of 
the Skin. A, Anterior Surface of Body ; II, Posterior Surface of Body.

Some of the types of anesthesias depending upon total transverse 
lesions at certain levels of the lumbar and sacral cord arc represented in 
tlie illustrations on page 410. Of course, in a transverse lesion, there is 
abolition of sensation, not only in the dermatomes supplied by the segment 
destroyed, hut also in the dermatomes supplied by all the more caudally
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situated segments, owing to destination of tlieir paths, which pass upward 
in the white matter.

Direction Lines.—Recently, clinical attention lias been directed to the relation 
of the dermatomes to certain direction lines. We distinguish between “primary” 
and “secondary” direction lines; thus, the lines limiting adjacent segments, for 
example, between C, and C„ or between C, and C„ are “primary limits,” while the 
lines separating C,, ('„ from T„ T„ and similar lines, are the so-called “secondary 
limits” (differentiating limits of Hoik; ventral and dorsal axial lines of Sher­
rington).

Eleven of these direction lines ore of importance in clinical examinations (E. 
Flatau). They are os follows:

1. Soldier’s vertex-ear-chin line. This is the upper boundary of the cervical 
domain. In front of it lies the domain of the N. trigeminus; behind it lies the 
sensory domain of C,.

2. The neck-trunk limit, or cervicothorncic limit. This important line sep­
arates the cervical segments (\) from the thoracic segments (Th,). Behind, 
this line separates (-, from Th* in the lateral regions only. In the medial part, 
close to the spine, there is a triangle (for ('-('.), which separates C, from Th,.

3. The cervicobrachial limit. This forms the boundary of C, and C, in the 
deltoid region.

4. The intennammillnry line. In front, this lies between Th, and Th,; behind, 
it crosses the lower angle of the scapula to reach the fifth thoracic spine.

5. The xiphoid line. This passes between Th, and Th.; in front, it is at the 
level of the xiphoid process; la-hind, at the level of the eighth thoracic spine.

fi. The umbilical line. This lies in front between Th, and Th„ (Head and 
Campbell); behind, it corresponds to the level of the first lumbar spine.

7. The line between the trunk and the lower extremity. This lies between 
Th„ and L,. Behind, it is at the level of the first sacral vertebra. It runs lateral- 
ward, downward and forward la-low the crest of the ilium, and corresponds, in 
front, to a level just above the mons veneris.

8. Anterior a ini line of the upper extremity. This corresponds, above, to 
the attachment of the first rib to the sternum (Bolk); it runs over the first inter­
costal space and the middle of the flexor surface of the upper arm and forearm 
to the middle of the wrist.

9. The posterior axial line of the upper extremity. This begins at the first 
thoracic, spine, runs neross the spine of the scapula, and down the middle of the 
extensor surface of the upper arm and of the forearm to the hack of the wrist.

10. The anterior axial line of the lower extremity. This extends from the 
mons veneris close to the external genitals, down the middle of the median surf are 
of the thigh to the medial condyle of the femur. It then turns backward to end 
about the middle of the calf, half way down the leg.

11. The posterior axial line of the lower extremity begins in the middle line 
at the first sacral vertebra, runs at first a little cranial ward, and then down acn- -s 
the crest of the ilium and the great trochanter; thence it runs down the middle of 
the lateral surface of the thigh to the lateral condyle of the femur, then over li e 
head of the fibula and forward and downward to end, in front, on the tibial en t, 
about its middle.

It will be noted that in the upper extremity the anterior and posterior a 1 
lines separate segments C -C,, which occupy the radial side, from segments (VI1-. 
which occupy the ulnar side. Similarly, in the lower extremity, the two aval
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lines in the thigh separate the lumbar from the sacral segments; on the whole, 
this is true, also, in the leg below the knee.

Overlap of Innervation of Dermatomes.—Sherrington’s studies of the over­
lap of the innervation of the dermatomes is most important in clinical work. The 
overlap is more marked in some zones than in others; thus, in the hand, it is very 
prom unccd, while in the trunk, the overlap is relatively slight. This overlap of the 
innervation of the dermatomes occurs in the longitudinal direction in the ex­
tremities.

The overlap for pain sensation is less than that for touch (Sherrington). This 
is why, on section of a single root of the brachial plexus, the touch anesthesia 
resulting is less than the analgesia; it is also in accord with the findings in herpes 
zoster. The dermatomes are, therefore like the, myotonies, plurisegmentally inner­
vated, and we have pointed out above that, for this reason, in localizing diag­
nosis the upper limit of an anesthesia points to lesion of the next higher segment.

Pre-fixed and Post-fixed Types.—In making the segmental diagnosis from the 
topography of the anesthesia, the possibility of individual variations in the inner­
vation of the dermatomes must be kept in mind. The variability may take the 
form of the “pre-fixed” or “post-fixed” type of Paterson ; that is, a cutaneous 
zone may be supplied for half an area, or less, headward from its posterior root 
(pre-fixed type), or for half an area or less caudalward (post-fixed type). Such 
dislocations of the area have been observed by Head and Campbell in human 
cases. The post-fixation is usually bilateral, but may be unilateral (Sherrington).

Segmental Anesthesias in Disease.—Sensory disturbances with seg­
mental, or radicular, topography are met with not only when a single 
segment or nerve root is the site of trauma, or disease, hut also in certain 
organic diseases of the spinal cord. Among these, tabes, syringomyelia 
and hematomyclia are particularly prone to give rise to segmental dis­
turbances of sensibility. Hero the disturbance of sensibility may be con­
fined to the dermatomes supplied by single segments, or groups of seg­
ments, and not involve all the more caudally situated dermatomes, as in 
the case of transverse lesions of the cord.

Thus in tabes, as has long been known (Oulmont), sensory disturli- 
ances are common in the mammillary and umbilical regions in front, and 
over the shoulder blades and over the small of the back behind. The 
girdle sensation of tabes is a well-known symptom, segmental in type. The 
tactile hypesthesia of the trunk in tabes affects most often the thoracic 
segments between the nipples and the umbilicus (Th4-Th7). When the 
sensory disturbance affects the upper and lower extremities, the anesthetic 
areas take the form of vertical, or spiral, bands corn "tig to the seg­
mental cutaneous zones wo have described (0H-Th, ; Lr,-S,). The anal­
gesia, so often met with in early tabes on the hack of the foot and toes, 
will be recognized as segmental in topography (I,5). These segmental 
disturbances in tabes have been especially studied by Lachr, Déjerinc, and 
Patrick.

In many cases of syringomyelia, and of gliosis spinalis, the sensory 
disturbances (analgesia and therinancsthcsia) are segmental in distribu-

C2D
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tion ; they depend then on destruction of the posterior horns of the gray 
matter of one or several segments.

In hcmatomyclia also, especially when it involves the conus or the

Fig. B80.—Herpes brachlnllH (Med. Service, J. II. U.)

epiconus, a similar topography of the disturbance of sensibility has been 
observed.

Finally, the lesions in herpes zoster correspond in their distribution to 
single dermatomes (Head and Campbell). This is said to ho true also of 
the distribution of naevi (Klippcl, Weil), and, in some instances, of 
hypertrichosis (Flatau).

References
v. BUrensprung (F. G. F.). Herjtcs im Gebiele eimelner Spinnlncrrcn. Ann. d. Cloir.- 

Krankenh. tu Benin, 1H61-63, is, 40-12S; s, d7 ; si,90.
Blaschko (A.). 1m to/tographie des nerfs cutam's, et sa signification an pointe de vue -/ - 

mnti>iMillu>imi<iue. Rev. prat. d. mal. cutun. [etc.], l’uris, 1906, v, 1 d; 
100; 1US. 1 pl.

Hoik (L.). Die SegmenlaUiffercmicrung des menschlichen Ilumpfcs und seiner Extrémité 
Morphul. Juhrb., 1H9H, sxc, Jfiià; ssvi, 91.

Déjerine (J.). Sipidromes sensitifs. In: Séméiol. des affections du syst. nerv., Paris, HUI, 
794-032.

Frenkel (II.) & Foerstcr (H'.). Untersuchungen über die Stôrungcn der Sensihilihi' i 
der Tabes dorsalis. Arch. f. Psychiat., Berlin, 1900, xssiii, fôO-ôJV.

Frôlich (A.) & Grosser (O.). Ueitrüqe. zur mctanwren Innervation der Haut. I)i - ' ' 
Ztschr.f. Nervenh., Leipzig, 1903, ssiii, 441-472.

Grosser (O.). Die Metamerie der Haut. Sammelreferai. Centrulbl. f. d.Grenzgeb.d 
u. Clur., Jenu, 1904, vii, 2d; SI; ldd.



LESIONS OF THE SPINAL COItU 407

Head (//.)• Herpes zoster. In: Syst. Med. (Allbutt A RaiUeston). 8°. London, 1910, 
vii, 470-492.

Head (//.) & Campbell (A. H’.). The pathology of herjtcs zoster and its Inuring on sensory 
localization. Brain, London, 1900, xxiii, 803-523.

Head (//.) & Sherren (/.). The consequences of injury to the fieri pheric nerves in man. 
Brain, London, 1905, xxviii, 118-838.

Klippel (Af.) & Weil (A/. P.). De la disposition radiculaire des nœvi. N. iconog. de la 
Salpêtrière, Paris, 1909, 473-407.

Laehr (Af.). Ueber sensible Storungen Ici Tabes dorsalis und Hire I Alkalisation. Arch. f. 
Psuchiat., Berlin, 1895, xxvii, 088-750.
Uet ht Stôrunaen der Schmerz- und Temperat nrempfindungen infolge von 
Erkrankung des Rückenmarks (klinische Studien mit tnsoiulerer lierück- 
sichtigung der Syringomyelic). Arch. f. Psychiat., Berlin, 1890, xxviii, 
773-874-

Mackintosh (A. IV.). Remarks on the distribution of certain sensory spinal roots, founded 
on a case of spinal caries. Brit. M. J., London, 1898, i, 478-481. 

Sherrington (C. S.). Exjieriments in examination of the peripheral distribution of the fibres 
of the jmstcrior roots of some spinal nerves. Phil. Tr. Land. (B), 1893, 
clxxxiv, London (1894), (141-783.
Part II. Phil. Tr. Load., B (1898), cxc, 45-188.

(c) Segmental Representation of the More Important Spinal 
Reflexes

The reflex arc for the knee-kiek is spread over at least three segments 
(L„ L3, and L4) of the spinal cord, and their corresponding anterior and 
posterior roots ; of these, L4 is tlio most important for this reflex.

The ankle-jerk, or Achilles-reflex, appears to be represented in Lr„ Sv 
and So, especially in Sv

The abdominal reflexes extend over the segments between Th„ and 
Th,., ; the supraumbilical reflex belongs to Th8-Thu, the infra-umbilieal to 
Th10-Thla.

The plantar reflex arc is mediated by 8,-So, probably chiefly by S2.
The cremaster reflex belongs to L, and L2.
The vesical and rectal reflexes are represented by the segments between 

S3 and S6.
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(d) Segmental Representation of the Sympathetic Ganglia and 
of the Viscera Innervated by Them

The white rami communicantes of each anterior root belong to the 
corresponding segment of the spinal cord. The relations of these to the
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single vertebral and prevertcbral ganglia of the autonomic system ami 
the viscera they innervate have not yet been fully worked out. Among the 
points fairly well established may be mentioned the following:

1. The vertebral ganglia, with the exception of the superior cervical 
ganglion, supply the vascular innervation, the sweat-gland innervation 
and the pilomotor innervation of tho'skin of the trunk and of the extremi­
ties; the postganglionic fibers pass through a gray ramus communicans 
into tho corresponding N. spinalis and are distributed among its periph­
eral branches.

2. The skin of the head (scalp, forehead, temples and cheeks) receive 
postganglionic fibers from the cervical sympathetic; tho preganglionic 
fibers arise from Th1-Th7.

3. Tho skin of the back near tho middle lino gets its pilomotors from 
tho thoracic vertebral ganglia.

4. The upper extremities get their sympathetic innervation from 
T1i4-T1i10, by way of the white rami communicantes, tho truncus sympa­
thies, tho ganglion stcllatum, tho gray rami communicantes and the 
plexus brachial is.

5. Tho segmental representation of the sympathetic innervation of tho 
skin of the lower extremities is not yet well worked out.

6. Certain spinal nerves are devoid of pilomotors for tho skin. This 
is especially true of C8 and Sv It is sometimes true also of C7, Th„
s„ #„

7. In man the anogenital blood vessels (external genitals, anus, rec­
tum) arc represented in segments S2-S4.

8. Tho sympathetic eye-supply (smooth muscle of the eyelids, M. 
dilator iridis, secretory fibers of lacrimal gland) are derived from the 
superior cervical ganglion of tho sympathetic ; tho preganglionic fibers 
come, in man, from C8 and Thle

The more exact representation of vasomotilitv and of secretory func­
tion in tho spinal cord has not yet been worked out.

9. The visceral innervation from the prevertcbral ganglia, ami its 
segmental representation in tho spinal cord, is even less clear than tho 
innervation of the smooth muscle and secreting glands of the skin hy 
means of the vertebral ganglia. Tho prevertcbral ganglia in the celiac 
plexus innervate the stomach, intestine, liver, spleen and pancreas; in the 
cat tho preganglionic fibers come from the segments of the cord between 
Thg and Ls. Tho inferior mesenteric ganglion innervates the descending 
colon and the urogenital organs in tho cat, the preganglionic filters con ing 
from tho segments of the spinal cord between L, and Ln. The ganglion 
stcllatum innervates the heart and tho lungs, the preganglionic filters -me 
from segments Th,-Th5 (for the heart) and from Tha-The (for the pul­
monary blood vessels).
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The representation of the sexual functions and the sphincters has been 
described elsewhere.

10. By the clinical method of studying the pain referred to the der­
matomes in visceral disturbancef English investigators (Sturgc, Allbutt, 
Ross, Mackenzie, Head) have drawn conclusions regarding segmental 
localization of the viscera in the spinal cord. According to Head’s find­
ings, the viscera are roughly represented in the cord as follows: Heart. 
[C3-4Î Th2-8] ; lungs, [C3-4; Tli,-,] ; stomach, [C4; Thre] ; liver, [Ca-4 ; 
Th7-10] ; gall-bladder, [The-e] ; intestine, [Th9-12] ; testicle, [ThI0] ; 
ovary, [Th,0] ; kidney and ureters, [Th10-L,] ; uterus, [Th10-L,]; pros­
tate, [Th10‘i2; Sj-3] ; epididymis, [Thn-12] ; fallopian tubes, [Thn-L,] ; 
urinary bladder (M. detrusor), [Thn-L*] ; cervix of uterus, [S2-4] ; 
rectum, [S2-4] ; urinary bladder (mucous membrane and sphincter),
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(e) Combined Representation of Motility, Sensibility and Reflexes 
in the Single Segments of the Spinal Cord

In the tables on pages 411, 412, 413 and 414, will bo found the 
most salient motor, sensory and reflex representations, corresponding to 
the various segments. Here are included only the points likely to be 
useful in clinical segmental diagnosis.
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Fig. CM.—(lowers' Dlugrnm. Il­
lustrating the Topographical 
ItHntlonx of the Several Ver­
tebrae to the Hegment» of the 
Hplnnl Cord ami the Roots of 
the Hplnal Nerves. (After W. 
R. (lowers.)

(/) Topographical Relations of the Ver­
tebrae to the Segments of the Spinal
Cord, and to the Level of Emergence
of the Roots of the Spinal Nerves

Though the spinal column extends from 
the foramen magnum to the coccyx, the upper 
end of the spinal cord lies midway between 
the atlas and the posterior margin of the 
foramen magnum, and the lower end of the 
spinal cord lies at the level of the spinous 
process of the first or second lumbar vertebra. 
The individual segments of the spinal cord, 
therefore, do not lie opposite the vertebra of 
the same name, and the spinal nerve roots, 
leaving the cord, traverse a longer, or shorter, 
distance before emerging from the spinal 
canal through the intervertebral foramina. 
The distance traversed increases as the cau­
dal portion of the cord is approached. The 
lower portion of the vertebral canal, from the 
second lumbar vertebra on, contains only the 
nerve roots derived from the lumbar and 
sacral segments of the spinal cord—the so- 
called cauda equina.

In Gowers** diagram (Fig. 581), the re­
lations of the individual segments of tlio 
spinal cord to the bodies and spines of the 
individual vertebrae arc illustrated. Con­
sultation of this figure is important for the 
surgeon who has to operate upon the spinal 
canal, since, after the lesion has been defi­
nitely localized in a given segment, or seg­
ments, it is necessary, in cases in which op­
eration is indicated, to l>c able to expose that 
segment by performing laminectomy ait a 
proper level. This is well illustrated in 
Finkclnhurg’s figure (Fig. 582). As- une 
that a neoplasm has given rise to a livres- 
thesia in the skin, the uppermost lev. I of 
which belongs to the 7th thoracic segim ■ f of 
the spinal cord. This segment of the cord, as 
is seen in the figure, lies opposite the -dv 
of the 0th thoracic vertebra and tie ”*tli
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Table Showing Segmental Representation or Motilitt, Sensibility and Reflexes—Continued

Medial(Ci and Th,).
(Ci-Thi);

2. Palmar reâex (Ci-Thi) ;
3. Cilio-spinal reflex (ef­

ferent fibers, (Cv-Tbi).

2. Mm. interossei:

the back;
vicothoracic limiting iii

muscles (Thr-Thu) ;

3d and 4th rib;

slight extent in

Th«. In front, region of nipples above
the intermammillarv line;
no Sell onino

Th«. In front, i

Tht. In front, tip of xiphoid.

Th*. In front about midway between

just above 1st lumbar spine.
' S upra-um bilical

•For phittsegTnentnl innervation of muscles see preceding table : here only the dominant segment is given. 
tThe names ol the Bones m quutaUun marks are those used by Head.

Table Rrovin-o Segmental Reprei Motilitt, Sensibility R e flexes—Continued

TO
l’IO

A
J, 

N
EU

RO
LO

G
ICA

L D
IA

G
N

O
SIS



il

!Ü

LESIONS OF THE SPINAL CORD

î i i i

;c C «

i-iciro -< fi «-•«‘ici —«4m

8 L l.'S ■ S S'"it u t i il

i J i



TOPICAL NEUROLOGICAL DIAGNOSIS

s || ; i ji
s t ! ! î

-s à* si * j „ j

Hi! Si
•Il -ii - %



LESIONS OF THE SPINAL CORD 415

thoracic spine. The surgeon would, therefore, begin to expose the tumor 
at the level of the 5th thoracic spine, and might have also to remove the 
Cth and 7th, and possibly also the 5th spine, 
since experience teaches that the site of the 
tumor more often has been assumed to bo 
too low than too high.

Certain levels, it is especially helpful to keep 
in mind.

1. The junction of the cervical and the thor­
acic spine, or the level just beneath the eighth 
pair of cervical roots, corresponds to the inter­
space between the spines of the 5th and Gtli cer­
vical vertebrae.

2. The junction of the thoracic and lumbar 
portions of the spinal cord,.or the level just be­
neath the 12th pair of thoracic roots, corresponds 
to the spine of the 9th thoracic vertebra.

3. The junction of the lumbar and sacral por­
tions of the spinal cord, or the level just beneath 
the 5th pair of lumbar roots, corresponds to the 
spinous process of the 12th thoracic vertebra.

4. The level of the cord opposite the spine of 
the 1st lumbar vertebra is an important one; it 
corresponds to the position of the 3d, 4th and 
5th sacral segments of the spinal cord.
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{g) Differential Diagnosis of Lesions of the Lumbar Enlargement, 
the Conus medullaris, and the Cauda equina

Owing to the fact that the anterior and posterior roots of the lumbar 
and sacral nerves, after emergence from the spinal cord, run inside the 
vertebral canal, downward, for some distance, close beside one another, 
we sometimes encounter great difficulty in definitely localizing the lesion ; 
for it is obvious, that a lesion of the cauda equina in the region of tlm 
lower lumbar or sacral vertebrae may give rise to a group of symptoms 
very similar to those that follow upon a focal lesion at the level of the 
lumbar enlargement. By consulting Fig. 583, it will be seen that a lesion 
at (.V), at the level of the 12th thoracic vertebra, involving the spinal 
cord (but not the adjacent N. fcmoralis) will give rise to the same motor 
and sensory disturbances in the domain of the N. ischiadicus, ns a lesion

Fig. 682.—A Part of Go with' 
Diagram (From 3rd to 10th 
Thoracic Vertebra) Showing 
tin- Itvlntlon of tho Spinous 
I'm,,mob t<> the Bodies of the 
Vertebrae and the Kelatlve Po­
sitions of tin- Segments of the 
Spinal Cord and the Vertebral 
Bodies. It Is Assumed that 
there Is a fusion of the 7th 
Thoracic Segment of the Spinal 
Cord. (After Flnkelnburg In 
P. Krause's “Is'hrb. d. kiln. 
IUagnostlk Inner. Kratikh.." 
published by ti. Fischer, Jena.)
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at (B), in the cauda equina, situated below the level of exit of the N. 
femoral is (AT. cr.).

In differentiating between lesions of the lumbar enlargement and 
lesions of the cauda, therefore, we have to consider, in addition to these 

motor and sensory symptoms, (1) ac­
companying phenomena referable to 
lesions in the spinal column itself 
(history of trauma, x-ray examination,

LH

Fig. 683.— I «Ingram of the 
Vertebral Column with 
the Lower Portion of 
the Spinal Cord and the 
Cauda equina. A, Lealon 
•t the Level of the 
Lower Part of the Spi­
nal Cord Just Below the 
12th Thoracic Vertebra. 
B, Ix-idon at the Level of 
the Id Lumbar Verte­
bra Involving the Cauda 
equina. (After Sehultee.)

Fig. 684.—Lealon In the Region of the Cth 
Lumbar Segment

Fig. 685.—Lealon In the Region of the 2d 
Lumbar Segment.

local tenderness, etc.), and (2) the serial sequence of the single symp­
toms, and the rapidity with which they develop. Tumors of the nuufa 
equina more often cause unilateral symptoms, and arc more fre<|i ally 
associated with severe radiating pains; and they are less often » "in-
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panied by fibrillary twitching than are tumors, or other lesions, in the 
region of the lumbar enlargement.

A similar difficulty exists in the differential diagnosis between diseases 
of the conus (segments S3-B), and diseases of the cauda equina. In 
pure conus lesions, there is paralysis of the rectum and bladder, loss of 
the sexual reflexes and of the ankle jerk, without paralyses in the muscles 
of the lower extremities. Riding-breeches anesthesia may bo due either 
to conus lesion, or to a localized cauda-lcsion involving only the root- 
fibers of the conus in the sacral part of the vertebral canal. Conus-lesions 
are practically always bilaterally symmetrical. Dissociation of sensation 
is common in conus-lesions, rare in cauda-lesions. There is rarely spon­
taneous pain in conus-lesions ; in lesions of the cauda, violent neuralgias 
in the regions of the sacrum, perineum, bladder, rectum, and along the 
sciatic nerve arc characteristic.

The epiconus (Minor) includes the segments I,6-S2. When these seg­
ments are injured, the muscles innervated by the sacral plexus undergo 
degenerative atrophy. The Mm. peronei are especially involved and the 
Mm. glutei may atrophy; but the M. tibialis anterior may escape. If the 
process t>c limited to the gray matter of the epiconus, the Achilles-reflex 
is abolished, but the knee-kick can bo elicited and the sphincters remain 
unaffected.
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D. Topical Diagnosis of Lesions of the 
Medulla Oblongata and Pons 

(Rhombencephalic Lesions)
1. Anatomical Physiological Preliminaries

A knowledge of the anatomy and physiology of the medulla and pons gives the 
clues for the recognition of disturbances of function due to lesions situated here.

In the medulla and pons, groups of cell-bodies of lower motor neurons are 
isolated in single masses known as the nuclei of origin of the motor cerebral nerves 
(nuclei of Nn. XII, XI, X, IX, VII, VI, V). The sensory roots of the cere­
bral nerves, correspond to the posterior root fibers of the spinal nerves. They 
enter at various points. Some of them terminate upon masses of gray matter 
(so-called nuclei of termination of the sensory cerebral nerves), which correspond

Corpora Quadrigemtna.

Fig. 580.—Diagram of Nuclei of Cerebral Nerves III-XII. Motor Nuclei Stippled; Sensory 
Nuclei Itluek. (After Vllllger In M. Itotbmunu’s article in “Ilundi), d. Inn. Med.," pub­
lished by J. Springer, Berlin.)

to the gray matter of the posterior horns of the spinal cord. Others extend for 
some distance longitudinally within the central system, finally to terminate in 
more distant gray matter; these latter fibers correspond to the posterior funiculi 
of the spinal cord, which terminate in the nuclei of Qoll and Burdach.

In the formatio reticularis, there run, from these various nuclei of termination 
of the sensory cerebral nerves, sensory neurons of the second order, which carry 
impulses (1) to the cerebellum, and (2) to the cerebrum; the latter are, for s< u- 
distance, separated from the similar fibers that conduct impulses upward fn-in 
the cord.

In addition, in the medulla and pons, the great bundles of fibers of the m> r 
conduction paths (corticonuclear path to the motor cerebral nerves; pyramidal 
tracts passing toward the spinal cord)—all axons of upper motor neurons- 1 a 
downward, ventrally, on each side of the middle line. Of these, the fibers g. g 
to the nuclei of the cerebral nerves cross at different levels; those going to lie
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nuclei of N.III and N.IV have already crossed in the midbrain; those going to 
the motor nucleus of N.V cross in the upper part of the pons; those going to 
the nuclei of N.VI and N.VII cross at about the middle of the pons; those going 
to the motor nuclei of N.IX, N.X and N.XII cross at successively lower levels 
in the medulla oblongata. At a still lower level in the medulla oblongata is situ­
ated the main decussation of the pyramids (decussatio pyramidum) ; in these 
pyramids are contained the a> ons of the upper motor neurons going to the anterior- 
horn cells of the spinal cord, the crossed libers going through its lateral funiculus 
as the fasciculus pyramidalis lateralis, the uncrossed fillers going down in the ante­
rior funiculus as the fasciculus pyramidalis anterior. (See Fig. 589, p. 438.)

The great afferent, or general sensory, conduction path also presents certain 
definite features in the pons and medulla that must be kept carefully in mind. 
The posterior funiculi of the spinal cord (uncrossed axons of peripheral sensory 
neurons) end in the nuclei of Goll and Burdach at the lower end of the medulla 
oblongata. These fibers carry homolateral impulses of deep sensibility and touch. 
The neurons of the second order, with cell-bodies in the nuclei of (Joli and Bur­
dach, give off axons that form the internal arcuate fibers, which undergo decus­
sation at the raphe of the medulla (sensory decussation or decussatio lemniscorum) 
and then run forward in a compact bundle on each side as the interolivary layer 
of the lemniscus, and higher up in the pons ns the lemniscus medialis or “medial 
fillet.” They are on their way to terminate, chiefly, in the ventrolateral nuclei of the 
thalamus.

There are also sensory neurons of higher order that carry the impulses of pain 
sense and temperature sense from trunk and extremities; their path is already 
crossed in the spinal cord. The fibers are continued upwards in the medulla oblon­
gata in the ventrolateral portion of the formntio reticularis. Some fibers for the 
sense of touch lie in the formatio reticularis a little medial from these. Higher up in 
the pons, these fibers, in all probability, become more closely related spatially to the 
fibers carrying impulses of deep sensibility (in the lemniscus medialis). The 
sensory neurons of the second order from the cerebral nerves also form conduction 
paths, not yet well localized by the histologists. There is evidence that they run, 
at first, separate from the spinal fibers and that, later, they join them in the 
upper portions of the lemniscus medialis. An exception, however, must be made 
for the sensory neurons of the second order of the cochlear path. These run, 
first, in the corpus trapezoideum (crossing of the fibers) and in the striae acusticae, 
and then form a compact bundle, on the opposite side, known as the lateral lem­
niscus, or “lateral fillet,” which runs upward to terminate, partly in the inferior 
funiculus of the corpora quadrigemina (acoustic reflex mechanism for movement 
of the head and eyes), and partly, in the medial geniculate body, where a new 
neuron system starts, wdiicli carries impulses thence to the acoustic sense area 
in the cortex of the temporal lobe. A part of the cochlear path runs up on the 
same side.

In addition to the neuron systems already mentioned, the medulla and pons 
are most intimately related with the cerebellum by means of its three pairs of 
cerebellar peduncles. The inferior cerebellar peduncle (corpus restiforme) in the 
puns, carries mainly centripetal neurons of the second order (continuations of 
direct cerebellar tract and other spinocerebellar tracts concerned in muscular 
coordination). The middle cerebellar peduncle (brachium pontis) carries fibers 
connecting the nuclei of the pons with the cerebellum; and the superior cerebellar 
peduncle (brachium conjunctivum) carries fibers connecting the cerebellum (espe­
cially the nucleus dentatus) with the red nucleus and the cerebral cortex of the 
opposite side, the crossing occurring just caudal from the red nuclei in the decus­
satio brachii conjunctive This superior cerebellar peduncle carries impulses
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in both directions, so that, through it, the so-called voluntary activities of the cere­
bral cortex are modified by the regulatory or coordinating activities of the cere­
bellum. Tiie functions of the cerebellum arc to a large extent subordinated in turn 
to the activities of the cerebral cortex, partly through cerebellopctal impulses 
arriving through the superior peduncles, more largely through cerebellopctal im­
pulses derived from collaterals of the pyramidal-tract fibers to the nuclei pontis 
and thence passing through the middle peduncle into the cerebellum.

In the rhombencephalon, the very important vestibular mechanism has its scat. 
Through Deiter’s nucleus, which receives impulses from the vestibular nerve, on 
the one hand, and the cerebellum, on the other, and gives off a descending path 
that goes to the anterior-horn cells of the spinal cord, the tonic innervation of 
the musculature is in all probability kept up, and the regulatory, coordinating 
influence of the cerebellum on the movements of the extremities and trunk (sec 
“pointing-error” tests) is mediated. From the vestibular apparatus, also, go 
fibers into the medial longitudinal bundle (fasciculus longitudinalis medialis), an 
association-path connecting, and coordinating, the activities of the eye-muscle 
nuclei with the nuclei governing the muscles of the head; through it the associated 
movements of the eyes and head are regulated, and injury to it may cause con­
jugate deviation, nystagmus and other phenomena (See Vestibular Syndromes).

In the formatio reticularis of the medulla oblongata and pons are situated also 
certain groups of neurons of the highest importance for the internist; these are 
the so-called vital centers, namely, the respiratory neuronal mechanism, the cardio- 
inhibitory mechanism, the general vasomotor center, the center governing deglu­
tition, that governing phonation, etc.

2. Tetraplegia; Hemiplegia cruciata; Hemiplegia 
alternans

All these structures, local and conducting, are crowded together into 
a very narrow space, so that a small lesion of the medulla or pirns, 
whether it he unilateral or bilateral, may produce large effects. Thus, in 
the medulla oblongata, a small lesion may involve a pyramid and cause 
paralysis of the opposite arm and leg, or both pyramids simultaneously, 
causing paralysis of all four extremities (tetraplegia). In one situation 
in the medulla a lesion will paralyze the arm of the opposite side and 
the leg of the same side (hemiplegia cruciata).

Most lesions of the medulla oblongata proper (or so-called bulbar 
lesions), whether they involve the other motor and sensory paths or not, 
cause some injury to the nuclei of origin or of termination of the cerebral 
nerves arising or ending in it (N.XII, N.XI, N.X, N.IX) or to tip ir 
roots, and cause dysarthria, aphonia, disturbances of deglutition, or ta c. 
According as the paralysis of the tongue is due (1) to lesions of the low r 
motor neurons (nucleus N. hypoglossi, or radix N. hypoglossi), ns is 
usually the case in bulbar lesions, or (2) to lesions of the upper nn r 
neurons (corticonuclear path), DeR with atrophy in the muscles of io 
tongue will, or will not, be present.

Focal lesions in the uppermost part of the pons, above the level wl ro
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the corticonuclear fibers of the pontile and bulbar motor nuclei cross, 
give rise to hemiplegia of the opposite side of the body (upper-motor- 
neuron paralysis), and, sometimes, to hemianesthesia of the opposite side 
(lemniscus lesion).

Among the most interesting focal lesions of the pons and medulla are 
those causing a hemiplegia altemans, that is, a homolateral paralysis in 
the domain of a cerebral nerve along with a contralateral hemiplegia. 
Thus, if a lesion in the pons is situated at, or just aWe, the level of the 
nucleus N. facialis, then the through motor path of the upper motor 
neurons (corticonuclear path to N.1X, X, Xi, XII; pyramidal tract 
to opposite arm and leg) may ho involved, simultaneously with involve­
ment (a) of the corticonuclear fibers to the facial nucleus after they have 
crossed the raphe, (b) of the nucleus N. facialis itself, or (c) of its root 
(radix N. facialis) ; in such cases, there will be a paralysis of the face 
on the side of the lesion, and of the extremities and the tongue upon the 
opposite aide of the body. This form of hemiplegia, the Millard-Gubler 
type of hemiplegia altemans, or hemiplegia altemans inferior, is highly 
characteristic of lesions in the pons. The facial paralysis is then usu­
ally a flaccid, degenerative paralysis owing to the involvement of the 
nucleus N. facialis or the radix N. facialis (lowcr-inotor-ncuron lesion) ; 
occasionally, however, the facial paralysis is a simple, non-atrophic paraly­
sis like that of the arm and leg on the opposite side due to the fact that, 
in rare instances, the lesion has injured, not the nucleus itself or the 
nerve root, but the corticonuclear fibers after they have crossed the middle 
line (raphe) and just before they have terminated in the nucleus N. 
facialis (supranuclear facial paralysis; upper-motor-neuron lesion). 
(Of course if these supranuclear facial fibers are injured before they 
cross, the facial paralysis will bo on the same side as the paralysis of the 
arm and leg.)

Other forms of hemiplegia altemans may occur in focal lesions of 
the pons and medulla ; thus wo may have a paralysis of N.V, N.VI, N.IX, 
N.X, or of N.XII of the same side, along with paralysis of the arm and 
leg on the opposite side (hemiplegia altemans infima).

One especially interesting type of hemiplegia altemans is that in which 
a focal lesion causes paralysis of the associated lateral movements of the 
eves toward the side of the lesion, facial paralysis on the side of the lesion 
and contralateral paralysis of the arm and leg (Foville’s type of hemiplegia 
altemans). It is obvious that this type differs from the Millard-Gubler 
typo in the addition of associated lateral eye-movement paralysis (due 
to injury to the medial longitudinal bundle or to the pontile center for 
associated lateral movements of the eyes). In some cases, the facial 
paralysis may be contralateral, like the paralysis of the extremities. 
Other forms of hemiplegia altemans occur with lesions of the midbrain
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3. Hemianesthesia cruciata
Occasionally, in a lesion of the upper lateral region of the medulla 

oblongata, involving the tractus spinalis N. trigemini along with part 
of the corpus rcstiformc, the fibrae arcuatae intcrnac, the nucleus am- 
biguus, and the upward continuation of Gowers’ tract, a crossed hemi­
anesthesia (hemianesthesia cruciata) is met with ; there is anesthesia and 
areflexia of the face of the same side, and of the arm, trunk and leg of tlio 
opposite side; the disturbance of sensibility in the arm and leg usually 
shows a dissociation (analgesia and thermanesthesia only). Sometimes 
there is homolateral bathyancsthcsia with ataxia and slight tactile liypes- 
thesia. This lesion is most often due to embolism or thrombosis of tLo 
posterior inferior cerebellar artery. Dysphagia, dysplionia and singullus 
may he temporary symptoms (II. M. Thomas, W. G. Spillcr, Gordinier, 
Wallenberg, Marburg and Brener).
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4. Bilateral Lesions of the Pons and Medulla
Bilateral lesion of the medial longitudinal bundle, or its neighborhood, 

can cause bilateral paralysis of the associated movements of the eyo 
muscles.

Bilateral lesions of the pons causing paralysis of all four extremities 
are usually associated with bilateral involvement of the corticonuclear 
paths of the motor cerebral nerves, resulting in a supranuclear, non-dc- 
gnnorative bulbar paralysis with disturbance of speech and deglutition. 
Similar lesions in the medulla oblongata are prone to involve the nuclei 
of the cerebral nerves rather than to be supranuclear and they cause de­
generation of the tongue ; they are further distinguished from pontile 
lesions by the integrity of the functions of the pontile motor nerves (motor 
part of N.V; N.VI; N.VII).

Focal lesions in (lie pons are most often due to softening from thrombosis. 
Hemorrhages are rare, but they do occur; I have more than once seen them at 
autopsy.

The cell-bodies of the nuclei of the motor nerves in the pons and medulla 
are not infrequently involved in polienccphalitis (corresponding to poliomyelitis 
anterior in the cord). In multiple sclerosis there are nearly always nodules in 
the pons.

The motor nuclei of the medulla and pons arc also involved in progressive 
bulbar paralysis and in amyotrophic lateral sclerosis ; not infrequently a progres­
sive muscular atrophy beginning in the extremities extends to the motor nuclei 
of the bulb.

The medulla oblongata and pons are also frequently subjected to compression, 
especially in tumors of the base of the brain and cerebellum, in lues, and in aneu­
risms of the vertebral and basilar arteries. In pseudobulbar paralysis (q. v.) 
it is the supranuclear motor paths, or corticonuclear axons of the upper motor 
neurons, that are involved, somewhere between the cerebral cortex and the nuclei 
of origin of the motor cerebral nerves. In myasthenia gravis (q. v.) we have to 
deal with u bulbar paralysis without known anatomical basis.
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E. Topical Diagnosis of Lesions of the 
Cerebrum

The cerebrum includes the midbrain or mesencephalon, the interbrain 
or diencephalon, and the end brain or telencephalon. Wo shall consider 
(1) certain general symptoms pointing to involvement of the cerebrum, 
and (2) symptoms pointing to each of these three main portions of 
the cerebrum separately.

1. General Cerebral Symptoms
Certain general cerebral symptoms arc due to an increase of intra­

cranial pressure, following upon an increase of the cerebrospinal fluid 
or upon the presence of some abnormal space-occupying mass, within the 
skull-cavity. They represent, in part, interference with the functions of 
the cerebrum itself, in part injury to other parts of the brain (cerebellum, 
puns, medulla oblongata). They include : (1) choked disk, (2) headache, 
(-$) dulling of consciousness, (4) vomiting, (5) vertigo, (fi) bradycardia, 
(7) general convulsions, and (8) in meningeal irritation, rigidity of the 
neck.

As long as these general symptoms alone exist, great caution should be exercised 
in diagnosis, for, while they may indicate the presence of an organic disease of 
tin1 brain (e. g., brain-tumor), it must not be forgotten that several of them, like 
headache, vomiting, dulling of consciousness, and general convulsions, nmy be due 
(a) to intoxications of the brain (e. g., uremia, alcoholism, lead-poisoning), (b) to
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general infection (septicemia, scarlet fever, typhoid), or (e) to local infections 
(meningitis, encephalitis). Even the presence of choked disk, or neuritis optica, 
does not necessarily indicate the presence of a brain-tumor; for this condition may 
be met with in atherosclerosis, in nephritis, in chlorosis, in multiple neuritis, and 
in saturnine encephalopathy.

Now, while it is true that these general cerebral symptoms may be secondary, 
and not due to a primary organic disease of the brain, it is also true that a real 
organic disease of the brain may for a long time cause only single subjective symp­
toms like vertigo, or headache. Not infrequently in such cases, the diagnosis 
of a psychoneurotic state (psychasthenia; neurasthenia; hysteria) is erroneously 
made, when in reality we have before us a beginning brain-tumor, a cerebral athero­
sclerosis, or some other form of organic cerebral disease. In all such cases, it 
is well to hold the mind open until observation, over a considerable period, has 
shown the absence of any progression of the cerebral symptoms, or the persistent 
absence of objective symptoms like choked disk and of detinite focal symptoms.

2. Focal Cerebral Symptoms
For localizing purposes, and for the definite diagnosis of organic 

diseases, the recognition of focal symptoms, that is, of symptoms that 
point to lesion of definite areas in the brain are most important. Or­
ganic disease of the brain may exist, as we have already said, for a long 
time without the appearance of such focal symptoms, especially if the so- 
called silent areas are first involved, but, sooner or later, if the disease ho 
progressive, symptoms will usually appear, (1) through direct extension 
of the pathological process to the non-silent areas (focal symptoms), ( 2 ) 
through action of the disease in the silent areas upon the neighboring 
non-silent areas (neighborhood-symptoms), as when, for instance, a «lis­
euse, beginning in the nucleus caudatus or in the thalamus, causes no 
symptoms until the adjacent internal capsule is pressed upon and causes 
disturbances of motility or sensibility like those that arc due to a 
primary lesion of the internal capsule, or (3) through action at a distance 
owing to the loss of certain components of the distant function normally 
supplied by the cerebral substance injured by the focal lesion (diaschisis- 
symptoms of v. Monakow).

The symptoms due to diasehisis arc dynamic in origin like the symp­
toms due to shock. If a piece of intestine or the stomach be crushed, tlm 
symptoms extend far beyond the neuron complexes directly injured; vio­
lent centripetal impulses are set up, which affect, deleteriously groups of 
neurons far removed from the site of the injury; serious symptoms 
(cardiac, respiratory, vasomotor, secretory) appear in the form of gem -1 
prostration with psychic disturbance. The disturbances in shock ro 
severe but transitory ; the patient either dies or he recovers quickly. I he 
action at a distance after a lesion of the central nervous system is sornew it 
different. Thus, after a cerebral hemorrhage, the knee-jerks may s- 
appear entirely for some time. Or, with a lesion in the left hemispli ■<’,
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not directly involving the speech areas at all, there may he, at first, severe 
aphasie disturbances. Again, with a very small destructive lesion in the 
speech areas, there may he severe speech disturbance at first, and, later, 
all will disappear except a slight residual defect. Thus, after a central 
focal lesion, the neurons at a distance connected with the neurons de­
stroyed cease temporarily to function or show diminished function (phe­
nomena of diascliisis) ; later, the distant function may he restored in 
whole or in part through adaptation, the dynamic disturbance disappear­
ing (“wearing oil” of the diascliisis). There is a good deal of difference 
of opinion as to how far wo may justifiably apply v. Monakow’s doctrine 
of diascliisis in explaining nervous symptoms.

By focal lesions of the cerebrum, we mean those that are not diffuse, 
hut arc circumscribed, involving certain areas (foci) only. A focal, or 
circumscribed lesion, if it affect a silent area, may not cause symptoms, 
hut when the focus is in a non-silent area, symptoms of disturbance of 
motility, of cutaneous or deep sensibility, of the special senses, of speech, 
of writing, etc., will appear; these symptoms arc called “focal symptoms.”
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3. Lesions of the Midbrain (Mesencephalon)
Tlu; midhrnin, though anatomically a part of the cerebrum, is perhaps more 

closely related in structure to the pons and medulla. It is divisible into two parts : 
(1) that lying dorsal from the level of the aqueduct us cerebri, known ns the cor­
pora quadrigemina, and (2) that lying ventral from it, known as the cerebral 
peduncle (pcdunculus cerebri).

The corpora quadrigemina consist of four “hillocks,” the two upper ones (su­
perior colliculi) being (1) an optic reflex center, and, to a certain extent, perhaps,

Fig. 587.—Diagram of Section Tl igh the Mldbrnln, at the Level of the Corpora 
qundrlgeml and the Cerebral Peduncles.

torpora

Puhinar .
yalamus o&lLa>.

f îw»
Tractas W/A ) i 
Opticus mjl V

Temporo Occ/pital\
Cerebrocortico- \, 
pontile path X

Pjramidal tract- f ~~ Frontal cerebrocortico•

pontile path

^ Fasc.
^ long/1. met

(2) concerned in visual aeui »r central vision ; the two lower hillocks (inferior 
colliculi) arc acoustic reflex centers.

Much cerebral peduncle consists of two parts, (1) a dorsal part, or tegmentum, 
and (2) a basal part (basis pedunculi), sometimes called the “foot of the cere­
bral peduncle,” or pcs pedunculi.

The tegmentum and basis arc separated from one another by the - :l>- 
stantia nigra.

In the tegmentum, there is n mass of gray matter surrounding the aquediv is 
cerebri, known as the “central gray matter,” in which are situated, on each s 'e,
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the nuclei of the third and fourth cerebral nerves (nucleus N. oculomotorii; 
nucleus N. trochlenris), the latter lying caudalward from the former. Beneath 
these nuclei, on each side, lies the medial longitudinal bundle (fascieulus longi­
tudinals media lis), an association path connecting the eye-muscle nuclei and the 
motor nuclei of the head and neck with one another, and associating their activities.

In the middle of the tegmentum, on each side, lies the red nucleus (nucleus 
ruher), an important way station in the path that runs both ways between the 
cerebellum and the opposite cerebral cortex through the superior cerebellar peduncle 
(brachium conjunctivum). Lateral from and above the red nucleus, on each side, 
lies the medial lemniscus or ‘‘fillet” (main sensory path to the cerebrum), and still 
further latcralward and upward lie the geniculate bodies (really in the dien­
cephalon), the medial one receiving the lateral lemniscus with its cochlear (acoustic) 
impulses, the lateral one receiving the optic tract with its optic (visual) impressions.

From some of the cells of the nucleus ruber arise the fillers of von Monakow’s 
bundle, which crosses in Forel’s tegmental decussation and then runs downward 
on the opposite side in the formatio reticularis of the pons into the medulla 
oblongata ventral from the trad us spinalis nervi trigemini and thence into tin- 
lateral funiculus of the spinal cord (ventral from the lateral pyramidal tract) to 
end in the anterior horns. This bundle is known as the traetus rubrospinalis and 
is regarded as one of the more important of the extrapyramidal, or parapyratuidul, 
motor paths.

The basis jicdunculi or foot of the peduncle (pes) lies below the substantia 
nigra and consists entirely of mcdulluted axons of long conduction paths. Its 
middle third is occupied by the eerebrofugal pyramidal-tract fibers; mcdialward 
from these, lie the corticonuclear fibers for the nuclei of the motor cerebral nerves. 
Both sets of fibers come from the motor area of the cerebral cortex of the same 
side. The most medial portion of the pes is occupied by the frontal cerebrocortico- 
jmutile path, and the most lateral portion by the temporo-occipital cerebro- 
cortico-pontile path. These two paths, arising in the cerebral cortex (frontal, 
temporal, parietal and occipital) end in the nuclei pontis, whence other neuron 
systems extend the path to the opposite cerebellar hemisphere. Possibly, these bun­
dles may carry paths running in both directions.

Most of these relations are diugrammatically illustrated in Fig. 587.

(a) Lesions of the Corpora quadrigemina
The corpora quadrigemina are chiefly important for their optic ami 

acoustic reflex functions through their connections, on the one hand, with 
the optic and cochlear paths, and, on the other, with the medial longitud­
inal bundle and the nuclei of origin of the motor nerves going to the eyc- 
muscles. They control the movements of the eyes and the head under the 
guidance of optic and acoustic impulses.

In lesions of this part of the brain there may be:
1. Pupillary anomalies.
2. Unilateral or bilateral paralysis of the eye-muscle movements,

either in the form of (i) total ophthalmoplegia externa and interna (with 
the exception of the M. rectus lateralis, innervated by N.VI), or of (ii) 
partial nuclear paralysis, in which single muscles, or groups of muscles, 
are picked out (e. g., ptosis, partial or complete jilcgia interna,
or partial ophthalmoplegia externa). 4545
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3. Nystagmus.
4. Visual disturbances due to lesion of the superior colliculi (moro 

likely, to the adjacent optic tracts, or lateral geniculate bodies).
f>. Deafness, not due to ear disease, but depending on bilateral in­

volvement of tbe lateral lemnisci, or of the inferior colliculi (or, some­
times, the adjacent medial geniculate bodies in tbe interbrain).

f>. Ataxia, or anesthesia, or both, due to pressure upon the underlying 
lemniscus medialis, or upon tbe red nucleus and brachium conjunctivum.

Here the disturbances of visual acuity, the eye-muscle paralyses, and 
the ataxia, when they occur, are probably due, not to lesions of tbe corpora 
quadrigemina themselves, but to associated involvement of * " "ng
tegmentum of tbe cerebral peduncle (neigbliorbood-syniptoms). As far 
as tbe inferior colliculi per se are concerned, lesion on one side could cause 
slight impairment of bearing in both ears, and, especially, interference 
with the cochlear reflexes; similarly, lesions of the superior colliculi, in 
themselves, probably interfere only with the optic and oculomotor reflexes.

(b) Lesions of the Cerebral Peduncles
The tegmentum and basis pedunculi may be simultaneously involved, 

in which ease the lesions give rise to very characteristic syndromes. Quo 
of these is a complete hemiplegia of the side of the body opposite the lesion 
(face, tongue, arm, leg), combined with a paralysis of the oculomotor 
nerve on the side of the lesion (hemiplegia alternans superior, or Weber- 
Guider syndrome). Sometimes the limbs of tbe paralyzed side show a 
marked tremor, usually of the type met with in paralysis agitans. Tim 
whole picture is then designated Benedïkt’s syndrome. The tremor is 
probably duo to involvement of the tegmentum. It may bo associated 
with hemi-ataxia.

Still a third variety of peduncular lesion occurs, that in which uni­
lateral oculomotor paralysis is combined with cerelmllar ataxia (Noih- 
nnyeVs syndrome) ; here the lesion involves the oculomotor nuclei and 
the red-nucleus paths (brachium conjunctivum). When the ataxia is a 
movement-ataxia rather than a cerebellar ataxia, it points to a fourth 
typo of lesion—involvement of the lemniscus rather than of the red 
nucleus path ; the syndrome is then further complicated by the presence 
of a crossed hemianesthesia.

Peduncular lesions can of course bo due (1) to processes involving 
tbe peduncle directly, or (2) to basilar processes compressing it, or extend­
ing into it. If wo remember the relation of the radix N. oeulomotorii to 
the basis pedunculi we have the clue to hemiplegia alternans superior.
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4. Lesions of the Interbrain (Diencephalon)
The interbrain, or dicneephnlon, includes (1) the region of the basal 

ganglia (nucleus caudatus, nucleus lentiformis, optic, thalamus), (2) the 
internal capsule, (3) the central gray matter about the third ventricle,
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(4) the hypothalamic region, (5) the * " ysis (or pineal gland), (G) 
the hypophysis (or pituitary body), (7) the corpora geniculata, and (8) 
the optic tracts and optic chiasm.

(a) Lesion* of the Basal Ganglia 
i. The Corpus striatum

The functions of the nucleus caudatus and of the nucleus lentiformis 
(which, together, make up the gray matter of the corpus striatum) are 
but little known to us. Lesions limited to them, with the exceptions 
about to lie mentioned, cause no symptoms that we recognize as yet, un­
less they extend to the neighboring capsule of white matter. The nucleus 
lentiformis includes the globus pallidus and the pulamen,

In 1912, S. A. K. Wilson called attention to n syndrome that lie has designated 
“progressive lenticular degeneration, a familial nervous disease associated with 
cirrhosis of the liver.” The disease occurs in families but is not hereditary, comes 
on in early life, and is characterized by dysarthria, dysphagia, general tremor 
(most marked in the extremities), forced laughing and crying, sudden depressions 
of the lower jaw opening the mouth wide, muscular rigidity and contracture (though 
there are no signs of lesion of the pyramidal tracts), hypermimia,and slight enfec- 
blement of the intellect. The disease is fatal, progressing either rapidly (months) or 
slowly (4-7 years) to its termination. At autopsy, he found bilateral degeneration 
of the nuclei lentifonnes, apparently toxic in its origin, and also cirrhosis of the 
liver, though symptoms referable to the liver were not observed during life. 
It seems probable, therefore, that paths run from the nucleus lentiformis through 
either the rubrospinal or thalamocortical system to exert an inhibitory influence 
upon the corticospinal paths.

In 1910, at the meeting of the American Neurological Association, J. Ramsay 
Hunt discussed the relations of the glolms pallidus to paralysis agitans and to 
Huntington’s chorea.

ii. The Thalamus
The thalamus, on the other hand, possesses several functions that we 

recognize.
In the first place, it is a way-station in the great centripetal (sensory) 

path. The axons of the sensory neurons of the second order that run 
through the lemniscus medialis terminate in the ventrolateral nuclei of the 
thalamus; in these nuclei are the cell bodies of thalamocortical neurons 
the axons of which run through the internal capsule to the somcsthclii; 
area of the cerebral cortex. Lesions, therefore, of this ventrolateral region 
of the thalamus may cause what has been described as the thalamic si/n- 
drome (Dejerine and Roussy) (1) contralateral hemianesthesia, especially 
bathyanesthesia, (2) violent and persistent pains on the anesthetic side, 
(3) sometimes a hyperesthesia especially on summation of stimuli, (!) 
hemiataxia, (5) hemichorea, or hemiathetosis, and (0) slight, temper v 
hemiparesis with hypotony and negative Babinski sign. Lesions furtli r 
back may cause contralateral hemianesthesia of touch, pain, and tempe - 
turc senses; one wonders, in the latter cases, whether or not the caps'iu 
interna has been involved in the lesion.

3
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In the second place, the thalamus appears to he an important center 
for certain involuntary automatic movements, especially for the involun­
tary mimic and pantomimic expressive movements. The loss of mimic 
associated movements of the lower half of the face on laughing or crying, 
although these muscles of the face arc still subject to voluntary control, 
is held to he a pathognomonic sign of lesion of the thalamus. On the 
other hand, when, in a hemiplegia, the involuntary mimic expressive 
movements are retained on the paralyzed side, wo can, it is asserted, he 
sure that the thalamus and the thalamospinal paths have not been in­
volved in the lesion. This dogma requires the control of exact clinical 
and pathological-anatomical studies. There is evidence that unilateral 
disturbance of the mimic expressive movements may follow a contralateral 
lesion of the cerebral cortex, without involvement of the thalamus.

In the third place, a portion of the optic tract ends in the pulviliar 
of the thalamus. Close to this lies the lateral geniculate body in which 
a majority of the libers of the optic tract terminate. From the pulvinar 
and the lateral geniculate body arises the oecipitothalamie radiation, 
which passes thence to the occipital cortex (central visual path). One 
understands readily, therefore, that lesions of the posterior third of the 
thalamus may cause bilateral homonymous hemianopsia (</. v.) ; when 
the latter is associated with symptoms of motor irritation (hemiehorea, 
athetosis, hemiataxia) pointing to the thalamus, localization becomes rela­
tively easy.

(b) Lésions of the Epiphysis, the Hypophysis cerebri, etc.
The symptoms of involvement of the epiphysis cerebri, and of the 

hypophysis cerebri (or pituitary gland) are fully described in the chapter 
dealing with Diseases of the Endocrine Glands (q. v.).

Lesions of the optic tract and cliiasm and of the lateral r/cniculatc 
l)0(l}i will he considered along with other lesions of the visual conduction 
paths (q. v.). Lesions of the lateral lemniscus and of the medial f/enicu- 
late body will be taken up when the cerebral auditory path is considered.
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5. Lesions of the End Brain (Telencephalon), Causing 
Motor and Sensory Disturbances

The two cerebral hemispheres are united by the corpus callosum and by the com­
missures of the brain, and, below, arc directly connected, through the basal ganglia, 
the internal capsule, and the cerebral peduncles, with the lower parts of the 
nervous system. Each cerebral hemisphere is covered over by a much-folded 
gray cortex, the different lobes being separated from one another by fissures, and 
the several gyri from one another by sulci.

The white matter consists of (1) association fibers connecting the different 
parts of one hemisphere with one another or with the other hemisphere and (2) 
projection fibers, which connect the cerebral cortex with the lower part of the 
central nervous system. The projection fibers include long tracts like the pyramidal 
tracts (corticofugal) and the various sensory conduction paths (corticopetal). 
The phenomena of consciousness and the activity of the “will” and of the “intel­
ligence” (eonative and cognitive functions) appear to be connected mainly, if not 
exclusively, with the cerebrum.

(a) The Motor Functions of the End Brain
(Motor Areas in the Cerebral Cortex, and the Centrifugal Paths Arising 

in Them)
The motor area of the cerebral cortex (Fig. 588) corresponds in the 

main to the gyrus centralis anterior on the lateral surface and to a 
part of the lobulus paracentral is on the medial surface. Impulses arising 
here extend through the upper motor neurons to the nuclei of origin of 
the cerebral and spinal motor nerves, innervating chiefly the movements 
on the opposite side of the body and, to a less extent, those on the same 
side.

The representation in the cortex shows a distinct memberment, which 
agrees very well with the segmental arrangement of the reflex mechanisms 
iu the spinal cord. The most lateral (inferior) part of the motor area 
controls the movements of the muscles of the face, the area next adjoin­
ing the muscles of the arm and of the trunk, while the most medial (upper­
most) part of the area has to do with the movements of the leg and of 
tlie perineum ; this last area passes over to the medial surface of the 
ci-rubral hemisphere. In addition to this continuous motor zone, there 
are at least two isolated areas of cortex in which the associated movements 
of the two eyes are represented ; one of these lies near the tip of the frontal
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lobe, the other lies at the tip, and, more especially, on the medial surface, 
of the occipital lobe (see Horsley’s Linacre Lecture).

Movements originating in impulses that start in these motor areas of 
the cortex cause an ordered reciprocal innervation, certain “protagonist’’ 
muscles being excited simultaneously with inhibition of certain “antag­
onists,” just as in the higher reflexes. It is interesting that the groupings 
of muscular contractions concerned in these movements, like the ordinary 
reflexes, have little, if anything, to do with the groupings of the muscles 
that arc concerned in those static (or tonic) contractions that counter­
act gravity in the different positions that the body assumes. On the 
contrary, movements arising in the cortex seem to he concerned especially 
with the same muscular combinations as those that are met with in tin;

Fig. C88.—The Localization of Function In the Cerebral Cortex. (After Klelst In Brugsih 
& Schlttenhclm.)

reflexes that defend the body from harmful influences, or arc concerned 
in flight from such influences. They differ from these reflexes, however, 
in that they often assume the character of reactions to impressions re­
ceived from the more highly specialized sense organs (touch, sight, hear­
ing)-

Mild electrical stimulation in the motor area of the cortex calls forth 
specific localized movements of the types mentioned. As the electric d 
current is strengthened, the movement spreads to adjacent parts of 1 ho 
body in the form of a inarch this may last longer than the time of appli­
cation of the stimulus and may go over into an epileptiform convulsa 
Electrical stimulation of the axons of the upper motor neurons in 1 ie 
centrum semi-ovale, in the internal capsule, or in the pyramidal tr; t, 
calls forth movements similar to those that result from irritation of die 
cortex itself. They have the same ordered character, and, if the stinn i- 
tion he strong enough, they take the form of epileptic convulsions.
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Destruction of a portion of the motor area interferes with the move­
ments represented there. In animals, the effects arc very striking at 
first, but may vanish later, if the cortical injury has been slight. Though 
the pyramidal tract and the corticonuclear path to the cerebral nerve 
nuclei are the principal motor paths connecting the cortex with the lower 
motor neurons, there must exist other, probably less direct, paths to the 
spinal cord by way of the nucleus lentiformis, the nucleus ruber, and the 
formatio reticularis, for even after both pyramids are cut in animals, 
irritation of the motor areas still causes homolateral and heterolateral 
movements, though they are far less in extent than when the pyramidal 
tracts are intact.
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(b) Li sions of the End Brain Causing Disturbances of Motility
The special regions in the motor area for the movements of the lower 

extremities, of the arm, face, tongue, for the movements concerned in 
speech, deglutition and mastication, as well as for the voluntary move­
ments of the trunk and eyes, are illustrated in the accompanying figures.
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J. F. Bergmann, Wiesbaden. )
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It should be remembered that many muscles, especially those of the 
“upper facial” domain, the jaw muscles, the muscles of deglutition, the 
laryngeal muscles, and the trunk muscles on each side, are represented in 
both cerebral hemispheres. A cerebral hemiplegia, therefore, due to a 
lesion in one hemisphere, causes only an incomplete paralysis of these 
bilaterally innervated muscles. Complete paralysis of movement in the 
muscle groups mentioned is observed in upper-motor-neuron lesions only 
in symmetrical lesions of both cerebral hemispheres, or when the cortico­
nuclear conduction-paths of both sides have been destroyed ; in lower-motor- 
neuron lesions, on the contrary, a unilateral lesion causes complete paral­
ysis of movement in these muscle groups.

An application of this fact is made very often in the diagnosis of the 
cause of a facial paralysis. In both upper-motor-neuron lesion and 
lower-motor-neuron lesion the movements of the lower part of the face 
are paralyzed ; but the upper-facial domain is only paretic in upper- 
motor-ncuron lesion while it is totally paralyzed in lower-motor-neuron 
lesion.

i. Lesions of the Motor Area of the Cortex

Owing to the relatively large surface over which movements arc repre­
sented in the cerebral cortex, only a very large lesion (e. g., thrombosis of 
the whole middle cerebral artery) could cause destruction of the whole 
motor area and a complete hemiplegia. Since smaller lesions are much 
more common in the cortex, focal lesions of the motor area more often 
give rise to partial hemiplegias, involving the arm alone, or the arm and 
face, or the arm and leg. Such monoplegias are accompanied by exag­
gerated reflexes and contracture, but there is no DcR in the muscles 
affected. Paralyses of this sort are frequently associated with disturb­
ances of stereognostic perception, with localized bathyancsthesia (with 
no marked involvement of the senses of touch, pain and temperature), 
with slight symptoms of sensory irritation (local paresthesias), and, es­
pecially, with the particular form of motor irritation known as partial cor­
tical epilepsy ( jacksonian epilepsy), the convulsive movement beginning 
in the muscular domain corresponding to the site of the focal lesion, and 
extending in a definite march, corresponding to the anatomical arrange­
ment of the cell-bodies in the upper motor neurons in the motor area, 
to the whole musculature of one half of the body, and sometimes passing 
over to the other side.

Occasionally, a localized lesion (gumma, encephalitis, tumor), giving 
rise, at first to monoplegia, or to jacksonian epilepsy, may gradually 
extend until it causes a complete hemiplegia ; the origin and course of the 
affection are decisive for the diagnosis of the cortical situation of the 
lesion.
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ii. Lesions of the Motor Projection Fibers in the Centrum semi-ovale

Lesions of the motor conduction just beneath the cortex also give 
rise to monoplegias and to jaeksonian epilepsy ; it may, therefore, be 
impossible to say positively whether a small lesion is cortical, or immedi­
ately subcortical, in position. Owing to the fanlike convergence of the 
motor fibers as they run from the motor area of the cortex through 
the corona radia ta of the centrum semi-ovale to the internal capsule, it is 
obvious that the farther below the cortex a lesion of given size is when 
it interrupts this motor path, the more likely it is to give rise to an 
extensive paralysis. Thus, immediately above the internal capsule, a 
hemiplegia would be caused by a lesion of a size that, near the cortex, 
would cause only a monoplegia. Again, the farther away from the cor­
tex the lesion lies in ilio centrum semi-ovale, the less likely is the paralysis 
to bo associated with symptoms of cortical irritation (sensory phenomena, 
jaeksonian epilepsy).

iii. Lesions of the Motor Fibers of the Internal Capsule

The internal capsule (capsula interna) is the site of the lesion in the 
majority of cases in which a hemiplegia is cerebral in origin. The motor 
path occupies the anterior two-thirds of the posterior (or occipital) limb 
of the internal capsule, that is, the white matter between the thalamus 
and the nucleus lentiformis; the fibers for the face, arm and leg lie so 
close together that even a very small lesion causes hemiplegia and not a 
monoplegia.

The fibers going to the nuclei of the facial and hypoglossal nerves lie 
farthest forward near the knee (genu) of the capsule ; just behind them 
are the fibers for the movements of the arm, and still farther back those 
for the movements of the leg. In the posterior third of the posterior 
limb of the capsule lie the cortieopetal fibers of the general sensory path ; 
hence a lesion involving the whole posterior limb of the internal capsule 
causes not only a contralateral hemiplegia but also a contralateral hemi­
anesthesia.

A capsular hemiplegia, shows its cerebral origin in the slight par­
ticipation of bilaterally innervated muscles (upper facial ; muscles of 
mastication, deglutition and phonation; trunk muscles). One might 
not think the upper facial muscles affected at all unless he tested the 
strength of the M. orbicularis palpebrarum of tin* paralyzed side, when 
lie would find that it cannot be so firmly contracted as on the healthy side. 
The movements in the lower facial domain are, however, markedly in­
volved, as shown when the patient is asked to show his teeth or to retract 
the angles of the mouth. 'I'lic tongue (being less powerfully innervated 
lioinoluterally) is dellected toward the paralyzed side when protruded.
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Speech shows no disturbance as a result of unilateral interference with 
the corticobulbar path to the nuclei of N.YII and N.XII, except perhaps 
a slight, transitory, dysarthria, and there are no obvious disturbances in 
the movements depending on the other motor cerebral nerves, since they 
are all bilaterally innervated. The only disturbance of movements in

Uyrua frontalis Inferior

Commissural Fibers of 
the Knee of the Cor­
pus callosum

Cornu anterius

caudatus
Frontal 1‘nrt of Cap­

sula Interna 
Knee of Capsula

Operculum

Nucleus lentlformls

Gyrus temporalis
superior

Acoustic Conduction

Occlpltothalamlv Radia­
tion of Gratlolet

Fig. 591.—Horizontal Section of the Cerebral Hemisphere at the Level of the Pulvlnnr thalaml 
optlel. (Diagram After Monakow.) A, Motor Tract to the Arm; Ac, Acoustic Tract; 
Asm, Association Tracts Between Sensory and Motor Speech Centers ; It, Motor Tract to 
the Leg ; F, Motor Tract to the Face ; II, Motor Tract to the Tongue ; Hh, Posterior Horn 
of Lateral Ventricle ; O, Optic Tract ; 8, Sensory Fibers.

the trunk are (a) slight lessening and a retardation of the expansion of 
the chest on the hemiplegic side on inspiration, and (b) some enfcchl. - 
ment of the M. trapezius on that side. There is marked hypertony « ! 
the muscles on the paralyzed side (exaggerated reflexes, positive Babins! 
later on, contractures). The paralysis is non-atrophie; there is no Del' 
because it is the upper motor neurons, not the lower motor neurons, tin it
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are involved, the only atrophy following being a slight wasting from 
disuse.

(The effects of lesions involving the motor path in the midbrain, 
medulla, pons and spinal cord have already been described.)

(c) Lesions of the End Brain Causing Disturbances of Common 
Sensibility and of the Special Senses

Anatomical studies (Flechsig, Probst), physiological experiments (Munk, Hors­
ley, Sherrington) and clinical-pathological observations (Mills, Keen, v. Monakow, 
F. v. Müller, Déjerine, Horsley, Spiller) make it seem probable that certain areas 
of the cerebral cortex (so-called “primordial sensory domains”) are directly con­
nected with the projection sensory paths that lead from the various sense-organs, 
whereas the rest of the cortex consists of so-called “intermediary and terminal 
domains” or “association-areas” (Flechsig), which are connected with one another 
and with the primordial sense areas and motor areas by means of association 
fibers.

These primordial sense areas are, therefore, the parts of the cerebral cortex 
first affected by impulses arriving in the cerebrum from the sense organs and from 
these must proceed impulses to the effector (motor) organs. All other parts of the 
cerebral cortex appear to be concerned with the working up of such excitations 
into higher complexes.

The sensory conduction paths of common sensibility, that is those mediating 
sensations of touch and muscle sense especially, and perhaps also those of tem­
perature and pain, terminate in the so-called soineslhetic area of the cerebral cortex 
(anterior and posterior central gyri, especially the latter; lobulus paracentralis; 
gyrus fornicatus). The libers of the visual sensory path terminate in the visual 
sense area (pole and medial surface of the occipital lobe especially around the 
calcarine fissure). The auditory conduction path terminates in the audit org sense 
area of the cortex (island of Reil; adjoining parts of temporal and frontal lobes). 
The olfactory conduction path terminates in the olfactorg sense area (uncus of the 
gyrus hippocampi). The position of the gustatory sense area, in which the taste 
fillers end is still uncertain, though it probably lies near the olfactory sense area.

The position of these primordial areas (motor regions and sense areas) and of 
the intermediary and terminal areas (association centers) arc well shown in 
Fig. 588.

We have next to consider the effects of lesions injuring the primordial sense 
areas and the sensory projection paths in the cerebrum leading to them.

i. Lesions of the Somesthetic Area and its Gorticopetal Projection Path

The somesthetic area, or primordial sensory domain, in the cerebral 
cortex, in which the fibers of common sensibility terminate, corresponds 
more or less closely to the so-called motor area of the cortex, though there 
is this difference, that the cell-bodies of the upper motor neurons arc 
predominantly located in the anterior part of the area (gyrus centralis 
anterior, lobulus paracentralis), while the sensory path terminates pre­
dominantly in the posterior part of the area (gyrus centralis posterior, 
lobulus parictalis). A lesion in the somesthetic area, causing disturb-
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ances of sensation, is, accordingly, since it so closely adjoins, or overlaps, 
the motor area, usually accompanied by paralysis, or by symptoms of 
motor irritation. Small lesions in the somcsthctic area of the cortex it­
self, or of the white matter of the corona radiata of the centrum semi­
ova Io near it, give rise to mono-anesthcsias or to mono-paresthesias in very 
limited domains (thumb, linger, hand, etc.). Moreover, the sensory dis­
turbances in such eases are prone to consist especially of disturbances of 
the power of localization of tactile stimuli, of deep sensibility (bathy- 
anesthesia), or of stereognostic perception.

Lesions of the somesthetie projection path lower down (internal cap­
sule, hypothalamic region, lemniscus mcdinlis in its course from the 
medulla oblongata through the tegmentum of the pons and the cerebral 
peduncle) cause loss (or impairment) of common sensibility of the oppo­
site half of the body, this somanesthesia being usually associated with 
hemi-ataxin of the corresponding extremities. As we have already seen, 
lesions of this somesthetie projection path in the pons, or in the medulla 
oblongata, may give rise to a so-called hemianesthesia cruciala, that is, to 
an anesthesia of the face on one side of the body, and of the arm, trunk 
and leg of the other side of the body; the exact position of such a lesion 
is often localizablo by a consideration of the accompanying symptoms 
referable to cerebral nerves other than the X. trigeminus.

Though injury to the somesthetie projection path, or the somesthetie 
area, alone, interferes with common sensibility only, there is one situa­
tion in which lesions destroying the somesthetie conduction paths are 
prone to destroy also the projection paths for the higher sense organs 
(visual, auditory, gustatory), thus causing a total contralateral hemi­
anesthesia (general cutaneous anesthesia and bathyanesthesia, combined 
with bilateral homonymous hemi-anopsia, partial deafness and ageusia ). 
We refer to focal lesions causing destruction of the posterior part of the 
posterior limb of the internal capsule (carrefour sensitif of Charcot). 
When such lesions extend forward, so as to involve also the anterior part 
of the posterior limb of the capsule and its knee, the total hemi-anesthesia 
is accompanied by a hemiplegia.

Symptoms of Somesthetie Irritation in Telencephalic Lesions.—Par­
esthesias, and pains, located in one extremity, or in one half of the bo.lv, 
if duo to an irritative lesion of the sensory-motor area of the cortex, am 
usually accompanied either with paralysis, or paresis, of the correspond­
ing portion of the body. Jacksonian epilepsy is not infrequently pre­
ceded by a somesthetie aura. Occasionally, pains in the opposite half <-f 
the body result from subcortical or from diencephalic lesions (see 'l l ,il- 
amic Syndrome of Koussy, already described) ; they may be the only 
signs of an apoplexy.
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ii. Lesions of the Visual Sense Area and of its Corticopetal Projection Path

The visual conduction path from the retina, through 1lie optic nerves, 
chiasm, optic tracts, lateral geniculate body, pulvinar and the oceipito- 
thalamic radiations to the cunous has already been referred to.

Unilateral Lesions.—-Lesion of one visual sense area (cortex about 
tho calcarine fissure), or lesion of the visual conduction path of one side 
posterior to the optic chiasm, causes homonijinoito bilaleral hnni-anopttia, 
'I lms a focal disease on the left side causes blindness in the right visual 
held of both eyes (.herni-nnopsin ItiJalcrnlis doxlra), while a similar lesion 
i-l the visual conduction path on the right side of the brain leads to loss 
"I the visual field on the left in both eyes (/< c mi-anopsia bilnteralis si ni s- 
tift). Such a bilateral homonymous hemi-anopsia, of itself, tells us only 
that the lesion is situated somewhere between the optic chiasm and the 
visual sense area in the occipital lobe of one side. For exact localization,
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we must rely upon certain accompanying symptoms. Thus, if the lesion 
involve the tractus opticus, it is prone to involve simultaneously the roots 
of the cerebral nerves at the base of the brain. Or, the optic tract may 
he compressed by a tumor, or abscess in the overlying temporal lobe, in 
which event, the hemi-anopsia may be associated with aphasia and with 
olfactory hallucinations.

Lesions in the visual conduction path situated in the region of the 
primary optic centers, that is, at the point where the optic tract ends 
in the lateral geniculate body and the pulvinar of the thalamus, whence 
the occipitothalamic radiation sets out, often causes a hemi-anopsia that 
is part of a total hemi-anesthesia (with or without hemiplegia) from 
simultaneous involvement of the structures of the adjacent internal cap­
sule. The hemi-anopsia duo to lesion of the visual sense area in the cor­
tex may have no accompanying motor, or other sensory, anomaly.

The so-called hemi-anopic pupillary reaction of Wernicke for distinguishing 
hemi-anopsias due to lesions between the optic chiasm and the geniculate body, on 
the one hand, from those arising from lesions between the geniculate body and the 
occipital lobe, on the other, was, as has already been pointed out, based on a 
faulty idea regarding the distribution of the pupillary libers in the retina (see 
The Pupillary Reactions).

Bilateral Lesions.—Bilateral lesions involving both visual sense areas 
in the cortex, or both occipitothalamic radiations, or the region of the 
primary optic centers (lateral geniculate body, pulvinar) on both sides, 
can cause a double bilateral homonymous hemi-anopsia with retention of 
central vision, or, in some instances, total blindness.

Lesions of the Chiasma opticum
In lesions of the optic chiasm (especially from enlargement of the 

hypophysis), there may be a loss of the temporal half of the visual field 
on both sides (hemi-anopsia bitemporal is). It is obvious that a lesion 
that can involve the lateral uncrossed fiber bundles of the chiasm on 
both sides, causing a loss of the nasal half of the visual field of both sides 
(liemi-anopsia binasal is) and leaving the crossed fibers intact, must bo 
very rare ; it does, however, sometimes occur.

Disturbances of Vision Limited to One Eye.—Visual disturbances 
limited to one eye do not arise from lesions behind the chiasm; they 
point, therefore, to lesions either of the optic nerve, or of the retina (see 
The Visual Sense and its Disturbances).
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iii. Lesions of the Auditory Sense Area and of Its Corticopetal Projection Path

Lesions of the auditory sense area on one side, only, give rise to tem­
porary and partial deafness, owing to the fact that the auditory paths 
have undergone partial crossing lower down (corpus trapezoideum). Bi­
lateral affections may, however, cause complete deafness.

The same statement is true of the auditory conduction path extend­
ing from the pons through the lateral lemniscus, medial geniculate body 
and internal capsule, to the auditory sense area in the temporal lobe.

Irritative lesions of the auditory sense area, or of the auditory conduc-
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tion path, arc, probably, the cause of auditory hallucinations (alcoasmata, 
voices), though it may be that higher associative areas are the seat of the 
irritation.

y r,v r / s U gen.i

Med. ob'.oru

Fig. G02.—Diagram of Control Paths of N. cochlenrls. T, nnd T, = First and Recond Tem­
poral gyrl; I = Island ; Ce = Claustvum ; LI = Lcntlfom Nucleus ; Cl = Internal capsule; 
Thai. - Thalamus ; L.L. = Lateral lemniscus ; O IL = Optle Radiation ; A.Q. = Ant. corp. 
quadrlgemlna ; P.Q. = Pont corp. quadrlgeinlna ; It.C. = Brachium conjunct; B.l*. = 
Rrnehlum pontls; C. gen. mod. = Medial Geniculate Itody; C.g.l. = Lateral Geniculate 
Body; St.n. = Striae acustlcae ; G.sp. = Ganglion spirale; T.A. = Tuboreulum acustlcum. 
(After v. Monakow In O. VeragutlVa “Die kiln. Untorsuch. Norvenkrankcr," published by 
J. F. Bergmann, Wiesbaden.)
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iv. Lesions of the Olfactory and Gustatory Sense Areas and of Their Corticopetol 
Projection Paths

Irritation of the uncus may cause olfactory hallucinations ; dcstruv 
tion of this area, on one, or on both sides, may cause unilateral, or hi
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lateral, anosmia. Some observations indicate that lesions of the anterior 
part of the gyrus fornicatus cause disturbances of taste. Tumors involv­
ing the uncus, giving rise to the uncinate gyrus fits of Hughlings Jackson, 
with olfactory and gustatory hallucinations, smacking of the lips, and 
movements of the tongue, point (1) to a close proximity of the olfactory 
and gustatory sense areas, and (2) to a special motor area in the same 
neighobrhood for the lip and tongue muscles.

Lesions of the bulbus olfactorius, of the lobus olfactorius, or of the 
trigonum olfactorium may cause anosmia.

The cortical representations of hunger and thirst sensations are still 
unknown ; it has been suggested that they lie on the basal surface of the 
temporal lobe. We are in ignorance, also, of the cortical representation 
of the libido sexualis, and of the sexual orgasm.
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6. Lesions of the End-Brain (Telencephalon) Involving 
the Higher Association-Centers or the Paths Con­
necting Them

(Topical Diagnosis of the Aphasie, the Agnostic and the Apraxic Dis­
turbances)

Each primordial area in the cortex (motor and sensory) is connected (1) by 
short association paths, with areas of the cortex near by, and (2) by long associa­
tion paths, with more distant areas in the cerebral hemisphere of the same side, 
mid (3) through the corpus callosum and commissures, with areas of the opposite

The functions of these higher associative neuron systems of the cere­
bral cortex arc very complex, but psychological clinical observations, in 
combination with pathological-anatomical studies, are beginning to throw
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some light upon tbe manner in which the activities of the sense areas are 
combined with one another and worked up to higher units; we begin, 
through such studies, to get clues ns to the parts of the brain concerned 
in this higher work. Here belong the data collected regarding (1) the 
disturbances of the power of speaking ourselves, of understanding the 
speech of others, of writing, and of reading—the so-called aphasie disturb­
ances ; (2) the disturbances of the power of identification—the agnosias, 
and (3) the disturbances of the non-symbolic movements—the apraxias 
and dyspraxias. The general symptomatology of these conditions has 
already been described ; we shall now turn to a consideration of the facts 
bearing upon the localization in the end-brain of the lesions that give 
rise to them.

Very great difficulties are sometimes experienced in distinguishing the various 
forms of agnosia, aphasia and apraxia that have been described, and the young 
physician should not be dis< ouraged, if in his early attempts, before he has 
attained to skill in psychological analysis, he be somewhat perplexed ; even the most 
experienced observer will sometimes be in doubt.

The topical diagnosis of these disturbances is, as yet, far from satis­
factory, though since the early investigations of Broca (1801) on motor 
aphasia and of Wernicke (1874) on sensory aphasia, considerable prog­
ress has been made. As yet, however, we can speak positively regarding 
the very rough localization of only the more outspoken of these processes. 
The finer localization, and, especially, the differences in localization for 
the different clinical subforms of these disturbances, remains yet to bo 
worked out.

For a full account of the present status of knowledge in this domain the 
collective reviews of Ilcilbronncr, Wyllie, von Monnkow, Mouticr and Quenscl, 
should he consulted. Only the better-established facts will be referred to in our 
brief review.

(a) Distribution of Functions Between the Two Cerebral 
Hemispheres

Since Broca’s time, the ' lance of lesions of the left hemisphere 
in aphasie disturbances has been known. In left-handed people, however, 
the right hemisphere takes the place of the left. In both cases, however, 
the less dominant hemisphere may also be concerned in aphasie, apraxic, 
and agnostic disturbances. Thus temporary motor aphasia is occasionally 
met with in left-sided hemiplegias (lesions in right hemisphere), even 
in right-handed people. Foster Kennedy lays stress upon a study of lhe 
ancestry for left-handedness in such people.

For the apraxic disturbances, lesions of the left hemisphere are also 
more important than those of the right, though the dominance of the I.-ft 
hemisphere is not so marked as in the aphasie disturbances. It seems

^
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certain that there is a center in the left hemisphere that represents the 
praxic movements of the extremities of both sides, or, at any rate, when 
injured, it can cause apraxia or dyspraxia on both sides.

The functions of the two hemispheres seem to bo more equal ns regards 
the power of secondary identification, as indicated by the results of the 
lesions that cause agnostic disturbances, though a certain preponderance 
of the left hemisphere can hero also be made out.

(6) The Mechanisms of Speech 
i. Memories of Word-sounds

When a child learns to speak, it stores up memories of the sounds of words 
heard, in an area adjacent to the auditory sense area; this contains the neuron sys­
tems for word-sound memories, the so-called sensory speech center. At first, the 
•brain attends especially to the rhythm, clang-color, and pitch of sounds; later, it 
learns to distinguish, in the melody of speech, the individual words, and to associate 
the word-sounds with their meaning (a complex of associated memory-pictures). 
When a familiar word is heard by the child, the "memory-pictures” are awakened, 
and the child recognizes the word, and, as we say, understands it. On this recep­
tive side, too, the sensations of the muscular contractions during movements of 
the lips and tongue play a part; later (see Heading), optic impressions become 
associated with those of hearing and of muscle sense. The constant association of 
certain ideas with words, heard and seen, leads to the use. of worth as symhnh 
for ideas in intercourse with the external world. The growth of ideas is greater 
and quicker than the growth of the child’s vocabulary.

When the child begins to produce speech, that is to talk, he first utilizes tlm 
expressive movements (cooing, laughing, crying), then begins to lx; able to make 
articulate expression with the buccal, laryngeal, and respiratory muscles. ITis 
earliest articulate sound-productions are associated with vague feelings of pleas­
ure or displeasure; next he makes the sounds “ma-nm” when any woman is 
near him, then learns to identify the sound “ma-ma” with one person, his own 
mother; only later on does “ma-ma” come to connote its fuller meaning and 
relationships. In making the delicately coordinated speech movements (glottis, 
palate, tongue, lips), he utilizes the memories of the sounds of words deposited 
in his sensory speech center in the temporal lobe.

ii. Memories of the Innervations of the Speech Movements

By virtue of the constant attempts at repetition of words heard, through 
movements of his speech muscles, the child gradually collects memories of tho 
innervations of the speech movements in a set of neurons located in a cortical 
area known as the “center for motor speech memories.” This area is supposed 
tu lie, in right-handed persons, the foot of the third left frontal convolution 
(Broca’s area), which, accordingly, has been designated the motor speech center; 
in it, the suprapyramidal innervations for the excitation of the pyramidal system 
governing the muscles of speech are supposed to originate. In other words, it 
is believed that the motor speech center contains the cell-bodies of neurons that 
send axons to terminate upon the cell-bodies of the upper motor neurons in 
tin- general motor area in the region in which movements of the tongue, lips, 
nail larynx are represented.
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Obviously, the sensory speech center must be connected with the motor speech 
center by conduction paths, and, in our early attempts at talking, the speech 
movements are, it is believed, performed under the constant control of this sensory 
center for the memory of word-sounds. It seems probable that, later on in life, 
the motor speech center may attain to a degree of independence so great that, when 
an idea arises in consciousness, the ideas for the speech movements of the corre­
sponding words can arise at once in the motor speech center without, necessarily, 
a preliminary revival in the sensory speech center for the memory of the sounds 
of the words, that is to say, the speech movements can be started by impulses sent 
directly from the higher areas through the “motor speech center” to the motor 
area in the anterior central gyrus without preliminary voyage over the sensory 
center for speech sounds. All through life, however, when we are thinking, or 
when we are looking for a word in our minds, it is common to hunt first for the 
memory of the sound of the word and to trust it to awaken our memory of the 
innervations of the muscles necessary for pronouncing it.

iii. The Higher Mental Processes and the Speech Centers

It is believed that by means of association neurons all the sense areas in the 
cerebral cortex are connected both with the sensory speech area (for the memory 
of word-sounds) and the motor speech area (for the memory of the innervations 
of the movements necessary for producing words). Since words are symbols, 
which we use for designating concrete objects, or for expressing relations between 
these, the necessity of a connection of the areas of the cortex, in which memories 
of the various sense perceptions are stored, with the speech areas, is obvious. 
Every conception (or idea) of a concrete object is made up of a number of con­
stituents; it may be regarded as a sum of memory-pictures of an associated group 
of different sense perceptions. Let us take an example. Our idea of a dog 
is made up of optic, acoustic, tactile, and olfactory memory-pictures. We have 
seen dogs, heard them bark, felt of them, and smelled them. Memories of these 
various sense perceptions are stored up, as we have seen, in different parts of the 
cerebral cortex. Now the sound of the word “dog,” or the tendency to pronounce 
the word “dog,” may be set up by optic memories, acoustic memories, tactile mem­
ories or olfactory memories, indeed, by any one of the partial memories of which 
the whole idea “dog” is composed. Normal speech depends upon the integrity, 
therefore, not only of the sensory and motor speech centers, and of the path con­
necting the motor center with the speech muscles, but also of the paths connecting 
the various sense areas of the cortex (or, rather, “identification areas”) with the 
speech centers. Interruption of any one of these paths may disturb the normal 
process of transformation of conceptions into words.

(c) The Wernicke-Lichtheim Schemata
The classification of the disturbances of speech known ns the aphasias, usually 

adopted, is that of Wernicke, or some modification of it (Lichtheim’s). Such clas­
sifications are largely theoretical and make use of schemata, which probably have 
some didactic value; but they should lie regarded ns mere schemata, if used at all; 
the tendency of the recent writers on aphasia is to abolish the aphasia-diagrams, 
and the nphnsin-schematn. To understand the historical development of the ^ ab­
ject, however, and to get a grasp of the technical terms already in use, s ane 
reference to these diagrams and schemata must be made. The diagrams are r< My 
useful if we bear in mind (1) that they are merely schemata, and (2) that lie
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lines and circles composing them do not represent compact bundles of nerve fibers 
or sharply circumscribed cortical arcus, but rather are symbolic of the psycho- 
physiological elements of which speech is a compound.

Wernicke divided the aphasias into two great classes: (1) motor aphasia, and 
(2) sensory aphasia. By motor aphasia, he meant loss of the power to produce 
speech, that is the loss of the power to revive in consciousness the memories re­
quired for innervating the word-movements, though the understanding of speech 
heard is retained, or only slightly disturbed. By sensory aphasia, lie meant inabil­
ity to understand speech heard; that is, though the patient hears words spoken, 
he does not understand what is said, since he has lost the capacity for reviving 
these memories of word-sounds, through which he recognizes words and under­
stands their significance. In spite of this loss of the understanding of spoken 
words, he can himself speak, though his own speech will be more or less imperfect 
according os he has relied more or less upon the revival of word-sound mem­
ories for awakening and serially arranging the innervations of the movements 
made in speaking.

In the scheme (Fig. 593), therefore, motor aphasia could be due to a lesion 
of Broca’s motor speech center at (B), and sensory aphusia to a lesion of Wer­
nicke’s sensory speech center at (W), but obviously disturb­
ances could arise either from lesions of the centers themselves, 
or from lesions involving the paths going to or from these 
centers. Accordingly, Wernicke spoke of the symptoms due 
to lesions of the cortical centers (B) and (W) as cortical 
aphasias; of the symptoms due to lesions interfering with 
the association fibers connecting the portions of the cortex 
(I) concerned in the formation of conceptions with (B) 
and (W), that is, anywhere along the lines (B-I) and 
(W-I), as transcortical asphasias; of the symptoms due to 
lesion of the association paths connecting the motor speech 
center with the motor area of the cortex where the corticonuclear paths for the 
speech movements begin along the line (B-M), or connecting the sensory speech 
center with the auditory sense areas of cortex upon which it depends along the line 
(W-A), as subcortical aphasias, motor and sensory; and, finally, of the symptoms 
due to lesions interrupting the path connecting Wernicke’s sensory speech center 
with Broca’s motor speech center along the line (W-B) as conduction aphasia.

Reading.—In alexia, inability to read, a distinction is made between (1) ability 
to understand printed or written words seen, and (2) ability to read aloud. The 
memory traces for the signs used in printing and writing (i. e., the letters) are 
probably located in the periphery of both visual sense areas. Most people on read­
ing have to revive in memory also the corresponding sounds of words. A child, in 
learning to read, reads aloud at first, always associating the optic impressions of the 
letters with their sounds and with the kinesthetic impressions of the corresponding 
speech movements. For instance, in combining the letters d,o,g into “dog,” the child 
associates always the optic, the auditory, and the kinesthetic components; ever 
after on seeing the word “dog,” he revives the sound in consciousness, and the 
perception is a combination of visual sensations with visual, auditory, and kin­
esthetic memories. Many people, on reading, also make the corresponding speech 
movements (either aloud or to themselves).. This is why injuries in the domain 
either of the sensory or of the motor speech centers can also cause alexia. In 
graphically representing the conditions underlying reading and writing, Fig. 594 
is usually employed. Conduction paths pass from the area of visual memories 
(O in the scheme) to the other centers, through the path leading to Wernicke’s 
sensory speech center; the cortical area for the memories of word-sounds, (W)

Fig. 503.—Diagram 
Illustrating the 
Simpler Disturb­
ances of Speech.
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is used in reading, either as O-W-I, or, on reading aloud, as O-W-I-R. Many 
people probably have à direct path from O-M ; such persons transform the visual 
directly into movement innervation pictures, and first understand what they read 
when they speak it, using the path O-B-I, or perhaps O-B-W-I, simultaneously 
reviving word-movement memories and word-sound memories in consciousness. In 

artists, or in other persons in whom the visual power is 
markedly developed, there may he a direct path O-I.

Alexia is more commonly an accompaniment of sensory 
aphasia than of motor aphasia, though it may occur in either. 
Alexia may also occur as an isolated symptom—so-called pure

Writing.—There must, it is thought, he a direct path 
(O-H) from 0 to the motor center in the cortex for the 
right hand, which is used in copying (without understanding 
what is written). In spontaneous writing, the path I-W-O-H 
is probably used ; the memory of the sound of the word is first 
revived, then the visual memory of the signs of writing, after 
which the motor center (II) is called into activity. Whether 
(H) is identical with the pyramidal tract beginning, or repre­

sents a suprapyramidal cortical area like (B), has been much discussed. In 
writing to dictation, the path W-O-H or W-O-B-H would he followed.

Agraphia, or inability to write, is sometimes associated with motor aphasia, 
even in cases in which the right hand is not paralyzed. It is not, however, a 
necessary accompaniment of motor aphasia; the power of writing is to a certain 
extent, in some persons, at any rate, independent of the power of speech.

Agraphia is more frequently present in sensory than in motor aphasia, probably 
because most people must revive word-sound memories before they can re-awaken 
the visual memories of written words prerequisite for the motor impulses for the 
production of writing. Patients that cannot write spontaneously may, however, 
be able to copy slavishly what they do not understand, an indication, it 1ms been 
thought, of the existence of a direct path from the visual areas to the motor center 
for the right hand (O-II). An isolated agraphia (with retention of speech and 
the understanding of speech) is very rare (q.v.).

It does not seem probable that many people possess an especial center in which 
the memory of the movements requisite for the production of writing signs is 
located. People, however, who are able to write directly with the help of optic 
memory-pictures might have an isolated agraphia from interruption of the con­
duction paths connecting the optic memory with the left motor center (<?. g., tumor 
in the parietal lobe). If one assume that writing is always preceded by internal 
speech, then an isolated agraphia could result from interruption of the path from 
the motor speech center (B) to the motor center for the right hand (II). In 
most people, the power to write depends upon the integrity of the word-pound 
memory center and the paths connecting it with the motor center of the hand.

Prom what has been said, it will be clear that the power slavishly to copy from 
a sample is retained in all varieties of aphasia; that the capacity to write to da­
tation (without understanding) is lost in all forms of aphasia except (a) the trims 
cortical aphasias and (b) the subcortical motor aphasia ; and that spontaneous 
(understood) writing is intact only in the subcortical forms of aphasia, for in 
all other forms it is either entirely impossible, or if possible at all, paragraphic.

Optic and Tactile Aphasia.—In rare instances, patients see and recognize 
objects held before them but are unable to call them by name, although they other­
wise speak naturally and, furthermore, are able to lind the name of the object; 
by the use of other sense organs.

I

H
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For example, a patient suffering from optic aphasia, looking at a pocket-hand­
kerchief, though knowing that it is used for wiping the nose, may be unable to 
give the name until he takes it in his hand. He seems unable to use his visual 
memories for speech. The symptom occurs in connection with lesions lying at the 
junction of the left occipital with the left temporal lobe, but the lesions must 
be extensive enough, apparently, to cut off the conduction paths connecting the 
occipital lobes of both sides with the temporal lobe on the left side. The disturb­
ance is, therefore, usually associated with alexia and hemianopsia, and, sometimes, 
with sensory aphasia.

A similar tactile aphasia occurs occasionally. Though the patient is capable 
of tactile sensation, and identifies the object, he cannot give the name of the object 
felt. This differs from the tactile agnosia (already described) in that, in the 
latter, the patient does not recognize what he feels. In tactile aphasia he may 
recognize the object, but be unable to name it.

It is not improbable that olfactory and gustatory types similar to these optic 
and tactile types of aphasia will ultimately he recorded.

(d) The Aphasie Syndromes Actually Met with Clinically
Under methods of examination we have dealt with the elementary dis­

turbances of speech (1) on the expressive and (2) oil the receptive side. 
Hero the types of cases met with clinically, in which aphasie disturbances 
occur, must lie outlined. Aside from all schemata, and proceeding ol>- 
jeetivcly, we divide the aphasie syndromes into two great groups: (1) the 
simpler forms, and (2) the complex forms.

In the simpler forms of aphasia the clinical picture is limited to a 
single symptom, or to a few symptoms that must logically depend on one 
another, as, for example, the loss of the power of repetition depends on the 
loss of understanding of the speech-sounds.

In the complex forms of aphasia there are a scries of symptoms not 
necessarily reciprocally interdependent; these complex syndromes include 
the majority of the aphasie cases met with in practice. While no two 
cases showing a complex form of aphasia are identical, still the complex 
forms can ho arranged in groups so that they can nearly all ho included, 
roughly at least, under a few types. In making this arrangement wo 
depend chiefly upon the behavior of the patient (1) as regards the power 
to produce speech (motor speech), and (2) as regards the power of under­
standing speech. As a rule the behavior as regards reading and writing 
is not necessary for the placing of a case in a given group; this is fortu­
nate, since the disturbances of reading and writing are very inconstant. 
An exception to this rule occurs in the differentiation of pure word-dumb­
ness from Broca’s aphasia (q. v.).

i. The Simpler Forms of Aphasia

Under this heading we shall consider (1) pure word-dumbness, (2) 
pure speech-deafness (or word-deafness), (.*1) pure agraphia, (4) pure 
alexia.
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(2) Pure Word-Dumbness (Subcortical Motor Aphasia of Wernicke; Pure 
Motor Aphasia of Déjerine)

Clinically, this is easy to recognize, since the disturbance of speech is 
restricted to the loss of power to speak, and this loss is usually complete 
and permanent, except for the slight “recurring utterances” of Ilughlings 
Jackson. The patients know the words that they wish to say, hut can­
not remember how to innervate the speech movements necessary to produce 
the sounds of the words ; by pressure of the hand, or by gestures, they can, 
however, often indicate the number of syllables in the word they desire to 
pronounce (Lichtheim’s test).

This pure word-dumbness can bo differentiated from Broca’s aphasia 
by the fact that reading and writing arc not at all disturbed.

Right-sided hemiplegia, or paresis of the face and tongue on the right 
side, arc common, but not constant, accompaniments. Pure word-dumb­
ness may appear, as such, immediately after the cerebral insult ; some­
times there is a Broca’s aphasia first, and, later on, as partial restitution 
occurs, a pure, or almost pure, word-dumbness remains.

(2) Pure Speech-Deafness (or Word-deafness) (Subcortical Aphasia of 
Wernicke; Pure Word-deafness of Déjerine)

The clinical diagnosis of this condition requires great care; many of 
the cases reported as such in the bibliography do not belong in this group.

The condition is characterized by (1) loss of understanding of the 
sounds of words and of the sense of words, and (2) loss of the power of 
repetition. All other speech-functions on the expressive side are retained ; 
and reading and writing arc undisturbed in the typical cases.

One must first make sure that the loss of understanding of speech is 
not due to labyrinthine deafness, or to deafness due to bilateral cerebral 
lesions. Hero a thorough otological investigation is necessary. Occa­
sionally a case is met with in which there is pure speech-deafness in addi­
tion to labyrinthine deafness.

In most cases the power to understand speech is complete, and extends 
even to the identification of the speech-sounds as such ; in a few cases, how­
ever, the sounds of the single letters can bo understood, so that cases of 
“partial pure speech-deafness” have to bo admitted.

In some of the cases of pure speech-deafness, sounds other than those 
of speech can be understood, but, in other cases, mind-deafness (auditory 
agnosia) is associated with the word-deafness.

As a rule pure speech-deafness is a persistent condition. Like pure 
word-dumbness, it sometimes occurs as the solo effect of a cerebral lesion ; 
sometimes it remains as a residue after partial recovery from a Wernicke’s 
aphasia.
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(3) Pure Agraphia (Isolated Agraphia of Wernicke; Pure Motor 
Agraphia of Pitres and of Dijerine)

Under this heading nro included only the eases in which there is dis­
turbance of writing independent of any other disturbance of speech-pro­
duction, or of the understanding of speech. We exclude, especially, cases 
m which there is any involvement of reading, and of the complex known 
as the “letter-word” or “literal word.” Wo exclude, also, the cases in 
which writing with the right hand only is impaired owing to paresis or 
ataxia. Cases of pure agraphia, despite sufficient motility of the right 
hand, have long been known ; recently the existence of a bilateral agraphia 
without other aphasie 
disturbances has been 
demonstrated. The lat­
ter is, in some cases, an 
“apraxic agraphia.”

(.Jt)Pure Alexia (Sub­
cortical Alexia of 
Wernicke; Pure 
Word - blindness of 
Dé ferine ; Isolated 
Alexia of Ileilbron- 
ner)

In this condition, 
only the power to read 
is lost. In typical cases 
the disability is so great 
that individual letters 
cannot be recognized, 
though figures, and 
sometimes the patient’s 
own name, can be recog­
nized and read. In less 
severe cases single let­
ters can sometimes be recognized, though this slight power is quickly lost 
during the examination, owing to fatigue. Some patients can recognize 
and pronounce the letters that they write themselves from a copy, but 
some patients do not know that the signs arc letters at all ; they arc unable 
tn distinguish letters from other figures, in which event there may coexist 
an optic agnosia (mind-blindness).

Pure alexia is commonly combined with right-sided hemiopia, but 
right sided hemiopia does not, of itself, give rise to alexia.

Left Rye Itlght Rye

SensArv 
(Auditory) 

Speech Center

Fig. 5l).r>.—Diagram of Alexia and Agraphia. (After Llep- 
mann.) Lesion 1 = Alexia and Agraphia; Lesion 2 = 
Pure Alexia with Ileinl-anopsla ; Lesion 3 = Pure 
Agraphia, of Right Hand Only ; Lesion 4 = Pure 
Agraphia on Roth Sides. (After M. Rothmann, in 
“Ilandh. d. Inner. Med.," published by J. Springer,
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In typical cases patients can write spontaneously and from dictation, 
especially if the writing proceed uninterruptedly. Aside from very slight 
word-amnesia, or paraphasia, or distortion of words on writing, at the very 
Loginning, the other speech-functions arc normal. Should these initial 
symptoms, however, he marked or persist, the condition is no longer pure 
alexia, but has to he designated “alexia, or word-blindness, with agraphia” 
(Dojerine), a condition that probably represents a residual stage of 
Wernicke’s aphasia.

Pure alexia tends to persist; the outlook for recovery is very bad, 
though, in a few cases, improvement has been seen.

ii. The More Complex Forms of Aphasia

Under this heading we include ( 1 ) Broca’s motor aphasia, (2) Wer­
nicke’s sensory aphasia, (it) total aphasia, and (4) other complex aphasias.

(1)Brora’s Motor Aphasia (Cortical Motor Aphasia of Wernicke; True 
Cortical Motor Aphasia of Déjcrine)

In this condition, as in pure word-dumbness, there is loss of the power 
to speak, including all modalities of speech (spontaneous speech ; power of 
repetition; power of reading aloud, and power of serial speech). We 
exclude from Broca’s aphasia (1 ) the eases in which, from the loginning 
on, either the power of repetition or the power of serial speech has not 
tieen disturlied, and also (2) the eases in which cither of these functions 
is completely restored after initial loss.

Broca’s aphasia is frequently (not always) accompanied by hemi­
plegia, or at least by paresis of the tongue and face.

The patient is unable to indicate by pressure of the hand or hv gestures 
the number of syllables in words (Lichtlieim’s test).

Whether or not the understanding of speech is at all involved in 
Broca’s aphasia has been much disputed. As a rule, the understanding of 
single words is not disturbed, but there may bo some impairment of under­
standing of the meaning of sentences (Déjcrine). In testing for such 
impairment, for instance by asking the patient to point to parts of his own 
IhhIv named, we must take care not to confuse coexisting apraxic disturb 
aliens with faulty understanding of speech ( Iloilbronner). In most eases 
of Broca’s * da, impairment of the understanding of speech is so slight 
that it cannot bo detected except bv delicate tests. Broca’s aphasia i- 
oasily separated from pure word-dumhness by the fact that, in the former, 
both reading and writing are disturbed, writing usually more than resil­
ing. Here, again, we must make sure that the agraphia is due neither <■> 
paralysis of the right hand nor to apraxia.

Broca’s aphasia tends to persist. Through reeducation, however, 
motor aphasies may slowly, and laboriously sometimes, acquire a sin. I
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vocabulary ; in a few cases the power of speech may be regained, even 
years after the insult. Sometimes the power of repetition is regained 
more quickly than that of spontaneous speech. In spontaneous speech, the 
power to name objects recovers more quickly than other powers, a fact 
that makes it probable that word amnesia plays no rôle in Broca’s 
aphasia; this view is further supported by the observation that, in cases 
that show marked recovery, proper names are most easily pronounced; 
that is, words that in amnestic aphasia involve the greatest difficulty.

In the residual stage of Broca’s aphasia, agrommatismus (</. v.) is a 
prominent feature. These patients sjieak hut little, avoiding speech as 
much as possible, and, of this, the agrammatismus may be a sign.

(2) Wernicke* Sensory Aphasia (Cortical Sensory Aphasia of Wernicke;
Sensory Aphasia of Dé ferine)

In this condition it is the understanding of speech that is chiefly 
disturbed. At first the disturbance may be as great as in cases of pure 
speech-deafness, but in some cases at the beginning, and in all a little 
later, there is evidence of some understanding of the sounds of words, and, 
perhaps, of the sense of words. Hemiplegia is far less common than in 
Broca’s aphasia; but bemiopia is a frequent accompaniment, being almost 
always present at the beginning in cases of acute onset (Ileilbronner).

Wernicke’s aphasia, at its onset, is distinguishable from pure speech- 
deafness by the fact that there is some involvement of spontaneous speech. 
It can be distinguished also from convalescent cases of Broca’s aphasia by 
the fact that, though spontaneous speech is disturbed, the patients do not 
avoid speech; indeed, they are often more loquacious than normal, and, 
once started, seem to find it hard to stop the speech-machinery. In the 
severe forms, there is outspoken jargon-aphasia (7. r.) ; is an abun­
dance of speech-impulses with a poverty-stricken vocabulary! Both distor­
tion of words and confusion of words are common, and in these disturb­
ances a persévéra tory tendency is exhibited. In marked contrast with motor 
aphasia, there is, in Wernicke’s aphasia, no involvement of serial speech 
(</. v.) ; provided, first, that the patient can be made to understand what 
series we wish him to repeat, and, secondly, that there be no interruption 
during the production of the series.

In contrast with pure speech-deafness, in which the power of repetition 
is lost, the sensory aphasie can repeat words, though, in doing so, there is 
a little verbal paraphasia and some literal paraphasia.

A remarkable feature of the sensory aphasie is his satisfaction with 
Ids speech performances. He seems not to lie cognizant of the pitiable 
results of his efforts, and in this way is very different from the motor 
aphasie.

Restitution in Wernicke’s aphasia occurs more often, and to a greater
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extent, and, usually, more quickly, than in Broca’s aphasia. There is 
usually marked improvement within a few weeks. The understanding of 
speech, the power of repetition, the power of spontaneous speech, the power 
of finding the words desired for use, all improve and often co-tcmporaue- 
ously. Though recovery may extend far, there is, in most cases at least, 
some residual disturbance. Sometimes word-amnesia, sometimes mild 
paraphasia, remains, and the patients have difficulty in understanding 
longer sentences and conversations in which a number of people partici­
pate. Some disturbances of reading and writing also persist.

The disturbance of spontaneous writing in Wernicke’s aphasia runs 
more or less parallel to that of spontaneous speech. Writing to dictation 
is disturbed as long as understanding of word-sounds is interfered with.

The disturbances of reading in Wernicke’s aphasia vary in degree. 
It is not common to find such great disturbance as in pure alexia, it is 
hard to test the elementary disturbances in alexia, owing to the lack of 
speech-understanding of the patients. This much can be said: in the 
majority of eases the understanding of what is read is more involved than 
the understanding of what is spoken, and the power to read aloud is more 
involved than the power of repetition.

(3) Toldl A phasia

When we have the symptoms of Wernicke’s aphasia added to those of 
Broca’s aphasia, the condition is known as total aphasia. Both the power 
of speaking and the power to understand speech are abolished ; reading 
and writing are either impossible or arc markedly disturbed. Sometimes 
the patient is capable of slavish copying; in rare eases, he may understand 
what he reads. In nearly every case, either hemiplegia or hemiopia is 
concomitant.

After a cerebral insult, total aphasia is not uncommon at the begin­
ning, when, a little later on, the clinical findings indicate rather a Broca’s 
aphasia or a Wernicke’s aphasia ; in such cases, some power of speech or 
some understanding of speech is usually present at the beginning, giving 
us a clue as to the probable further development of the case. Even in the 
cases in which total aphasia tends to persist, there is usually some re­
covery, either on the expressive or on the receptive side, most frequently 
the latter. As partial restitution gradually sets in, very bizarre aphasie 
disturbances may be met with, difficult to classify.

(4) Other Complex Forms of Aphasia

Now and then one meets a patient presenting an aphasie syndrome, so 
different from any of the preceding simple and complex forms as to make 
it necessary to place it in a separate group. Of the complex forms that
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from the beginning on, have lacked one or more of the essential charac­
teristics of either Broca’s or Wernicke’s aphasia, at least three groups are 
recognizable, according as the disturbances arc manifested predominantly 
(1) on the expressive side, (2) on the receptive side, or (3) evenly on 
both sides. It is interesting that these three forms correspond essentially 
to three varieties set up on theoretical grounds in the Lichthcim-Wernicke 
scheme; namely, (1) transcortical motor aphasia, (2) transcortical sen­
sory aphasia, and (3) conduction aphasia, except that, as Heilbronner 
points out, the schematically deduced relations between the disturbances 
of reading and writing on the one hand, and the other symptoms on the 
other, are but little supported by clinical experience.

1. So-called Transcortical Motor Aphasia.- -Here the disturbance is 
predominantly on the expressive side, and affects only spontaneous speech. 
The power of repetition and of serial speech is retained, or only slightly 
involved. Spontaneous speech may not he completely abolished, but the 
patients speak very little and avoid speech as much as possible, the be­
havior resembling that in Broca’s aphasia. The condition differs from 
Broca’s aphasia, however, in the kind of spontaneous speech possible. 
The patients are able to produce only small current phrases, connective 
words, and the like; words rich in meaning are unpronounceable. Even 
later on, when there has been some recovery, there is marked word- 
amnesia. During the stage of restitution, the speech resembles more that 
of a partially cured Wernicke’s aphasia than that of a Broca’s aphasia, 
hut differs from that of Wernicke’s aphasia in that, from the beginning on, 
there has been very little, if any, disturbance of the understanding of 
speech. The resemblance to the so-called amnestic aphasia is obvious, hut 
iu most of the cases of amnestic aphasia there has been no initial loss of 
spontaneous speech, so characteristic of transcortical motor aphasia. The 
cases arc rare.

2. So-called Transcortical Sensory Aphasia.—This differs from Wer­
nicke’s sensory aphasia (though, otherwise, it resembles it closely) in that 
the power of repetition is fairly well preserved. Some would regard it 
as a residual stage of Wernicke’s aphasia ; this may he a correct view, hut, 
if so, it is only one of the ways in which a Wernicke’s aphasia may retro­
gress.

3. So-called Conduction Aphasia.—Many have doubted the justifiabil­
ity of retaining this category; still, occasionally, a patient is met with in 
whom there is very slight, if any, disturbance of the understanding of 
speech, and no disturbance of the power to produce speech, as is shown 
by the capacity for reproducing series; the patient is fairly ready with 
speech, but shows a severe disturbance of spontaneous speech, with marked 
distortion of words (literal paraphasia) and often pronounced word- 
amnesia on naming objects. The symptoms vary in intensity, the whole 
slate sometimes resembling transcortical motor, sometimes transcortical



(e) Table of Symptoms in the Different Forms of Aphasia

Spontaneous Repetition Reading
Aloud

Spontaneous
Writing

Copying Writing to 
Dictation

Understanding 
of Speech

Reading

A. Simpler Forms

1. Pure speech dumbness................... O o O O + + + + +
2. Pure sjieech deafness...................... + + O + + + O O +
3. Pure agraphia.................................. + + + + O + O + +
4. Pure alexia....................................... + + + o + + + + O

B. Complex Forms

1. Broca's motor aphasia.................... o o O o o + o + X
2. Wernicke’s sensory aphasia......... + 0 o + o o o
3. Total aphasia.................................. o o o o + o o o
4. Other complex aphasias:

(a) Transcortical motor aphasia. o + + + + + + +
(b) Transcortical sensorv aphasia +x + + + + * +- + o o
(c) Conduction aphasia............. + * + +* +* +.* + + + +(d) Amnestic aphasia.................. X + x + + + +

O Indicates abolished function. 
+ Indicates retained function, 
x Marked disturbance.
* Some paraphasia.

% With paragraphia.
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sensory, aphasia ; so much so that the cases arc often grouped with these 
or regarded as a combination of the two. But one symptom, particularly, 
differentiates them from cither; namely, a marked disturbance of the 
power of repetition, precisely the function the integrity of which is char­
acteristic of the transcortical forms (see cases reported by Kleist and by 
lleilbronner). The symptoms described by Pitres as pnraphasies belong 
here. The grimacing shown by the patients on attempts at pronunciation, 
or at repetition, resembles that seen in Broca’s aphasia, so that some cases 
in the literature have been wrongly classified; but the ease with which 
scries can he reproduced excludes Broca’s motor aphasia, even in its resid­
ual stage. Occasionally, the power to read aloud Helps to differentiate.

4. Amnestic Aphasia.—This is characterized exclusively by the 
symptom of word-amnesia (q. v.). Now word-amnesia is often seen as a 
residue of aphasie disturbances of various sorts. The term amnestic 
aphasia, however, is reserved for the cases in which this symptom appears 
soon after the insult (without other symptoms), is very marked, and 
remains unchanged for some time.

(/) Lesions Causing Aphasie Disturbances 
i. The Motor-Specch-Center (Broca’s Area)

Broca (ISfil), in a case of motor aphasia, found a lesion in the pos­
terior third of the inferior frontal gyrus on the left side. This area has 
for decades been regarded as the motor-speech-center, and is known as 
‘‘Broca’s area.” In 1900 P. Marie questioned the validity of this view. In 
his opinion, Broca’s area is unimportant, motor aphasia depending rather 
upon lesions in the neighborhood of the nucleus lentiformis, and being in 
reality a Wernicke’s sensory aphasia plus anarthria. This startling criti­
cism of a generally accepted doctrine was immensely helpful, in that it led 
to an active re-study of the subject (v. Monakow, Déjerine, Licpmann). 
The tendency at present seems to be to reestablish Broca’s area as the 
niotor-s] leech-center.

Modern studies have, however, shown that the area as defined by Broca 
is certainly too circumscribed. It is probable that the extent of the area 
varies in different persons, hut it seems true that, in many instances, 
it is not limited to the gyrus frontalis inferior, hut includes adjacent brain 
territory.

The attempts to separate a cortical from a sul>cortical motor aphasia 
clinically have not been wholly satisfactory; the findings of pathological 
anatomy have been conflicting. In many of the cases exhibiting clinically 
symptoms of the theoretical subcortical motor aphasia, the cortex has been 
found involved, even in cases in which the “subcortical typo” appeared 
immediately or within a few days after the onset of the aphasia (Banti, 
v. Monakow and Ladamc). The same criticism must be made of the sup-
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posed anatomical basis of the (theoretical) transcortical form of motor 
aphasia. Very few eases of this form have thus far been studied by exact 
methods, but in at least one case so studied no definite conclusions regard­
ing anatomical localization could be arrived at (Rothmann).

ii. The Area Involved in Sensory Aphasia (Wernicke’s Area)

In 1874, Wernicke proved the importance of lesions of the gyrus tem­
poralis superior on the left side in the causation of his “sensory aphasia.” 
In later studies an attempt was made to circumscribe this area to the 
junction of the third and fourth fifths of the gyrus, but the most careful 
recent studies indicate that it is as yet premature to attempt very sharply 
to outline the boundaries of the area. Whereas brains were formerly 
studied only by rough-and-ready, macroscopic methods, an aphasie brain 
is nowadays much more carefully analyzed, after hardening, by means of 
the study of serial sections stained by Weigert’s method and other methods. 
The importance of brain territories adjacent to Wernicke’s original area— 
namely, the transverse temporal gyri in the fossa of Sylvius, the gyms 
temporalis médius, the gyrus supramarginal is, and, in some eases, the 
gyrus angularis—seems to have been established (Quensel).

In the attempt to separate cortical from subcortical sensory apha­
sia, difficulties similar to those encountered in motor aphasia have been 
met with. In some eases, typical clinically of the theoretical subcortical 
sensory aphasia, autopsy has revealed lesions in which the cortex did not 
participate, but in a number of other eases, slightly atypical perhaps, an 
involvement of the cortex of both temporal loin's has been found ; more­
over, subcortical lesions in the left temporal lol>o are not always followed 
by permanent word-deafness.

An extension of the lesion from the temporal lobe in the occipital 
direction is suggested in the eases of sensory aphasia accompanied by 
marked and persistent alexia.

Attempts to localize the eases of so-called transcortical sensory aphasia 
have not yet been successful; it is possible that lesions behind and below 
the gyrus temporalis superior may bo concerned (Bonhoeffer).

iii. Other Brain Territories Concerned in Aphasie Disturbances

Wo have gradually learned that the form assumed, and the course 
followed, by an aphasie disturbance, whether motor or sensory, varies 
according as the lesion is limited to the motor area in the strict sense, or 
the sensory area in the strict sense, above mentioned, or involves otln r 
brain territories at the same time; moreover, aphasia can occur, and p< r- 
sist, even when neither of these two important areas is affected. Tim 
total brain territory concerned in aphasias is quite large. We may spc:ik 
of it as the aphasie region of the brain, even though we are as yet unuhlo
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precisely to limit its borders. Probably von Momtkow is not far wrong 
in identifying it with the total domain vascularized by branches 1-4 of the 
middle cerebral artery (A. cerebri media).

Broca’s area and Wernicke’s area lie within this great aphasie region. 
Other areas of special importance in it are (1) the island of Roil, (2) the 
teinporo-occipital area, and (3) the gyrus augularis.

(1) The Island of Beil
The island of Beil has often been found involved in aphasie lesions. 

It was for some time supposed that it is the site of lesions causing so- 
called “conduction aphasia,” in which the chief symptom is a disturbance 
of the power of repetition. Later studies have shown that the power of 
repetition may bo retained despite extensive insular lesions. Ileilbronner 
objects strongly to the use of the term “insular aphasia,” since as yet no 
disturbance of definite type that will permit of localizing diagnosis can 
be attributed to lesions of this area. This much may, however, be said ; 
the anterior part of the island of Rcil is more often found destroyed in 
cases of motor aphasia, the posterior part of the island in cases of sensory 
aphasia, whereas in some cases of total aphasia very extensive lesions in­
volving most of the insular region have been discovered. In every case in 
which insular lesions exist, careful microscopical studies should be made 
to determine the extent and direction of the various parts of the lesion, 
for sometimes a narrow extension of the lesion in a given direction may 
he of much greater importance in accounting for the symptoms observed 
during life than the gross lesions that strike the naked eye at autopsy.

(2) The Temporo-occipital Area
The posterior, or tcmporo-occipilal portion, of the aphasie region seems 

to bo especially involved in cases in which word-amnesia has been promi­
nent, and particularly the power for naming objects. Amnestic aphasie 
phenomena are, however, not uncommon during recovery from aphasia 
duo to focal lesions in various parts of the aphasie region or to dilTuso 
atrophic processes therein.

(3) The Gyrus amjularis
The f/yrus anyularis, or its neighborhood, has been found involved in 

many cases of alexia. Alcxic disturbances, especially the loss of power to 
remgnizc. single letters, point always to a lesion in the aphasie region 
somewhere behind Wernicke’s area, though it is not yet certain that the 
lesion must involve the cortex. There is some evidence, in the cases desig­
nated as “pure subcortical alexia” in which there are no accompanying 
«graphic disturbances, that the lesion lies deep, whereas in the cases of 
alexia associated with agraphia, a more superficial lesion may be suspected.
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Topical diagnosis in the region just mentioned is com " * by our
clinical-pathological experience of lesions in this area ; they sometimes 
cause word-amnesia without any, or with only slight, alexia, and some­
times alexia with only slight, or without any, word-amnesia; in still other 
eases alexia and word-amnesia go parallel with one another. In cases of 
these several types, carefully studied by Qucnscl, no marked difference in 
the localization of the lesions could be made out; in certain cases with 
superficial lesions of the cortex, involving the white matter only slightly, 
no symptoms were recognizable during life.

No circumscribed localization of lesions that cause agraphic disturb­
ances has as yet been made out, though the supposititious “chcirokines- 
tlietie center” of Bastian may yet find its anatomical scat; Exner believed 
it to lie in the posterior part of the left gyrus frontalis médius, but Ileil- 
bronner saw this area occupied by an abscess in a patient whoso power of 
writing (left-handed) was retained.

(g) Lesions Causing Agnostic Disturbances
Hero we are even less informed than for the aphasie disturbances. 

The different clinical forms of agnosia have already been described.

i. Lesions Causing Tactile Agnosia

The freer the tactile agnosia is from accompanying analgesia, the more 
likely it is that the lesion will bo found confined to the cortex. Wernicke 
believed that tactile agnosia (his Tasllahmung) depends on lesion of tin- 
middle third of the two central gvri, but located it more in the posterior 
gyrus than in the anterior. According to Bonhoeffer, disturbances of 
tactile identification, and of the power of localization, point to injury of 
the cortex in the anterior central gyrus ; if the lesion go deeper and further 
backward, the agnosia will, bo asserts, bo accompanied by disturbances of 
deep sensation (bathyanesthesia).

ii. Lesions Causing Auditory Agnosia (Mind-Deafness)

Clinical-pathological experience teaches that auditory agnosia pointa 
to the temporal lobe, probably to bilateral lesion, though here, also, a 
possible dominance of the left hemisphere has to be considered. The 
cases have not always been clinically differentiated from word-deafness on 
the one hand, or from cortical deafness on the other.

iii. Lesions Causing Optic Agnosia (Mind-Blindness)

It is known that this can be caused by lesions in the lateral parts of lie 
occipital lobes, especially those involving the white matter; it does ot
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follow lesions confined to the regions about the calcarine fissure; these, 
when bilateral, cause cortical blindness, not mind-blindness. Most of tho 
cases of optic agnosia reported have shown bilateral lesions, but it seems 
certain that optic agnosia can result from a unilateral lesion on tho left 
side.

(4) Lesions Causing General Agnosia

When there is a combination of tactile, auditory and optic agnosia in 
the same patient, tho mental state is so disturbed that a clinical analysis is 
difficult. Tho condition seems to depend upon very extensive bilateral 
lesions involving the temporal, parietal and occipital lobes.

(h) Lesions Causing Apraxic Disturbances
Tho apraxias have been subdivided by Liepmann into (1) cortical, 

(2) transcortical, and (3) ideatory forms.
In cortical apraxia there is a defect of the psychomotor memory-pic­

tures, which interferes with the spontaneous movements that have to deal 
with complicated acts.

In tmnscortical apraxia, though tho spontaneous movements them­
selves may be undisturbed, they are not influenced normally bv sense 
impressions, these sense perceptions having lost their determining influ­
ence upon action.

In ideatory apraxia there is a loss of the consciously purposeful se­
quence of individual acts, though each of the latter may be properly done.

Apraxic disturbances are always due to cerebral lesions above the 
internal capsule, a point that is of some help in the topical diagnosis of 
hemiplegias, since apraxia sometimes accompanies hemiplegia.

Genuine apraxia of the contralateral hand is most often caused by 
lesions lying behind tho central gyri (v. Monakow, Bcchterew, Oppen- 
heim, Ileilbronner).

An important observation of Licpmann’s has shown that apraxia of the 
homolateral hand can bo due to a stipracapsular lesion in the left cerebrum, 
and docs not necessarily point to a lesion of the right side also. Such a 
lesion in tho left hemisphere must 1k> such as to lead to a cutting off of the 
impulses that arise in the left cortex and pass through tho corpus cal­
losum to the right cortex; it may lie situated cither in the left hemi­
sphere or in tho corpus callosum itself. Tho occurrence of apraxia, or of 
dyspraxia, of the left hand is, therefore, sometimes of help in the diag­
nosis of disease of the corpus callosum.

But apraxia of the left hand may also lie duo to a lesion in the (con­
tralateral) right hemisphere. It has followed, for example, a tumor in 
tho right parieto-occipital region. Whether this injured a “praxic 
center” of the right hemisphere, or, instead, cut off from the latter the
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fibers coining through the corpus callosum from the praxic center of the 
left hemisphere, remains undetermined.

There is some evidence in favor of the view that a disturbance of the 
power of imitating left-sided passive movements by the right hand in left- 
sided apraxics points to an interhemispheral lesion (corpus callosum).

In some cases a combination of agnosia and apraxia has been observed. 
When autopsies have been made in these cases, lesions, usually bilateral,

Frontal Foie

Fig. 500.—Horizontal Diagram of Apraxic Disturbances. L.II. = Center for Right Hand In 
Left Hemisphere ; R. 11. = Center for Left Hand; C.o„ C.p., C.t. = Occipital, Parietal ami 
Temporal Association Fibers to the Hand Center of the Left Hemisphere; 1 = Total 
Destruction of L. 11., Itlght-slded Paralysis, Dyspraxia of the Left Hand; 2 = Right­
sided Paralysis. Dyspraxia of the Left Hand; 3 = Callosal Lesion, Dyspraxia of the Left 
Hand; 4 = Lesion Behind the Hand Center In the Parietal Lobe ; Ideokinetic Apraxia of 
the Right Hand, Dyspraxia of the Left Hand; 5 = Capsular Lesion, Paralysis of the 
Right Hand Without Dyspraxia of the Left Hand. (After Llepmann in Rollimaun s 
article In "llandb. d. inner. Med.," published by J. Springer, Berlin.)

of variable shape have been found in the temporal, parietal and occipital 
lobes. In a few cases, no gross lesions wore discoverable, but, instead, 
either an extensive brain atrophy, unevenly distributed, or “lacunar con­
ditions in the basal ganglia” (P. Marie).
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7. Summary of Focal Lesions of the Hemispheres 
of the End Brain

Wo nro now prepared to summarize, briefly, tlio localization of focal 
lesions in tlio cerebral hemispheres.

Central Gyri and Lobulus paracentralis.--Lesions here cause cither 
contralateral motor, or contralateral sensory, symptoms, or both, since the 
general motor area, and a large part of tlio somcsthctic area, arc repre­
sented here.

Contralateral monoplegias, monobathyanesthesias, and Jacksonian 
epilepsies nro especially characteristic of lesions in this zone. Contra­
lateral tactile agnosia and apraxia occur, especially in lesions of the left 
hemisphere ; lesions of one hemisphere (especially tlio left) may also 
cause a homolateral apraxia or dyspraxia, possibly also a homolateral 
tactile agnosia.

Frontal Lobe.—Lesions at the foot of the gyrus frontalis inferior on 
flio left side (Broca’s area) in right-handed people cause Broca’s motor 
aphasia ; a subcortical lesion hero causes pure word-dumbness. Tumors
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in the anterior part of the frontal lobe are sometimes accompanied by a 
tendency to make witticisms (Witzehucht).

Parietal Lobe.—Lesions in the anterior part cause contralateral soin- 
esthetic disturbances, especially in the domain of deep sensibility ; also 
tactile agnosia and apraxia.

Lesions in the gyrus angularis of the left side cause optic aphasia, or 
alexia; if the lesion go deep enough to injure the oceipitothalamic radia­
tion it causes hemi-anopsia. Lesions here also interfere with voluntary 
associated movements of the eyes to the side; in destructive lesions, the 
eyes look toward the lesion ; in irritative lesions, away from it.

Temporal Lobe.—Lesions in the posterior half of the first temporal 
gyms (Wernicke’s area) cause Wernicke’s sensory aphasia ; a subcortical 
lesion may cause pure speech-deafness (word-deafness).

Bilateral destruction of the first temporal gyms and of the transverse 
temporal gyri (auditory sense areas) causes cortical deafness ; larger 
bilateral lesions situated in the lower parts of the temporal lobes cause 
auditory agnosia (mind-deafness).

Irritative lesions in the uncus give rise to uncinate gyrus fits (hallu­
cinations of smell and taste, with smacking of the lips, and tongue move­
ments).

Island of Reil.—Lesions hero cause complex aphasias ; lesions of the 
anterior part cause aphasias resembling Broca’s motor aphasia ; lesions 
in the posterior part cause aphasias resembling Wernicke’s sensory apha­
sia; lesions in the island have also been held responsible for the trans­
cortical aphasias (motor and sensory), and for the conduction aphasia of 
Wernicke.

Occipital Lobes.—Lesions of the cortex about the calcarine fissure 
give rise to hemi-anopsia ; bilateral destruction causes cortical blindness. 
Lesions marginal from this in the occipital lobe, and especially bilateral 
lesions of the lateral surface of the lobes, cause visual agnosia (mind- 
blindness).

Centrum semi-ovale.—Lesions in the centrum semi-ovalo interfere 
either with projection systems (motor or sensory), or with association 
systems, according to their size and location (monoplegias, mono-anes­
thesias).

Corpus callosum.—Lesions here give rise to apraxic disturbances 
(q. v.).

F. Topical Diagnosis of Lesions of the 
Cerebellum and of its Peduncles

Lesions involving the cerebellum may cause (1) symptoms duo to 
injury of the cerebellum itself or its peduncles, or (2) “neighborhood
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symptoms,” from pressure upon other parts (medulla oblongata, pons, 
midbrain, vena magna Galcni).

1. Symptoms Due to Injury of the Cerebellum Itself, 
or of Its Peduncles

Lesions of the worm (vermis) cause disturbances of equilibrium (cere­
bellar ataxia), vertigo and paroxysmal vomiting.

Lesions of one lateral lobe, say, of the right hemisphere of the cere­
bellum, or of the middle cerebral peduncle on the right side (brachium 
pont is), if irritative, will cause a rotation of the body in the direction 
of unscrewing an ordinary screw, the patient’s head being the head of the 
screw ; if destructive, there will be tendency to rotation in the reverse 
direction—namely, that of screwing in a screw—owing to tonus and licmi- 
paresis of muscles on the right side. There may also be nystagmus, and 
skew-deviation, in addition to homolateral asthenia, hvpotony, ataxia and 
adiadochokinesia. Cerebellar ataxia and cerebellar asynergy have already 
been fully discussed (see Disturbances of Motility).

Largo lesions of the cerebellum, causing destruction of considerable 
portions of the organ, are sometimes observed at autopsy, when, during 
life, no symptoms pointing to them have been observed ; this is especially 
true of congenital lesions, and of lesions occurring in early childhood 
(Spillcr, Wadsworth). In my study of the brains of two brothers that 
had hereditary cerebellar ataxia (observed infra vitam by Sanger Brown) 
there were extensive lesions of both the spinal cord and cerebellum.

It is practically important (1) in unilateral lesions to determine (a) 
tlic side of the lesion, and (b) whether it he cxtraccrchellar (e. g., tumor 
of eerebellopontile angle), or intracerebellar—not always an easy matter ; 
and (2) when the symptoms are bilateral, to decide whether (a) the 
vermis is affected, or (b) both lateral lobes are involved, and, in either 
case, whether the lesion bo inside or outside the organ (meninges, fourth 
ventricle). In all these cases the functions of the vestibular nerves should 
be carefully studied by Barany’s method (See Vestibular Syndromes).

Lesions of one inferior cerebellar peduncle (corpus restiforme) may 
cause either (1) cerebellar ataxia with latéropulsion, i. e., falling toward 
the side of the lesion (direct cerebellar tract), or (2) a homolateral move­
ment-ataxia (fibers from posterior funiculi of the cord).

Lesions of the middle cerebellar peduncle (brachium pontis) may 
cause an ataxia duo to deprivation of the cerebellar hemisphere of the 
cerebral impulses that come to it by way of the collaterals from the 
pyramidal tract to the nuclei pontis.

Lesions of one superior cerebellar peduncle (hrachium conjunctivuin) 
may cause unilateral chorea, and ataxia of the cerebellar typo (path from 
cerebellum to red nucleus).
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Symptoms pointing to tlio cerebellum may Do duo to meningitis serosa 
circumscripta of the lateral cistern (q. v.).

2. Pressure Symptoms from Cerebellar Lesions
These may bo cither general symptoms of increased intracranial pres­

sure (choked disk, headache, vomiting, disturbances of consciousness, 
etc.) ; or they may be “neighborhood symptoms,” due to pressure on adja­
cent structures. The latter include:

1. Midbrain symptoms (eye-muscle paralyses, conjugate deviation, 
nystagmus).

2. Pontile symptoms (paralysis of associated ocular movements; 
paralysis of M. rectus lateralis; alternating paralysis of N. facialis ami 
N. abducens; involvement of N. trigeminus, X. cochleae, and N. vesti- 
buli).

3. Symptoms referable to the medulla oblongata (N. glosso-pharyn- 
geus, N. vagus, N. accessorius, N. hvpoglossus).

It is probable that before long the results of the studies of llorslev and 
Clarke, with precise local electrical stimulation of the cerebellum, and 
the exact anatomical studies of 13olk upon the cerebellum, can be better 
utilized for the topical diagnosis of cerebellar diseases.
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Part XII

Section III

DIAGNOSIS OF THE NATURE OF A NERVOUS DISEASE 
(SPECIAL DIAGNOSIS)

Having made a systematic examination of the various nervous func­
tions (Accumulation of Data), and having drawn what inferences are 
possible regarding the neuron systems involved, that is to say, regarding 
the site of the lesion (Topical Diagnosis), we have next to try to decide 
upon the nature of any nervous disease present ( Special Diagnosis).

A. Classification of the Nervous Diseases
It is customary to subdivide nervous and mental diseases into those 

that are functional and those that are organic, the former having 
no anatomical lesions demonstrable by our present methods of examina­
tion.

In both the functional and the organic disorders, our exact diagnosis 
as to the nature of the malady depends upon (1) studies of the cause 
(etiology), (2) of the mode of onset and the course of the symptoms, and 
(3) of accompanying phenomena in other parts of the body. Clinical 
observations, laboratory studies, and pathological examinations have 
yielded us a body of facts that permit us to draw conclusions regarding the 
nature of a disease process.

1. Organic Nervous Diseases
From pathological-anatomical studies, we may classify the organic 

diseases of the nervous system as follows t
(a) Disturbances of development.
(b) Disturbances of circulatory origin.
(c) Disturbances of metabolism.
(d) Inflammatory diseases.
(e) Regenerative and adaptive processes.

478 1
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(f) Disturbances of lumen.
(g) Disturbances of continuity.
(h) Invasions by animal parasites.
(i) Tumors.

2. Functional Nervous Diseases
The so-called functional disorders include (1) the various neuroses 

(psychoneuroses, angioneuroses, trophoneuroses), and (2) the non-organic 
psychoses.

B. Disturbances of Development of the 
Nervous System (Malformations)

Many of these arc of interest chiefly to the obstetrician (anencephalic 
monsters, hemicephaly, meningocele, spina bifida, rhachischisis).

Other anomalies of development are of more interest to the neurolo­
gist and the general 
practitioner. Among 
them may be men­
tioned microcephaly, 
porencephaly and cere­
bral agenesia.

1. Microcephaly
In this condition, 

the cerebrum is abnor­
mally small and is en­
closed in a small skull. 
The cerebellum may 
lie of normal size. The 
projection systems are 
less defective than the 
association systems.

2. Porencephaly
In this condition 

there are partial de­
tects of the brain with 
loss of single parts.

Fig. 597.—True Microcephaly. (After Knoblauch In It. 
Ding's article In "llundb. d. Inner. Med.,” published by 
J. Springer, Berlin.)
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There may be a primary porencephaly duo to curly embryonic lesion, 
cr a secondary porencephaly (psc orcnceplialy), often due to trauma 
at birth, interfering with the blood supply. All cases of porencephaly 
—both true and false—stand in relation to the arterial supply of the 
cerebrum, most often to the A. cerebri media (See Cerebral Daisies of 
Children).

3. Cerebral Agenesia; Microgyria ; Lobar and 
Tuberous Sclerosis

Many cases of idiocy and imbecility depend upon anomalies of de­
velopment (agenesias, microgyria) of the cerebral cortex. Lobar sclerosis 
represents a gliotic shrinking and hardening of the whole of one or both 
hemispheres (P. Marie). Tuberous sclerosis is a gliomatosis, which may 
bo neoplastic, though this is not certain (Vogt). Nut-sized firm masses, 
often quite prominent, are visible in the cortical substance, especially of 
the central gyri ; they consist of masses of glia fibers and glia cells.
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C. Diseases of the Nervous System of 
Circulatory Origin

These include anemia, hyperemia, edema, hydrops, cerebral athero­
sclerosis, hemorrhage, thromlrosis, embolism and aneurism. We shall dis­
cuss the diagnosis of the most important conditions only.

1. Clinical Syndromes Due to Atherosclerosis of 
the Blood Vessels of the Nervous System

Atherosclerosis is a disease of advanced life, often insidious in onset, 
with headache, vertigo, and mental disturbances. It may lead to cerebral 
hemorrhage (apoplexy), or to softening (thrombosis, embolism) ; and it 
may cause sudden death, or permanent paralyses.

Atherosclerosis of cerebral and spinal blood vessels is responsible for 
the majority of nervous and mental diseases developing after the age of 
fifty years. The somatic and psychic symptoms cover the widest possible 
range, since lesions due to arteriosclerosis occur in all parts of the nervous 
system ; but as these lesions arc of certain general types and affect certain 
areas preeminently, it is possible to distinguish in the symptomatology 
certain clear-cut clinical syndromes.

Arteriosclerosis of the nervous system may be only a part of a general 
arteriosclerosis or it may occur in cases in which the radiais, aorta, etc., 
show little, if any, sclerotic change. It may accordingly occur alike in 
eases with and without hypertension.

The type of atherosclerosis that affects the blood vessels of the nervous system 
does not differ essentially from that seen in blood vessels elsewhere. The distribu­
tion of the sclerotic proecss in the vessels of the brain and cord bas been shown 
to be quite variable; the large vessels of the base of the brain or of the pons, the 
medulla or the spinal cord may be chiefly affected, or the smaller arteries supplying 
the cortex, the subcortical areas, or the basal nuclei may alone exhibit marked 
change. The changes in the nervous tissue secondary to arteriosclerosis consist 
in diffuse atrophic changes due to the interference with nutrition and of lesions 
of a more focal nature about the affected vessels, perivascular gliosis, macular 
atrophies of the cortical substance, and peri-arteriolar lacunae. Aside from these 
more usual effeets of arteriosclerosis, two types of accidental lesions are especially 
apt to occur: hemorrhage into the brain-tissue as a result of rupture of an artery 
or of a miliary aneurism, and areas of ischemia of brain tissue with softening, due 
to arterial thrombosis. The extent of the hemorrhage, or the situation of the 
thrombus, determines the extent of the foeal lesion of nervous tissue.

(a) Pseudobulbar Paralysis
Cerebral atherosclerosis is tlio usual primary cause of psrudohulhar 

paralysis in adults. This symptom-complex results from injury lo Ilia
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supranuclear paths going to the motor nuclei of the cerebral nerves. Mul­
tiple, bilateral foci are necessary for its production. The focal lesions 
may he areas of softening, scleroses, hemorrhages, cysts, etc. The patients 
suffer from several cerebral insults. The usual history is of a hemiparesis 
(right or left), involving the face and tongue, being followed by a second 
ictus with development of hemiparesis on the opposite side. Coincidentally 
with these events, paralysis, or paresis, of all voluntary movements of 
the lips, tongue, jaws and phamyx occurs. Saliva drools from the mouth. 
There is dysarthria (monotonous, nasal speech) dysmasesia and dysphagia 
(difficulty in mastication and in deglutition, regurgitation of fluids 
through the nose). Spasmodic, involuntary laughing and crying arc 
characteristic symptoms, and in the performance of these reflex acts no 
paralysis of the facial muscles is evident. There is neither atrophy, nor 
DeR in the muscles affected. The masseter reflex is increased; rarely 
true persistent trismus occurs.

The usual initial bilateral hemiplegia may partially or wholly clear 
up in the extremities. Commonly, however, there remains a spastic para­
paresis of the lower extremities (vide infra). The psychic condition 
depends upon the degree of cortical involvement. In some cases the intel­
ligence is very little affected. Usually, there is gradually developing 
apathy, confusion and dementia. Aphasia is common.

The history of onset with ictus, the evidences of arteriosclerosis and 
the symptoms referable to the upper neurones rather than the lower, 
easily distinguish the affection from true bulbar paralysis.

The effects on the functions of the nervous system of these varied 
diffuse and focal lesions may be apparent in both the psychic and somatic 
processes of the patient. In the psychic sphere, characteristic changes in 
mentality accompany the lesions of the cortical tissue. They vary from 
the milder cases that present a picture simulating neurasthenia to those 
cases that, ns a result of repeated destruction of small areas of nervous 
tissue, show the most profound dementia. Deficiency-phenomena form 
the basis of the mental changes in these cases. The somatic manifesta­
tions on the sensory and motor sides are infinitely varied according to 
the sites of the focal lesions. The motor symptoms are usually more pro­
nounced than the sensory. Hemiplegia, paraplegia, pseudobulbar palsy, 
athetosis, and jacksonian epilepsy are among the more common results.

Certain of these multitudinous psychic and somatic symptoms occur 
in association with sufficient regularity to merit description as distinct 
clinical syndromes, but it should be remembered that the disease process 
is essentially the same in all and hence marked overlapping is to ho ex­
pected and to be looked for. Of these syndromes, pseudobulbar paraiis, 
senile spastic paraparesis, cerebral hemorrhage, and cerebral thrombosis 
are all well-characterized. The occurrence of an initial ictus of greater 
or lesser severity lends a certain unity to the history of these clinical tyj -s.
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Among the cases in which the symptoms are more exclusively mental, a 
milder form in which no evidence of ictus is apparent is to be distinguished 
from the more severe progressive form with the history of repeated slight 
ictus, and from dementia following a single large apoplexy.

Senile Spastic Paraparesis.—The tendon reflexes are commonly exaggerated in 
cases of cerebrospinal arteriosclerosis. In certain eases there is a gradual develop­
ment of a true spastic paraparesis of the lower extremities (increased muscle-tonus, 
patellar and ankle-clonus, Babinski’s sign). The sphincter reflexes may, or may 
not, be affected. The condition may be due to bilateral hemiplegia or hemiparesis, 
or to periarterial lacunae or other focal lesions involving the pyramidal tracts in 
the spinal or intracranial portions of their course.

The patient complains of weakness in the lower extremities and uses a cane to 
support himself. The steps are short and the feet are scarcely lifted from the 
ground (demarche à petit pas of Charcot). Frequently there is a degree of un­
certainty in the movements, which becomes especially apparent if the patient be 
commanded to turn quickly. Romberg’s sign, however, is not present. Sensory 
changes are absent or slight. Evidences of cerebral arteriosclerosis are usually 
present (mental deterioration, pseudobulbar palsy, aphasia, etc.)

The differential diagnosis must be carefully made from paraplegia due to pres­
sure (cord tumor, Pott’s disease, bone-metastases of carcinoma) or as a part of an 
amyotrophic lateral sclerosis. Hysterical basophobia is not uncommon in the aged, 
but does not present the signs of an organic paraplegia. The two conditions may, 
however, occur in association.

(6) Cerebral Hemorrhage
(Apoplexy)

This is usually due to atherosclerosis, in persons aged fifty or more. 
The onset is usually sudden, the patient falling unconscious (apoplectic 
insult) ; or there may be only a brief vertigo at the time of the hemorrhage. 
The size and the position of the hemorrhage determine the symptoms. 
Hemorrhages occur most frequently in the region of the central ganglia 
and of the internal capsule, but hemorrhages in the centrum semi-ovalo, 
in the cortex and in the pons are not uncommon. Large hemorrhages 
may break into a ventricle.

The most common after-effect of apoplexy is contralateral hemiplegia 
with loss of the cremaster and the abdominal reflex, and with positive Ba­
binski- and Oppenhcim-signs on the paralyzed side. Sometimes there is 
conjugate deviation of the eyes, the head and eves being turned toward the 
lesion. Later on, there may be partial recovery from the hemiplegia; 
often contractures develop. For the focal symptoms due to hemorrhage 
in different parts of the brain, see Topical Diagnosis.

Cerebral hemorrhage is to be looked upon as an accident due to the 
existence of an underlying cause, which, in older people, is usually cere­
bral atherosclerosis. Apoplexy is simply the major form of the cerebral 
insults that are characteristic of this condition. All cerebral artério­
scléroses are prone to suffer from repeated slight ictus, the symptoms
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of which are most various. A sudden attack of vertigo, a transient aphasia, 
an amnesia, a liemiparesthesia or a hemiparesis clearing up in a few 
hours or days, may occur as an incident in the history of such cases. The 
pathological basis of such phenomena is not well established. By some 
it is held to consist of spasm of the diseased vessels, by others capillary 
hemorrhages, or small thromboses are held responsible. The popular 
term “warnings,” applied to such symptoms, is justified by the clinical 
observation that such cases are especially prone to suffer with “apoplexy” 
later, due to severe cerebral hemorrhage.

The ictus due to cerebral hemorrhage, and the paralytic sequelae of the 
destruction of nervous tissue form, together, a characteristic clinical 
picture.

The shock of the onset of the hemorrhage usually leads to rapid loss 
of consciousness. The patient lies in deep coma for from a few hours up 
to several days or even weeks if death does not occur. If the hemorrhage 
be of considerable extent, and especially if there is bleeding into the ven­
tricles, signs of increased intracranial pressure soon appear (disturbances 
in respiration, especially Cheyne-Stokes breathing, rapid increase in the 
blood pressure, if this was not previously elevated, and, in some instances, 
bradycardia). Where these symptoms come on quickly and arc marked, 
death is the usual result. Hyperpyrexia may also occur as a result of 
disturbance of the thermal regulating center. A mild grade of choked 
disk may be secondary t<> pressure duo to hemorrhage. In most cases recov­
ery of consciousness occurs gradually, the patient passing through a con­
fused state in which he is often very restless and antagonistic.

Hemorrhages may occur in any region of the brain, and focal symp­
toms of the most varied nature may result. In by far the greater number 
of cases, however, the pyramidal tracts are involved, causing a development 
of a contralateral hemiplegia.

The hemiplegia due to cerebral hemorrhage usually appears at tin* 
time of, or shortly after, the initial ictus. Rarely, it develops slowly in 
the course of a number of hours. The paralysis is usually flaccid at first, 
the affected check puffs out with each breath, the lifted limb drops quite 
limp. Spasticity appears at the end of a variable number of days and 
either remains permanently, or is gradually lost with the return to a 
normal condition. In some cases, however, an early rigidity is observed 
in the fir.it day, which may, later, change to a flaccid and, still later, to 
a spastic condition. Clonic twitching movements in the paralyzed side are 
occasional!} seen at the onset, or later a hcmichorca may be observed. 
But such signs of an irritative lesion are more common in thrombosis.

The tendon reflexes are often all absent during the depth of the coma­
tose stage and, in almost all cases, are diminished on the paralyzed side 
during the early days. Later, when spasticity is present, they are of course 
increased and patellar and ankle-clonus can usually be obtained. Babin-
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ski’s sign on the paralyzed side is present throughout, except while the 
coma is profound. The superficial abdominal and cremasteric reHexes 
are abolished. There may be retention of urine at first, necessitating 
catheterization, but usually reflex emptying of the bladder occurs during 
the comatose state, and, later, there is recovery of voluntary control. The 
pupils during deep coma do not respond to light; later, the pupillary 
reflexes are normal.

The distribution, of the paralysis in hemiplegia has been carefully 
studied by Becvor. Its extent depends upon the area involved by the cere­
bral lesion, but certain movements on the paralyzed side show a strong 
tendency to bo partially or wholly retained. The muscles concerned with 
these movements are perhaps bilaterally innervated. Such muscles are 
the eye-muscles, laryngeal muscles, the muscles of the back, neck and 
chest, and, to a lesser extent, the upper facial muscles and the muscles 
of mastication.

Recovery from hemiplegia, when it occurs, always begins within the 
first month, though it may continue gradually over a long period of time. 
Recovery in the leg is usually 
more complete than in the 
arm. In well-developed cases 
of hemiplegia, complete re­
covery is rare. The occur­
rence of contractures tends to 
limit the regaining of com­
plete function. It is these 
contractures that give to the 
old hemiplegic his character­
istic appearance. Contrac­
ture of the lower facial mus­
cles draws the corner of the 
mouth to the paralyzed side.
The arm is flexed at the el- 
Ikjw and held stiffly adducted 
against the chest wall, the 
forearm is half-way between 
pronation and supination and 
the fingers are flexed. The 
leg is extended and rotated 
mcdialward. The gait is characteristic; the paralyzed leg is stiffly swung 
forward, the toes and outer margin of the foot scraping the ground.

Sensory and trophic symptoms on the paralyzed side are of less im­
portance, though a partial anesthesia will almost always be found on 
careful examination during the earlier stages. Sensation is usually rapidly 
recovered. Edema of the paralyzed extremities is common.

SuleiiH calloso-marglnalis

<'uncus.

Fig. ROR.—The Superficial Distribution of the Larger 
Cerebral Arteries. Light Illnck : Anterior Cere­
bral Artery; Dark Black : Middle Cerebral 
Artery; dray: Posterior Cerebral Artery. (After 
Poirier from Corning In O. Veraguth's “Die kiln. 
Vntersuch. Nervenkr.," published by J. F. Berg- 
mann, Wiesbaden.)
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Mention should bo made of aphasia, which is commonly associated 
with right-sided hemiplegia. It is discussed elsewhere. Postapoplectic 
dementia of various grades of severity is also a frequent residuum after 
cerebral hemorrhage.

Differential Diagnosis.—Wo must exclude (1) simple syncope (tem­
porary cardiac disturbance) ; (2) epilepsy (convulsion preceding coma, 
biting of tongue, absence of hemiplegia, age of patient) ; (3) a paralytic 
attack in the course of a dementia paralytica (anamnesis, course, Argyll- 
Robertson pupils, cerebrospinal fluid, Wassermann) ; (4) hysterical states 
(normal reflexes, facial expression, psychogenic influences) ; (6) uremic 
coma (previous history, edema, albuminuric retinitis, slow onset, often 
with vomiting and convulsions); (G) cerebral softening due to embolism 
or thrombosis (often difficult to differentiate; patient usually younger 
with vomiting and convulsions) ; (G) cerebral softening due to embolism

(arterial hypotension favors throm­
bosis; monoplegias and aphasias arc 
more common than hemiplegia).

(c) Cerebral Softening
(Cerebral Embolism, Cerebral 

Thrombosis, Encephalomalacia)

Softening may he due cither to 
thrombosis, or to embolism, of a cere­
bral artery. Emboli most often lodge 
in the left middle cerebral artery, or 
one of its branches. Thrombi form 
most often in the large arteries at the 

™ mu ... . a , , n base (middle cerebral, internal carot-Flg. fiftO.—The Blood Supply of the Deeper x . ’ .
Cordons of the Benin on Frontul Section, id, CtC.) or 111 OllC of their branches, 
iviiow : Alii. (Vn-iiral Art. : town: Mill. Symptoms.—If a large vessel lie
Cerebral Art. ; Blue ; Cost, Cerebral Art. * r
The Choroid Artery (Not Shown) Also OCcllldcd, tllO Symptoms limy rCSCIll- 
Ilclpa to Supply the Posterior Cart of yc ^hoSO of ail apoplectic illSlllt, hilt 
the Mid lira In. (Iep = (lyr. eentr. pont.; 1 * ...
fh = FisHurn Byivii ; T,. „ s, 4 = i-4 the coma may ho absent or it is less
Temporal g.vri : c nnt. = Ant. horn : Am deep, and briefer. In embolism, the = Nucleus amygdaloid ; fill = fiyr. Hippo- 17 . 7
enmpl ; Fed = Peduncle ; Th = Tholamua ; OllSCt IS extremely Sllddcn (often 111
II = t'orpa» r*iio*«m. (Afi.r ». M.ma ,]le ( lr]y morning); in thrnmlxnis, 
kow In O. Vernguth. “Die kiln. Unter- J / *
such. Nervenkr.," publlehed by J. F. the OllSCt IS gradual, sometimes CX- 
Bergmenn. wieabadeo.) tending over days, or weeks. Hemi­

plegia, monoplegia, aphasia, hemi­
anopsia, homi-nnesthesia, etc., appear depending upon the brain territory 
that becomes necrotic owing to cutting off of the blood supply of the artery 
occluded.

Differential Diagnosis.—(1) From cerebral hemorrhage (q. v.) ; (2)
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from tumor cerebri (in the latter, signs of increased intracranial pressure, 
such as choked disk, slow pulse or vomiting) ; (3) from abscess (q. v.) ; 
(4) from neurosis.

(d) Aneurisms of the Intracranial Arteries
Those are rare. They occur most often at the base (A. cerebri media ; 

A. basilaris). They may be duo cither to lues (luetic arteritis) or to 
atherosclerosis.

Symptoms.—These consist largely of the signs of increased intracranial 
pressure (headache sometimes pulsating, vertigo, vomiting, dulling of 
consciousness, but rarely choked disk). On auscultation, a loud murmur 
may be audible over the whole skull, or in a localized area. Local com­
pression, especially at the base of brain, may cause lesions of the cerebral 
nerves, or of long tracts in the medulla and pons.

(e) Mental Disturbances Due to Arteriosclerosis
Two main forms of arteriosclerotic change in the hr»in nre now distinguished 

by the pathological anatomists; namely, (1) changes in the vessels of the brain 
stem, and (2) changes in the vessels of the cerebral cortex and centrum semiovale.

The coarser forms of arteriosclerosis of the cerebral vessels tend to involve 
especially those at the base of the brain and give rise to gross neurological lesions 
rather than to mental changes. If mental changes are present, they are usually 
due to complication of the process in the basal vessels by changes in the vessels of 
the cortex (Campbell; Jneobsolm).

The mental changes due to arteriosclerosis of the cortical vessels have been 
studied especially by Klippel (180!)) in France, and by Binswanger and Alzheimer 
(1804-1000) in Germany.

Through these studies, the mental disturbances due to arteriosclerosis have 
been sharply separated from those somewhat similar disturbances met with in 
some forms of dementia paralytica and in senile dementia. As a rule the diagnosis 
can be made with certainty during life.

The sclerotic change may affect predominantly the short arteries of the cortex 
or the longer vessels of the white matter; in the latter instance, the condition has 
been described as encephalitis suhcorticalis chronica. When the cortical vessels are 
chiefly involved, there may be (1) slight diffuse changes in the cortical tissue, (2) 
a perivascular gliosis, or (3) macular atrophies of the cortical substance (senile 
cortical atrophy of Alzheimer).

The initial symptoms of cerebral arteriosclerosis correspond to the nervous 
farm of arteriosclerosis of Windscheid, of which the three cardinal symptoms arc 
headache, vertigo, and enfeeblement of memory. The patients tire easily, especially 
when trying to do mental work. The condition is most often mistaken for (1 ) simple 
neurasthenia, or (2) the early stage of dementia paralytica.

In the severer progressive forms of cerebral atherosclerosis, the above mentioned 
initial symptoms may gradually go over into severer symptoms, or the disease 
may begin with an apoplectic attack, followed by severe mental symptoms. A.i the 
disease progresses, the patients suffer attack after attack in which mental and 
neurological symptoms become more pronounced ; indeed, emphasis is to be laid 
upon the fact that these patients seem to suffer from “brain-disease” rather than



488 DIAGNOSIS OF NERVOUS DISEASES

from “mental disease.” An arteriosclerotic dementia gradually develops. The 
psychic fatigability becomes associated with difficulty of comprehenson and of 
attention, with slowing of associations and tendency to mental perseveration. The 
recording faculty is early involved. A characteristic feature is the maintenance of 
good judgment regarding many things, with loss of judgment in certain deiiuite 
directions (démence lacunaire). The patients are usually depressed, lose emotional 
control easily, even weeping without provocation. At times the patients are irritable 
or even violent. Sometimes they are anxious and show suicidal tendencies, though 
this is not common. Often there is painful insight into the deterioration. Despite 
these symptoms, the patients are often excessively dull and indifferent regarding 
other matters that normally would cause emotional reactions. This apathy is 
frequently accompanied by an emptiness of countenance. Sometimes the disease 
sets in with a melancholic state that may be mistaken for a manic-depressive 
psychosis until the later dementing process makes the etiology clear. The signs 
of arterial hypertension and the atherosclerotic changes in the heart and kidneys 
are often helpful in diagnosis, though it must be remembered that cerebral athero­
sclerosis may run its course without arterial hypertension.

A considerable proportion of the cases of epilepsy beginning in later life 
(epilepsia tarda) are due to atherosclerosis of the vessels, or its accompanying 
perivascular gliosis. Patients are met with in whom petit mal attacks, quite like 
those of idiopathic epilepsy, may occur for months or years before their athero­
sclerotic origin is definitely recognizable. These minor attacks may consist of tem­
porary vertigo, of petite absence, or of localized twitchings. Such symptoms arc 
especially prone to occur in atherosclerosis accompanied by alcoholism (Redlich; 
Kraepelin). Alzheimer has described a cardiovascular epilepsy, which he assumes 
to depend upon circulatory changes in the brain secondary to atherosclerotic changes 
in the heart.

In the encephalitis subcorticalis of Binswanger, partial defects of intelligence 
occur early (cortical blindness, cortical deafness, asymbolia, sensory aphasia, motor 
aphasia, amnestic aphasia), associated with monoplegia or hemiplegia, imperative 
laughing and crying, hemi-anopsia, etc.

(Z) Senile Dementia
Normally, in old age, the circle of ideas becomes circumscribed; there is loss 

of mental elasticity, and impoverishment of interests, a dulling of the affective life, 
an impairment of the recording faculty, and the appearance of unpleasant ethical 
peculiarities, with exaggeration of the ego. The patients become hypochondriacal, 
suspicious and stubborn.

But a group of cases has been recognized in which these changes occur much 
earlier in life than on the average, and they are described in the literature as senile 
dementia. In the brains of such persons post mortem there is a quantitative in­
crease of those changes in the cortex that are met with in physiological senility. 
These changes include fatty degeneration of the nerve cells, lipoid accumulations 
in the glia cells, increase in the glia fibers on the surface of the cortex, regressive 
changes in the walls of the blood vessels, and increase in the number of the Redlicli- 
Fischer plaques. Alzheimer has also described a peculiar change in the neuro- 
fibrils.

Among the earliest symptoms manifested by these patients are certain ethic il 
and esthetic defects. There is a pathological increase in the mental peculiariti s 
that characterize the physiological senium. Indifference to surroundings, lack • f 
consideration for others, limitation of interests to gross bodily needs, disregard 
for neatness, cleanliness and orderliness, growth of stubbornness, inaccessibility to
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persuasion, tendency to pedanticism and peevishness, and hypochondriacal com­
plainings, are characteristic. Sometimes there is a tendency to silliness, erotism, 
foolish love-making, unwise marriage, or to sexual misdemeanors (Spielmeyer). 
Mental enfeeblement and defective judgment gradually increase. The impairment 
of the recording faculty becomes ever more noticeable and the interest of the 
patient ever more limited to events in earlier life. Restlessness at night is a com­
mon symptom, the patients wandering about the house and busying themselves 
with occupations that properly belong to the day-time.

Though this peculiar mental enfeeblement, characterized by impairment of the 
recording faculty and of the memory and by increasing dilliculty and slowness 
in grasping new impressions from the outside is especially characteristic of senile 
dementia as a whole (Kraepelin), a number of subforms have been described, 
including:

(1) Wernicke’s presbyophrenia (marked disturbances of the recording faculty 
with retention, for a long time, of orderly thought and judgment; tendency to 
temporal disorientation and to confabulation).

(2) Binswanger’s dementia praesenilis (dementia beginning between 40 and 
50; development of apathy, loss of memory, disturbances of speech and gait, ego- 
centricity, conflicts with surroundings; distinguishable from ordinary senile de­
mentia by congenital mental inferiority and by the early development of outspoken 
dementia; distinguished from dementia paralytica by negative Wassermann reaction, 
negative somatic signs, and by the long duration).

(3) Certain atypical forms of senile dementia, including (a) the circumscribed 
senile brain atrophy of Pick, in which a senile dementia is accompanied by a left- 
temporal-lobe syndrome causing aphasia, agraphia or alexia, and (b) Alzheimer's 
disease (Kraepelin), in which there is a slow development of severe dementia 
along with fading phenomena of organic disease of the brain. The dementia 
reaches a high grade and associated with it arc focal phenomena causing asymbolic, 
aphasie and apraxic disturbances (Spielmeyer). The condition is distinguishable 
from cerebral atherosclerosis by the fact that apoplectiform attacks do not con­
tribute to the occurrence of the high grade of dementia and the focal symptoms; 
alterations in the mental state develop gradually and not pnroxysmally ; moreover, 
the signs of atherosclerosis elsewhere in the body are usually absent. Dementia 
paralytica can be ruled out by a study of the blood and of the cerebrospinal fluid.

2. Sinus Thrombosis
This may be marantic in origin (cardiac weakness, cachexia, chlorosis), 

or ho duo to inflammation (most often, by extension from a mastoiditis).
Symptoms.—There is stasis in the veins of the skull and of the face, 

depending on the sinus affected; (1) in thrombosis of the sinus caver- 
nosus, the stasis affects the frontal veins and the orbital veins, causing 
exophthalmos; (2) in thrombosis of the sinus transversus, there is edema­
tous swelling of the soft parts behind the mastoid and dilatation of the 
veins of the skin ; there may be an extension of the thrombus to the jugular 
vein (palpation).
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3. Gas Embolism ot the Cerebral Arteries
(Caisson Disease, Diver's Disease)

Divers, or workers in caissons, under pressure of three to four atmos­
pheres, if they return too suddenly to normal atmospheric pressure, suffer 
from cardiac and respiratory disturbances, and from gas embolism, with 
ischemic softening of the brain or cord (cerebral paralyses, transverse 
lesions with paraplegia). (Sec Part IV.)
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D. Diseases of the Nervous System Due to 
Disturbances of Its Metabolism

(Atrophies and Degenerations)

Neuronal Degenerations.—If the axon of a neuron be interrupted, the 
distal portion, with its myelin sheath, undergoes complete degeneration
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(wallerian secondary degeneration or cellulifugal degeneration). If the 
terminals of an axon lx» destroyed, there also occurs, proximal to the 
lesion, a slow, retrograde, indirect or cellulipetal degeneration (Gudden’s 
atrophy). Both forms of degeneration are met with in diseases of the 
spinal cord and brain, injuries to the motor or centrifugal paths causing 
descending secondary degenerations, injuries to the sensory or centripetal 
paths causing ascending secondary degenerations. In the peripheral 
nerves, after trauma or necrosis, secondary degeneration also occurs.

In certain diseases, toxins are produced that have an elective affinity 
for certain neuron systems. Injuring these, they give rise to specific 
degenerations (so-called system diseases). Such system diseases may 
effect the motor neurons, the sensory neurons, or the sensory and motor 
neurons simultaneously.

1. Degenerations of the Motor Neuron Systems or of 
the Muscles They Innervate

If we think of the motor conduction path as the corticomuscular path 
from the motor area of the cerebral cortex to the voluntary muscles, we 
may classify the diseases directly affecting this system into (1) primary 
diseases of the muscles themselves (dystrophies, or primary myopathies) ; 
(2) degenerations of the lower motor neurons (neurotic muscular atrophy, 
progressive muscular atrophy, and bulbar paralysis) ; (3) degenerations 
affecting lower motor neurons and upper motor neurons simultaneously 
(progressive central muscular atrophy, and amyotrophic lateral sclerosis) ; 
(4) degenerations affecting upper motor neurons (or pyramidal tracts) 
alone (primary lateral sclerosis).

(a) The Primary Myopathies
(Dystrophia musculorum progressiva; Progressive Atrophic Myopathy;

Protopathic Muscular Atrophy)

In reality, these are diseases of the muscles, rather than of the pe­
ripheral nerves or nerve centers, but their diagnosis may be most conve­
niently considered here, in connection with the other forms of muscular 
atrophy. The disease begins in childhood, or in youth; it occurs in 
families; it involves first the muscles of the pelvic girdle and of the lum­
bar region, then those of the shoulder girdle, and it affects the muscles 
of the upper arm and of the thighs (proximal portions of extremities) 
before the more distal muscles become involved. The atrophy may he 
combined with true hypertrophy of some parts, more often with pseudo­
hypertrophy (fat deposits) in others. There is no fibrillary twitching; 
sensation is undisturbed; the electrical excitability of the muscles is dc-
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pressed ; but there is no Dell (or rarely a slight DeR) in affected muscles. 
The development of the disease is slow. The patients exhibit a charac­
teristic mode of rising from the recumbent position (climbing up the legs). 
Lordosis of the lumbar spine, a waddling gait, a “wasp waist,” “loose 
shoulders” (the child “slipping through” when one places his hands

l-'lg. U(H).—Progressive Muscular Dystrophy. The Fig. 001.—Two Brothers Showing Marked 
Child “Slips Through Ills Shoulders." (Med. Muscular Dystrophy. (Courtesy of Dr.
Service, J. H. II.) H. M. Thomas.)

under the child’s arms and trios to lift him), a lagnphthalmua, and the 
myopathic face (sphinxliko mask, transverse smile), are among the symp­
toms that may he observable. The course of the disease is long drawn 
out. Several varieties are distinguishable.
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L The Facioscapulohumeral Type of Primary Myopathy

(Landouzy-Déjerine type of progressive Atrophic Myopathy; Atrophic 
myopathy; Atrophie musculaire progressive de l’enfance of 

Duchenne de Boulogne)

The atrophy begins in the muscles of the face, often existing there for a con­
siderable time before involvement of the trunk. The disease begins in infancy. 
After a certain development has been reached the child exhibits the so-called 
myopathic face (Landouzy and Dvjerine), in which there is an apathetic, indiffer­
ent look, the eyes are wide apart, the forehead is not wrinkled, the nasolabial folds 
disappear, and the lips become large, the upper lip often projecting (tapir lip). 
At first sight the face may suggest 
imbecility, but one soon sees that the 
mentality is not involved. On laugh­
ing, the patient is unable to elevate the 
angles of the mouth, so that the so- 
called transverse smile results. Whist­
ling and puckering of the lips are no 
longer possible, and the child cannot 
pronounce the labial letters. The eyes 
cannot be completely closed, even in 
sleep. The development of the malady 
is very slow.

The muscular atrophy may remain 
limited to the face, but, as a rule, it 
extends to the muscles about the shoul­
ders, the two sides of the body being 
symmetrically involved. Here, the del­
toid and the pectoral muscles become 
affected first and to the largest extent ; 
later on, the muscles of the upper arm 
may atrophy. It is only very late in 
the disease if at all that the muscles 
of the forearm become involved.

The M. serrât us magnus, the M. 
trapezius and the Mm. rhomboidei are 
early affected. The winged-scapulae 
(scapulae alatae) so common in this 
disease, are due to atrophy of the 
rhomboids.

The muscles of the lower extremity 
may be involved simultaneously with, 
or, as is more usual, later than, the 
muscles of the upper extremity. Here also the atrophy begins in the proximal 
muscles and extends only gradually to the more distal muscles of the extremities.

The muscles of the trunk, including the abdominal muscles and the muscles 
adjacent to the spine, arc often early involved, giving rise to the lordosis of tin- 
disease. It is the atrophy of the trunk-muscles that compels these patients t«* 
climb up their legs when trying to stand up after lying recumbent.

The muscles of respiration, phonation, mastication and deglutition, as well a 
the eye-muscles, are not involved in this disease, except very rarely.

Fig. 002.—Case of Muscular Dystrophy of 
the Facioscapulohumeral Type. Showing 
Clearly the Thoracic Deformity Described 
by Marie as the “Wasp-shape"—"Taille de 
guPpe." (After I*. Marie, "F.xposé des 
Titres et Travaux Scientifiques," published 
by Masson & Co., Paris.)
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There is, as a rule, no hypertrophy or pseudohypertrophy of the muscles in this 
type of atrophy, if we except the formation of muscle-balls in the middle of sumo 
of the muscles, such as the deltoids and biceps.

The so-called wasp-waist of Marie is met with in this type. In this peculiar 
deformation of the thorax, the lower ribs are vertical, so that the waist is contracted 
at this level.

Another form of deformation of the thorax is also met with in this type. There 
is depression of the sternum and of the adjoining portions of the ribs (Landouzy 
and Dcjerine).

ii. The Scapulohumeral Type or Juvenile Form of Erb

In the facioscapulohumeral type described above, the face is usually involved 
first, though sometimes the shoulders and extremities are involved before the face.

A form of myopathy in which the face remains permanently intact, despite the 
scapulohumeral atrophy, has been described by Erb as the “juvenile form.”

iii. The Pseudohypertrophic Paralysis of Duchenne

Pseudohjpertropliic muscular paralysis; Dystrophia muscularis 
progressiva pseudohypertrophica infantum of Erh)

In this form of myopathy, certain muscles arc enlarged throughout their whole 
extent. The disease begins most often in early childhood, more rarely during 
adolescence. It occurs in families, though boys arc more often affected than girls. 
The calves, hips and buttocks look extraordinarily large, though the ann muscles 
and the trunk muscles may be of normal size. The muscles arc firm to the touch 
and elastic, though later in the disease they become softer. The legs are weak, 
the child tires easily and often falls when attempting to walk. Lordosis may ho 
pronounced. The proximal muscles of both upper and lower extremities aro 
involved in the atrophic or pseudohypertrophic process. The child on rising 
from the recumbent position first turns on the side, then gets on its knees, support­
ing the trunk upon the ground by means of the hands, finally climbing gradually 
up its legs to the erect posture.

iv. The Leyden-Moebius Type; The Zimmerlin Type of Primary Myopathy

This type is closely allied to the preceding fonn but differs from it in that 
there is no hypertrophy, or very little, though the atrophy begins in the lower 
extremities, involving first the proximal muscles before extending to the more 
distally-placcd groups. When the arms become involved, the same topographical 
law is obeyed.

Differential Diagnosis.—Wo must distinguish the primary myopathies 
(1 ) from the neuritic forms of muscular atrophy (begin with pains, no 
pseudohypertrophy, family history negative, topography of atrophy, 
sli ppage gait, disturbance of sensibility, paralysis out of proportion to the 
atrophy); (2) from the progressive (central) muscular atrophies (small 
muscles of hands involved ; Dell present; fibrillary twitchings; onset, as a 
rule, in later life; often some spastic symptoms present) ; (3) from pro­
gression neural muscular atrophy (peroneal muscles first involved ; proxi-
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mal muscles of extremities unaffected, at least at tho beginning, dis­
turbances of sensibility) ; (4) from Friedreich’s ataxia (7. v.) ; (5) from 
Thomsen’s disease (7. v.) ; (0) from myasthenia gravis (7. v.).
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{b) The Muscular Atrophies Due to Degenerations of the Lower 
Motor Neurons

Progressive Neuropathic and Myelopathic Muscular Atrophy ; Deufrro- 
palhic Muscular Atrophy

Aside from the muscular atrophy that follows any peripheral neu­
ritis (mononeuritis, polyneuritis), acute poliomyelitis, and syringomyelia, 
wo have to consider here (i) the spinal form of progressive (central) 
muscular atrophy, (ii) the bulbar form of progressive (central) muscular 
atrophy, (iii) the spastic form of progressive (central)'muscular atrophy, 
usually called amyotrophic lateral sclerosis, and (iv) the progressive 
neural form of muscular atrophy. In i and in iii the so-called Aran- 
1 hiehcnno type of atrophy is met with.

L The Spinal Form of Progressive (Central) Muscular Atrophy
(Aran-Duchcnnc Type')

This disease begins, usually slowly, in middle life, with fibrillary 
twitellings in the small muscles of the hand (thenar and hypothonar 
muscles; Mm. intcrossci, Mm. lumbriealcs), giving rise to the so-called 
“simian hand.” The atrophy then extends to the muscles of the arms, 
shoulders and hack, hut rarely to those of the lower extremities. Some­
times, muscles innervated by cerebral nerves (See Bulbar Paralysis), or
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the diaphragm, become involved. There is no hypertrophy, or pseudo- 
hypertrophy. Electrical excitability is depressed; there is partial Dell. 
Sensory disturbances are entirely absent, or arc slight. This is relatively 
a rare disease, if the cases of syringomyelia and of polyneuritis resembling 
it are excluded from the group.

The muscular atrophy that accompanies amyotrophic lateral scle­
rosis is nothing but the spinal form of progressive (central) muscular 
atrophy combined with lesions of the pyramidal tract (vide infra).

Werdnig-Hoffmann Type.—A remarkable form of hereditary, or familial, 
occurrence of the spinal form of progressive (central) muscular atrophy occur­
ring in infants, has been described by several writers (Werdnig, Hoffmann, Bruns, 
Batten, Bruce and Thomson ). Several children of the same family arc affected 
in infancy. The disease comes on between the 6th and the 12th month of life. 
There is weakness and atrophy of the muscles of the thighs, pelvis and back, 
which, later on, extends to the other muscles of the trunk and to the muscles of 
the extremities. The atrophy may be invisible at first on account of the adiposity 
of the young children. There is, however, no pscudohypertrophy and no genuine 
hypertrophy. The reflexes tend to disappear and the muscles show partial Deli. 
There are no disturbances of sensibility. Kyphoscoliosis may be present. There 
is bilateral, symmetrical involvement of the muscles. Bulbar symptoms sometimes 
co-exist. Death occurs in from one to six years. At autopsy, degeneration of the 
anterior-horn cells has been found.

On account of its occurrence as a family disease, its beginning in infancy, 
and its involvement first of the muscles of the trunk and the proximal muscles 
of the extremities, it closely simulates the primary myopathies, but on account of 
the kind of atrophy that is present and the degeneration of the anterior-horn 
cells, it clearly stands even more closely to progressive (central) muscular atrophy 
of spinal origin (Oppenhcim).

Such a form, transitional between the primary myopathies, on the one hand, 
and progressive (central) muscular atrophy on the other, makes many neurolo­
gists believe that these two groups are perhaps more closely related than we have 
hitherto been accustomed to think (II. M. Thomas).

Differential Diagnosis.—(1) From poliomyelitis anterior acuta 
(quick development, simultaneous involvmcnt of larger number of 
muscles, paralysis followed by atrophy) ; (2) from amyotrophic lateral 
sclerosis (spastic phenomena) ; (3) from syringomyelia and gliosis spi­
nalis (sensory and trophic disturbances); (4) from atrophies following 
nerve compression in caries of the cervical spine, in pachymeningitis o r- 
vicalis hypertrophica, and in cases of cervical rib.

ii. The Bulbar Form of Progressive (Central) Muscular Atrophy
(Progressive Bulbar Paralysis, Paralysis glossopharyngolabica pro 

grossi va)
This is rather a rare disease, depending upon slight degeneratioi of 

the lower motor neurons of Nn. XII, XI, X, IX, VIII, etc. It hi no, 
as a rule, after the 50th year. The cause is unknown.
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There is a slowly developing dysarthria, at first for the linguals 
(S, L, D, T, N), later for the labials (P, B, M, F, W, O, U). The 
dysarthria is associated with difficulty in swallowing, in chewing and 
in speaking. Atrophy and fibrillary twitching appear in the muscles of 
the lips, tongue, soft 
palate, pharynx and lar­
ynx, and in the masti­
catory muscles. The 
‘"spongy” tongue and 
the thin lips are char­
acteristic. Partial DeR 
can be made out in the 
muscles affected. The 
change in the facial 
expression (open mouth, 
hanging lower lip, drool­
ing) may become strik­
ing; the upper facial 
domain often escapes.
Sensation is normal.

Bulbar paralysis is 
sometimes a part of 
a progressive spinal 
muscular atrophy, or of Fig. 003 — Atrophy of the Tongue In Progressive Bulbar

. i • l Paralysis. (After H. Oppenhelm, “Lehrb. d. Nerven-an amyotrophic lateral krankh.." published by S. Karger, Berlin.)
sclerosis.

Differential Diagnosis.—(1) From myasthenia gravis, or so-called 
asthenic bulbar paralysis (q. v.) ; (2) from pseudobulbar paralysis (q. v.) ; 
(.'?) from compression bulbar paralysis (e. g., tumor); (4) from the 
acute (apoplectic) bulbar paralysis of atherosclerosis, due to hemorrhage 
or to softening.

iii. The Spastic Form oi Progressive (Central) Muscular Atrophy
{Amyotrophic Lateral Sclerosis of Charcot)

This disease is accompanied by degeneration of both of the two super­
imposed motor-neuron systems (upper and lower) of the corticomuscular 
path. Both anatomically and clinically it is a combination of the spinal 
(and bulbar) forms of progressive (central) muscular atrophy (anterior- 
liorn lesion), with spastic spinal paralysis (pyramidal-tract degenera­
tion).

It develops slowly. Weakness, atrophy and fibrillary twitching ap­
pear in the muscles of the upper extremities; or the disease may begin 
with weakness and spasticity of the lower extremities. There is marked
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exaggeration of the deep reflexes ; only slight sensory disturbances, if any, 
and no sphincter disturbances, are manifest. Bulbar symptoms, if they 
occur, set in, usually, late in the disease. The average duration is two to

four years. Autopsies reveal ( 1 ) 
degenerations of the anterior-horn 
cells, and (2) degenerations of the 
pyramidal tracts from the foot of 
the cerebral peduncle downward 
(the degeneration advancing, grad­
ually, from below upward).

Some authors look upon progressive 
spinal muscular atrophy, true bulhar 
paralysis, primary lateral sclerosis, and 
amyotrophic lateral sclerosis, all as va­
rious manifestations of a single disease, 
which they designate as progressive 
(central) muscular atrophg; many 
facts favor this view (li. M. Thomas).

Differential Diagnosis. 11 )
From myelitis cervicalis (marked 
sensory disturbances, sphincter 
disturbances, no extension of the 
degenerative atrophy to the lower 
extremities) ; (2) from poliomy­
elitis anterior chronica (q. v.) ; 

(3) from gliosis cervicalis (sooner 
or later, syringomyelic dissociation 
of sensation from involvement 
of the posterior horns, slower 
course) ; (4) from multiple, scle­

rosis (cerebral symptoms, like optic atrophy, nystagmus, loss of abdominal 
reflexes, etc.).

Fig 004.—Young Roy with "Amyotrophic 
Charcot-Marie.” Atrophy of the Muscles 
of the Legs and of the Feet ( Foot I imp). 
Atrophy of the Small Muscles of the 
Hands. (After I*. Marie, "Kxposf* des 
Titres et Travt.ux Scientifiques,” pub­
lished by Masson & Co., Paris.)

iv. Progressive Neural (Neurotic) Form ol Muscular Atrophy

(Peroneal Type of Progressive, Muscular Atrophy, Charcot-Marie Type, 
Tooth's Type, Hypertrophic and Progressive Interstitial Neuritis of 
Infancy or Déjerine-Sottas Type.)

Age at onset, 8 to 30, or in the Déjerine-Sottas type, in infancy; females 
sometimes affected, hut males predominantly attacked. Onset insidious. I lie 
atrophy appears first in the peroneal muscles, the extensors of the toes and flic 
small muscles of the foot; club-foot (pcs equinus, or pea equinovarus) develops 
and the legs waste ; later, there is involvement of the distal muscles of the upper
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extremities, with daw-hand. The legs below the knees often waste markedly. The 
proximal muscles of the extremities and the muscles of the trunk are unaffected; 
occasionally, fibrillary twitching is seen. There is a depression of electrical excit­
ability and sometimes partial De It in the muscles affected. Other symptoms include 
(1) loss of knee-kicks, (2) pains and hyperesthesias, and (3) absence of pseudo­
hypertrophy. The disease follows a very slow course. It occurs in families, 
and is, in some instances, seen in more than one generation.

This type of muscular atrophy is not, strictly speaking, a system disease, for 
the neuritic process involves both the motor and sensory nerves, and, also, the 
posterior funiculi of the cord. ■

If the disease is a neuritis, it does not properly come in the group in which we 
have placed it. Probably, the syndrome corresponds to no single pathological- 
anatomical entity, as autopsies have shown very different conditions of the muscles, 
nerves, and spinal cord in different cases.

Under this heading, belong (I) the type described by Tooth, (2) the Charcot- 
Marie type, mid perhaps, (3) the Dejerinc-Sottas type (Névrite interstitielle hyper­
trophique et progressive (Je l'enfance).
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(c) Primary Degenerations Affecting the Upper Motor Neurons 
(Pyramidal Tracts) Alone

i. Primary Lateral Sclerosis, Causing “ Genuine ” Spastic Spinal Paralysis

(Erh-Charcot Disease)

Whereas amyotrophic lateral sclerosis involves both of the two super­
imposed neuron systems of the corticomuscular conduction path, and the 
spinal and bulbar forms of progressive (central) muscular atrophy in­
volve the lower motor neurons alone (or almost alone), in primary lateral 
sclerosis (“genuine” spastic spinal paralysis), there is sometimes an 
isolated (or almost isolated) disease of the upper motor neurons (pyram­
idal tracts). Anatomically pure cases are, however, rare.

Symptoms.—The symptoms are those that follow lesions of the upper 
motor neurons ; there is a slowly developing spastic pseudoparesis of the 
legs, with extreme hypertony, and exaggeration of the deep reflexes, with­
out marked muscular atrophy and without loss of strength ; there is no 
DcR in the muscles. The muscular rigidity is so great and interferes 
so much with voluntary movements, that the condition (pseudoparesis) 
simulates a true paralysis. Later on, there is some real weakness of the 
muscles (leg-shorteners).

The patients complain of the tension and stiffness in the legs, noticing 
it, first, on dancing, skating, or hill-climbing. The Babinski-phenomenon 
and the tibial phenomenon arc positive.

A pure spastic gait is characteristic. The legs are stiff, the feet 
stick to the floor, there is strong adductor-spasm of the thighs, so that 
the logs tend to cross (scissors-gate) ; the pelvis is raised at each step, and 
the leg seems to move as a whole, with but little bending at the ankle and 
knee; still, the steps are not markedly shortened as long as there is no 
real paresis. There are no sensory, pupillary, or sphincteric disturbances, 
at any rate at first, and the eye-grounds are normal.

This disease is sometimes unilateral (Spillcr, Mills).
This “genuine” spastic spinal paralysis is a family and hereditary 

form of spastic paraplegia (Striimpell). Two main types of the disease 
have been described.

In the first type there is, at first, a pure spastic gait with hypertonic 
pscudoparesis of the lower extremities, due to pyramidal-tract lesion 
alone (StriimpcH’s type). The disease occurs in families, and is hcredi-
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tary. It affects men more often than women, usually beginning at the 
end of the second, or in the third, decade. It is progressive, but slowly 
so, lasting one, two, or several decades. The muscles of the arms may 
become involved late in the disease, when, also, alight disturbances of 
sensibility, with ataxia, due to slight involvement of the posterior funiculi 
may develop. Occasionally, there is spasm of the M. sphincter vesicae.

In the second type that has been described, the disease begins in 
advanced life, and progresses relatively rapidly. Here, not only is there 
a spastic gait,, with spastic pseudoparesis of the legs, but the arm-move­
ments and the movements innervated by the cerebral nerves also beeomo 
affected ; the face grows rigid ; there is dysarthria and cramp of the mus­
cles of the glottis. Finally, the lower motor neurons may become involved.

Obviously, the first type tends to resemble “combined sclerosis,” and 
the second typo tends to resemble “amyotrophic lateral sclerosis.” The 
differentiation can, however, usually be made.

“Genuine” spastic spinal paralysis is an excessively rare disease. 
Most of the cases with this erroneous diagnosis, have been cases of multiple 
sclerosis. But the latter is not a family disease; it shows sudden exacer­
bations and remissions; it is usually accompanied by visual and cerebral 
symptoms; there is weakness of the muscles as well as spasticity; the 
adductor-spasm in the thighs is rarely so marked at, the beginning; ataxia, 
disturbances of sensibility, or intention-tremor, may be present; and the 
abdominal reflexes are often nlxdished.

Differential Diagnosis of Primary Lateral Sclerosis.—(1) From 
multiple sclerosis, combined sclerosis, and amyotrophic lateral sclerosis 
(vide supra); (2) from myelitis and compression myelitis (anamnesis, 
sensory and sphincteric disturbances) ; (fl) from hysterical paraparesis ami 
contractures (psychogenic factors, acute onset, non-organic contractures 
(7. t’.), negative Babinski); (4) from lues of thoracic cord (arms free, 
Wassermann positive, therapeutic test).

ii. Spastic Hemiplegia and Spastic Diplegia in Infants

(Spastic Paralysis of Infants, Birth Palsies, Cerebral Palsies of 
Children, Lillie’s Disease)

We mention this condition here on account of its similarity, in some respects, 
to the spastic paralysis of adults, hut it is prolmhly never a primary degeneration 
of the pyramidal tracts, hut always represents, either (1) a failure of the pyram­
idal tracts to develop, or (2) a secondary degeneration of the tracts, due to 
meningeal hemorrhage, or to encephalitis.

iii. Spastic Paralysis Associated with Secondary Degeneration of the Pyramidal 
Tracts

Here belong the hemiplegias, paraplegias, etc., following cord-lesions iff van 
nus sorts (myelitis, pernicious anemia, lues, cerebral lesions | hemorrhage, emho 
lism, thrombosis, tumor], and cerebrospinal lesions (multiple sclerosis, lues.]).
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The cases of Krb'a syphilitic spinal paralysis probably belong here ; but some 
of them may be true cases of primary lateral sclerosis, due to chronic, intoxication

The so-called hysterical spastic paraplegia is not a true spastic condition at all, 
though pseudoelonus may be present. The Bahinski-sign is negative.

For the other methods of differentiating organic, from functional paralysis, see 
Disturbances of Motility.
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2. Primary Degenerations of the Sensory Neuron 
Systems

Certain parasites or their toxins appear to have an elective affinity 
for the intramedullary continuations of the axons of the peripheral sen­
sory neurons, and for sensory neurons of higher orders. The most char­
acteristic example is tubes dorsalis, in which the degeneration is almost 
limited to the sensory neuron systems. Subsequently, we shall discuss 
the degenerations in which the sensory symptoms are simultaneously in­
volved with the motor systems (combined system diseases).

(a) Tabes dorsalis
(Posterior Sclerosis, Locomotor Ataxia, Parasyphilis of the Spinal Cord)

On account of its frequency, course and duration, and the possibility 
of preventing it, this, for the general practitioner, is the most important 
disease of the spinal cord.

Etiology.—The disease is duo to syphilis ; either there is a low grade 
of luetic meningitis at the entrance of the posterior roots of the spinal 
nerves into the cord, causing compression and secondary degeneration, 
or there is a slow elective intoxication of the posterior funiculi resulting, 
in some way, from syphilitic infection. Men are affected three times as 
often as women. The ago of onset is from 30 to 50, usually about 9-10 
years after the primary luetic lesion. Children may have tabes (tabes 
infantilis, tabes juvenilis), due to hereditary lues. Over-exertion and 
exposure to cold are also important accessory etiological factors

Symptoms.—No single sign is constant, but any two of the following 
symptoms and signs may be considered pathognomonic:

1. Lancinating pains in the lower extremities;
2. Loss of knee-kicks (WcstphaVs sign) ;
3. Pupils that react on accommodation, but not to light (Argyll 

Robertson pupils) ;



DISTURBANCES OF METABOLISM 509

4. Analgesia of the lateral surface of the legs, combined with tactile 
hypesthesia of the trunk ;

5. Lymphocytosis in the cerebrospinal fluid with increase of globulin, 
and, in 50 per cent of the cases, a positive Wassermann reaction 
in the fluid. The gold-sol test in the fluid yields a characteristic 
curve.

Other early symptoms include:
6. Weakness of the bladder;
7. Paresthesias, girdle-feeling, feltlike feeling in soles of feet;
8. Optic atrophy;
9. Impotence;

10. Gastric and other crises (intestinal, laryngeal, renal, rectal);
11. “Rheumatic” pains in the joints;
12. Diplopia;
13. Romberg's sign (swaying with the eyes closed and feet together).

Later on, ataxia may develop (hut only in about 50 per cent of the 
cases), involving the complicated movements of the upper and lower 
extremities, and giving rise to the typical ataxic gait (q. v.).

Trophic disturbances of the skin, bones and joints may develop (per­
forating ulcer of the foot, spontaneous fractures, tabetic arthropathies, 
falling out of the hair, teeth, nails, etc.).

Common complications include: (1) Luetic symptoms; (2) aortic in­
sufficiency or aortic aneurism; (3) dementia paralytica.

Pathological Anatomy and Pathogenesis.—In the early stages, elective 
degenerations appear in the posterior funiculi of the spinal cord, corre­
sponding to portions of the fillers from various posterior roots (neuralgic 
stage). Later on (ataxic stage), more extensive degenerations of the pos­
terior funiculi arc found, including the reflex collaterals and Clarke’s 
columns. In the late stage (paralytic), there may he degenerations 
of the anterior horns, of the cells of Clarke’s columns, and of the fibers 
of the direct cerebellar tract (so-called transneural degeneration, or ex­
tension of the degeneration beyond the limits of the neurons primarily 
affected). Optic atrophy is present in 10 per cent of the cases.

Various possibilities of the origin of tabes have been eonsidered ; some 
refer it to causes acting within the cord (endogenous origin), others to 
causes acting outside the cord (exogenous origin).

Theories of Tabes.—1. Some authors attribute the degeneration in the 
posterior funiculi to involvement of the posterior roots, by thickening 
of the pin (luetic inflammation), at their entrance into the spinal cord, 
thus making the disease meningitic in origin. Certainly, such a menin­
gitis, duo to the Treponema pallidum, may occur.

2. Others assume a primary disease of the spinal ganglia (trophic 
centers for the posterior roots), causing eellulipetul degeneration.
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3. Still others see, in the talietic process, a primary neuritis of the 
peripheral sensory nerves, which they hold responsible for a secondary 
degeneration of the spinal cord.

4. Another theory regards tabes as the result of a syphilitic disease
of the lymph-vascular 
apparatus of the ]>os- 
tcrior funiculi, and of 
the meninges, corre­
sponding to them.

5. AI any favor the 
view that tabes is “a 
primary elective de­
generation of the iu- 

continua- 
tions of the axons of 
t h e spinal - ganglion 
cells, picking out at 
first the shorter paths 
and those of medium 
length, and, later, in­
volving other parts of 
the peripheral sensory 
neurons (long axons, 
spinal - ganglion cells, 
peripheral nerves).” 
It is possible, though 
not proved, that tho 
noxa first injures tho 
cell-liodies in the spi­
nal ganglion, and that 
tho first expression of 
this is a degenera­
tion in tho more dis­

tal parts of tho eentral axon, which depends upon the cell for its nutri­
tion.

Differential Diagnosis.—■( 1) From polyneuritis (etiology, quicker 
course, tenderness of muscles, anesthesias not segmental in topography, 
absence of Argyll-Rolicrtaon pupil and of sphincterie disturbances, lumbar 
puncture) ; (2) from pseudolahes diahelira (Wassermann reaction nega­
tive in lnith blood and cerebrospinal fluid, glycosuria, absence of Argyll- 
Koliertson pupil and of bladder symptoms) ; (3) from dementia paralytica 
(q. v.) ; tho two diseases are often combined (taboparesis).

Fig. 005.—The Courue of the Itlond Pressure In (laslrle 
Crisis In Tabes. (After L. F. Barker, Am. J. Med. 
Scl.)

697072
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(6) Other Primary Degenerations of the Sensory Neuron Systems
Degenerations of tlio peripheral sensory neurons (posterior funiculi 

of the cord) are also met with in ergoliamus (ergotin tabes) and in 
pellagra; as a rule, in pellagra, the lesions in the spinal cord are diffuse, 
and not systemic. In some of the cases of pseudotabes diabetica, the 
posterior funiculi arc degenerated, though, more often, the symptoms in 
diabetes are due to a degeneration of the peripheral nerves.
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3. Combined Degenerations of Motor and Sensory 
Neuron Systems

Owing to the same cause, two or more neuron systems may simultane­
ously, or successively, degenerate. Here, as elsewhere, the separation of 
systemic and non-systemic diseases is difficult, since primary disseminated 
myelitic foci, causing secondary and retrograde degenerations, often give 
the impression of primary systemic diseases. For the present, wo in­
clude, under the combined systemic diseases, certain syndromes in which 
the pathological lesions arc at any rate chiefly confined to specific neuron 
systems. Under this heading, we shall discuss (1) Friedreich’s disease, 
(2) hereditary cerebellar ataxia, (3) dementia paralytica, and (4) ataxic 
paraplegia.

(a) Familial Spinocerebellar Ataxia
(Friedreich’s Disease, Hereditary Ataxia)

This is a rare family disease, the onset, in affected persons, occur­
ring in late childhood. Several children in one family are usually af­
fected. The onset is slow with both locomotor and static ataxia (hence 
partly of tabetic, partly of cerebellar type ; démarche labéto-cérébellense). 
The deep reflexes are gradually lost (though the Babinski sign is some­
times positive). Speech disturbances may be prominent (slowing, in-
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distinctness) ; nystagmus is common, also choreiform twitchings. Sen­
sation is, usually, almost normal (no anesthesias nor lancinating pains). 
The pupils and the sphincters are normal. No paralysis or muscular 
atrophy can ho made out. The psyche is usually normal. Scoliosis, 
kyphosis, and club foot arc common. The disease is of long duration 
(20-30 years).

Pathological Anatomy.—There is a congenitally small spinal cord 
and medulla ; combined degeneration of the posterior funiculi (especially 
of the funiculus gracilis) and of the lateral funiculi (pyramidal tracts; 
direct cerebellar tracts ; Gowers’ tract ) arc found. The ataxia is due to 
the degeneration of the spinocerebellar paths, the nystagmus and the 
dysarthria to degenerations in the brain-stem, and the loss of the deep 
reflexes to degenerations of the lower sensory neurons.

Differential Diagnosis.—( 1 ) From multiple sclerosis in children 
(ataxia late, and, when present, combined with spastic paresis, exagger­
ated reflexes, and optic atrophy); (2) from cere­
bral palsies of children (q. v.) ; (3) from congeni­
tal cerebrospinal lues (more acute onset; oscilla­
tion of symptoms ; cerebral-nerve involvement; 
spasticity ; Wassermann test); (4) from heredi­
tary cerebellar ataxia (7. v.).
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(6) Hereditary Cerebellar Ataxia (Marie; Sanger Brown)
This disease is closely related to the preceding one, but deserves a 

separate nosological position.
Symptoms. -Onset after the twentieth year. The ataxia is usually of 

the pure cerebellar type, though, occasionally, it is combined with move-

dMfeaüri hSfmm

Fig. «100.—(’ase of Hered­
itary (Vrehellnr Ataxia 
(llf'rédo-ataxlv Cérôüel- 
I e 11 s p ) Photographed 
While Walking. (After 
P. Marie. “Fxponfl des 
Titres et Travaux Selen- 
tlflquoH." published by 
Masson & Co., Parla.)
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ment ataxia and with intention tremor; the tendon reflexes are normal, 
or increased; eye-muscle paralyses (especially ptosis ami abducens paraly­
sis) are common; occasionally, there may lie optic atrophy, and, some­
times, dysphagia. Scoliosis and other deformities arc not a feature.

Pathological Anatomy.—My own studies of the nervous system in 
Sanger Brown’s cases revealed congenital hypoplasia of the cerebellum 
and of the spinal cord, with outspoken degenerations of the spinocerebellar 
paths (posterior funiculi; direct cerebellar tract; Gowers’ tract), as well 
as slight degeneration of the pyramidal tracts.
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It is possible tlmt this hereditary cerebellar ataxia and Friedreich’s 
disease together represent a single disease; in the one ease, the cerebellar

A B
Fig. OU8.—LvnIodh In the Cord In Hereditary AinxIn IVmonal Observation. (Om-nnlal 

Publications, Vnlveralty of Chicago.)

■àSfc.-i

involvement predominating; in the other, the involvement of the spinal 
cord.
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(c) Dementia paralytica
(General Paresis, Progressive General Paralysis of llie Insane)

Pathological Anatomy.—Though elective sensory and motor degen­
erations do occur in this disease, we know now that patches of parai net ic 
encephalitis occur in it, due to the localization of the Treponema jhiIH- 
tlnm in the cerebral tissue (Noguchi and Moore). It might perhaps be 
more properly classified as a meningo-cnccphalitis and be placed under 
the inflammations of the nervous system. The lesions are chiefly in the 
brain, but the lower parts of the central nervous system, including the
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spinal cord, to a certain extent, participate. In the brain, there is ex­
tensive atrophy and degeneration of the cortex, and, especially, loss of the 
fine medullated, tangential libers in the superficial cortex, most marked 
in the frontal lobe and in the island of Reil. We include it here, among 
the combined systemic diseases, on account of the simultaneous involve­
ment of the sensory neuron systems, the pyramidal tracts and the associa­
tive neurons. But the disease is, in reality, no respecter of systems!

Etiology.—The disease is always preceded by lues (congenital or ac­
quired) ; the Treponema pallidum cun be demonstrated in the cerebral

l-’lg. 009.—Treponema pallidum in the Brain in Dementia paralytica. (After II. Noguchi and 
J. W. Moore, studies from Rockefeller Inst, for Med. Research.)

’XfZ*'

lesions. The patient’s blood and cerebrospinal fluid yield a positive W.is- 
sermann reaction ; the cell count in the cerebrospinal fluid is high (lymph­
ocytosis), and the gold-sol test yields a characteristic “paretic curve."

Symptoms.—These are partly somatic, including (1) Argyll-Rohvri­

sen pupils, (2) anisocoria, (3) paralytic attacks (cither apoplectiform 
or epileptiform), (4) speech disturbances in the form of syllable stum-



DISTURBANCES OF METABOLISM 517

bling, ami (5) changes in the reflexes; ami partly psychic, including (1) 
progressive mental deterioration, manifested in ethical decline, (2) de­
fective recording faculty, (3) loss of power of judgment, (4) defective 
memory, especially for recent events, (5) inability to concent va te atten­
tion, (C) abnormal irritability, and (7) mistakes in calculation ; later, 
there may ho (8) delusions of grandeur, or (0) hypochondriacal ideas, 
and sometimes (10) maniacal outbreaks. The patient has no disease in­
sight, as a rule.

Death usually occurs within two or three years (infection, inanition, 
pneumonia). In tuboparalysis, the duration may lie very much longer, 
and the tabetic signs may predominate over those of dementia.

Differential Diagnosis.—1. In the initial stage from neurasthenia (ab­
sence of ry anomalies, of disturbed reflexes, and of speech dis­
turbances ; cerebrospinal fluid normal ; exact psychic examination impor­
tant).

2. From simple tabes dorsalis with neurasthenia (character of psychic 
disturbances ; absence of motor lesions).

3. From multiple sclerosis (tremor constant, and strictly intentional ; 
speech scanning rather than syllable stumbling; psychic involvement usu­
ally slight ; cerebrospinal fluid normal).

4. From lues cerebri (headache ; signs of focal lesions ; absence of 
syllable stumbling; choked disk, rather than optic atrophy ; absence of 
characteristic psychic disturbances).

5. From tumor cerebri, especially of the frontal lobe or of the region 
of third ventricle (choked disk ; clouding of consciousness rather than true 
dementia ; paralysis more permanent after attacks ; absence of pathog­
nomonic speech disturbances ; no lymphocytosis in cerebrospinal fluid 
[Caution !] ; Wassermann reaction negative).

G. From cerebral atherosclerosis and senile dementia (focal lesions 
with permanent hemiplegia, dysarthria, etc. ; less dementia ; disease in­
sight usually present ; cerebrospinal fluid normal).

7. From chronic alcoholism (delirium tremens ; absence of Argyll- 
Robertson pupil ; no lymphocytosis on lumbar puncture).
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(d) Combined Sclerosis of the Posterior and the lateral Funiculi
{Ataxic Paraplegia [dowers], Subacute Ataxic Paraplegia (Russell, 

Batten and Collier] ; Primary Combined Sclerosis [Putnam] )

Here wo have simultaneous, or successive, degeneration of the pos­
terior and lateral funiculi ; in the degeneration, the gracile and cuneate 
fasciculi, the pyramidal tracts, and the direct cerebellar tracts participate. 
The disease appears to he sometimes directly systemic, more often not; 
but it is, clinically, well characterized.

Etiology.—The affection is relatively common, though it varies in 
severity, in the severe anemias, especially in pernicious anemia; it is met 
with also in cachexias, after infections, and in chronic alcoholism.

In the cases associated with anemia, the symptoms referable to the 
spinal cord may follow, or may precede, the symptoms of anemia.

Symptoms.—The symptoms are a combination of (a) those due to 
degeneration of the posterior funiculi (as in tabes) with (b) those due 
to degeneration of the pyramidal tracts (as in spastic spinal paralysis). 
According as the degeneration affects the posterior funiculi more, or the 
lateral funiculi more, do the ataxic, or the spastic, symptoms, respectively, 
predominate. Of the symptoms due to degeneration of the posterior 
funiculi may l»e mentioned ; (1) muscular hvpotony ; (2) loss of knee- 
jerks ; (,*1) ataxia. Of the symptoms caused by degeneration of the pyram­
idal tracts may be mentioned ; (1) muscular hypertony; (2) exagger­
ation of the deep reflexes, with positive Babinski ; (3) motor weakness 
(paresis). Obviously, the one set of symptoms tends, more or less, to 
counteract the other. The spastic-ataxic gait is the most prominent symp­
tom in all cases. Tingling, or numbness, of the fingers and toes is a com­
mon subjective complaint, sometimes the first symptom.

It is convenient to divide the cases into two groups, according as the 
posterior funiculi, or the lateral funiculi, respectively, arc the more in­
volved: Thus in one group, we have the syndrome of spastic spinal paraly­
sis, to which are added ataxia, bladder weakness, lancinating pains, and 
other tabetic symptoms ; and in the other group, we have the syndrome 
of tabes, to which is added motor weakness (paraparesis), with positive 
Babinski.

Differential Diagnosis.—1. From tabes and dementia paralytica 
« -/• *•)•

2. From multiple sclerosis (scanning speech; partial optic atrophy).
3. From lues cerebrospinal is (oscillation of the symptoms; Wasser­

mann test; lumbar puncture).
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(Note.—See also references under <he anaemias.]

(e) Degeneration of the Peripheral Motor and Sensory Neurons in 
So-called Neuritis

What is ordinarily called neuritis is usually less an inflammation of 
the nerves than a primary degeneration, due to metabolic intoxication 
(diabetes, uremia, carcinoma, anemia), to exogenous poisoning (alcohol, 
lead, arsenic, etc.), or to infections (diphtheria, typhoid, tuberculosis, 
sepsis, etc.).

As a rule, local injuries, like pressure or trauma, cause a mononeuritis, 
whereas toxic and infectious agents give rise to a polyneuritis (multiple 
neuritis).

i. Mononeuritis
The symptoms will depend upon the nerve affected (See Topical 

Diagnosis).
ii. Polyneuritis (or Multiple Neuritis)

The symptoms vary somewhat according to the etiology.

(i) Polyneuritis of Alcoholic Origin 
(Polyneuritis alcoholica)

The onset is acute, or subacute, with paresthesias, and pains and weak­
ness in the muscles of the extremities, leading to atonic muscular atropli . 
with Dell. The nerves arc tender on pressure. The tendon reflexes are
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lost or diminished, except at the very beginning, when they may be exag­
gerated. Some nerves (Nn. peronei, Nn. tibiales postici, or Nn. fémor­
ales) are more often affected than others.

The topography of the paralyses and the anesthesias occurring as a 
result of the neuritis are not segmental in type, but correspond to the areas 
of distribution (motor and 
sensory) of peripheral nerves.
The arms may not lie affected 
at all, though, sometimes, there 
is a partial lesion of the N. 
radialis (the M. supinator, the 
M. brachioradialis and, often, 
the M. adductor hallucis longus, 
escaping). In both the arms 
and the legs, it is the distal, 
rather than the proximal, 
muscles that are paralyzed ; the 
anesthesias, also affect the distal 
portion of the extremities, 
rather than the proximal.
Ataxia often accompanies the 
motor weakness, and may lie ex­
treme (anesthetic form). The 
sensory symptoms arc usually 
less marked than the motor ; 
the combination of tactile an­
esthesia with hyperalgesia, espe­
cially of the soles of the feet, is 
characteristic, and almost 
pathognomonic. As a rule, 
there arc no sphincter disturb­
ances. Sometimes, marked 
psychic symptoms develop ; the 
patients show a disorientation 
as regards time, place, and persons, and suffer from.pseudoreminiscences— 
the so-called Korsakoff’s or polyneuritic psychosis.

The cerebral nerves are sometimes involved (ophthalmoplegias ; optic 
neuritis with central scotoma; vagal symptoms).

The symptoms of polyneuritis develop acutely or subacutely, reaching 
a maximum in a few weeks, or months, after onset. Very acute cases 
yield the picture of Landry’s paralysis (q. v.). Recurring forms are 
sometimes met with.

Convalescence is slow, the neuralgias and the tenderness to pressure 
disappearing first, the hyperalgesia and the paralyses persisting longer.

Fig. 010.—Alcoholic Neuritis. Wrist Drop and 
Foot Drop. Cirrhosis of Liver, Ascites, Korsa- 
kow's Syndrome. ( Med. Service J. II. II.)
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The extent to which recovery may go is marvellous, considering the 
severity of the symptoms, though a few muscles may remain permanently 
paralyzed, with development of contractures in their antagonists.

(2) Polyneuritis Due, to Lead Poisoning 
( Polyneuritis saturnina )

In lead poisoning, the X. radial is is most often degenerated; some­
times the N. medianus and the N. ulnaris are also involved. The degen-

Flg. Oil.—I.riul I.Inn In tlir (Juins In lllsliilnglinl Hvntlon. Xntu tin* lln|»oslts (hi of Load 
Sulphld ill the Connective Tissue of tile l’ii|iillne. (After II. M. Thomns. J. II. II. Hull.I

r. iff-.,:.

r . Ï %

"■ S'"

!M3. M

eration affects especially the terminals of the nerves rather than the large 
trunks. Only motor filters are attacked. It is a pure motor neuritis. 
with paralysis; there is no disturbance of cutaneous sensibility. The 
anterior-horn cells show changes.

Lead miners, typesetters, painters, plumbers, tinsmiths and batten 
makers are chiefly affected. Chronic lead poisoning may also occur it 
actors from cosmetics used in the make up (personal observation).

The paralysis usually affects both arms, involving first the extensor 
of the hands and fingers (wrist drop). Of the muscles innervated by tin
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N. radial is, the M. brachioradialis and the M. triceps escape. Occasion­
ally, lead palsy involves the cords of the brachial plexus, causing cither 
an upper paralysis of Remak’s type, or a lower paralysis of Kluinpke's 
type (f/. v.). The fibrillary twitching, often present in the paralyzed 
muscles, suggests an action of the lead directly upon the cell-bodies in the 
anterior horns.

When the leg is affected, the paralysis is in the domain of the N. 
peroncus, though the M. tibialis anterior escajies.

The localization of the paralyses in lead poisoning gives, as a rule, 
the clue to the etiology ; examination usually reveals other signs of lead 
poisoning (dark blue line on gums ; basophile Grnwitz granules in the 
red blood corpuscles; tremor saturnines; lead colic; arthralgias ; etc.). 
Chronic lead poisoning may be complicated by anemia, atherosclerosis, 
gout, or chronic nephritis. ,

(o) Polyneuritis Pur to Arsenical Poisoning 

(Polyneuritis arsenicosa)

This, when acute or subacute, most often follows attempts at suicide, 
though sometimes it results from injudicious arsenical medication. 
Chronic arsenical poisoning may come from wall paper, carpets, beer, 
etc. The polyneuritis is usually preceded by gastrointestinal disturlr- 
anecs.

Symptoms.—The patients complain of pains and anesthesias in tho 
distal portions of the extremities ; these are soon followed by 
paralyses, with Deli. Both the extensor and the flexor muscles arc in­
volved in all four extremities (tetraplegia, chiropodal paralysis). Objec­
tive hypesthesias can be demonstrated ; ataxia is common ; the knee-jerks 
are lost; atrophic disturbances in the skin arc frequent (pigmentation, 
herpes, pemphigus, hyperkeratosis, etc.). The cerebral nerves arc not 
involved. Psychic disturbances sometimes develop.

(.'/) Polyneuritis Due to Beriberi

The no\ of the disease (lack of a vitamine in the diet) causes endo­
neural pi icration and degeneration of tho nerve fibers, csi ccially in 
the N. i ialis, N. peroncus, N. vagus, N. phrenicus and N. splanch- 
nicus ue involvement of the cardiac fibers (palpitation, anginal pains, 
disi ,nce of rhythm), and of the vasomotor nerves (edemas) is eharac­
ier i-iie. In the “dry form,” there are extensive atrophies, with Dell, in 
the muscles of tin legs. The condition has been carefully studied by K. 
Miura. See Part XIII.

2877
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(5) Polyneuritis Complicating Diphtheria 
(Polyneuritis diphtherica) •

This is the commonest form of neuritis complicating an infectious 
process. Whether it depends upon an ascending peripheral neuritis from 
the local infection, or intoxication, in the throat, involving the motor 
cerebral nerves (Nn. XII, X, IX, VII), or whether the nerves degener­
ate as a result of intoxication of the motor neurons as a whole from 
absorbed toxins, is not certain ; the former seems more probable when 
the throat alone is involved, the latter when distant nerves degenerate.

Symptoms.—The paralyses occur, usually, two or three weeks after the 
diphtheria, manifesting themselves in nasal speech, dysphagia, and re­
gurgitation of fluids through the nose; there is palatal paralysis and loss 
of the palatal reflex. Besides involvement of the laryngeal and pharyn­
geal muscles, the eye-muscles, especially the M. ciliaris (accommodation- 
paralysis) may ho involved. Bradycardia, tachycardia and arhytlunia 
may point either to involvement of the N. vagus, or to a complicating 
myocarditis. The knee-kicks and the ankle-jerks are often lost. In 
rare cases, the diphtheritic polyneuritis extends to the motor and sensory 
nerves of the extremities (paralyses, anesthesias, ataxia) ; the sphincters 
are usually normal.

(0) Polyneuritis of Unknown Infectious Origin 
(Polyneuritis infectiosa idiopathica)

This begins with fever, pain in the head, limbs, and back, and, 
sometimes, delirium. The spleen is palpable. Albuminuria, vomiting, 
diarrhea, sometimes icterus, and profuse sweats may accompany the 
disease. Paralyses in various parts of the body, or ataxia, soon follow. 
The sensory nerves and the sphincters su (1er less than the motor nerves. 
Korsakoff's psychosis (q. v.) may complicate the picture. The patients 
usually recover slowly, but death may occur from involvement of the N. 
phrcnicus—respiratory failure—or of the N. vagus—heart failure (See 
Landry’s paralysis).

(7) Other Forms of Polyneuritis
Toxic polyneuritis may complicate tuberculosis, carcinoma, tabes, or diabetes. 

A multiple neuritis may also complicate influenza, lues, typhoid fever, leprosy, 
erysipelas, puerperal, and other septic infections. In intoxications with CS„ and 
with CO polyneuritis may occur; in the latter, there are violent initial symptoms 
on the part of the cerebrum (convulsions, coma). Alimentary toxemia is a frequent 
cause of polyneuritis (von Noorden).

Differential Diagnosis of Polyneuritis.—The topography of the parai 
yses or anesthesias, the acute development of the symptoms, the toxic



DISTURBANCES OF METABOLISM 525

or infectious etiology, tlio non-involvement of the bladder, rectum and 
pupils, usually make the diagnosis easy. In special cases, polyneuritis 
must bo differentiated:

1. From tabes dorsalis (segmental topography of the anesthesias, pu­
pils, cerebrospinal fluid) ;

2. From dementia paralytica and other diseases causing mental dis­
turbances (when Korsakoff's psychosis complicates the polyneu­
ritis) ;

«3. From poliomyelitis anterior acuta (topography of symptoms, mode 
of onset and spread, rare involvement of cerebral nerves) ;

4. From trichinosis (cosinophilia, edema of the eyes, histology of 
excised or harpooned muscle).

It should be kept in mind that the same patient may have several at­
tacks of polyneuritis—so-called “recurring multiple neuritis” (Mary 
Sherwood).
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E. Diseases of the Nervous System Due to 
Inflammatory Processes

Under this heading we include (1) diseases due to acute and chronic 
inflammations of various sorts, and (2) the diseases due to certain 
specific inflammations (the infectious granulomata).

1. Diseases of the Nervous System Due to Acute and 
Chronic Inflammations

These include the different forms of encephalitis, myelitis, and menin­
gitis. Under this heading we include also multiple sclerosis, though 
whether it should bo designated an inflammatory process is doubtful.

(a) The Different Forms of Encephalitis
Encephalitis may he (i) purulent (encephalitis purulente, or abscess of 

the brain), or (ii) non-purulent including (1) acute hemorrhagic en­
cephalitis (2) poliencephalitis hemorrhagia superior acuta and (3) the 
forms of encephalitis that give rise to the cerebral palsies of children.

i. Purulent Encephalitis

(Abscesses of the Drain, Encephalitis purulenta)

Abscess of the brain is duo to infection with pyogenic bacteria (strep­
tococci, staphylococci, pneumococci, etc.). Most frequently, it arises 
from extension of local disease (otitis, mastoiditis, paranasal sinusitis, 
trauma) ; sometimes, by hematogenous metastasis (pyemia, pneumonia, 
empyema, bronchiectasis, etc.).

Symptoms.—These may appear suddenly, or develop slowly, after a 
latent period. The symptoms vary, according as the origin is traumatic, 
otitic, or metastatic. Traumatic abscesses usually have an acute onset 
and cause symptoms like those of purulent meningitis ; otitic abscesses 
may develop slowly and cause symptoms and signs resembling those of 
tumor cerebri, including, (1) symptoms of increased intracranial pressure 
(headache, vertigo, bradycardia, vomiting, convulsions, though not al­
ways choked disk), and (2) focal symptoms referable to the left temporal 
loin? (sensory aphasia). Larger abscesses of the temporal lobe may can- 
neighborhood symptoms (hemiparesis, hemi-anesthesia, hemi-anopsia,
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conjugate deviation, aphasia), or symptoms referable to compression of 
the cerebral nerves at the base (ptosis, abducens paralysis).

Metastatic abscesses may give rise to focal symptoms, corresponding 
to their location; thus in the parietal and occipital lobe, hemianopsia; in 
the motor area, monoplegia ; in the frontal lobe, motor aphasia ; in the 
cerebellum, occipital neuralgia, rigidity of neck, vertigo, nystagmus, 
asynergy, cerebellar ataxia.

Fever and chills may occur, but the temperature may he normal, or 
even subnormal, especially in uncomplicated cases. There is usually some 
polymorphonuclear leukocytosis, revealed by the blood count.

Differential Diagnosis.—This may ho extremely difficult, unless the 
etiology is clear. The diagnosis of the site of the abscess is most impor­
tant for the surgeon (see Topical Diagnosis). In doubtful cases, wo 
should always consider the possibility of confusion with (1) tumor 
cerebri, (2) severe neurasthenic states, (3) sinus thrombosis, (4) diffuse 
purulent meningitis (bradycardia, lumbar puncture), and (5) menin­
gitis serosa.

For the diagnosis of cerebellar abscess, see Vestibular Syndromes.

References
André-Thomas. A bucks du lobe pariétal; hémianaesthisie, dysmétrie et bradykinêsie, 

asynergie, apraxie, perturbations des fondions d’arrêt. Iter, neural 
Paris, 1913, xxv, 637-662.

Archambault (La S.). A contribution to the symptomatology of cerebral abscess, with 
special reference to diagnosis and to indications for surgical intervention. 
Albany M. Ann., 1913, xxxiv, 6-29.

Ballance (C. A.). Intracranial and intravenous infections complicating ear-disease. In:
Syst. Med. (Allbutt & Rolleston). 8°. London, 1909, iv, pt. 2, 476-496. 

Holmes (J. B.). Multiple abscesses of the brain in infancy. Arch. Int. Med., Chicago, 
1916, xvii, 691-606.

Horner (O.). Die otitischen Erkrankungen des I Urns, der Hirnhüute und der Rlulleiter.
Nachtrage zur 3. Aufl. Wiesbaden, 1908, J. F. Bergmann. 92 p. 8°. 

Macewen ( W1'.). Pyogenic infective diseases of the brain and spinal coril, meningitis, abscess 
of brain, infective sinus-thrombosis. Glasgow, 1893, J. Maclchose it Sons. 
878 p. 8°.

Melchior (E.). Ueber Himabsccsse und sonstige umschriebene intrakraniellc Fiterungen 
im Verlauf undGcfolge des Typhus abdominalis. Ccntralbl. f. d.Grenzgeb. 
d. Med. u. Chir., Jena, 1911, xiv, 1; 49.

Oppenheim (H.) & Cassirer (R.). Der Himabszess. 2. Aufl. Wien u. Leipzig, 1909, 
A. Hôlder. 804 p. 8°.
Forms 3. Abt.,Bd. ix of: Spec. Path. u. Therap. (Nothnagcl).

Sauer (W. E.). Otitic brain-abscess. J. Missouri M. Ass., St. Louis, 1915, xii, 201-204. 

Southard (E. E.). Acute encephalitis and brain-abscess. Mod. Med. (Osier A McCrae).
2. ed. Philadelphia & New York, 1914, c, 369-386.

Throckmorton (T. B.). Cerebral abscess, probably primarily due to suppurative tonsillitis.
J. Iowa Slate M. Soc., Washington, 1915, v, 440-460.

Wyllie (/.). Meningitis, sinus thrombosis and abscess of the brain. London. H. K. 
Lewis, 1911. 258 p. 8°.



530 DIAGNOSIS OF NERVOUS DISEASES

ii. The Non-purulenl Forms of Encephalitis

(1) Acute Hemorrhagic Encephalitis

(Encephalitis hemorrhagica acuta, Acute Eon-purulent Encephalitis, 
Striimpell-Lcichlenslcm Type of Encephalitis)

This is an acute inflammation of the brain, with hemorrhagic exudate, 
which b often followed by focal softening, and, later, by cysts and poren­
cephalic defects. The disease is due to the metastatic localization of 
some infectious agent in the brain ; it is met with as a com " of 
influenza, scarlet fever, ' _* g-cough, acute articular rheumatism,
typhoid fever, measles, pneumonia, ulcerative endocarditis, etc. In some 
cases, the meningococcus may be responsible; in some, also, the virus of 
the IIcino-Medin disease.

Symptoms.—Tho onset is acute, with high fever, chill, and drowsi­
ness, deepening into sopor or coma; often there is delirium; occasionally, 
convulsions. The focal symptoms vary according to the site of the in­
flammatory deposits (monoplegia, hemiplegia, aphasia, hemi-anopsia, 
hemi-ataxia, etc.).

Differential Diagnosis.—(1) From simple toxic mcningismus (absence 
of definite focal symptoms) ; (:*) from sinus thrombosis (q. v.) ; (3) from 
meningitis serosa (q. v.) ; and (4) from tumor cerebri,

(2) Poliencephaliiis hemorrhagica superior acuta 
(Wcrnickc-Thomscn Type of Encephalitis, Acute Ophthalmoplegia)

This is an acute hemorrhagic encephalitis, limited to the central gray 
matter in the floor of the third ventricle and around the aqucductusYere- 
bri, though sometimes it extends into the floor of tho fourth ventricle. 
The small hemorrhages overshadow the inflammatory exudate on post­
mortem examination.

Etiology. -The disease is probably an infectious process; it is n, I; 
frequently met with as a complication of chronic alcoholism.

Symptoms. -The onset is acute and the course rapid, the disease usu­
ally terminating fatally within a week or two; recovery is rare. There 
is no fever. The patients grow drowsy and delirious. Paralysis of the 
eye-muscles, usually total ophthalmoplegia, soon sets in; M. sphincter 
i rid is and M. levator palpcbrae superioris sometimes escape). This is 
due to the involvement of the nucleus N". oculomotor!i, nucleus N". troeh- 
learis, and nucleus N. abduccntis in the lesion (policncephalitis superior). 
Tho patients show an ataxia of the cerebellar type, due to involvement 
of the nucleus ruber and the brachium conjunctivum.

Sometimes tho process extends to the motor nuclei of the cerebral 
nerves in the pons and in the medulla (policncephalitis inferior), som<

4933
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times also to tho anterior horns of the eord ( poliencephalomyelilis). 
Some of tho latter eases reported may have been instances of the JLeino- 
Medin disease, causing acute ophthalmoplegia and acute bulbar paralysis 
in addition to the ordinary paralysis of the extremities from anterior-horn 
lesions.

Differential Diagnosis.—The diagnosis should he most carefully made 
(1 ) from the plomain paralyses in bolulismus (usually a bilateral ophthal­
moplegia. interna, etiology) ; (2) from sleeping sickness (trypanosomes in 
juice from cervical lymph glands); (3) from acute ophthalmoplegia duo 
to neuritis of the eye-muscle nerves; and (4) from ophthalmoplegia duo 
to Iraumalic hemorrhage in the central gray matter.

(5) The, Cerebral Palsies of Children 
(Encephalitis infantilis, Paralyses Due to Intrapartum Meningeal Hem­

orrhages [Cushing], Hemiplegia spastica infantilis, Diplegia 
spast ica i nfa n t iUs )

In intra-uterinc or in early extra-uterino life various lesions occur, 
which may give rise to hemiplegia, diplegia, arrested development, etc. 
Forceps delivery may cause meningeal hemorrhage (Cushing) ; infectious 
diseases (measles, scarlet fever, lleine-Medin disease, whooping-cough, 
endocarditis, etc.) may cause hemorrhagic encephalitis, or lead to cerebral 
embolism or thrombosis.

As results of these processes there is softening, evst formation, and, 
later, induration, or sometimes a porencephaly, the defect being in the 
form of a hole in, or funnel-shaped retraction of, the cortex, often extend­
ing to tho ventricle; or there may result either a general sclerosis, or a 
local (lobar) sclerosis. The motor areas of the cortex (domain of middle 
cerebral artery) arc most often affected, and these lesions give rise to tho 
“cerebral palsies of children.”

Symptoms.—The eases due to injury at birth may occasionally bo olt- 
served in the initial stage ; there are fever, vomiting, delirium, drowsiness, 
and convulsions, followed by hemiplegia or diplegia. Usually, however, 
the physician sees only the after effects (residual hemiplegias, diplegias 
with contractures, and often with imbecility, or epilepsy), llemi-atho- 
tosis, hemiehorea, and speech disturbances are common. The patients 
with diplegia show marked acusticomotor reactions on hearing noises 
(Oppenheim). Various attempts have Iwen made to subdivide the céré­
bral palsies into groups (see Osier’s Monograph). Among these may lie 
mentioned : (1) Lillie's disease (congenital spastic rigidity of the limbs, 
walking learned late, gait spastic, with exaggerated reflexes, often asso­
ciated with strabismus, indistinctness of speech, feeble-mindedness, epi- 
lc| >v, choreiform, or athetotic, movements) ; (2) paraplegic, rigidity; (3) 
bilateral hemiplegia ; (4) double congenital u losis with rigidity, in
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which there are remarkable pathological associated movements (q. v.) ; 
the mind may be intact; (5) amaurotic family idiocy (Sachs) ; in which 
certain Jewish children, besides idiocy, exhibit a tetraplegia, optic atrophy, 
nystagmus, and typical macular changes on ophthalmoscopic examination.

Differential Diagnosis.—Usually easy (1) from spinal 'poliomyelitis 
anterior (signs of lower-motor, not of upper-motor neuron lesion; non- 
involvement of the face; absence of athetosis); (2) from Sydenham’s 
chorea (age, duration, co-existence with tonsillitis or endocarditis, etc.) ; 
(3) from idiopathic epilepsy (anamnesis, absence of spasticity) ; (4) from 
hysteria (1 have seen one case of athétose double in which the diagnosis of 
hysteria had been made).
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(b) The Different Forms of Myelitis
This terra is used to include the degenerative, circulatory (exudative 

and infiltrative) and productive changes in the nerve cells, nerve fibers 
and neuroglia of the spinal cord. Very often, pathologically, we have 
to deal with softening, or necrosis, from arterial thrombosis.

Clinically, we subdivide the cases of myelitis into (a) myelitis, in­
volving both white and gray matter, and (2) poliomyelitis involving 
the gray matter only.

i. Myelitis Involving both the White and the Gray Matter
This may occupy different parts of the cross-section at a given level 

[myelitis transversa, centralis, disseminata, pcriphcrica (meningomye- 
litis) ]. The part of the cord involved may also give the name to the 
process (myelitis cervical is, thoracal is, lumbalis and sacralis).

Etiology.—Myelitis follows infectious, or toxic, injuries of the spinal 
cord; most often, perhaps, it is due to an infectious arteritis with throrn-
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lxisis causing anemic necrosis, and occurring as a complication of measles, 
scarlet fever, typhoid, **_ <, gonorrhea, diphtheria, or sepsis. It 
occurs, also, after exposure to cold (beggars, winter campaigners). Luetic 
forms arc described farther on.

Symptoms. The motor, sensory, and reflex disturbances correspond to 
the part of the cord injured (See Topical Diagnosis).

(1) Myelitis ccrvicalis

This may involve the upper cervical cord, in which event there is spas­
tic (lion-degenerative) paralysis of both arms and legs; anesthesia of the 
whole body below the neck; sometimes paralysis of the diaphragm; occa­
sionally bulbar symptoms. Or it may involve the cord at the level of the 
cervical enlargement. This causes (1) atrophic paralysis of the upper 
extremities, with Dell in the paralyzed muscles; (2) loss of reflexes; (3) 
spastic (non-dcgencrativc) paralysis of the lower extremities with in­
creased reflexes and positive Babinski; (4) anesthesia below the neck; and 
(5) sometimes oculopupillary symptoms corresponding to involvement 
of Tj.

(2) Myclilis tlioracalis

This is the commonest form. The upper extremities arc normal. 
There is spastic, lion-degenerative, paralysis of both lower extremities; 
the Babinski sign is bilaterally positive. The lower extremities, and the 
lower part of the trunk up to some definite segmental level, arc anesthetic.

(5) Myelitis lumbalis

When the lesion is situated in the lumbar region, the upper extremities 
and the trunk arc normal. There is flaccid, atrophic, paraplegia of the 
lower extremities with Dell; the knee-kicks are absent; there is anes­
thesia of the legs and of the trunk up to some point below the umbilicus.

(-0 Myelitis sacralis

In lesions of the pars sacralis there is atrophic paralysis of the Mm. 
glutei, of the flexors of the knee, and of the muscles innervated by the N. 
peroneus. The riding-breeches anesthesia (Su) is characteristic. The 
ankle-jerk and the plantar reflexes cannot be elicited.

In all forms of myelitis there arc disturbances of the sphincters (in­
continence), and, usually, certain trophic and vasomotor disturbances 
(tendency to decubitus; sometimes desquamation, edema or herpes).

The symptoms vary according to the completeness of the interruption 
of the conduction paths within the spinal cord. In partial transver- ; 
lesions, the sensory disturbances may be slight, especially at the onsc.

3403
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If the myelitis affect one half of the spinal coni only, a Brown-Soquard 
syndrome (q, v.) develops.

(5) Myelitis disseminata
In myelitis disseminata, there arc multiple inflammatory foci in the 

most different parts of the spinal cord; often the pons, the medulla oblon­
gata, the cerebellum, and the cerebrum are in­
volved at the same time, in which event the con­
dition is called encephalomyelitis disseminata. It 
is always infectious, or toxic, in origin.

The symptoms depend upon the situation, and 
the extent, of the several foci. In many eases, an 
optic neuritis (sometimes a retrobulbar neuritis) 
precedes the change in the spinal cord. Tremor, 
ataxia, scanning speech, and mental enfcehlement 
are prominent symptoms, which, were it not for 
their acute appearance, would suggest multiple 
sclerosis. Many cases of so-called “acute ataxia” 
belong here, though others arc due to multiple 
neuritis.

Most cases of myelitis have an acute onset.
One of my patients, apparently well before, felt 
his legs give way suddenly while playing a round 
of golf. Subacute and chronic cases arc some­
times met with.

Differential Diagnosis of Diffuse Myelitis.—
(1) From multiple sclerosis (q. r.) ; (2) from tu­
mor of the spinal cord; (3) from compression 
paralysis due to vertebral disease; (4) from my­
elomalacia, duo to embolism, or thrombosis, of 
the arteries supplying the spinal cord; (5) from 
hysteria (absence of sphincter disturbances; nega­
tive Babinski’s sign; psychogenic factors).

FIr. 012. —a Case of 
Acute Poliomyelitis with 
Intercostal Paralysis, 
Showing Protrusion of 
the AI nli mu n by Con­
traction of the Dia­
phragm nml Concomi­
tant Retraction of the 
Thorax. (After F. W. 
Peabody, O. Draper and 
A. It. Dochez, Mon. of 
the Rockefeller Inst, for 
Med. Research.)

(0) Acute Asccndiny Paralysis 
(Paralysis ascendens acuta, Landry’s Paralysis)

This clinical syndrome (with varying ana­
tomical basis), is characterized by a sudden flaccid 
paralysis of the legs, with loss of the tendon 
reflexes, followed, within a few days, by paralysis of the trunk and of the 
arms, and, later still, after extension of the lesions to the medulla 
"Uungata, by paralysis of the lips, throat, and larynx (dysphagia, dys­
arthria). The malady often (not, always) begins with fever and general
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____
lij: *

Fig. 018.—Photograph of a Paso of Acute Poliomyelitis with Profound Stupor. Showing 
Irritated Expression. The Paralyzed Left Arm lias Been Flung Over by the Shrugging 
of the Shoulder. Retraction of the Neck. (After F. W. Peabody, G. Draper and A. It. 
Doehez, Mon. of the Rockefeller Inst, for Med. Research.)

malaise; there is tachypnea, and sometimes Cheyne-Stokcs breathing. 
Some patients recover; the majority die in from seven to ten days, usually

from asphyxia. The dis­
turbances of sensibility arc 
usually slight, and the 
sphincters are rarely dis­
turbed.

Pathogenesis. — The
condition is nearly always 
due to bacterial infection 
(Bacillus typhosus, Bacil­
lus anthrax, Staphylo­
cocci), the toxins injuring 
especially the motor paths 
and not necessarily cans 
ing gross alterations in tin- 
tissues. The pathological 
findings vary (myelitis 
disseminata, poliomyelitis, 
polyneuritis). Writers 
have, accordingly, distin­
guished a spinal, a neural, 
and a bulbar type. In a 
few cases, the process be­
gins in the medulla olr

Fig. 014.—Acute Poliomyelitis. Chart Showing Relation longata and dcsccih1 -
of Onset of Paralysis to the Day of Disease. (After (acute dcsccndm0- paml -
F. W. Peabody. G. Draper and A. R. Doehez, Mon. \ 
of the Rockefeller Inst, for Med. Research.) 818).
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(7) Abscess of the Spinal Cord 
(Myelitis purulcnta)

Abscess of the spinal cord is extremely rare; when it occurs, it is either 
traumatic in origin, or metastatic (gonorrhea, cystic or prostatic infec­
tion, septic endocarditis, putrid bronchitis). The symptoms depend 
upon the level of the spinal cord affected, and are usually accompanied 
by radiating pains due to simultaneous involvement of the meninges.

SECOND
WEEK

Fig. <115.—Acute Poliomyelitis. Chart Showing Variations In Cell Count and In Globulin
Content of Cerebrospinal Fluid. --------- Percentage of Cases with Cell Count Above
Normal.------ — Percentage of Cases with Cell Count Above 50 per c.mm. Per-*
contage of Cases with Globulin Slightly +.-------------- Percentage of Cases with
Globulin + or over. (After F. W. Peabody, G. Draper and A. It. Dochez, Mon. of the 
Itockefeller Inst, for Med. Research.)

ii. Acute Anterior Poliomyelitis
(Poliomyelitis anterior acuta, Infantile Spinal Paralysis, Spinal Locali­

zation of the Ileinc-Mcdin Disease, Encephalomyelitis acuta 
in fill rati va)

•* See The IIcinc-Medin disease, under Diagnosis of the Infectious DIB-
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(c) Multiple Sclerosis

(Sclerosis multiplex cerebrospinal is, Nodular Sclerosis, Disseminated 
Sclerosis)

We consider this here, though it is not certain that it is due to a 
chronic inflammation. It is essentially a disease of youth, beginning 
usually between the fifteenth and thirtieth years. Though I have seen 
a number of patients over 40 suffering from the disease, the anamnesis 
showed an onset a decade earlier. It is, unfortunately, a relatively com­
mon disease.

Etiology.—The cause is unknown, though the disseminated nodules 
have been seen to appear after various infections (typhoid, scarlet fever, 
whooping-cough, pneumonia, influenza), and intoxications (lead, zinc, cop­
per).

Symptoms.—Owing to the fact that the peculiar nodules appear in 
the most different parts of the central nervous system, the symptomatology 
is extremely variable. The disease is, accordingly, often overlooked ; it 
is the organic disease that is most often, perhaps, confused with hysteria.

The motor disturbances (paralyses) are usually more pronounced 
than the sensory. The other most characteristic symptoms arc: (1) slow, 
indistinct, scanning speech; (2) intention tremor, especially in the upper 
extremities ; (3) nystagmus. The motor symptoms may include spastic 
paresis, paraplegia, hemiplegia and epileptiform convulsions. Neural­
gias, or anesthesias, may complicate the picture. In typical cases, the 
diagnosis is easy, but, more often, the disease begins with an obscure 
spastic paraparesis, the cerebral phenomena being at first slight or en­
tirely absent. Three very important symptoms for the early diagnosis 
are (1) loss of abdominal reflexes, (2) weakness of abdominal muscles, 
and (3) temporal pallor of the optic disks.
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Remarkable remissions and exacerbations occur in tbo course of the 
disease.

Pathological Anatomy.—Dozens, or n hundreds, of circumscribed nodules 
are distributed (according to no known luw) through the central nervous system, 
and the symptoms are predominantly cerebral, bulbar, cerebellar, or spinal, accord­
ing to the predominant localization within the central nervous system.

The nodules are circumscribed, gray or pink in color, and of variable consist 
ence. There are certain sites of predilection (medulla and pons, corpus callosum, 
wall of lateral ventricle, cerebral peduncles; the white matter of the centrum 
semi-ovcle and of the spinal cord). Nodules are seldom found in the cerebral

The myelin sheaths of the nerve fibers passing through the nodules are degen­
erated, but, strangcly'enough, the axons are, as a rule, preserved, and can still 
be stained (hence very little secondary degeneration). The glia undergoes prolif­
eration in the nodules, especially around the blood vessels.

Differential Diagnosis.—Multiple sclerosis must be distinguished (1) 
from hysteria (absence of true spasticity and of Babinski phenomenon ; no 
optic atrophy; abdominal reflexes present; no typical intention tremor; 
relation of symptoms to psychic influences) ; it should be remembered that 
hysteria and multiple sclerosis may co-exist; (2) from Parkinsons disease 
(ago of patients; character of tremor and contracture; absence of nystag­
mus and of optic atrophy) ; (A) from dementia paralytica (ago of 
patients; tremor not strictly intentional; speech disturbance is a syllable 
stumbling, not a scanning; characteristic psychic anomalies; lymphocytes 
increased and positive Wassermann reaction in cerebrospinal fluid) ; -(4) 
from tumor cerebri (increased intracranial pressure; choked disk more 
common. Steady increase of symptoms, rather than remissions and exac­
erbations) ; (5) from acute encephalitis (course of disease); (G) from 
WestphaVs pseudosclcrosis (no optic atrophy; no true spasticity; early 
appearance of apathy and dementia ; slowed movements of eves and face) ; 
(7) from diffuse cerebral sclerosis (combination of progressive spastic 
paralysis with progressive dementia in childhood).
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(d) The Different Forms of Meningitis
Inflammation may affect tlio dura motor (pachymeningitis), on its 

inner surface {P. interna), or its outer surface (P. externa), or it may 
affect the pia arachnoid (leptomeningitis).

i. Pachymeningitis

(7) Internal Hemorrhagic Pachymeningitis
(Pachymeningitis hemorrhagica interna, Hematoma durae malris)

This is a vascular inflammation on the inner surface of the dura 
mater, which is rich in capillaries; thin, veil-like membranes arc formed, 
which can ho detached. The new capillaries are fragile and bleed easily. 
Recurring hemorrhages cause periodic exacerbations of symptoms ; some­
times there is a lamination of the membrane, or a third (middle) mem­
brane forms like a cap over the brain. The writer has seen one such 
case in a young child after typhoid fever.

The disease is most common in middle or advanced life, as a compli­
cation of chronic alcoholism or of dementia paralytica. Very large hem­
orrhages give rise to the so-called hematoma durae ma tris, the cushionliko 
clot occasionally seen at autopsy making round or oval depressions in the 
surface of the brain.

Symptoms.—There are none in mild cases. In severer cases, coma, 
preceded by excitement and unilateral convulsions with bradycardia and 
arrhythmia may occur ; later, there is hemiparesis or monoparesis ; choked 
disk and sometimes conjugate deviation of the eves and head may be 
observable. Lumbar puncture may reveal blood in the cerebrospinal 
fluid. Remissions and exacerbations are common.

Differential Diagnosis. —From cerebrospinal or tuberculous meningitis 
(more rigidity of neck ; involvement of cerebral nerves ; cytodiagnosis 
after lumbar puncture).
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(2) Chronic Hypertrophic Cervical Pachymeningitis 
(Pachymeningitis cervicalis hypertrophied)

The dura in the region of the cervical enlargement of the spinal cord 
is thickened and compresses the nerve roots and the cord. The membrane 
may be six to ten times its normal thickness. It may become calcified 
or ossified. The process probably begins in the leptomeninges, rather than 
in the dura. Lues is the commonest cause.

Symptoms.—The disease begins with pains in the neck, and neuralgias 
in the domain of the N. ulnaris and N. modi anus. After several months, 
paralysis with degenerative atrophy appears in the small muscles of the 
hand and in the flexors of the hand and fingers. As the extensor muscles, 
innervated by the N. radial is are not affected, there arises a characteristic, 
attitude—dorsal flexion of the hand with flexion of the middle and 
terminal phalanges of the fingers (so-called “preacher’s hand”). Anes­
thesia is usually slight. In late stages, spastic paraplegia of the legs de­
velops (compression of the pyramidal tracts).

ii. Leptomeningitis
( Pia-aracli noidi t is)

Several forms of inflammation of the pin-arachnoid arc met with, 
including: (1) serous meningitis; (2) purulent meningitis; (3) epidemic 
cerebrospinal meningitis ; and (4) chronic leptomeningitis (tuberculous 
and syphilitic meningitis are described under the specific inflammations 
of the nervous system).

(/) Serous Meningitis
(Meningitis serosa, Primary Idiopathic Hydrocephalus of Oppenheim, 

Quincke’s Disease)

A meningeal inflammation with pure serous exudate is known as 
serous meningitis. The intracerebral pia alone may be involved (menin­
gitis ventricularis), often giving rise to a hydrocephalus internus (acute 
or chronic) ; or the pia corticalis may be affected and give rise to a hydro­
cephalus extemus.

The cause is unknown, though toxic and infectious influences, and 
trauma, have been suspected. The disease may develop acutely or slowly. 
Lumbar puncture shows a clear fluid, poor in cells, under high pressure. 
The clinical picture may lie that of an acute acquired hydrocephalus (q. v.), 
or the disease may take an intermittent, chronic, course (headache, vomit­
ing, optic neuritis, cerebellar ataxia, etc.). In some instances, it closely 
simulates brain tumor, giving rise to choked disk and optic atrophy, some-
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times to hemi-unopsia bitemporal is (from dilatation of the floor of the 
third ventricle). But the remissions and intermissions lasting over years 
usually suffice to differentiate it, as well as the absence of focal symptoms 
(with the exception of ataxia). The cases of unilateral hydrocephalus, 
especially, simulate tumor.

Differential Diagnosis.—The acute form must bo differentiated from 
other forms of meningitis (lumbar puncture) ; the chronic form from 
brain tumor (vide infra).

(2) Circumscribed Meningitis (Meningitis serosa circumscripta) in 
the Cerebcllopontile Angle

There may be pathological adhesions of the arachnoid to the cerebellum, in the 
region of the flocculus, leading to stasis in the cisterna lateralis pontis, which has 
its own plexus choroideus for the secretion of cerebrospinal fluid. As the pres­
sure of the cerebrospinal fluid increases locally, it is likely that the pressure is 
propagated through the sheath of the N. acusticus into the labyrinth. The increased 
pressure in the cisterna lateralis can injure the N. acusticus, N. facialis, and N. 
trigeminus, sometimes, also, the N. abducens, N. glossopharyngeus, and N. vagus.

The symptoms that have been noted include, (1) tinnitus, (2) im­
pairment of hearing, (3) vertigo, (4) depression of excitability on irriga­
tion of external auditory canal (caloric nystagmus), (5) facial paresis, 
(G) suboccipital headache in and behind the mastoid process, due to injury 
to the nerves supplying the dura mater and the mucous membrane of the 
mastoid cells, (7) “pointing errors” on testing the wrist-joint, due to 
injury to the cortex of the cerebellum at the junction of the posterior 
with the inferior surface.

This has been described by Bârâny as a special syndrome, more com­
mon in women than in men. The syndrome may arise in meningitis 
serosa, in otitic meningitis, in luetic, or in tuberculous, meningitis, and, 
occasionally, as a “migraine otique” (Escat), or as a “migraine of the 
posterior fossa of the skull.”

Some of the simpler cases recover after lumbar puncture, though 
the explanation is not clear (rupture of the cistern?) ; a number of cases 
recover after exposure of the area by a decompression operation and open­
ing of the cisterna (Placzck and Krause; II. Cushing; S. J. Crowe).

The condition should be differentiated (1) from mastoiditis (car drum 
looks less normal ; “pointing error” not present) ; (2) from herpes of the. 
N. acusticus, so well described by J. Ramsay Hunt (herpes on the auri­
cula; pointing error lacking); (3) from sinus thrombosis (tenderness 
behind the mastoid in sinus thrombosis is in the muscles, in the skin, or 
in the N. occipitalis major, and is not elicited solely when the pressure 
is made directly upon the bone as is the case in Bnrany’s syndrome) ; and 
(4) from tumor of the cerehellopontile angle or of the cerebellum, with 
which it is most often confused.
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(3) Non-epidemic Purulent Meningitis 
(Meningitis purulcnta)

This often arises by extension (infections of the scalp, temporal bone, 
or along the vessels and nerves) ; sometimes it has a metastatic origin 
(pneumonia, bronchiectasis, putrid bronchitis, empyema, septic infections, 
acute rheumatism, influenza, etc.). When the inflammation extends to 
the spinal meninges, lumbar puncture will usually reveal the causal bac­
terium.

The symptoms are similar to those of epidemic meningitis (vide 
infra).

(4) Epidemic Cerebrospinal Meningitis 
(Meningitis cerebrospinal is epidemica, Cerebrospinal Fever, Meningo­

coccal Meningitis)

An infectious disease of the lcptomcningcs, due to the Diplococcus in- 
iraccllularis (or meningococcus), commonly affecting young people, either 
sporadically, or in epidemics prevalent in the winter and in the spring.

Symptoms.—Onset usually sudden, with fever, violent headache and 
vomiting, photophobia, hyperesthesia acoustica, sometimes with a chill, 
or with a general convulsion. Rigidity and retraction of the nock appear 
early ; Kcrnig’s sign and Brudzynski’s signs are positive (See Methods 
of Examination). The height of the temperature varies. The patient 
becomes delirious and the rigidity may extend to all the muscles of the 
body. Retention of urine or of feces is common ; sometimes there is in­
continence. Eye-muscle paralyses may appear; sometimes, also, compli­
cating infections of the eye. There may be paralysis of an extremity, or of 
half of the body. The deep reflexes are exaggerated at first ; they often 
disappear later. Skin eruptions (erythema, roseola, purpura and espe­
cially herpes) are common during the first few days (“sjwtted fever”). 
In fatal cases, the coma deepens and respiratory and circulatory disturb­
ances appear. Mild cases, and especially those treated with Flexncrs 
serum, may recover without residue. With Flexner’s serum, 75 per cent 
recover and 25 per cent die; without it, the figures are reversed. Severe 
cases that recover show residues (paralyses, deafness, aphasia, blind­
ness, etc.).

Complications.—Arthritis, pleuritis, bronchopneumonia, endocarditis, 
panophthalmitis.

Course.—The fulminating type (forme foudroyante) may kill in a 
few hours. Abortive forms, with slight headache or pain in the neck 
or back, and possibly vomiting, lasting a few days, occur during epi­
demics; outside of an epidemic they would go unrecognized unless a 
lumbar puncture were made. Cases running a prolonged course (many
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weeks), with intermittence of the fever and of the other symptoms, are 
not uncommon.

Differential Diagnosis.—(1) From oilier forms of meningitis (absence 
of herpes, co-existence of other infections, lumbar puncture shows pneumo­
cocci, streptococci or influenza bacilli) ; (2) from mcningismus in 
typhoid, pneumonia or sepsis (absence of herpes, criteria of primary 
disease, lumbar puncture) ; (3) from acute articular rheumatism; (4) 
from tetanus.

The disease is described more fully among the Infectious Diseases (Sec
Part IV).

(5) Chronic Leptomeningitis

This disease occurs in chronic alcoholism, and in dementing processes, 
as a simple inflammation. Chronic basal meningitis is usually syphilitic 
in origin, though a simple primary type is described (persistent headaches, 
with paroxysmal exacerbations, vomiting and occasional convulsive seiz­
ures, vertigo, slight fever and optic neuritis, leading to atrophy and 
various cerebral nerve paralyses). Many of these cases were doubtless 
instances of the meningitis serosa circumscripta above described.
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2. Diseases Due to Specific Inflammations (Infections 
Granulomata) of the Central Nervous System ami 
Its Meninges

These include the (a) tuberculous, (b) luetic, (c) actinomycotic and 
(d) leprous inflammations.
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(a) Tuberculosis of the Nervous System
The most important forms clinically are: (1) tuberculous meningitis; 

(2) conglomerate tubercle of the brain; (3) tuberculous pachy- and peri­
pachymeningitis.

i. Tuberculous Basilar Meningitis

Meningitis tuberculosa

Definition.—A tuberculous infection of the leptomeninges, secondary 
to primary tuberculosis elsewhere (lungs, pleura, lymph glands, bones, 
genito-urinary tract) ; common in childhood (second to fifteenth year) ; 
extremely rare after forty. Measles and whooping-cough are predisposing 
infections.

The tubercles are most numerous at the base of the brain (basilar meningitis), 
and the exudate (serous, fibrinous or purulent) also accumulates at the base. When 
miliary tubercles predominate, we speak of miliary tuberculosis of the meninges ; 
when the exudate is prominent, we speak of tuberculous meningitis.

Symptoms.—Onset insidious, in palo feeble children, the prodromata 
(emaciation, anorexia, constipation, disturbed sleep) lasting for weeks. 
Then come headache, apathy, fever, projectile vomiting ; and, later, delir­
ium, drowsiness, slowed, irregular pulse, gritting of the teeth, rigidity of 
the neck, and general hyperesthesia. Still later, the abdomen is retracted 
(boat-shaped). The pupils become unequal and sluggish to light. There 
may be choked disk, and, occasionally, tubercles are visible in the choroid. 
Gradually sopor intervenes, with tachycardia ; the pupils dilate, and 
cerebral nerve involvement becomes obvious (ptosis, facial paresis). 
Finally, coma sets in, with Chcyne-Stokes breathing; transitory mono­
plegia, hemiplegia, or aphasia, and often convulsions appear before death. 
For the findings in the cerebrospinal fluid, see Exploratory Punctures.

The duration varies ; death in most cases occurs within three weeks 
after the symptoms of meningeal irritation appear. A few cases termi­
nate fatally within a few days; now and then a patient drags on for 
months with remissions. A few cases proved undoubtedly tuberculous 
by demonstration of the presence of tubercle bacilli in the fluid on lum­
bar puncture have recovered.

The atypical cases, especially in adults, are often wrongly diagnosed.
Differential Diagnosis.—In children with bad heredity, or scrofula, 

or in the convalescence from measles or whooping-cough, the appearance 
of apathy, unmotived vomiting and slow, irregular pulse should make 
one think always of basilar meningitis. The disease is sometimes con­
fused with : (1) gastro-intestinal catarrh (lumbar puncture negative) ; (2) 
nimingismus of typhoid fever (bacillus typhosus in blood culture ; posi­
tive diazo and Widal, negative lumbar puncture, no choroid tubercles) ;
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(3) uremia (urinary findings, retinitis, lumbar puncture); (4) general 
miliary tuberculosis (prominent pulmonary phenomena, tachypnea and 
tachycardia from the beginning; (5) other forms of meningitis (shorter 
prodromal stage, cocci on lumbar puncture, absence of choroid tubercles).

ii. Conglomerate Tubercles of the Brain

(Solitary Tubercle)

In children, one half of the intracranial new growths, so-called brain 
tumors, are not true tumors but tuberculous growths ; in adults, about 
one-seventh. Solitary tubercle is commonest in the cerebellum, but it is 
also common at the base of the brain, and in the brain stem. It is often 
the cause of hydroct " ns, through pressure on the vena magna Galeni 
or on the aqucductus cerebri. The foci arc multiple in 25 per cent of the 
cases. Large masses may bo present without causing symptoms ; in 
other cases, a small mass may cause cortical epilepsy or a monoplegia.

iii. Tuberculosis of the Dura Mater and of the Extradural Tissues

Pachy- and Peripachymeningitis tuberculosa
This is common in caries of the spine, and often gives rise to com­

pression of the spinal cord (q. v.).
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(b) Syphilis of the Nervous System
(Cerebrospinal Syphilis, Lucs Cerebrospinal is)

Clinically, the most important forms are! (1) gummatous meningitis; 
(2) gummntoUs arteritis; (3) luetic meningo-encephalitis and mcningo- 
mvclitis. Thqy may all be summed up in the term cerebrospinal syphilis 
(lues cerebrospinal is). From the foregoing, we distinguish the para- 
syphilitic diseases (tabes, dementia paralytica), though these arc also 
due to infection with the Treponema palliduiA.

Basal gummatous meningitis is the form most often encountered. 
It varies in extent, and is often accompanied by arterial changes and by 
involvement of the cerebral nerves at the base.

Symptoms.—Headache, with nocturnal exacerbations, vomiting, ver­
tigo, sometimes attacks of unconsciousness and general convulsions ; 
psychic symptoms (loss of memory, mental deterioration, apathy). Most 
striking is the great oscillation of the symptoms, especially an alternation 
of delirium with coma. Cerebral nerve paralyses (especially Nn. Ill, IV 
and VI) are common. 1. Unilateral or bilateral optic neuritis or choked 
disk, optic tract lesions, anosmia, facial palsy, deafness, polydipsia and 
polyuria, focal symptoms due to arterial lesions (hemiplegia, aphasia, 
hemi-anopsia, etc.) arc among the phenomena that may appear. The recur­
ring remissions and exacerbations arc very characteristic.

Occasionally, the luetic process attacks the meninges of the convexity 
(focal symptoms), or the spinal meninges and the spinal cord itself may 
be more affected than the brain. Luetic thrombo-arteritis may cause 
myelomalacia with incomplete transverse lesion of the cord.

Cerebrospinal syphilis is a common disease, and because of the possibility of 
influencing its course by therapeutic measures its diagnosis is of unusual importance.

The pathological basis of the disease consists of the syphilitic inHltrntions 
and gumma formations that affect the vascular system, the meninges, and the white 
and gray matter of the brain and cord. Non-speciHc secondary changes (hem­
orrhage, softening, pressure atrophy) likewise occur and are no less important 
in the production of symptoms.

Because of the lawlessness of the occurrence of syphilitic lesions in the central 
nervous system, all clinical classifications of these cases are based only on the 
predominance of certain associations of lesions. The cases in which the lesions 
are chiefly cerebral may be subdivided into types that are chiefly vascular, chiefly 
meningeal, or chiefly due to intracerebral gummata. The spinal cases fall into
(1) those in which the symptoms arc chiefly due to meningeal involvement and
(2) those in which the consequences of myelitis are in the foreground.

The Vascular Type of Brain Syphilis.—The essential feature in the pathology
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of syphilitic arteritis in the brain is a proliferation of the intima, which, by grad­
ually narrowing the lumen of the vessel, tends to cause thrombosis with consequent 
formation of areas of anemic infarction. This sequence of events is most common 
in the domain of the A. cerebri media, with the production of hemiplegia, and of 
aphasia. It not infrequently affects the A. basilaris ( pontile or bulbar foci, with 
corresponding symptoms; sometimes hemiplegia cruciata), the A. cerebri posterior 
or its branches (hemi-anesthesia, hemi-anopsia), the A. vertebralis (unilateral bul­
bar paralysis with hemi-anesthesia of the same side and hemiplegia of the opposite

Clinically, these paralyses are characterized by a tendency to occur gradually 
and with very few symptoms of cerebral insult. Not infrequently, they occur step­
wise during the course of several days. In the distribution of the paralysis, or 
in the type of the aphasie disturbances, there is, however, nothing characteristic. 
Recovery is perhaps more often complete than in non-syphilitic cases, but there 
is a marked tendency to recurrence.

The Meningeal Type of Brain Syphilis.—Syphilitic meningo-eneephalitis. 
The leptomcninges of the base of the brain, or of the convexity, or of both, may 
be involved in a syphilitic, infiltrative process with gumma formation. The small 
nutrient vessels of the cortical gray matter and the perivascular lymph spaces 
show degeneration of their endothelial cells and round-celled infiltration, so that 
the process is best termed a gummatous meningo-eneephalitis.

Headache, often worse at nights, is a common feature in these cases. In some 
instances other symptoms of increased intracranial pressure are observed (choked 
disk, slow pulse, nausea and vomiting, dizziness, sopor, delirious states). Hut in 
the less acute cases, all these manifestations are frequently absent. The base of the 
brain, especially in the region of the middle fossa of the skull, is most frequently 
affected in luetic meningitis. Multiple lesions of the cerebral nerves result either 
from pressure effects of the exudate, or of gummata, or by direct invasion of 
the nerves themselves or of their roots by the syphilitic process. Optic neuritis, 
choked disk, optic-tract lesions, anosmia, paralyses of the ocular muscles, facial 
neuralgias, facial palsy, deafness, anarthria etc., are characteristic effects. There 
is a marked tendency to variability and to remissions of the symptoms, especially 
under the influence of specific therapy.

The involvement of the cortex in meningo-eneephalitis of the convexity leads, 
in some cases, to mental deterioration. When the motor areas arc affected, a 
monoplegia may be produced. Epileptic attacks, of the Jacksonian type, are not 
infrequently observed ; they differ in no wise from those due to tumor or to any 
other irritative lesion. A residual palsy may point to the site of the lesion.

Isolated Gumma of the Brain.—Large single gumma in the white or gray 
matter of the brain produces no symptoms distinguishable from those of any 
other new growth in the same position. The results of therapy are seldom marked 
enough to be of diagnostic value. The condition is comparatively rare.

Syphilitic Meningomyelitis.—Syphilis of the cord and its meninges is usually 
accompanied, sooner or later, by evidences of a meningo-eneephalitis. The vessels 
of the cord are affected similarly to those of the brain, but there is almost always 
an accompanying meningitis and myelitis of gummatous type.

The symptoms in these cases are due in part to involvement of the roots of the 
spinal nerves, in part to involvement of the cord itself that gives rise to tho 
picture of partial or complete transverse lesions. There are also rarer cases in 
which degenerations of the long conduction paths yield syndromes analogous to 
the non-specific system diseases.

The roots of the spinal nerves may be compressed by the exudative thickening 
of the leptomcninges, or a syphilitic eudoneuritis may occur. Paresthesias, hyp r-
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esthesias, or severe persistent neuralgic pains may result in the distribution of 
the nerve roots so affected (intercostal neuralgia, sciatica, etc.). Atrophy of the 
corresponding muscles follows. In the upper region of the cord, a localized pro­
liferative syphilitic meningitis gives rise to the condition known as pachymeningitis 
cervicalis hypertrophied (q. v.)

Foci of softening in the substance of the cord may arise» from syphilitic thrombo- 
nrteritis, the cord may be compressed by meningeal proliferative changes, or gum- 
mata may occur in the white or gray matter. Symptoms of complete or incom­
plete transverse lesions result with atrophic paralyses at the level of the lesion 
and spastic paralyses below\ Paraplegia of the lower extremities, sphincter dis­
turbances, and partial Brown-Séqunrd syndromes are common. In some instances, 
the onset is very acute resembling that seen in non-luetic myelitis.

Attempts have been made to erect system disease syndromes analogous to 
tubes; but occurrences of primary degenerations of the long conducting tracts 
due to supposed syphilitic toxins is certainly rare. The best established type is 
Erb's syphilitic spinal paralyses (q. v.) characterized clinically by spastic paralyses 
of the lower extremities, spastic gait, and increased tendon relaxes, with no 
involvement of the upper extremities, or of the cerebral nerves or the psychic 
functions. In some cases, this condition is apparently due to a true system disease 
on a syphilitic basis, analogous to tabes; there are non-specitic degenerative changes 
in the pyramidal tracts, the lateral cerebellospinal tracts and in OolVs column. 
The same syndrome may occur, however, during the development of a diffuse 
syphilitic meningomyelitis. In some cases of progressive muscular atrophy, a 
syphilitic basis for the degenerative changes in the anterior-horn cells has In-en 
apparent.

Diagnosis of Cerebrospinal Syphilis.—The diagnosis of cerebrospinal 
syphilis is usually not difficult. The examination of the spinal fluid and 
blood, the presence of pathognomonic signs, or of suggestive clinical syn­
dromes, or of lesions of syphilis elsewhere in the body, and the results of 
anti-luetic therapy are all of great value in arriving at a decision.

The most decisive data are obtainable from the examination of the 
fluid. A positive Wassermann reaction in the spinal fluid is con­

clusive evidence of involvement of the central nervous system by a syphi­
litic process. A well-marked syphilitic typo of precipitation of the gold- 
sol appears to have a similar value. Lymphocytosis and positive Phase I 
are chiefly of value as confirmatory evidence of syphilis. The blood Was­
sermann can of course he considered only as supporting evidence and in 
no way as direct proof of the involvement of the nervous system. In 
cerebrospinal syphilis, the Wassermann reaction is positive in the blood 
in 70-80 per cent of the cases. In the spinal fluid using 0.2 c.e. it is 
positive in only about 20 per cent of the cases, but by the use of larger 
amounts (0.8-1.0 c.c.) it "is jmsitivc in 05-100 per cent of the eases.

Recent studies of the spinal fluid in syphilis have made it evident 
that syphilis of the nervous system is often present for a time without 
symptoms, as a form of latent syphilis. The diagnosis of this eonditioi 
is of the utmost importance and can bo made only by examination of tin 
spinal fluid. No case with a history of syphilitic infection, or other evi-

05
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donee of such infection, cnn safely ho pronounced free from this disease, 
unless an examination of the spinal fluid with negative results has been 
made as ono of the criteria of cure.

The Argyll-Robcrtson pupil (reaction to accommodation hut not to 
light) is pathognomonic of syphilis of the nervous system. It is, however, 
more commonly found in tahes and in paresis than in the eases of ordinary 
cerebrospinal syphilis.

Certain clinical syndromes should always suggest syphilis of the nerv­
ous system. Hemiplegia occurring in patients under forty in whom no 
cardiac or renal lesions arc present is almost always due to cerebral syphi­
litic arteritis with secondary thrombosis. In young people, the gradual 
development of a spastic paraplegia of the lower extremities without sen­
sory changes will frequently he found duo to syphilis of the cord. Of all 
eye-muscle palsies, over one-half are due to syphilitic mcningo-enccphalitis.

Very characteristic of syphilitic lesions is their tendency to period* 
of regression, to recurrences and to changes in distribution. Similar fluc­
tuations in symptoms, temporary palsies, shifting root pains, marked re­
missions in symptoms of intracranial pressure, should always suggest 
cerebrospinal syphilis.

In attempting to establish a syphilitic etiology signs of syphilis else­
where in the body are of course of value. It is astonishing, however, how 
frequently they may be entirely lacking. Perhaps the commonest asso­
ciation is that between syphilitic aortitis (Heller-I)ohle), with aortic in- 
Buflieiency or aneurism, and cerebral vascular syphilis, either manifest or 
latent

The diagnosis of cerebrospinal syphilis ex jurant ibus is usually very 
unsatisfactory. The secondary results of vascular and even gummatous 
lesions arc often quite irreparable. It is only in the rarer eases, where I ho 
resorption of gummatous lesions leads to striking and permanent improve­
ment, that much stress can be laid on the therapeutic test.

Differential Diagnosis.—The condition must bo differentiated from 
(1) cerebral tumor; (2) simple cerebral atherosclerosis; (3) multi pie 
scie rosis; (4) the functional nervous disorders (neurasthenia, hysteria); 
(5) in the spinal form, from simple myelitis, and from comprcssion-m/ic*

In all cases, the signs of multiple lesions, and the marked oscillation 
of the symptoms, favor the diagnosis of cerebrospinal lues.

(c) Actinomycosis and leprosy of the Nervous System

'These are extremely rare diseases. 'The diagnosis depends also upon 
signs of these infections elsewhere in the body.
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F. Diseases of the Nervous System Due to 
Disturbances of the Lumen

The lumen of the central nervous system consists of the central canal 
of the spinal cord, the fourth ventricle, the aqueductus cerebri, the third 
ventricle and the lateral ventricles. Dilatation of the ventricles of the 
brain is known as infernal hydrocephalus; simple dilatation of the cen­
tral canal of the cord as hydromyelia.

1. Hydrocephalus
The dilated ventricles may be filled with clear fluid (simple hydro­

cephalus), or with a turbid exudate (inflammatory hydrocephalus). 
Pressure-atrophy of the brain results, and the upper part of the skull 
becomes distended, making the facial skull look relatively small and tri­
angular. Most cases are congenital ; others are acquired.

(a) Congenital Hydrocephalus
(Hydrocephalus congenitus)

This is often combined with agenesia of the brain, hairlip, clubfoot, or 
spina bifida. When intra-uterinc, it may be an indication for craniotomy.

The amount of fluid may vary from a few hundred cubic centimeters 
to ten or twelve liters, averaging, perhaps, one liter.
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Symptoms.—Besides the alteration in the size and shape of the skull, 
the disease is accompanied by defective cerebral function (arrested de­
velopment, idiocy or imbecility, late and clumsy walking, spastic para­
paresis, choked disk, ncuritic optic atrophy, 
premature puberty). Kontgeuograms of the 
skull are characteristic.

Differential Diagnosis.—From rickets, 
affecting the skull (quadrangular, box-shaped

Fig «16.—Chronic Mydrorcphnhts In a Ten Months* 
Child. (After M. Itolhmnnn, “Ilandb. d. Inner. 
Med.," published by J. Springer, Berlin.)

Fig. «17.—Hydrocephalus and 
Splnn bifida. (Med. Service,

.skull; other signs of rickets; absence of cerebral symptoms; x-ray find 
ings).

(6) Acquired Hydrocephalus

(Hydrocephalus acquisitus)

This may arise at varions ages, acutely or slowly, (1) from basal 
meningitis with involvement of the choroid plexus, (2) from inflammatm 
closure of the foramen of Magendie or of the aqueductus cerebri, (:i 
from simple stasis due to closure of the lumen, (4) from pressure <
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tumors, or (5) from sinus thrombosis. The cases secondary to tumor 
and other compressing influences arc separable from the so-called primary 
iodiopathic hydrocephalus described as meningitis serosa (<j. v.).
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2. Hydromyelia
This condition is rare and practically has but little clinical significance. 
The form of cavity formation known as syringomyelia (</. r.) is due 

to tlio breaking down of a tumor (glioma), not to a primary disturbance 
of the lumen.

G. Diseases of the Nervous System Due to 
Interruptions of Continuity

1. Trauma of Brain Due to Fracture of Skull, 
Gunshot Wounds, etc.

The diagnosis is usually easy from the history of the case, the signs 
referable to the nose and ears, palpation and x-ray examination of the 
skull.

Focal symptoms may point to injuries of specific regions of the brain.

.
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2. Traumatism and Compression of the Spinal Cord
Fracture of the spine is commonest in the lumbar region, dislocation 

in the cervical region. Stab wounds and shot wounds occur at various 
levels and often cause Brown-Sequard paralysis (q. v.).

Traumatic injuries to the spinal cord may cause complete transverse 
lesion, or incomplete transverse lesion, the symptoms depending upon the 
level (See Topical Diagnosis). Rontgenograms reveal the bone lesions.

In the absence of actual fracture or dislocation there may bo serious 
injury from commotio spinalis (Erichsen’s disease), giving rise to the 
symptoms usually designated as those of a traumatic neurosis.

(a) Hematomyelia
As a result of trauma, hemorrhage into the cord (hematomyelia) may 

occur, especially in the cervical region. The blood is most often shed 
into the gray substance ; it tends to spread in the longitudinal direction 
(tubular hemorrhage, or pencil-shaped hemorrhage). The symptoms re­
semble those of syringomyelia {q. v.). The history of the case, however, 
will permit of differentiation.

(6) Compression of the Spinal Cord and Nerve Roots Due to 
Vertebral Diseases

The spinal canal may bo encroached upon by tumors, exostoses, in­
flammatory exudates, hemorrhages or echinococcus-cysts, but the most 
common cause of compression myelitis is tuberculous caries of the spine 
with peripachymeningitic granulation tissue, or the development of an 
angular kyphosis (gibbus), from telescoping of the vertebrae; either may 
lead to slow compression of the spinal cord.

L Compression of the Spinal Cord and Nerve Roots from Pott’s Disease of the Spine

{Spondylitis tuberculosa)

This is common in childhood and in adolescence, but may occur at 
any age. I have seen it more than once in elderly people. The com­
pression may be due to a tuberculous abscess without change in the form 
of the spine ; generally a projecting knuckle (gibbus), or angular kyphosis, 
is demonstrable, owing to telescoping of the softened carious parts of the 
vertebrae.

Symptoms.—These depend upon the site of the lesion (See Topical 
Diagnosis of Lesions of the Spinal Cord).

The thoracic part of the cord is most often involved, the malady begin­
ning with pain in the back, or intercostal neuralgia, sometimes with
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spastic paresis of the legs and exaggeration of the knee-kicks. Motor 
disturbances predominate; sensory symptoms may bo slight or absent. 
The sphincter functions aro early disturbed. Psoas abscess or cold 
abscesses in other positions may develop (See part XI).

In cervical caries, the signs of myelitis cervicalis may develop with 
“root pains” in the neck, or in the upper extremities. In caries of the 
uppermost cervical spine and of the atlanto-occipital joint (malum sub- 
occipitale), the first symptom is pain in the head and neck with rigidity, 
and sometimes crepitation. Unilateral, or bilateral, occipital neuralgia 
may bo complained of. There aro symptoms, sometimes, referable to 
N.XI or N.X1I. Occasionally a retropharyngeal abscess (visible and pal­
pable) develops.

Differential Diagnosis.—The condition most likely to be mistaken for 
Pott’s disease is metastatic carcinoma of the spine (search for primary 
carcinoma of breast, rectum, prostate, etc., especially in advanced life; 
absence of tuberculosis of other organs, of psoas abscess, etc.). Occasion­
ally, meningeal tumors, lues spinalis, or aortic aneurismf destroying the 
spine, may give similar symptoms. I have recently seen a young school 
teacher, treated for a year for “rheumatism,” who, on examination, showed 
a largo thoraco-lumbar gibbus and signs of a left-sided tuberculous pleurisy !

ii. Compression of the Spinal Cord or Nerve Roots Due to Cancer and Other Tumor 
Involving the Spine

Carcinoma of the spine is always metastatic, the primary tumor being 
situated in some epithelial organ (breast, uterus, prostate, thyroid, stom­
ach, pancreas, etc.). When root symptoms exist, inquiry should be made 
regarding a preceding breast operation. Sarcoma, or osteosarcoma, of 
the spine may be primary.

Revere neuralgic pains in the spine, especially bilateral intercostal 
neuralgia, and bilateral sciatica, with or without herpes, should excite 
suspicion. The root pains usually precede the paralytic symptoms; the 
farmer are duo to irritation of the posterior roots, the latter to compression 
of the cord. Many of these cases aro at first mistakenly thought to bo 
neurasthenic or hysterical; others aro wrongly diagnosed as caries, still 
others as spinal lues.

iii. Compression of Nerve Roots in Arthropathies of the Spine

The vertebral joints may be the site of an acute or subacute infectious 
arthritis (gonorrheal, rheumatic, luetic, tuberculous), or of a chronic 
arthritis of which there are two main varieties (1) ankylosing arthritis of 
the spine (spondylitis anhylopoietica), and (2) hypertrophic ost©o-ar- 
tbritis (spondylitis deformans). (See Part XI.)
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Those processes may involve one or several joints of the spine. In the 
worst form, bony deposits extend along the spine, ankylosing it (poker 
spine). The conditions are more fully described under Diseases of the 
Bones and Joints, but are mentioned here on account of the accompany­
ing neural involvement.

Symptoms.—Radiating root pains are common, giving rise to inter­
costal, brachial, crural or sciatic neuralgias (posterior roots). There may 
be partial segmental atrophic paralyses (anterior roots). In the neuralgic 
area there may be herpes.

The diagnosis is usually easy, owing to limitation of the movements 
of the spine, the simultaneous presence of arthritis in the joints of the 
extremities (not always), the characteristic root symptoms, and the x-ray 
examination.

The so-called typhoid spine is usually due to infectious arthritis (T. 
iMcCrae). An attempt has been made to establish definite types of the 
ankylosing form: (1) the Striimpell-Marie type, in which the joints of 
the spine are involved along with the hip-joints or shoulder-joints, with­
out involvement of the smaller joints of the extremities; and (2) the 
Bcchterew type, in which there is anchylosis of the spine with thoracic 
kyphosis and root pains, without involvement of the hips and shoulders. 
No sharp distinction is, however, justifiable (Sec also, Part XI).
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H. Diseases of the Nervous System Due to 
Invasion by Animal Parasites

Tho animal parasites to lie considered hero include: (1) Cysliccrcus, 
(2) J'Jchinococcu8, (3) Trypanosoma, (4) Plasmodium malariae.

1. Cerebrospinal and Ocular Cysticercus
This condition has become less common since pork inspection has 

been more general and invasion of tho intestine by Taenia solium occurs 
more rarely.
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The brain may be studded with hundreds of the vesicles. Occasion­
ally, the cerebrospinal meninges may he invaded (cysticcrcus meningitis). 
The cysticerci may live from three to twenty years in the brain. Float­
ing cysticerci in the third or fourth ventricle occur. Cysticerci may also 
invade the vertebral canal and cause a compression of the cord.

Symptoms.—Often indefinite (paroxysmal headache, vertigo, disturb­
ance of consciousness). A cysticcrcus epilepsy is known. Cerebral spasms 
general or local, depending upon the localization of vesicles arc common. 
A cysticcrcus in the fourth ventricle may give rise to a combination of 
symptoms referable to the cerebellum and the medulla oblongata (vertigo, 
vomiting, cerebellar ataxia, glycosuria, disturbances of the heart and of 
the respiration); alternation of periods when these symptoms arc pres­
ent or absent (Bruns’ symptom) suggests a floating cysticcrcus of the 
fourth ventricle.

Differential Diagnosis.—A probable diagnosis may be made if the 
symptoms have been preceded by (1) opportunity for infection (eating 
raw pork, occupation); (2) a history of tapeworm; (3) the discovery 
of cysticcrcus nodules in the skin or in the muscles (histological examina­
tion), or of cysticcrcus oculi. The patients arc nearly all males, over 
forty years of age.

The condition is likely to bo confused with (1) brain tumor; (2) 
lues cerebrospinal is ; or (3) psychoneurotic states.

2. Echinococcus Disease of the Nervous System
A very rare disease, more often unilocular than multilocular. It gives 

rise to symptoms similar to those of tumor cerebri, and the true cause 
is usually recognized first on operation, or at autopsy. Occasionally, it 
may be suspected during life from (1) the presence of echinococcus cysts 
in other organs; (2) exposure to invasion through companionship with 
dogs; or (3) the finding of booklets in the cerebrospinal fluid on lumbar 
puncture.

3. Trypanosomiasis of the Nervous System
(Sleeping Sickness)

The infection occurs through the bite of a fly (dlossina pal palis), tlio 
fly having become infected from man or from diseased crocodiles.

In the first stage of the disease, the small, fishlike flagellates (Trypan­
osoma gambiense) arc actively motile in the blood, causing an irregular 
fever (trypanosome fever). After some months the trypanosomes in­
vade the nervous system and subarachnoid space and give rise to sleeping
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sickness. Finally, death results from coccal infection of the meninges 
and purulent meningitis (See Diagnosis of the Infectious and Parasitic 
Diseases).

Diagnosis.—The trypanosomes aro present in the cerebrospinal fluid 
obtained by lumbar puncture, and also in the juice of the cervical lymph 
glands in 80 per cent of the cases.

iv. Cerebral Malaria

See Malaria (Part IV).
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[See also References on Sleeping Sickness and Malaria in Part IV.]

I. Diseases of the Nervous System Due to 
Tumors

1. Varieties of Tumors
A few tumors are primary in the nervous system (glioma, ganglioneuroma). 

Others arc primary in the nerve roots (neurofibroma), in the meninges (sarcoma, 
endothelioma, angioma), or in the bones of the skull and spine (osteosarcoma, 
chondroma, etc.), and injure the nervous system by pressure or invasion by exten­
sion. Still others are metastatic, or secondary tumors in the nervous system or 
its covering from primary tumors (carcinoma, sarcoma) of other organs. A few 
tumors arc certainly embryonic inclusions (teratomata, dermoid cysts, cholestea- 
tomata).

Glioma is primary in the neuroglia of the nervous system (including the 
retina). It has nothing to do with sarcoma. It is the commonest tumor of the 
brain, varying in size from that of a pin’s head to that of an apple. It is not 
sharply circumscribed, as it infiltrates the surrounding tissues diffusely. It is very 
subject to hemorrhage, degeneration and cyst formation, grows slowly (for years or 
decades), rarely gives rise to métastasés, and causes symptoms by dislocation of 
healthy parts and increased intracranial pressure. In the spinal cord, it arises in 
the gray matter, spreads along the long axis as a pencillike column, and, through
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degeneration, gives rise to cysts (syringomyelia). A hyperplasia of the neuroglia in 
the cord (in contrast with true glioma spinalis or gliomatosis) is known as gliosis 
spinalis.

Ganglioneuroma, or true neuroma, is a tumor containing newly formed gan­
glion cells. Such tumors arc found in the domain of the sympathetic nervous sys­
tem and the adjacent chromaflln system. The majority of them have been met with 
in children in the region of the adrenal. They vary in size from that of a cherry 
to that of a child’s head.

Neurofibroma (false neuroma) is really a fibroma arising in the connective! 
tissue of nerves. Single nerves, or nerve roots, may he involved, or several branches 
of a nerve may lie thickened (neuroma racemosum plexiforme; elephantiasis con­
genita), or, most important clinically, great numbers may appear diffusely on the 
roots of the cerebral or spinal nerves, and in the peripheral nerves all over the 
body (multiple neurofibromatosis, neurofibromatosis generalis, von Reckling­
hausen's disease). When the cutaneous nerves are implicated the condition is 
called fibroma molluscum multiplex.

It is this tumor that affects the nervus acusticus at the cerebellopontile angle; 
the N. trigeminus is also frequently involved.

Primary sarcoma arises either in the meninges or in the sheaths of the blood 
vessels of the brain and cord; osteosarcoma from the bones of the skull or from 
the vertebrae. A remarkable form is the diffuse sarcomatosis of the meninges 
spreading over the nerve roots of the spinal cord or the base of the brain.

Endothelioma arises from the endothelium of the blood and lymph vessels 
or from the endothelium lining the meninges and pacchionian granulations. The 
tumors may reach a large size (goose egg, apple), and are often multiple, invading 
the brain or the skull and scalp. Small endotheliomata may undergo hyaline trans­
formation and calcification, giving rise to the so-called sand tumors (psammomata).

Secondary carcinoma or sarcoma of the central nervous system and meninges 
is not rare. Clinically, secondary carcinoma of the spine, with involvement of 
the nerve roots, is the more important.

Inflammatory masses (solitary tubercle, gumma or syphiloma) in the nervous 
system or its meninges often give rise to symptoms scarcely distinguishable from 
those caused by tumors.

2. Rapidity of Growth, Multiplicity and Anatomical 
Effects of Tumors

Rapidity of Growth.—Some tumors grow very slowly, especially gliomata 
(years or decades), osteomata and angiomata; some, like soft sarcomata and car­
cinomata, grow rapidly. Steady progression (fast or slow) is characteristic of 
tumor growth, in contrast with the remissions and exacerbations of luetic growths.

Multiplicity of Tumors.—Gliomata arc usually single; sarcomata also, but imt 
always; cpithcliomata may be single or multiple. Inflammatory non-neoplast « 
new growths, like tubercle and gumma, are often multiple.

Anatomical Effects of Tumors.—Tumors may infiltrate, compress, or dislocate 
nerve structures, either directly, or within the skull, by general increase of inti - 
cranial pressure. By compressing veins, closing foramina or the aqueduct, tlu v 
may cause hydrocephalus and hypertension of the cerebrospinal fluid, the lati r 
lending to increased pressure in the pinl sheath of the nerves—in the optic noi •• 
causing choked disk and optic atrophy; in the acoustic nerve causing chok'd 
labyrinth and deafness; in the posterior roots of the spinal nerves causing chol d
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spinal routs, and degeneration of the posterior funiculi. The bones of the skull 
may become thin (pseudoporosi»).

Symptoms.—It will bo convenient to consider intracranial tumors 
apart from intraspiiuil tumors. Clinically, too, it is necessary to consider 
together (1) the tumors of the nervous system proper (tumor cerebri, 
tumor ccrcbclli, tumor medullae spinalis), ( 2) tumors of the meninges, 
and (3) tumors arising in the bones and extending to the meninges and 
nervous system. Along with these, some mention must also be made of 
11 ) inflammatory growths (gumma, tubercle), which, though not tumors, 
give rise to similar symptoms.

3. Symptoms ot Intracranial Growths
Gliomata and other intracranial growths (neoplastic, inflammatory, 

aneurismal) may give rise both to general and focal symptoms.

(a) General Symptoms Suggestive of Intracranial Growths

The general symptoms of intracranial growth include :

1. Choked disk (90 percent of cases).
2. Headache.
3. Vomiting.
4. Mental dullness.
5. Vertigo.
C. Bradycardia.
7. General convulsions.

Choked Disk.—Since choked disk is so common in brain tumors the 
ophthalmoscopic examination should never bo omitted in suspected cases. 
Some authors do not distinguish between optic neuritis and choked disk. 
Clinically it is convenient to reserve the term choked disk for cases in 
which there is marked swelling (2 diopters or more) and enlargement 
of the papilla. The presence of true choked disk (in the sense mentioned ) 
makes the diagnosis of tumor cerebri very probable, though true choked 
disk may also occur in different forms of meningitis, in brain abscess, 
in lues cerebri, and in hydrocephalus. It is sometimes found also in 
chlorosis, in nephritis, and in chronic lead poisoning.

An optic neuritis, with a swelling of the disk of less than two diopters, 
mav arouse suspicion, but it has nothing like the diagnostic value of true 
clinked disk. Optic neuritis occurs frequently in infectious diseases, in 
1 sic. disturbances of various kinds, and in orbital diseases, in all of which 
it is often unilateral rather than bilateral. It may be present in renal
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sidered Normal ; II, Disclosing Upper Right Temporal Defect. (After II. Cushing and G. H. Heuer, J. H, H. Bull.)
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disease, but then the surrounding retina is also altered (albuminuric reti­
nitis). One meets with it, further, in multiple neuritis, in acute encephalo­
myelitis, and occasionally, though rarely, in multiple sclerosis. The so- 
called retrobulbar neuritis (developing acutely in multiple sclerosis, or 
more slowly in various intoxication amblyopias due to alcohol, tobacco, 
carbon bisulphid, etc., and in diabetes) does not yield the ophthalmoscopic 
picture of neuritis optica ; the papilla is for a long time scarcely changed 
at all, though finally retrograde atrophy occurs, usually on the temporal 
side, causing the so-called temporal pallor of the disk.

The choked disk may be absent at the beginning of cerebral tumors 
of any kind and may continue absent during the course of small growths, 
cystic growths, diffuse extracerebral growths, or in tumors of the motor 
area, of the pons, or of the medulla oblongata.

Headache.—This, if long continued and violent, should arouse suspi­
cion. One looks foi other causes, such as (1) cerebral atherosclerosis; 
(2) diseases of the heart or of the digestive organs, especially chronic 
constipation ; (3) intoxications (tobacco, arsenic, lead, copper, mercury, 
etc.) ; (4) the morph in habit or other drug hab/t; (5) Graves’s disease ; 
((I) psychoneurotic states (migraine, hysteria, neurasthenia).

Vomiting.—This is helpful for diagnosis only when it “cerebral” 
in character (projectile, unmotived).

Mental Dullness.—The drowsiness and dulling of consciousness arc 
important signs, but of course may be due not to brain tumor but to (1 ) 
a psychosis, or (2) some intoxication (uremia, cholemia, diabetic coma).

Vertigo.—Very little stress should be laid upon this symptom unless 
it is accompanied by other general symptoms (see Vestibular Syndromes).

Bradycardia.—Slowing of the pulse may be an important sign of in­
creased intracranial pressure, but the increase of pressure may not be 
due to a brain tumor. Bradycardia occurs also in atherosclerosis, in 
heart block, in vagal hypertony from various causes, and sometimes, in 
hypothyroidism.

General Convulsions.—These may ho of the type of true epilepsy ; in­
deed, many patients regarded as simple epileptics for years (10-30) may 
l»c the victims of a slowly developing brain tumor (osteoma, glioma, 
solitary tubercle). Convulsive seizures, resembling hysterical attacks or 
tetanic rigidity, may also occur, the latter especially in tumors of the 
posterior fossa of the skull.

Rontgenography of Skull.—Ileuer and Dandy (1016) have made n special 
study of the x-ray findings of the skull in 100 cases of brain tumor and other 
intracranial growths. They subdivide the changes met with as follows :

( 1 ) True tumor shadows :
(a) Uncalcified tumors. These rarely throw a shadow except when they 

grow into one of the paranasal sinuses like the sphenoidal sinus.
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(b) Calcified tumors, and true bone tumors. These are not to be confused
with a calcified pineal gland, bilateral calcification of the cborioid
plexuses, or with a median shadow due to calcification of the falx

(2) Changes in the skull due to tumors :
(a) Changes resulting from general increase of intracranial pressure.

i. Enlargement of the skull ns a whole.
ii. Separation of the cranial sutures.

iii. Atrophy of the inner table, showing markings corresponding to all 
the convolutions (“general convolutional atrophy”).

iv. Destruction of the sella turcica or atrophy of the posterior clinoid 
processes.

(b) Local changes in the skull.
i. Local hypertrophies of the skull.

ii. Local enlargements of parts without destruction (e. g., enlargement 
of the internal auditory meatus).

iii. Local atrophy of. the skull.
iv. Local convolutional atrophy (especially in the frontal region).
v. Local sellar destruction.

(3) Vascular changes in the skull due to tumors:
(a) Enlargement of grooves due to arteries.
(b) Enlargement of the diploic sinuses.

True shadows must be distinguished from pscudoshadows; namely, light and 
dark areas most often seen in the temporal fossa or in the occipital or suboccipital

The most striking changes due to increased intracranial pressure seem to 
accompany subtentorial tumors (tumors of posterior fossa ; cerebellar tumors); 
it is interesting that such tumors can destroy the pituitary fossa in a manner 
similar to the destruction accompanying sellar or supra-scllar tumors.

Local hypertrophies of the skull have most often accompanied endothelioma!a 
or solitary tubercle.

(b) Focal Symptoms Due to Intracranial Growths
The focal symptoms of intracranial growth may he absent (growths 

in silent areas), or when present may he duo to (1) direct involvement 
of a non-silent area by the growth, or (2) indirect involvement by pressure 
of a growth in the ncighliorhood (neighborhood symptom), or at a con­
siderable distance (distance symptom).

The focal symptoms to which brain tumors may give rise will he 
easily understood by consulting the subdivision on topical diagnosis. I -r 
convenience and quick orientation the following table may be consulted:
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Table of Intracranial Growths (Brain Tumors, etc.)

Site ofGrowth a-T,r.ir-" Peculiarities of
General Symptoms Direct Focal Symptoms Neighborhood and Distance 

Symptoms Differential Diagnosis

1. Gyrus centralis anterior
(motor area on right

2. Left gyrus frontalis in­
ferior (Broca's convo-

3. Frontal lobe in front of
anterior central gyrus 
(right or left).

4. Lobulus paracentralis
(right or tit).

Glioma; meningeal epi- 
thelioma; meningo-enccpha-
litis syphilitica and tuber­
culosa; cysticercus.

Glioma: meningeal epi­
thelioma; mcningo-encepha- 
litis syphilitica and tuber­
culosa; cysticercus.

Glioma; meningeal epi­
thelioma; meningo-encepha­
litis syphilitica and tuber­
culosa: cysticercus.

Glioma; meningeal epi­
thelioma; meningo-encepha- 
litis syphilitica and tuber­
culosa; cysticercus.

Convulsions preceded by 
conjugate deviation.

Cortical epilepsy; monoplegia; 
local paresthesia or bathyan-

Slowly developing bradylalia 
and motor aphasia.

Simple dementia; Wittelsucht ; 
frontal ataxia.

Monoplegia cruralis or spastic 
paraplegia; cortical cramps of leg

Lose of contralateral abdominal 
reflex: fine homolateral tremor;

From pseudotumor cerebri 
(meningitis serosa; chronic intoxi­
cation; Reickard's acute or chronic 
brain swelling); dementia para-

From cerebral atherosclerosis 
with thrombosis.

H

Lobus pant tali*:
1. Gyrus centralis posterior

(tit or right).

2. Lobulus pariétal» inferior
(tit side only).

Glioma; meningeal epi- 
thelioma: meningo-encepha- 
litis syphilitica and tuber­
culosa; cysticercus.
^Glioma; meningeal epi-

litis syphilitica and tuber-

Bathyanesthesia; astereognosis; 
tactile agnosia; ataxia; apraxia.

Alexia; optic aphasia.

Motor irritation or paralysis 
from compression of motor area 
ia front of it.

Hernia-anopsia.

O
73
72

Lobut temporalis:
L Gyrus temporalis superior

2. Uncus (right or tit)

3. Other portions of left
temporal lobe and of 
right temporal lobe.

Glioma; meningeal epi-

litis syphilitica and tuber­
culosa: cysticercus.

1 Glioma; meningeal epi-

litis syphilitica and tuber­
culosa: cysticercus.

Glioma; meningeal epi-

litis syphilitica and tuber­
culosa; cysticercus.

Acoustic aura (in ear of 
opposite side) preceding con­
vulsion or disturbance of

Word-deafness; amnestic 
aphasia; paraphasia.

Uncinate-gyrus fits; hallucina­
tions of smell and taste; smacking 
of lips; tongue movements;

Hemiplegia or hemi-anesthesia 
'pressure on cerebral peduncle) 
pressure on optic tract).

Cerebral thrombosis.

8

be confused



Table of Intracranial Growths (Brain Tumors, etc.)—Continued

Site (^Growth CmTS^r~ Peculiarities of
General Symptoms Direct Focal Symptoms Neighborhood and Distance 

Symptoms Differential Diagnosis

Lotos occipitali»:
Glioma; lues; diffuse 

meningeal Mnwn^mriii
Choked disk often absent.

one visual field; often no focal 
symptoms; in bilateral lesions

Vascular lesions.

Interbrain:
L Region of basal ganglia 

and internal capsule.

2. Region of third ventricle.

3. Hypophysis (pituitary

Glioma; lues; bilateral

Adenoma; cysts. Choked disk often absent; 
headache often slight.

Gradual incomplete hemiplegia; 
hemi-chorea; hemi-athetosis; dis­
turbance of jnimic ^automatic

Narcolepsy; tendency to cotna-

Diabetes mellitus or insipidus: 
acromegaly; enlarged sella turcica 
in radiogram: dystrophia adiposo-

subnormal temperatures; dis­
turbed tolerance for glucose.

Chiasm and hypophysis symp-

Hemi-anopsiabitemporalis; uni­
lateral or bilateral amblyopia: uni­
lateral blindness with hemi­
anopsia of^the other eye^eye-

Corpui calloeum:
Glioma; lues. Slight or absent. Stupidity; sopor; conduction Bilateral hemiparesis, more 

marked on one side; cerebral 
nerves not compressed.

Midbrain:
1. Corpora quadrigemina.

2. Ceebrti peduncle.

(6) Pea pedunculL

Pupillary paralysis; deafness; 
disturbance of optic-acoustic

Eye-muscle paralysis (N.III and 
NJV); disturbance of associated

longitudinal bundle); movemeut-

cus); cerebellar ataxia (red nucleus 
and brachium conjunctivum). 

Hemiplegia alternans superior;

Tegmental symptoms (eye-

ataxia; nystagmus; incoôrdina- 
tion on standing and walking); 
hemi-anopsia (optic tract or 
lateral geniculate body); vaso­
motor disturbances (cyanosis; 
asymmetry of body temperature 
on two sides) ; sexual disturbances.

Table of Intracranial Growths (Brain Tumors, etc.)—Continued

Direct Focal Symptoms Neighborhood and Distance .Differential Diagnosis
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(b) Pea pedunculi.

eus); cerebellar ataxia (red nucleus

Table of Intracranial Growths (Brain Tumors, etc.)—Continued

Site of Growth | Commonest Types
in Brain | of Growth

Peculiarities of 
General Symptoms Direct Focal Symptoms Neighborhood and Distance ^Differential Diagnosis

Cerebellum:
Choked disk (90 per cent 

of cases), very early and 
bilateral; headache, occipital 
and cervical with tendency to 
rigidity of neck; often ex-

Sudden attacks of vertigo with 
cerebellar ataxia; BabinskTs cere­
bellar asynergy and hemi-

Compression of pons, medulla 
and cerebral nerves (facial neu­
ralgia; anesthesia or paralysis);

aggeration of headache, 
vomiting and vertigo with 
change of position of head; 
vomiting nearly constant 
and early.

paresis or paraparesis; forced atti­
tudes^ and movements; h^dro

chiasm and visual and hypo- 
physeal symptoms; compression 
of olfactory lobes (anosmia); psy­
chic disturbances absent until late.

Pont:
No choked disk. Hemipleeia alteraans: conju­

gate deviation of eyes and head 
toward the ride opposite the 
tumor; dysarthria; dysphagia; 
unilateral or bilateral hemiplegia, 
anesthesia or ataxia: symptoms 
referable to N.V, N.VÏ, N.VH.

Medulla oblongata:
Cysticercus; lues; glioma. Often slight or absent; 

sometimes optic atrophy in­
stead of choked disk; head-

Symptoms referable to N.VHI, 
N.IX, N.X, NJÜ. N.XII; 
deafness; dysphagia; dysarthria; 
hiccouzh; cardiac and respiratory 
disturbances; vaso-motor phe­
nomena; glycosuria; diabetes in­
sipidus; unilateral and bilateral 
paralysis of arm and leg: ataxia 
(cerebellar or lemniscal); head 
often held forward; course inter-

Middle cranial foua:
Lues; sarcoma; neurofi­

broma of N.V; secondary
Choked disk early in 

carcinoma; absent in other 
tumors of this region except 
the tumors of N.V.

Involvement of N.II. NJH. 
NJV. N.V. N.VI; loss of comeal 
reflex may be first sign.

Sensory and optic aphasia 
(compression of basal surface of 
temporal lobe). Sometimes neo­
plasm at angle of jaw.

Poetenor foua at boot of tkull:
Tumors of N.VHI at 

cerebello - pontile angle 
(neurofibroma: sarcoma);

Often absent cr slight 
headache, choked disk and 
vomiting, sometimes severe.

Unilateral or bilateral symp­
toms referable to N.VHI (tin­
nitus, deafness, vertigo); N.V (loss

nesis; movement ataxia; Bfick- 
liihmung; nystagmus; bulbar

(choked^disk ^^TbÎLS’S 

vokement of cerebral nerves
Sf.viï"? N.vriî; toUuMMhke cerebellum, pons and medulla hemis^mm crr*<^ar

pronounced; cerebellar symptoms
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4. Symptoms of New Growths (Neoplastic or Inflam­
matory) Involving the Spinal Cord, its Meninges, 
or the Vertebral Column

Tumors may arise within the spinal cord itself (intramedullary 
tumors), in its membranous coverings (meningeal tumors), or in the meso- 
blastic structures surrounding the vertebral canal (vertebral tumors).

(a) Tumors Within the Spinal Cord
(IntramcduHar/i Growill.s)

The principal one is glioma. Occasionally, the cord is the site of a 
metastatic sarcoma or carcinoma. A gumma, or a tubercle, may arise 
in the gray matter of the cord ; more often such a growth extends into 
it from the meninges.

L Gliomatosis ; Gliosis spinalis ; Syringomyelia
Syringomyelia is most often due to degeneration of newly formel 

glia tissue, either of a true tumor (glioma) or of simple hyperplasia 
(gliosis), giving rise to tubelike cavities with beadlike bulgings, extending 
lengthwise in the spinal cord, especially in the gray matter, and sometimes, 
though not always, communicating with the central canal.

The condition is recognizable, clinically, by three sets of disturbances : 
(1) lower-motor-neuron lesions ; (2) elective sensory disturbances; ami 
(3) trophic and vasomotor disturbances.

The lower-motor-neuron disturbances consist of a chronic progressive 
spinal muscular atrophy with fibrillary twitchings and Dell. Since the 
cervical enlargement is most often affected, the distribution of the muscu­
lar atrophy often conforms to the Aran-Duehenne type, and gives ri>o 
to the “simian hand,” or to the “claw hand.” In addition, uppcr-mot"i- 
neuron lesions may gradually be added (spastic paresis).
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The elective sensory disturb­
ances take the form of the so- 
called syringomyelic dissociation, 
or “posterior-horn type” of disso­
ciation of sensibility, in which 
there is loss of pain sense and of 
the temperature sense, with intact 
sense of touch.

The trophic and vasomotor 
disturbances include panaritium, 
paronychia, urticaria, vesicle-for­
mation, anomalies of sweat sccre- I 
tion, inflammation and deforma­
tion of bones and joints (osteo­
arthropathies) involving especially 
the hands and feet, painless spon­
taneous fractures, kyphoscoliosis,

Fig. 020.—Syringomyelia. "Preacher's Hand" etc. Sometimes the medulla olh
wlth Atrophy Of Thenar and Ilypotbcnar lnn„nt„ :q ïnvn,ln,l mvimr rise to 
Eminence. (Med. Service, J. H. H.) lOngata IS lnxaucu, giving rise 10

hemi-atrophy of the tongue, paral­
ysis of the N. rccurrcns, and oculopupillary symptoms (in the domain of 
the cervical sympathetic).

Fig. 021.—Syringomyelia. "Main Succulente." (Med. Service, J. H. H.)
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Three types of the disease have been distinguished, according as the 
motor, sensory or trophic disturbances predominate.

Differential Diagnosis.—Each of the three types may give rise to 
symptoms resembling other diseases. Wo must especially distinguish :

1. The predominantly motor typo from i (a) amyotrophic lateral sclero­
sis, (b) si>astic spinal paralysis, and (c) the spinal type of progressive 
muscular atrophy.

2. The predominantly sensory typo from: (a) pachymeningitis cervi- 
colis hypcrtropliica, (b) hysteria, and (c) hematomyelia.

3. The predominantly trophic type (the so-called “Morvan’s syn­
drome,” in which analgesia and thermanesthesia, with slight tactile anes­
thesia, are combined with panaritium and cutaneous vesicles), from lepra 
mutilans.

In syringomyelia the elective sensory paralyses (analgesia and therman­
esthesia) are due to lesions of the posterior horn, the muscular atrophies 
to lesions of the anterior horn, the trophic and vasomotor disturbances to 
lesions of the gray matter, especially the lateral horn. The disease is 
thus predominantly duo to lesions of the gray matter. When spastic 
symptoms develop, they are an indication of extension to the white matter 
of the lateral funiculus ; when ataxia and tactile anesthesia complicate 
the picture, they indicate an extension to the posterior funiculi.

(6) Tumors External to the Spinal Cord
(.Extramedullary Growths)

The extramedullary tumors are divisible, as wo have already learned, 
into those developing within the spinal canal (meningeal tumors) and 
those arising in the spine itself (vertebral tumors).

i. Meningeal Tumors
Meningeal tumors and inflammatory nodules (sarcoma, endothelioma, 

fibroma, gumma, tubercle) vary in size from that of a pea to that of an 
olive or even larger, often extending two inches, or more, in a vertical 
direction. The growth is usually slow (except in lues), leading to grad­
ual compression of the cord, the compression often injuring the gray 
matter more than the white, and sometimes the opposite half of the 
cord more than the adjacent lmlf.

Meningeal tumors may occur at any level, though they are most com­
mon in the thoracic region, on account of its greater length. They are 
also common in the cauda equina, and in the region of the cervical en­
largement.

The clinical phenomena appear in three stages: (1) the stage of 
root symptoms (unilateral or bilateral segmental neuralgia, sometimes
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combined with hyperesthesia), lasting for several months or even for two 
or three years; (2) the stage of hemilesion of the cord with Brown- 
Scquard syndrome (q. v.) ; and (3) the stage of compression of the whole 
cord with corresponding bilateral paralyses, anesthesias and sphincter 
disturbances below the level of the lesion.

Localization in the cervical, thoracic and lumbar regions, or in the 
cauda equina, can be made by application of the principles discussed under 
Topical Diagnosis. Wo should try to determine not only the segmental 
level of the tumor, but, also, whether it lies upon the anterior, or posterior, 
surface of the cord.

Differential Diagnosis.—Accurate diagnosis is hero most important on 
account of the possibilities of surgical therapy. In typical cases, there 
is no difficulty. In atypical cases, a tumor may be confused with (1 ) 
lues spinalis (quick development, marked oscillation of symptoms, lesions 
at several levels, Wassermann positive, therapeutic test ) ; or (2) multiple 
sclerosis (absence of root symptoms, coexistence of cerebral symptoms).

It is especially in multiple neurofibromata, and in angiomata of the 
nerve roots, or meninges, that confusion with lues, or with multiple scle­
rosis, is likely to occur.

Extramedullary growths are usually easily differentiated from (3) 
intramedullarg growths (gliomata) in that the latter (a) rarely cause 
root pains; (b) extend in the vertical direction rather than in the trans­
versal direction ; (c) throughout follow a course that is much more chronic 
and insidious; (d) cause anesthesias that are elective and segmental in 
topography, and do not have the topography of anesthesias duo to hemi­
lesion.

In applying the principles of topical diagnosis for the determination 
of the segmental level we pay especial attention to:

1. The level of radicular pains, of paresthesias or of anesthesias.
2. The levels injured as indicated by the loss of reflexes.
3. The levels directly injured in their anterior horns, ns shown by

degenerative muscular atrophica with DcR.
4. The upper level of a hemilesion (upper limit of contralateral anes­

thesia in Brown-Sequard’s syndrome).
5. The levels indicated by x-ray examination, or by tenderness "f

spinous processes on palpation, or on application of a hot sponge.

ii. Vertebral Tumors
Besides true tumors (primary or secondary sarcoma, metastatic car­

cinoma, osteoma, etc.), caries, gumma, and echinococcus cyst have here 
to lie considered. The distinction of these vertebral growths from menin­
geal growths, on the one hand, and from intramedullary tumors, on I he 
other, is usually possible by a consideration of certain of their character­
istics : (1) the palpable or visible localized deformities of the spine; (2)
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the findings on x-ray examinations; (3) tenderness of the spine and 
interference with its movements; (4) the rapid and bilateral involve­
ment of the nervo roots and of the spinal cord, once these structures arc 
attacked; (5) the existence of a primary tumor elsewhere, since vertebral 
tumors aro often secondary; (Oj the occurrence in advanced life, and in 
cachectic jiersons.
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5. Multiple Neurofibromatosis; von Recklinghausen's 
Disease

Definition.—A neoplastic disease affecting more or less extensively 
different parts of the peripheral nervous system and characterized by the 
development of multiple fibromata in the nerves of the skin and other

A B

Fig. 622.—Von Recklinghausen's Disease. A. Anterior View ; B. Posterior View. 
( Med. Service, J. II. II.)
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nerves, causing cutaneous and subcutaneous tumors (mollusea fibrosa), 
anomalies of pigmentation, and elephantiasislike formations.

Symptoms.—There may lie only a few tumors in the skin or there may 
be hundreds of them. They vary in size from that of a small point to that 
of a lien’s egg. They arc most numerous upon the trunk, but they occur
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also upon the extremities. The subcutaneous tumors are spindle-shaped. 
I saw one case in which the abdominal wall contained a number of rather 
large tumors of this type. When there is a diffuse fibromatosis of several 
nerves or of a nerve plexus, the condition is known as “plexiform neu­
roma,” whereas a bundle of racemose nodular masses forming an isolated 
tumor not intimately connected with a nerve trunk or a plexus is called a 
“racemose neuroma” (Rankenneurom of von Bruns). The so-called 
“elephantiasis neuromatosa” or pachydermatocele occurs most often on the 
feet, legs, hips, genitals, neck or face; it is usually congenital, and has a 
slow, painless evolution.

Abnormal pigmentation can nearly always he made out, in the form 
of brown spots, naevi, or diffuse discolorations of the skin. Sometimes 
spots with less pigment than normal arc also visible over the skin. Angio­
mata of the skin are so often present that Harbitz regards their occurrence 
as a true feature of the disease.

The patients often present psychic anomalies (apathy, imbecility). 
Congenital defects and malformations (skeletal, genital) may bo found in 
some cases. The formes frustes of the disease are very common. The 
disease is always congenital, often hereditary and sometimes familial 
(Feindel).
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J. The Neuroses and the Pyschoneuroscs
Under this heading we may consider the diagnosis of:
(1) Hysteria ; (2) the neurasthenic and psychasthenic states : (3) 

hypochondriasis ; (4) the traumatic neuroses ; (5) epilepsy ; (CD mi*
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graine ; (7) the tic disease; (8) paramyoclonus multiplex ; (9) occupation- 
neuroses ; (10) Sydenham’s chorea ; (11) Huntington’s chorea; (12) 
paralysis agitans ; (13) myasthenia gravis pseudoparalytica; (14) periodic 
family-paralysis ; (15) periodic oculomotor-paralysis; (1G) myotonia 
congenita; (17) amyotonia congenita; (18) dystonia deformans progres­
siva.
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1. Hysteria
Definition.—A disease characterized by an abnormal mental state, in 

which there is a disproportion between affective reactions and the stimuli 
that give rise to them, slight stimuli often causing a violent emotional 
reaction, a similar stimulus at other times having no effect; in this dis­
ease, too, remarkable motor, sensory, vasomotor and secretory disturbances 
of “psychogenic” origin are met with ; the suggestibility of the patient is 
heightened (both autosuggestion and heterosuggestion) ; the sudden trans­
formations of the emotional states and the moods, as shown in caprice, 
are very characteristic.

Etiology.—The disease is much more common in females than in 
males. It begins to manifest itself usually in adolescence, sometimes 
in childhood. Most patients have a distinct neuropathic, or psychopathic, 
predisposition. Provocative causes are psychic traumata (fright, anx­
iety) ; a pathological example (mother, comrade) ; sexual traumata, in­
toxications, and physical traumata.

Symptoms.—These arc protean in their variability. They may lie 
divided into (1) the so-called somatic stigmata, and (2) the psychic mani­
festations.

Somatic Stiomata.—These include:
(a) The globus hystericus, a feeling of constriction in the neck, or 

of a lump in the throat, which “cannot he swallowed,” usually 
associated with loss of the pharyngeal reflex.

(b) The clavus, or pain in the region of the large fontanelle, de­
scribed as resembling a “nail being driven in,” or as though 
“worms were creeping about” there.

(c) Hysterical paralyses (hemiplegia, monoplegia, aphonia, astasia- 
abasia, ptosis, etc.).
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(d) Hysterical contractions, including retention of urine.
(c) Hysterical hyperesthesias, including:

(i) The so-called spinal irritation, or tenderness on tapping 
the spine; (ii) the so-called ovarian irritation, or tender­
ness on pressure in the region of the ovary ; and (iii) vari­
ous hyperesthetic zones in the body.

(f) Vasomotor and secretory lability, as expressed in:
(i) Dermographia; (ii) hot and cold flushes; and (iii) local­

ized disturbances of sweating.
(g) The grand hysterical attacks, in which patients, without injur­

ing themselves, sink down and assume, and maintain for some 
time, remarkable attitudes, such as the arc of a circle, or various 
pathetic, or theatrical positions (attitudes passioncllcs), or ex­
hibit wild, rotating movements (clownism). Such attacks are 
easily distinguished from epileptic seizures, in that the patients 
do not injure themselves, do not bite the tongue, and there is, as a 
rule, no postconvulsive sleep, nor are the pupillary reactions lost; 
the whole attack can be terminated, generally, by a dash of cold 
water.

(h) Rudimentary hysterical attacks, including hysterical laughing, 
crying, coughing, hiccough, cramps in certain muscle groups, etc.

(i) Hysterical anesthesia.—This may affect one extremity, one half 
of the body, or two extremities simultaneously, becoming ever 
more marked as it is more attended to. Often the anesthesia has 
a topography corresponding to areas of skin covered by certain 
articles of clothing (gloves, chemise, drawers, stockings).

(j) Exaggerated reflexes with false ankle-clonus may sometimes bo 
present.

The relation of these somatic stigmata to emotional states is charac­
teristic.

Psychic Stigmata.—The principal mental stigmata arc:
(a) The disproportion of affective states to the stimuli arousing them.
(b) Pathological lability of mood.
(c) Fallacies of memory.
(d) Ideas of reference and of lack of consideration.

(a) The Disproportion of Affective States to the Stimuli Arousing 
Them.—The patients are abnormally irritable, and slight annoyance man 
lead to explosive behavior. It sometimes seems as though the smallest 
stimulus excited the greatest reaction, whereas in real difficulties, the hy 
terical may have a good grip on themselves. A single well-meant word
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may precipitate an attack and give rise to convulsions and twilight states. 
This pathological irritability is more intense at the menstrual periods, at 
the menopause, and during pregnancy.

(b) Pathological Lability of Mood.—The hysterical patient may ho 
happy, jolly and easily accessible one moment, and the next moment, 
without any apparent reason, become the reverse—irritable, suspicious, 
sullen. No one can foresee the patient’s mood. It is bizarre, oscillatory, 
incalculable.

(c) Fallacies of Memory.—Hysterical patients often seem unable to 
distinguish what they remember, from what they imagine. They are 
incapable of objective report, owing to their lively fancy and pathological 
combining power. They are thus thought by their comrades to bo liars, 
but the hysterical lie is a pathological phenomenon duo to faulty repro­
duction, or to transformation of memories—the so-called pscudologia 
fanlaslica, or mythomania. Hysterical patients, sometimes, have com­
plete amnesia for certain periods ; or the amnesia may concern only cer­
tain persons, or events.

(d) Ideas of Reference and of Lack of Consideration, Due to Per­
sonal Hyper sensitiveness.—In the hysterical character, these psychic stig­
mata are combined with a diminution of the capacity for ethical ideas. 
The patients refer to themselves, comments or acts not at all so intended. 
Their feelings arc easily hurt ; they lielicvo that they are “misunderstood’’ ; 
they think that others do not pay them the attention that is their duo, 
or that they intentionally slight them. These ideas of reference and slight 
paranoid symptoms do not, however, attain to anything like the systematic 
development seen in outspoken paranoid states.

Other Hysterical Phenomena.—Many hysterical patients suffer from 
psychogenic bodily disturbances. They may bo unable to cat, or they 
vomit almost constantly (anorexia nervosa); or the abdomen may l>o 
continuously distended with gas (hysterical meteorism) ; or the urine 
may bo retained for days or weeks, unless catbctcrizcd (hysterical réten­
tion). Many such patients think themselves pregnant (pseudocycsis, or 
hysterical pregnancy).

More severe mental disturbances sometimes develop on an hysterical 
basis. There may bo transitory disturbances of consciousness (hysterical 
twilight states, somnambulisms, trances). The hysterical twilight states 
appear suddenly and often take the form of protracted “passionate atti­
tudes” after an hysterical attack ; or they may appear instead of an 
attack (as an equivalent). The patients are confused, behave like chil­
dren, and often make one think of simulation, the condition lasting for 
hours, days or weeks (Ganser s symptom-complex). Somnambulisms rep­
resent one form of the twilight state. The patients often go through the 
movements that correspond to some previous emotional experience.

In hysterical trances, or lethargic states, the patient may sleep for
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days, weeks or mouths, sometimes pale like a corpse, sometimes with 
rosy cheeks.

In severe cases, hysterical insanities develop, sometimes of the para­
noid type, sometimes of the erotic type, sometimes of the exaggerated 
philanthropic type.

Hysterical symptoms are often worse at the menses and especially at 
the menopause or during pregnancy. At such times, hysterical patients 
are difficult to live with. They have been compared to an explosive mix­
ture.

Astasia-abasia.—This symptom is usually of hysterical origin, though 
it may also be met with in psychasthenic states.

Standing and walking are difficult, or impossible. When the patient 
lies down, no disturbance of motility, sensibility, or coordination, can bo 
made out. Some patients, who cannot stand or walk, can go upon all 
fours or can swim. The condition is commoner in women than in men, 
and in young people than in the old.

It must bo differentiated (1) from cerebellar ataxia, and (2) from 
vestibular disease.

I saw one such patient who had astasia-abasia under ordinary cir­
cumstances, but could free himself of it, entirely, by drinking a pint of 
whiskey. As soon as the effects of the alcohol wore off, ho again showed 
the symptom. In his case, I regarded the condition as a phobia of psv- 
elmsthenia. A closely related symptom is the inability to sit {akathisia); 
this must also be a phobia.

There is, however, a form of astasia-abasia that is not uncommon in 
old people in association with psychaesthenic states and early mental dete­
rioration. Boggs and Pincoffs have seen a number of such cases at Bay 
View Hospital and Pic treats of the condition at some length in his 
Maladies des Vieillards.

Akinesia algera.—In this condition, first described by Mübins, 
there is immobility on account of pain, although no cause for the pain is 
discoverable. It occurs in psychoneurotic states (psychasthenia, hys­
teria). The symptom is probably to bo regarded as an hallucination in 
the domain of the pain sense. Some of these patients during the attacks 
of pain manifest tachypnea and tachycardia (Oppenheim). Allied dis­
turbances are (1) the so-called dysopsia algera, in which vision is inter­
fered with, because on looking at objects the patient has pains in llio 
eyes and head; (2) alremia, in which the patient cannot leave the lied 
because standing, walking and sitting cause pain; and (3) aphagia 
algera, in which the patient refuses to take food because it gives him 
pain. '■».

The condition should be differentiated from (1) organic conditions 
causing pain, and (2) the neurotic symptoms of Graves’ disease.

Diagnosis of Hysteria.—The recognition of hysteria is usually easy
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through tho characteristic stigmata and through the exaggerated, often 
theatrical, character of the mental symptoms and tho capricious, oscilla­
tory course (See Epilepsy).
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2. Neurasthenic and Psychasthenic States
In these states there is an increased irritability of the nervous system 

with diminished capacity (irritable weakness).
The somatic symptoms consist of heightened irritability, and especially 

fatigability of all the functions mediated by the brain, the spinal cord 
and the sense organs, and by the organs under the domination of the 
autonomic nervous system (circulatory, digestive and sexual apparatus).

On the psychic side, the patients complain of various uncomfortable 
feelings—depressions, anxieties, fears, etc. The tendency at present is to 
classify the cases in which the somatic signs are the more prominent as 
neurasthenic states, and those in which the psychic signs are the more 
prominent as psychasthenic states.

Etiology.—There is nearly always an inherited neuropathic predispo­
sition, often with stigmata of degeneration, though some patients with 
good heredity become neurasthenic or psychasthenic owing to severe 
psychic or somatic injury (physical and mental over-exertion; struggle 
for existence, responsibilities, insufficient sleep, exercise or food) ; ex­
hausting diseases (digestive, venereal, general infectious, or metabolic i : 
excessive use of alcohol and tobacco, sexual excess. Tho beginnings of
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dementia prccox, of a manic-depressive psychosis, and of a Grave’s disease 
are often treated as neurasthenic states.

Symptoms.—In the foreground stand pathological fatigability and 
irritability. Headache, vertigo and insomnia are common symptoms. 
Nervous asthenopia, hyperesthesia acoustica, neuralgic pains, paresthesias, 
are often complained of. A feeling of weakness in the limbs on the least 
exertion, and tremor are common.

Objectively, the reflexes are often exaggerated, though the pupils are 
normal, and speech, except for hesitation or slight stuttering, is unaffected.

On the psychic side, fatigue on the least mental exertion, and abnormal 
irritability of mood, are the characteristic symptoms. Inability to con­
centrate attention, or to pursue steadily a chain of thought, except when 
the patient is dealing with his own symptoms, is common. Neurasthénie 
patients complain of lack of energy, of indecision, of fears and of abnor­
mal impulses (vide infra). These psychic symptoms are most pro­
nounced in the so-called psychasthenic states, characterized by periods in 
which there is a high grade of indecision or doubt (folic de doute), and 
in which the patients arc plagued by feelings of anxiety (prceordial, 
cephalic or general), fears of people (anthropophobia), of places (agora­
phobia), of being shut in (claustrophobia), of incurable disease or in­
sanity (nosophobia), of contamination with unclean, or infectious objects 
(mysophobia), or of contaminating what they touch (délire de touche).

Many patients have outspoken obsessions or imperative ideas; the 
Ix'st description of these states is that given by Raymond and Janet.

Sometimes the patients suiter from an imperative impulse to speak 
obscenely (copralalia), or to echo what they hear (echolalia), or that 
they must perform certain acts in certain ways. Some of them suffer 
from an interrogative mania, asking themselves continuously foolish ques­
tions regarding ordinary things in the environment. These symptoms 
appear against the will of the patient and are recognized by him as 
abnormal, as something foreign to him, which he tries vainly to resist.

Differential Diagnosis of Neurasthenic and Psychasthenic States.— 
Wo must carefully exclude (1) organic diseases (dementia paralytica; 
multiple sclerosis, tumor cerebri, cerebral atherosclerosis, Graves’ disease, 
etc.), (2) psychoses (manic-depressive insanity, paranoia, dementia 
prccox), and (3) other neuroses (hysteria, myasthenia gravis).
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3. Hypochondriasis
Ilcro tho patient’s attention is continuously occupied with the con­

dition of his own body or mind, his pathological feelings giving rise to 
hypochondriacal anxieties, fears and ideas. Sometimes these hypochon­
driacal ideas bccomo fixed beliefs in which the patient cannot bo shaken 
(true hypochondriacal delusions). In many cases, these hypochondri­
acal states appear to bo dependent upon abnormal visceral sensations.

Tho hypochondriacal form of neurasthenia is separable from tho hypo­
chondriacal ideas (1) of manic-depressive insanity (ideas secondary to 
tho depression and accompanied by ideas of sin and psychomotor retarda­
tion) ; (2) of chronic jtaranoia (ideas of disease produced artificially 
by enemies, combined with grandiose ideas, and ideas of persecution, in 
a system) ; and (3) of tho catatonic forms of dementia preeox (patients 
n<m-suggcstihlc and apathetic, ncgativistic and, later, hallucinant), and (4) 
of dementia jHiratylica (specific, somatic and psychic signs).

4. The Traumatic Neuroses
Hero wo have to deal with psychoneurotic states closely related to 

hysteria and to neurasthenia, especially of tho hypochondriacal type.
Cause.--A physical, or psychic, trauma, acting ujkhi a predisposed 

nervous system (fright, sexual trauma, railway accidents, automobile acei-
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dents, and the like). Fear of loss of position or health, financial worries, 
and especially the possibility of legal damages (“ideas of covetousness*’), 
often play a part.

Symptoms.—The symptoms are very variable, including those of neu­
rasthenia (fatigability, irritability, anxiety, lacrimation, headache, ver­
tigo, vasomotor disturbances, tremor), those of hypochondriasis (patinh 
logical self-observation, mental depression, apathetic facial expression ), 
and those of hysteria (anesthesias or hypesthesias of hysterical type, con­
traction of the visual fields, twilight states with irrelevance, suggesting 
simulation). In many cases, there are evidently slight organic lesions 
present (commotio cerebri ct spinalis), manifest in objective disturb 
ances of motility and sensibility. It is sometimes difficult to decide in 
how far the sensory, motor and reflex symptoms arc organic, and in how 
far “psychogenic” in origin. The latter usually arise first exclusively, 
or predominantly, on the side that was injured.

Differential Diagnosis.—1. From simulation, which is much rarer 
than is commonly believed (absence of exaggeration of reflexes, of in­
creased mechanical excitability of muscles and nerves, of fibrillary twitcli- 
ings, of atrophies, of pupillary differences, and of typical contraction of 
the visual fields).

2. From hematomyelia (elective dissociation of sensibility).
3. From caries of the spine (q. v.).
4. From brain abscess (q. v.).
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5. Epilepsy
(Falling Sickness, Morbus sacer)

A condition characterized by sudden peculiar disturbances of con­
sciousness, associated, in typical cases, with convulsive seizures (epileptic 
or epileptiform convulsions), or with the occurrence of certain signs (epi- 
leptoid signs) that permit of the recognition of an epileptic constitution 
of the brain.

Epilepsy may be (1) genuine or idiopathic (no cause demonstrable) ; 
(2) symptomatic (due to coarser organic lesions of the brain, like tumors, 
abscesses, trauma, hydrocephalus, etc.) ; or (3) reflex (duo to peripheral 
irritation of adenoids, ear-diseases, tight prepuce, intestinal worms, etc.).

Some assume that the so-called idiopathic epilepsy depends upon a 
progressive proliferation of the glia, and that this “epileptic alteration” 
is the cause of convulsive cerebral response in various forms of intoxica­
tion, circulatory disturbance, etc. The so-called senile epilepsy is nearly 
always dependent upon atherosclerosis. Late epilepsy or epilepsia tarda, 
(beginning after thirty) is often due to lues, or to brain tumor.

The Typical Epileptic Fit.—This is often preceded by an aura, which 
may be (1) some form of hallucination (visual, auditory, olfactory, gusta­
tory, kinesthetic), (2) a subjective feeling of anxiety, or (3) some vaso- 
ni"t r phenomenon. The fit itself is divisible, in typical cases, into five
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1. The patient cries out and suddenly falls unconscious, often injur­
ing himself severely;

2. The voluntary musculature undergoes tonic spasm, often in opistho­
tonos, with pallor of the face, giving way later, on account of respiratory 
spasm, to lividity and conjugate deviation of the eyes and head, with con­
traction and rigidity of the pupils and cessation of breathing (fifteen to 
thirty seconds).

3. The stage of clonic convulsions, involving most of the muscles of 
the hotly, including those of respiration, as well as the muscles of t!io 
eyes and head, and lasting several minutes. The tongue is often bitten. 
The patient froths at the mouth.

4. The stage of stertorous breathing, with complete analgesia and 
coma.

5. The stage of terminal sleep, so sound that it may ho scarcely pas­
sible to waken the patient during the first half hour, and, when it is pos­
sible to waken him, ho is confused and dull.

The reflexes are abolished during the attack. Urine is frequently, 
and feces occasionally, passed involuntarily.

In less typical attacks one or more of the stages of the type described 
may be absent, and instead of complete unconsciousness with subsequent 
amnesia, there may bo only an altered state of consciousness. The num­
ber of epileptic seizures varies; some patients are attacked daily, others 
only once in two or three years. Very frequent attacks are known as 
serial epilepsy, or, where fit follows fit for hours and days, wo speak of 
si at us epileplicus (see also Cerebral Fits).

So-called Epileptoid Signs.—These include (1) the so-called minor 
attacks {petit vial), (2) epileptic vertigo, (3) epileptic nightmare (panir 
nortumus), (4) epileptic bed-w-etting {enuresis), and (5) epileptic anx­
iety attacks.

In petit mal, instead of a typical fit, there is only momentary loss of 
consciousness with pallor, and perhaps slight twitellings of single muscles 
in the face, or of an extremity, without a fall.

In epileptic vertigo, the patient, without apparent cause, is attached 
suddenly w'ith transitory vertiginous feelings, often combined with pallor, 
but without loss of consciousness, or actual fall. The vertigo may be asso­
ciated with tachycardia or bradycardia, flushing of the face, dilatation of 
the pupils, sweating and headache.

The diagnosis of epilepsy depends upon the presence of outspoken 
epileptic fits or upon the presence of several of the epileptoid signs.

Psychic Complications of Epilepsy.—In addition to the unconscious- 
ness, and the alterations of consciousness above mentioned, epileptics may 
lie the victims of (1) epileptic twilight states ; ot (2) a progressive de­
generative change in the character and of the mental individuality (epi­
leptic character), or of (3) complicating psychoses,
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Epileptic Twilight States.—These may precede, or follow, the 
attacks (pre-epileptic or postcpilcptic twilight states) ; or they may take 
the place of an attack (epileptic equivalent). Such twilight states may 
last for minutes, hours, days, weeks, or even months. In them, the patients 
often undertake long journeys (ambulatory automatism, poriomania, epi­
leptic fugues). During the twilight state, the patients often repeat the 
same act in precisely the same way, not unlike the acts of the hysterical 
somnambulist, but the epileptic’s acts are often violent (murder, incendi­
arism, rape, etc.). Some of the patient’s acts are simple and natural, 
whereas others are strange or violent

The epileptic character results from a progressive change in the 
personality. This sometimes comes on quickly, but its advance is gener­
ally slow. It is characterized by great irritability, outspoken ethical de­
fects, violent egoism, and lying. The patients gradually develop a ten­
dency to violence under excitation, and may perform criminal acts. The 
intellect also suffers (forgetfulness, enfeeblement of judgment, dementia).

Epileptics are very intolerant to alcohol, and small quantities of it 
may ho responsible in them for extremely violent and dangerous acts.

Psychoses Complicating Epilepsy.—Epileptics seem to he especi­
ally liable to the development of psychoses of various forms (maniacal, 
melancholic, paranoiac, catatonic).

Differential Diagnosis.—Attacks of grand mal and of petit mat rarely 
(lifer difficulty, though the decision as to whether the epilepsy is idiopathic, 
symptomatic, or reflex may he hard to arrive at. Accurate examination 
and long observation may sometimes he necessary. A single convulsive 
seizure docs not justify the diagnosis of epilepsy.

It is important to differentiate epilepsy (1) from convulsions in early 
childhood; (2) from hysteria; (Î3) from uremia, eclampsia and other 
forms of intoxication.

In differentiating hysteria the history of the case as regards biting of 
the tongue and incontinence of the sphincters in attacks, the presence of 
scars on the tongue, or head, the stupidity of epileptics as contrasted with 
the brightness of hysterics, are helpful points. Hysterical attacks may 
occur without prodromata, ns a result of emotion. Ilystericals are acces­
sible to suggestion hut are uninfluenced l>v bromids. The epileptic attack 
is often preceded by an aura, and is much shorter than an hysterical at­
tack. The epileptic convulsions rarely last longer than ten minutes, while 
hysterical attacks usually continue longer than fifteen minutes. The 
pupils in hysteria are unaltered, and the face is rarely pale.

Petit mal must bo differentiated from simple syncope (feeble pulse, 
coma temporary and less deep, absence of all symptoms of motor irri­
tation).
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6. Migraine
(Hemicrania, Sick Headache)

The condition is characterized by periodic attacks of headache, usu­
ally unilateral, and often associated with nausea, vomiting and vertigo. 
Tim attacks last from a few hours to one or several days. Various pro- 
dn.niata are complained of (dull feeling, drowsiness, depression, pressure 
i» the head, unusual hunger or thirst, etc.). During the attack, the



602 DIAGNOSIS OF NERVOUS DISEASES

scalp, or the region of the upper cervical ganglion of the sympathetic;, 
may he tender on pressure, and the patient is abnormally sensitive to 
light, sounds and smells. He lies in a darkened room, and suffers from 
complete anorexia. There may bo vomiting, or diarrhea ; sometimes there 
is salivation and polyuria. The attack often ends in a sleep, from which 
the patient awakens quite well. Some patients have weekly or monthly 
attacks; others suffer at longer intervals.

The patients sometimes show symptoms of irritation of the cervical 
sympathetic (hemicrania sympathicotonica) ; others show symptoms sug­
gestive of paralysis of the same (hemicrania sympalhicoparalytica).

In still other patients, eye symptoms are prominent (hemicrania oph- 
thaï mica, migraine ophthalmique). The onset of the headache in these 
is heralded by peculiar visual disturbances. A light-point appears in the 
visual field, which spreads or assumes a zig-zag figure (fortification sco­
toma) ; in some instances there is partial or complete hemi-anopsia, more 
rarely, actual temporary blindness, lasting for a few minutes, or even for 
half an hour. Now and then a patient is temporarily aphasie. Pares­
thesia, monoparesis or cerebellar symptoms may accompany the attack.

Hemicrania is often associated with other neuroses (neurasthenia, 
hysteria, epilepsy, writer’s cramp). Some patients appear to suffer 
from hémicranie equivalents (vertigo, cardialgia, gastric hyperacidity, 
topoalgia, hcmiparcsis),

The view that hemicrania depends upon local angiospasms causing 
focal symptoms in the brain is favored by some. Others assume recurring 
auto-intoxications, refraction anomalies (Gould), nasal disease, etc., as 
the cause.

Differential Diagnosis.—Usually easy, especially if attacks begin in 
youth, and one parent has previously suffered from them. Care must bo 
taken to exclude (1) tumor cerebri, (2) uremia, (3) glaucoma, and (4) 
meningitis serosa.
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7. The Tic Disease

A tic is a coordinated movement that has become imperative; it may 
correspond to a movement of a reflex, defensive or expressive type. The 
movement is not brought about by an external stimulus, or by an adequate 
psychic process, but by an irresistible internal impulse to movement, which 
arises in consciousness and makes the patient uncomfortable until the 
movement is performed. It is usually brief, often violent, and it is al­
ways performed in precisely the same way. The disease may bo limited 
to a single movement (localized, or isolated, tic) ; or it may be character­
ized by a multiple series of tics; or, as in the disease of Gilles do la 
Tourette, there may he a generalized tic (maladie des lies convulsifs).

ims causing 
îe recurring 
iiso, etc., ns

Isolated Tics.—As examples may be mentioned the facial tic, and the 
k tics representing specific acts (sucking tic, licking tic, biting tic, scratch­

ing tie, gritty tic, etc.).
Generalized Tic.—The disease usually begins with some form of facial

:ks begin in 1 
arc must lie 1 
rut, and (4) 1

I tic (blepharospasm, distortion of the mouth), or with a cervical tic. 
g later, tics involving the extremities appear (grabbing nose, pulling chin 
% or heard, throwing head to side, hand-clapping, foot-stamping, tccth-grit- 
1 ting, etc.). The movements undergo stereotyped repetition. Obscene 
b words may l>o frequently repeated (coprolalia). Some patients exhibit

'ment. Traml. 1
g symptoms of command-automatism (echolalia, echokinesis, q. v.). Ob- 
[ sessions sometimes appear. The disease is, as a rule, progressive. In

Lewandmrsk’i). 1 b some instances, it appears to be part of a psychasthenic state ; in others, 
■ of a dementia precox.

III. Migraine.
Differential Diagnosis.—(!) From Sydenham's chorea (movements 

1 not systematic, absence of command-automatism, relation to tonsillitis or

:'Jinsche., Berlin

1 rheumatism) ; (2) from hysteria (sudden origin, suggestibility, absence 
B of coprolalia) ; (3) from paramyoclonus multiplex (q. v.) ; and (4) from 
K allié lose double (q. v.).

Honer, London,

ac of migraine.
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8. Paramyoclonus multiplex
(Myoclonia, Fohjclonia)

This condition is characterized by clonic contractions involving chiefly 
the muscles of the extremities and trunk, the face being slightly, if at all, 
affected. The contractions cause short quick jerks, not involving syner­
gistic muscle groups, and varying in number from a few to a hundred 
per minute. Single muscles (for example, the M. brachioradialis) that 
cannot be voluntarily contracted by themselves, may be affected. The 
muscles especially prone to involvement are: (1) M. brachioradialis; (2) 
M. biceps; (3) M. trapezius ; (4) M. quadriceps femoris ; and (5) M. 
semitendinosus.

The contractions disappear in sleep. The deep reflexes are exagger­
ated. All other neural functions are normal.

A family form of the disease has been described (Unvcrricht), in which 
the patients arc often epileptic. Occasionally the patients deteriorate 
mentally (dementia myoclonica). Males arc more often affected than 
females.

Differential Diagnosis.—(1) From hysteria; (2) from epilepsy; (3) 
from chorea chronica; (4) from the tic disease.
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9. Occupation Neuroses
Persons of various occupations are prone to a disturbance of coor­

dinated muscular innervation for certain special skilled movements that 
pertain to their occupations, the muscles concerned responding to the will 
for all other movements. The commonest form is so-called “writer’s 
cramp,” but there seem to be almost as many occupation neuroses as there 
are occupations (telegrapher’s, teller’s, cigarinaker’s, watchmaker’s, danc­
er’s, pianoplaycr’s, tennis player’s, seamstress’s, ’cellist’s cramp, etc.).

(a) Writer's Cramp
( Mogigraph ia, Grapit ospastn )

This develops most often in psychoneurotic patients (persons suf­
fering from neurasthenia, epilepsy, psychasthenia, hemierania, neuralgia, 
etc.), and in those who have been improperly taught to write and who, 
on this account, use unnecessary force, and overtax the small muscles of 
the hand. The disturbance develops gradually; the first thing noticed 
is an abnormal fatigability on writing; later, the power over the pen 
grows less and less, and a feeling of cramp in the muscles is complained 
of, especially in the flexors of the thumb and the index finger; other 
muscles arc, often, also involved. Pain, from now on, accompanies at­
tempts to write; the writing becomes irregular, sometimes almost illegible, 
especially when the writer is under observation. Spastic, paralytic, and 
neuralgic forms have been descrilæd. On physical examination, the ner­
vous system may be otherwise negative, except for the presence of psycho- 
neurotic signs.

Differential Diagnosis.—Wo must distinguish writer’s camp from : 
(1) agraphia; (2) paralysis agi tans (miocrographia) ; (") a developing 
hemiplegia; (4) a tabetic ataxia, beginning in the upper extremities; (5) 
the intention-tremor of multiple sclerosis; and (0) dystonia musculorum, 
progressiva (q. v.).
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10. Chorea minor
(Sydenham’s Chorea, St. Vitus’s Dance)

Children are chiefly affected (5 to 15), though chorea may occur at 
any age, the condition in adults being met with in pregnant women (chorea 
gravidarum), in acute articular rheumatism, or in endocarditis.

Symptoms.—After indefinite prodromata (irritability, tendency to 
whine, restlessness, clumsiness, “naughtiness”), the involuntary, irregular

jerking movements, which are exag­
gerated by excitement, appear, often 
affecting the whole body, or some­
times limited to one side ([hemicho- 
red). The movements cease in sleep, 
except in rare cases (chorea nor- 
iurna). They resemble voluntary 
movements, but differ from them in 
that they arc purposeless, and in that 
there is a constant change in the form 
and direction of the movement. There 
is an absence, too, of the ordered co­
operative activity of the antagonists 
with the chief agonists and synergists. 
[ For a full analysis of the choreatic 
disturbances of motility, see section 
on Examination of the Motility.] 

Usually there is no motor paral­
ysis; in certain cases a paresis or 
pseudoparesis appears, the patient be­
having as though paralyzed (chorea 
mollis or chorea 'paralytica). The 
sensation and the reflexes arc usually 
unchanged. There may he outspoken 
hypotony of the voluntary muscles. 

The eye-grounds are normal. The severer cases are usually febrile; 
chorea may be present when the heart is not involved (Thayer).

Among the complications the most important are (1) tonsillitis; (2) 
endocarditis ; (3) polyarthritis, and (4) psychoses.

The prognosis is usually favorable; after a course of two or three 
months the patient recovers, though, in rare cases, the disease may last 
a year or more. A few terminate fatally (mortality in children 3 to 5 
per cent) after great excitation, insomnia and trauma. Tn the fatal cases, 
minute disseminated foci of encephalitis arc found (Poynton and Holmes, 
Reiehardt), it is believed that the localization of these in the basal ganglia 
and centrum semi-ovale may stand in direct relation to the chorea (Jacob-

Flg. 02.3.—Chorea minor. In Girl not. 7} 
Years Who Was Told to Sit Still ; 
Involuntary Movements of the Knee 
and Nock Muscles, the Right Arm and 
Right Leg. (After J. Ibrahim. “Lehrb. 
d. Klnderheilkundc," published by G. 
Fischer, Jena.)
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sohn). About 25 per cent of the cases of chorea gravidarum die. Even 
after apparent recovery, recurrence is not uncommon.

Differential Diagnosis.—(1) From choreiform movements of cerebral 
jtalsy (q. v.) ; (2) from general tic disease; (3) from hysteria (the so- 
called chorea major or magna is hysterical) ; in most female patients over 
16 choreiform movements are hysterical (chorea hysterica); (4) from 
Huntingtons chorea (age, etiology, heredity, chronicity, dementia) ; (5) 
from double athetosis (q. v.).

The so-called chorea electrica of Henoch is identical with myoclonia. 
Other forms of chorea electrica are probably related to the general tic 
disease, or to hysteria, though there may he a special infectious form sepa­
rable from these.
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11. Chronic Hereditary Chorea
{Huntington’8 Chorea, Chorea hereditaria, Chorea chronica 

progressiva)

This chronic disease mav occur in the same family for generations, 
affecting the two sexes equally. It appears, as a rule, first in middle



608 DIAGNOSIS OF NERVOUS DISEASES

life, and causes choreiform movements resembling those of Sydenham’s 
chorea. The malady is accompanied by progressive mental deterioration, 
which leads, ultimately, to outspoken apathy and pitiable dementia. Dif­
fuse microscopic changes in the brain are found at autopsy (glial prolifer­
ation, disappearance of tangential libers, etc.).
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12. Paralysis agitans
(Parkinson s Disease, Shaking Palsy)

The cause of this disease is unknown. It is common in advanced life, 
but is rarely encountered before forty ; I have, however, seen several cases 
in young people. J. R. Hunt finds lesions in the globus pallidus. 

Symptoms.—The disease is characterized by:
1. A peculiar rigidity of the general musculature of the body, asso­

ciated with a characteristic attitude of the head, trunk and limbs.
2. A slow tremor (4 to f> oscillations to the second), affecting espe­

cially the hands (pill-rolling movement of thumb and fore-finger), though 
extending also to other parts of the body, and occasionally to the head.

3. Slowness and difficulty of voluntary movement, with decided disin­
clination thereto.

4. The finer movements of buttoning and unbuttoning, of piano- 
playing, etc., are early disturbed. Patients complain that they cannot 
turn over easily in bed. A peculiar gait, with tendency, when once started, 
to run forward (propulsion) or backward (rétropulsion). The tendency 
to acceleration on walking is also spoken of as festination

5. A tendency to diminish the size of the letters in writing (w lie up 
graph ia).

The attitudes assumed are so characteristic that, once seen, they in 
scarcely be forgotten; the head and trunk are bent somewhat forward, 'ho
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arms arc adducted and somewhat flexed,and the legs arc slighely bent at the 
knees. The face lias a rigid, masklike appearance (Parkinsonian mask). 
Atypical caws occur; the rigidity is much more important for diagnosis 
than the tremor. Unilateral involvement is not uncommon at the lie- 
ginning. The patients are often depressed 
complaining bitterly of their disability.

Differential Diagnosis.—in my experi­
ence, this disease, especially in its early 
stages and in the cases without tremor, 
very frequently goes unrecognized by the 
general practitioner. We have to differen­
tiate it: (1) From simple tremor senilis 
( head chiefly affected ; tremor not lessened 
on active movement; absence of character­
istic rigidity); (2) from hysteria with 
which it may lie combined (stigmata, 
coarser oscillations) ; (3) from traumatic 
neuroses (sensory disturbances, exagger­
ated reflexes, contracted visual fields, age) ;
(4) from multiple sclerosis (youth, inten­
tion tremor, nystagmus, loss of abdominal 
reflexes, optic atrophy) ; (5) from demen­
tia paralytica (absence of characteristic at­
titude, specific psychic anomalies, somatic 
signs) ; and (fi) from Graves’ disease, with 
which it may be combined (tachycardia, 
struma; finer, more rapid, tremor; eye- 
signs).

References
llasta (J.) & Ilaskovcc (Lad.). Étude du système 

nerveux dans ta paralysie affilante.
N. ieonog. de la Salpêtrière, Paris,
1913, ixvi, 127-11,5.

Iturr (C. TF.). Paralysis agitons in negroes. J.
Am. M. Ass., Chicago, 1913, Ix,
43-44-

Cohn (fl.). Ein Beitrag znr Lehre der Paralysis 
agitons. ]Vien. med. Wchnschr 
I860, x, 273; 289; 305; 388; 1,00.

Collins (J.) S- Muskens (L. J. J.). A clinical study of twenty-four cases of paralysis 
agitons, with remarks on the treatment of the disease. X. York M. J. 
[ete.l 1899, Ixx, 41-46.

( ’inpin (P.). Étude clinique des formes anormales de la maladie de Parkinson. I.i/on, 
1902. 1.11, p. 8°. *

Pana (C. L.). Shaking palsy; a clinical and pathological study, with the reports of two 
autopsies. N. York M. J., 1893, Ivii, 629-639.
Paralysis agitons and sarcoma; rejmrl of case, with autopsy. Am. J. M. 
Sc., Philadelphia, 1899, cxviii, 503-513.
The jnthnlngieid anatomy of the cord in paralysis agitons and senility. 
Am. J. M. Sc., Philadelphia, 1900, cxix, 667.

J

I

Fig. (>24.—Severe Form of I'nralysls 
agltani with Typical Attitude and
Characteristic Facial expression— 
Twenty Years After Onset. (After 
II. Vursehmann, “Lehrb. d. Nor- 
venkr.,” published by J. Springer, 
Berlin, i



610 DIAGNOSIS OF NERVOUS DISEASES

Forster (E.) A Le ivy (F. H.). Paralysis agitons. Harulb. d. Neurol. (Lewandowsky). 
Berlin, 1912, Hi, 920-068.

Frank (D.). Zur Symptomatologie der Paralysis agitons. Monatschr. f. Psychiat. u. 
Neurol., Berlin, 1900, iriii, 223-231.

Gordon (A.). A note on the rôle of the thyroid gland in exophthalmic goitre, associated with 
Paralysis agitans. N. York M. J. [etc.|, 1904, Ixxx, 1263-1266.

Gowers (Sir XV. R.). Paralysis agitans. In: Syst. Med. (Allbutt & Rolleston). 8°. 
London, 1910, viii, 473-482.

Marburg (O.). Zur Pathologie und Palhogenese der Paralysis agitons. Jahrb.f Psychiat.
u. Neurol., Leipzig u. Wien, 1914, xxxui, 406-417.

Mendel (K Die Paralysis agitans. Berlin, 1911, S. Karger. 106 p. 8°.
Mingazzin G.). Ueber einen parkinsondhnlichm Symptomenkomvlex. Klinischcs und 

pathologisch-anatomisches Studium. Arch. f. Psychiat., Berlin, 1915, li<, 
632-671. 4 pi.

Parhon (C. J.) A Parhon (M.), Untersuchungcn iiber die Abderhaldensche Reaktion In i 
der Parkinsonschen Krankheit. In: Fermentforschung (Abderhaldcn). 
Leipzig, 1915, i, No. 3, 311-314.

Parkinson (/.). An essay on the shaking palsy. London, 1817, Sherwood, Neely & Jones.
66 p. 8°.

Trommer (E.). Zur Pathologie der Paralysis agitans. Deutsche Ztschr. f. Nervenh., 
Leipzig, 1914, liii, 38-65.

13. Myasthenia gravis pseudoparalytica
(Bulbar Paralysis without Anatomical Findings, Asthenic Bulbar Paraly­

sis, Myasthenic Paralysis, Myasthenia gravis pseudoparalytica, Erb- 
Goldflam Symptom-Complex)

Definition.—A condition characterized by a quick fatigability of tlio 
muscles (myasthenia), manifesting itself in difficulty in chewing (dp- 
masesia), in speaking (dysarthria), and in swallowing (dysphagia). 
Besides the paresis in the domain of the bulbar nerves, myasthenic symp­
toms are noticeable elsewhere in the body (M. levator palpebrao ; muscles 
of the trunk and extremities; respiratory muscles). There is no muscular 
atrophy, and no DcR. There is a marked tendency to remissions ami 
exacerbations. Disturbances of sensibility arc absent, but on electrical 
examination a characteristic myasthenic reaction (q. v.) appears.

Tii double ptosis, with diplegia facialis, the face has a peculiar char­
acteristic appearance. Owing to the weakness of the M. orbicularis pal­
pebrarum, the patients are unable firmly to close the eyes (lagophtlial- 
mus). At autopsy no neural lesions have been made out, though small 
mononuclear cell infiltrations have been found in the muscles (Wcigert, 
Buzzard), and in other organs. Some investigators regard the disease as 
of muscular origin rather than of nervous origin. In a patient that I saw 
with Dr. I. J. Spear, lymphocytic foci were demonstrable in a piece of 
muscle excised for diagnosis.

Many of the patients have shown a persistent thymus. It may bo that 
the disease is due to a disturbance of the endocrine glands. Some autlmrs 
have already called attention to the myasthenia that often complicates
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Graves’ disease, and which has lieen thought to be due to adrenal insuffi­
ciency. Others have referred the affection to a hyperfunction of the para­
thyroid glands (the opposite of tetany).

The patients go through periods during which there is a remarkable 
remission of the symptoms, so that they, and often their physicians, think 
that they are cured. I know of one and the same case that has been 
reported as “cured myasthenia 
gravis” at medical societies on sev­
eral different occasions. The prog­
nosis is, in reality, grave; death 
occurs in at least two-thirds of the 
cases after a shorter or longer 
course.

Differential Diagnosis.—It is
very important not to mistake the 
nature of the disorder. Many con­
sultants have “slipped up” before 
Incoming familiar with this dis­
ease. It must be differentiated 
(1) from hysteria (bulbar symp­
toms not so characteristic ; fatig­
ability not demonstrable; my as- F,s- 025.—Myasthenia gravla. (Med. Service, 
tlienic reaction absent) ; (2) from J‘ H‘
true bulbar paralysis (progressive
course, atrophy of the muscles, DcR) ; (Î3) from poliencephalomyelitis 
( atrophy of muscles, depression of electrical excitability, progressive 
course, no recovery of the muscles on rest) ; (4) from primary myopathies 
(pseudohypertrophy or atrophy of the muscles, electrical examination).
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14. Periodic Family Paralysis
Definition.—A periodic paralysis affecting members of certain fam­

ilies, the single attacks coming on especially after a long rest, after 
sleep, or after overexertion. The attacks last, as a rule, several hours ; 
they may continue only fifteen minutes or they may persist as long as a 
week. Some patients have attacks once a day or once a week ; others only 
at intervals of a month, several months, or several years. The mechanical 
excitability of the muscles is diminished. The toxicity of the urine is 
increased.

The condition has been studied in this country by Mitchell, Flexner, 
and Edsall. Dr. Holtzapple, of York, Pa., has had under his observation 
a family in which several members suffer from this malady. The nature 
of the disease is unknown, though obscure metabolic disturbances are prob­
ably responsible.

Clark (L. P.).
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15. Periodic Oculomotor Paralysis
Definition.—A condition in which oculomotor paralysis sets in peri­

odically (usually at regular intervals), and lasts for a few days or we ks, 
and then disappears completely, or almost completely. Children arc 1 mre
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often affected than adults, and do not necessarily come from notably 
neuropathic ancestors. The affection is unilateral, involving always the 
game eye, and is associated with headache on the side of the paralysis, or 
with pain in the eye on that side, and with nausea and vomiting, thus sug­
gesting a kind of migraine attack. Usually the headache ushers in the 
attack ; it ceases when the paralysis appears. The headache and the vom­
iting may, however, last for a week.

The paralysis of the N. oculomotorius is usually total ; sometimes only 
the external muscles of the eye are involved, or a single muscle only ( M. 
levator) may ho paralyzed.

The nature of the disease is unknown, and may not ho unitary. 
Oppenhcim regards it as related to migraine, and thinks that it is due t > 
vasomotor disturbances.

16. Myotonia congenita
(Thomsens Disease)

Definition.—A familiar, and also an hereditary, disease, characterized 
by (1) enlargement of the muscles, and (2) interference with the volun­
tary movements duo to a rigidity that sets in on attempting to make them. 
Thomsen, who described it, was a member of a family in which the disease 
prevailed, twenty cases having been observed during four generations.

The enlargement of the muscles is usually a striking feature. 1 
remember a child, shown by Dr. W. B. Platt at a medical society, in whom 
the muscles were exceedingly liypcrvoluminous, like those of an adult 
athlete.

Sudden movements, requiring the exertion of considerable force, are 
the ones most disturbed. The patient cannot open or close his fist rap­
idly ; he cannot turn suddenly when walking. A kind of hypertonus sets 
in in the muscles, and this cannot be inhibited by the will.

Usually the whole body is affected; sometimes certain muscles only. 
Even the eye-muscles may be involved. Excitement exaggerates the diffi­
culty of movement, as does also exposure to cold.

The mechanical excitability of the muscles is increased, that of the 
nerves diminished. On electrical examination the so-called myotonic 
reaction appears (q. v.). Despite the hypertonus of the muscles, the knee- 
jerks are diminished, or absent.

The disease has often been associated with other nervous diseases 
(epilepsy, migraine), occasionally with one of the myopathies. Some 
authors regard the combination of myotonia with muscular atrophy as a 
special form of myopathic dystrophy (Stcinert, Batten and Gibb) ; such 
an atrophic myotonia begins late (20-30), is limited to a few muscles 
(hand, forearm, sternocleidomastoid, and facial muscles), and is often
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associated with general emaciation, atrophy of the testicle, loss of knee- 
kicks, cataract, and speech disturbances.

Closely related to Thomsen’s disease is the so-called paramyotonia 
congenita (Eulenburg), in which the rigidity conics on only during ex­
posure to cold ; it is followed by a paresis, which lasts for several days. 
In this form the mechanical excitability of the muscles is not increased, 
and there is diminished excitability on electrical examination.

Many atypical forms of Thomsen’s disease are reported in the bibliog­
raphy (Pelz, Oppenheim).

Thomsen’s disease does not shorten life, but it is not amenable to 
treatment. Excised particles of muscle show a hypertrophy of the primi­
tive fibers and an increase in the sarcolemma nuclei.
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17. Amyotonia congenita
(Myotonia congenita, Oppenheim*s Disease)

Definition.—A congenital affection, characterized by a peculiar sym­
metrical paralysis, especially of the musculature of the lower extremities, 
associated with marked atony of the muscles, the condition resembling,
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superficially, the infantile paralysis of poliomyelitis (Oppenheiin, 1000). 
The extremities hang loose and flop about, owing to the atony. The knee- 
kicks and ankle-jerks are usually absent. There is no visible atrophy of 
the muscles. Electrical excitability is depressed or abolished. The chil­
dren seem to be paralyzed, though some movements can be performed.

The condition has been carefully studied in England by Collier, 
Holmes and Wilson, and in this country by Spiller and Griffith.

Etiology.—The cause is unknown. The disease is not familial in char-

rig. G26.—Myatonla (amyotonia) congenita. (After Collier and Wllsosn In "Brain," 
published by Macmillan A Co., New York.)

actcr. The mothers of the children have often stated that they felt no 
“quickening” when carrying the child.

Autopsies have revealed some atrophy of the muscles and a diminution 
in the number of the anterior-horn cells.

Some authors have tried to identify the disease with the Werdnig- 
UofTmann type of progressive (central) muscular atrophy, others to make 
it a form of fetal poliomyelitis.
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18. Dystonia deformans 
progressiva

(Dijsbasia lordoiica, progressiva of Op- 
penheim, Tonic Torsion Neurosis of 
Ziehen, Progressive Torsion Spasm 
in Children of Flatau-Sterling, The 
Ziehen-Oppenheim Disease)

Definition.—A chronic, progressive, 
disease, appearing usually in children 
between the ages of 8 and 14, and char­
acterized by a twisting of the whole body, 
especially of the trunk, on standing and 
on walking. During movement there is 
marked lordosis, with some skoliosis, mid 
twisting of the pelvis (tortipelvis), duo 
to the muscular cramps ; these deformities 
disappear, almost wholly, when the pa­
tient is at rest. In the recumbent posi­
tion all signs of motor irritation di-ap­
pear, or nearly disappear ; the symptoms 
come out only on attempts at voluntary 
movement, thus differing markedly from 
what we see in double athetosis. Cer­

tain muscles show a continuous hypertony, others a continuous hypo- 
tony.

The grotesque attitudes, especially on walking, have suggested lie 
designation “dromedary gait” or “camel’s walk.”

The disease is most common in the children of Russian Jews. 1 I ve

383-401.

Fig. 027.—Dystonia musculorum de­
formans. (After II. Oppenheim.)
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seen it once in an American physician. He had suffered in earlier life 
from spastic torticollis.
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K. The Angioneuroses and the Tropho­
neuroses

Aside from those that are especially symptomatic of other diseases we 
may consider :

(1) Acroparesthesia ; (2) angioneurotic edema ; (3) Raynaud's dis­
ease ; (4) crythromclalgia ; (f>) hydrops articulorum intermittens ; (G) 
progressive facial licmi-atrophy ; and (7) scleroderma.

1. Acroparesthesia
( Vasomotor Neurosis of the Extremities of Nothnagel)

Common in women in middle life (menopause). Cause unknown. 
The symptoms are subjective (paresthesias in the hands and fingers, espe­
cially at the tips; pains), worse at night and in the early morning, inter­
fering with the finer kinds of work ; slight hypesthesia sometimes demon­
strable. It usually lasts for years.

It is probably duo to an irritative state of the vasomotor centers, caus­
ing vasoconstriction of the acra.

Differential Diagnosis.—We must keep in mind the possibility of (1) 
gliosis spinalis; (2) Raynaud's disease; (3) tabes; (4) beginning 
acromegaly ; (5) beginning ataxic paraplegia in pernicious anemia ; and 
(6) cluonic tetany.

2. Angioneurotic Edema
(Acute Circumscribed Cutaneous Edema, Hydrops hypostrophos, 

Quincke’s Disease)

Definition.—A paroxysmal, circumscribed edematous swelling of the 
ski: subcutaneous tissue or mucous membranes, appearing suddenly,
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localized either in a single area, or simultaneously involving different 
areas over the body, and lasting from a few hours to a day or two. The 
eye-lids, lips and cheeks are most often affected. Occasionally tho gastric

or intestinal mucous 
membrane (abdominal 
crises),the glottis (often 
with fatal termination), 
or tho joints arc in­
volved.

Certain cases of 
meningitis serosa may 
belong here. It is also 
possible that a local cere­
bral edema resembling 
an apoplectic insult may 
occur in this disease. 
The writer has observed 
cases that he believed to 
be of this nature.

The cause is un­
known, though the con­
dition is met with chief­
ly in psychoneurotic per­
sons; a peculiarity is 
that males arc more oft­
en affected than females. 
Certain families arc
especially prone to at­
tacks. I know a physi­
cian whose wife sutlers 
from tho disease ; lie 

keeps a tracheotomy outfit always at hand, several members of his wife’s 
family having died of edema glottidis.

Fig. 028.—Acute Circumscribed Angioneurotic Edema of 
Quincke. (From v. ZumbuReh’s Article In Rleekc's 
"Letarb. d. Haut u. GeschlecbtRkr., published by O. 
Fischer, Jena.)

3. Symmetrical Gangrene
(Raynaud’s Disease, Symmetrical Local Asphyxia)

In symmetrical areas of the skin, usually the ends of the fingers or 
toes, there occurs paroxysmal paresthesia with marked anemia (local xj/n- 
cope, “dead fingers”), followed later by cyanotic discoloration (local 
asphyxia). The circulation may return to normal, but in some « uses 
partial necroses, and, in rare instances, total necrosis, of a whole digit may 
result (local gangrene).

Occasionally other acra (tip of nose, car lobules) may be involved.
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There is no fever. The pain may bo severe. Insomnia, gastric disturb­
ances, and depression are common accompaniments of an attack.

The pathology is obscure (central disease of vasomotor paths and 
centers?). Monro, of Glasgow, has made a careful clinical study of the 
condition. Patients usually remain free from attacks if they go far enough 
South in winter.

Differential Diagnosis.—(1) From arteriosclerotic gangrene; (2) 
from diabetic gangrene; (3) from gliosis spinalis (syringomyelia, Mor-

Fig. 4(20.—Symmetrical Uuugrene lu llaynuud'H Disease. (After Delilo, Deutsche Ztsclir. 
f. Nerveuheilkuudv.)

van’s syndrome) ; (4) from acrocyanosis chronica anesthetica (gradual 
development, absence of paroxysms) ; (5) from lepra mill Hans (painless) ; 
and (G) from thrombo-angiitis obliterans (fever; Jewish race).

4. Erythromelalgia
(Weir Mitchell’s Disease)

This rather rare condition is characterized by pains in, and redness of, 
tin* skin in the distal portions of the lower or upper extremities, or both ; 
it, is sometimes associated with headache, vertigo, tachycardia and syncopal 
attacks, occasionally with polycythemia (Osier).

5. Hydrops articulorum intermittens
(Hydrops hypostrophos)

Definition.—A rare condition with sudden, periodically recurring, 
serous exudation into a joint (most often the knee), on one or both sides, 
without redness, and usually without fever, lasting from one day to a
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week. The swelling may be complicated by, or alternate with, cutane­
ous hemorrhages, pains in the extremities, or asthmatic attacks. The con­
dition usually persists for years.

6. Progressive Facial Hemi-atrophy
(Ilemiatrophia facialis progressiva)

Definition.—A rare condition appearing in adolescence, without appar­
ent cause, and characterized by a gradual atrophy of one-half of the face, 
setting in usually at one, or more, special points (cheek, orbit, lower jaw). 
All the tissues (bones, muscles, connective tissue, skin) arc involved.

The pathogenesis is obscure (autonomic nervous system?). Progress­
ive facial hemihypertrophy has also been met with.

7. Scleroderma
Definition.—A condition in which the skin is hardened, shrunken and 

atrophied; it is firm to th feel and cannot be lifted from the subjacent 
parts; pigmentary changes and vasomotor changes (pallor, cyanosis, mot­
tling) are common accompaniments. Whether scleroderma is a primary

Fig. 630.—Scleroderma of Both Hands and Forearms. From the Leipzig Medical Clinic. 
(After Tomanczewskl In Itleckc’a “Lehr. d. Haut u. Ueschlechtskrankh.," published by 
G. Fischer, Jena.)

disease of the skin, or of the sclerotomes, or is a trophoneurosis, is not 
known.

The disease may occur at any age. Females are much more often 
affected than males.

Sometimes local areas of the skin only are involved ; in other cases the 
process extends to a largo part of the body. Among the sites of predilec­
tion may bo mentioned the skin of the face, of the neck and of the upper 
half of the trunk, and of the upper extremities, especially the hands. The 
lower extremities arc less often involved. The disease may be unilateral, 
but is more often bilateral.
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A segmental topography has been emphasized. On account of the involve­
ment of the connective tissue and of the bones in many cases, I have thought that 
we might, here, be dealing with a primary disease of the sclerotomes.

At the beginning the skin may appear edematous and hypertrophic. 
This early stage soon gives way, however, to induration, the skin becoming 
hard, tense, and glossy. Finally, the atrophy becomes marked. When 
the hands have become stiff and crippled from the disease, and the bones 
thinned, the condition is known as sclerodadyhj. Sometimes a single 
finger may undergo ringlike constriction, as in ainhum.

The patients who suffer from this disease usually show marked signs of 
depreciation of the general health. The outlook is bad, the disease being 
usually progressive. I have often observed an associated thyreopathy.

Differential Diagnosis.—Wo must distinguish the disease (1) from 
progrrssi ve facial hemi-atrophy ; (2) from derm atom yositis; (3) from 
Jlupuytren’s contracture; (4) from Raynaud’s disease; and (5) from the 
atrophic and distorted hands of chronic progressive polyarthritis.
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L. The Psychoses or Insanities
Though mental diseases belong to the domain of a special branch 

(psychiatry), they arc met with, especially in their early stages, bv every 
practising physician, and very serious errors often result from the poor 
training that medical students have thus far received in the recognition 
ami treatment of abnormal mental states. For this reason it seems desir­
able to pay some attention to the diagnosis of the commoner forms of 
insanity in a textbook dealing with general medical diagnosis. For details 
the reader must consult textbooks of psychiatry.

Most people who go insane are the victims of bad heredity (psycho­
pathic predisposition), many of them showing stigmata of degeneration 
('/. r.). They are unable to bear the strain of the struggle of existence,
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or of infection and intoxication. Certain periods in lifo (puberty and 
the period of involution), as well as certain physiological processes (preg­
nancy, lactation), aro times of especial danger. Chronic alcoholism, drug 
habits and infectious diseases, especially syphilis, and certain disorders of 
metabolism (gout, nephritis, auto-intoxications) arc sometimes of influ­
ence. Psychic shocks aro also of importance. Brains born normal may 
become so diseased that insanity ensues (this is notably so in many cases 
of dementia paralytica, atherosclerosis, infectious psychoses, and psychoses 
complicating tumor cerebri).

It is customary to separate the mental diseases duo to coarser organic 
change from the so-called functional insanities, but there can bo but little 
doubt that the latter depend upon structural alterations too tine for recog­
nition by our present methods.

We shall consider the diagnosis of the following:
1. The manic-depressive group of psychoses.
2. The paranoid states.
3. The dementia precox group.
4. The infectious, toxic and exhaustion psychoses.
5. The alcoholic psychoses.
C. Psychoses related to drug habits.

rho mental disturbances depending upon other forms of organic dis­
ease (dementia paralytica ; cerebral atherosclerosis and senile dementia; 
lues; tumor cerebri ; multiple sclerosis) have been referred to already, in 
connection with the diseases underlying them. The hysterical and epi­
leptic insanities have also been mentioned under the psychoneuroses.
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[Note—For other references, see Psychiatric Methods of Examination, Part XII, Sec-

1. The Manic-Depressive Group of Psychoses
Tlicro is n group of psychoses characterized hy manic states (manias), 

liy depressive states (melancholias), or by mixed manic-depressive states. 
In some eases the patients suffer from only one attack, cither of mania or 
of melancholia ; not infrequently there is a regular recurrence (cycle) of 
the two opposite states of mania and melancholia, the single cycles repeat­
ing themselves, after shorter or longer free intervals, throughout the whole 
life-time (circular insanity, or cyclothymia).

(a) The Manic Phase (Mania)
In the “manic phase,” or maniacal state of this psychosis, the patients 

experience and manifest an exalted mood ; they tend to sudden changes 
in humor, to flight of ideas, to easy distraction of the attention, and to 
so-called “pressure of activity” in occupation. In the exaltation, every­
thing is easy for the patient, and ho sees the world in a rosy light. The 
facial expression is happy, though subject to rapid change to anger. There 
are rapid changes in the direction of the ideas ; the patient seems unable 
to hold a “goal idea” in mind, objects about him quickly altering the flow 
(superficial associations). There is a tendency to make rhymes, puns, and 
alliterations. The “pressure of activity” exhibits itself as a preternatural 
loquacity, or in a tendency to excessive business, in the writing of many 
letters, in the sending of many telegrams, in the making of unnecessary 
purchases, in unnecessary travelling, visiting, etc. Such patients arc also 
prone to indulge in sexual and alcoholic excesses.

Mild forms (hypo mania) sometimes go unrecognized ; indeed the pa-
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tients are often thought to be unusually healthy and vigorous (blooming 
appearance, bright eyes, sharp observation, rapid conversation). The 
trained physician, however, quickly recognizes the superficiality of it all, 
the poverty of the underlying thought, the tendency of the mental associa­
tions to be influenced by sound, similarity, and contiguity, the resemblance 
to mild alcoholic intoxication, and the absence of disease insight.

In the severer forms of mania there may be delusions of grandeur and 
of extravagant self-appreciation ; there may also be hallucinations, though 
these are not common. The mood changes suddenly; without warning 
there may be an increase of irritability or an outbreak of anger and vio­
lence. The patients may “break loose,” attack their surroundings, and 
explode into blackguardism (mania furiosa). They gesticulate, dance, 
yell, tear up their clothes or pull out their hair. In the wilder cases 
sexual acts may be publicly performed or the patients may smear them­
selves with urine or feces. Under all this maniacal excitement the pa­
tients may experience no feeling of fatigue.

In milder cases the orientation may be good, but in the severer forms, 
especially those with many hallucinations, there is disorientation and cun- 
fusion (maniacal confusion).

Tne patients lose weight rapidly from insomnia, lack of food and 
excessive movement. After several months, during which remissions and 
exacerbations occur, the patients may gradually improve, regain their 
weight, and return approximately to normal.

The manic states have a marked tendency to recur. The first attack 
usually appears in youth (15 to 25).

Differential Diagnosis.—A maniacal attack of the manic-depressive 
group must be distinguished from the maniacal attacks in (1) dementia 
paralytica (somatic signs, progressive dementia, positive Wassermann, 
cytodi agues is of cerebrospinal fluid, anamnesis) ; (2) catatonic stairs of 
dementia precox (apathy, stereotyped movements, verbigeration, negativ­
ism) ; (3) hallucinatory confusion, or amentia (loss of comprehension, 
absence of exaltation).

(b) The Depressive Phase
The depressive phase or melancholic state of the manic-depressive psy­

chosis is characterized by a pathological sadness and a slowing of thought 
and of emotion, associated with micromanic delusions (ideas of self-depre­
ciation, ideas of poverty, ideas of sin, hypochrondriacal ideas, etc.). The 
milder forms, in which the emotional disturbances arc slight, arc culled 
simple melancholia (melancholia simplex) ; the severer forms are some­
times spoken of as anxious melancholia (melancholia agitata). There is 
always danger of suicide. Digestion is disturbed; the tongue is coated, 
the breath is fetid and the bowels are constipated. In the milder cases
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tho patients admit that they are sick; in the severer cases they deny that 
they are sick, and assert that they are sinful.

A largo part of the involutional psychoses (senile, preseuilc, and cli­
macteric psychoses) take the form of melancholia.

Differential Diagnosis.—The psychomotor retardation is tho clue to 
diagnosis, and distinguishes depressive phases of tho manic-depressive 
psychosis from other forms of depression. It must ho differentiated from 
(1) depressive phases of dementia paralytica (real dementia, somatic 
signs, Wassermann reaction) ; (2) from depressive catatonic states (apathy 
and indifference, negativism, mannerisms, course) ; (3) from depressive 
stages of senile dementia (intellectual deterioration).

(c) Mixed Manic and Depressive States
Not only arc depressive symptoms prone to alternate with symptoms of 

exaltation, but states are met with in which some of the manic symptoms 
are combined with some of tho depressive symptoms. Association tests 
are helpful in recognition.
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2. The Paranoid States
By a paranoid state is meant a form of mental disturbance in which 

delusion, more or less systematized in character, and, especially, delusions 
of persecution and of grandeur develop, with or without hallucinations.

A paranoid state may develop acutely (paranoia acuta), or it may 
develop, and grow into a system, with progressive increase in delusions 
(paranoia chronica).

The acute paranoid states are common in chronic alcoholism, taking 
especially the form of the “acute jealousy-insanity.” A similar jealousy- 
insanity sometimes develops in the puerperium, or during lactation.

In the chronic paranoid states, there are anomalies both of the intellect 
and of the emotions. The disease develops so slowly that for many years 
a psychosis may not lie suspected. The patient is often hypochondriacal, 
retiring, suspicious, and suffers from ideas of reference (r/. v.). Later, 
ideas of persecution appear (people treat him badly, “have it in for him,” 
are trying to poison him, etc.). Egocentric, grandiose ideas usually de­
velop (ideas of unusual personality and powers, revelations from God, 
royal descent, ideas of reform and of discovery). In some cases halluci­
nations (voices, visions) are prominent (paranoia chronica hattucinatoria).

According to the nature of the delusions, the paranoid states arc de­
scribed as erotic mania, religious mania, political mania, jealousy mania, 
etc. Paranoiacs are often dangerous to other people.

Most cases can bo placed in one of two groups: (1) true chronic para­
noia, and (2) dementia paranoides (one variety of dementia precox). In 
the latter the course is much quicker, the delusions arc more nonsensical, 
and a high grade of confusion and dementia may soon appear.
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3. The Dementia precox Group
(The Adolescent Psychoses, the Schizophrenic Psychoses)

By the psychoses of adolescence (dementia precox) arc meant a group 
of mental anomalies presenting marked individual variations, hut all 
having in common, (1) development about the time of puberty or at my
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rate in the first half of life; and (2) termination, sooner or later, in a 
dementing process, of variable grade. Not all reach a high grade of 
dementia ; in some cases, there is arrest with defect ; in a very few cases, 
there may be complete recovery.

The cause is unknown, though it is probably some deep-seated vice of 
metabolism, causing severe and extensive injuries to the cerebral cortex.

In diagnosis, the episodic states are less important than (1) the motor 
symptoms, and (2) the development of a progressive dementia in youth.

Among the variable clinical pictures met with in the adolescent psy­
choses, three main types may lie distinguished : (1) hcliephrenia, (2) cata­
tonia, and (3) dementia paranoides.

The most interesting recent monograph on dementia precox is that of Bleulcr 
(1011). Starting out from Kracpelin’s conception of dementia precox ns a 
definite syndrome that tends to rt-sult in dementia, thus differing from acute mental 
diseases like the manic-depressive psychosis that never go over into dementia, 
Bleulcr has set up a still wider conception, known as schizophrenia, which includes 
wlmt has hitherto boon known ns dementia precox and also a series of other 
states not hitherto classed with it. Bleulcr uses the term “schizophrenia” because 
lie believes that the cleavage of the different psychic functions is the most important 
characteristic of the group of conditions under consideration, lie recognizes, how­
ever, that schizophrenia includes several undoubtedly different diseases. The men­
tal states thus designated run sometimes a chronic course, sometimes an intermittent 
course ; the disease may be arrested at any stage, or it may recede, but there is 
probably never complete recovery. The mental state is specific, leading to an 
alteration of thought, of feeling, and of relations to the external world, not met 
with under other conditions.

“The cleavage of the psychic functions is more or less distinct in every ease. 
When the disease is advanced, the unity of the personality is lost, the person 
being represented sometimes by this, sometimes by that, psychic complex. The 
reciprocal influence of the different complexes and strivings is insufficient or absent. 
The psychic complexes no longer flow together ns In health to form a conglomerate 
of strivings with unitary resultants, but one complex dominates at times the 
personality, other groups of ideas and strivings living split off and becoming 
wholly, or at least partly, ineffective. The ideas of the patient an- incomplete, 
fragments of ideas becoming incorrectly fused to form new ideas. Thus the 
patient’s conceptions lose completeness since they are deprived of one or of 
several, often essential, components ; indeed, in many eases, the conceptions arc 
represented only by single parts of ideas.”

Bleulcr points out that the associative activity is also often determined by frag­
ments only of ideas and conceptions; on this account, besides mistakes, then1 is 
something bizarre aliout the associations, something one would never expect to meet 
with in a healthy person. Thus, the associative activity may stop suddenly in the 
middle of a thought, or when it should pmeeed from one to another thought; 
instead of continuing in a normal way, new ideas that neither the patient nor his 
auditor can connect with the earlier content of thought may suddenly arise.

On the other hand, primary disturbances of perception, of orientation, and of 
memory are not demonstrable. The affective life is, however, markedly disturlied. 
In the severest cases, no expressions of feeling can he observed. In the milder 
cases, it is noticeable that the degree of the feeling-reactions to experiences do not 
stand in correct relations to one another; the intensity of feeling can oscillate
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between complete absence of expression of feeling and an exaggerated affective 
reaction. Moreover, the affective states may appear to be qualitatively abnormal, 
inadequate to the accompanying intellectual processes.

In addition to the signs of dementia, the majority of advanced cases of schizo­
phrenia show still other symptoms, including hallucinations, delusions, confusional 
states, twilight states, manic and melancholic affective states, twilight states, manic 
and melancholic affective states and catatonic symptoms. Bleuler emphasizes that 
in these accessory symptoms and syndromes a specific schizophrenic character can 
often be made out, and that they also, when they are present, can be used for 
purposes of diagnosis. In milder cases, not under treatment in institutions, schizo­
phrenic states are often met with in which the accessory syndromes are absent, 
or present only to a slight degree.

Bleuler divides schizophrenia or dementia precox into four subdivisions:
(1) The Paranoid. Hallucinations or delusions or both stand permanently in 

the foreground.
(2) The Catatonic. Catatonic symptoms stand permanently, or at any rate 

for a long time, in the foreground.
(3) The Hebephrenic. Accessory symptoms occur without continuously domi­

nating the picture.
(4) The Simple Schizophrenic. During the whole course only the specific 

fundamental symptoms are demonstrable.

In describing the symptoms, Bleuler emphasizes the importance of knowing 
that these are all transitions from the normal, and that the mildest cases, or so- 
called latent schizophrenias, with symptoms scarcely recognizable, are much more 
numerous than the manifest cases. Moreover, owing to the great variations in 
the schizophrenic syndrome, one must not expect to be able to demonstrate every 
symptom at any one time.

Bleuler divides the symptoms into, (1) fundamental symptoms, and (2) acces­
sory symptoms.

The fundamental symptoms are formed by the schizophrenic disturbance of 
association and affectivity, by a tendency to place the personal fantasy above 
reality and to exclude the latter (autismus). In addition, as fundamental phe­
nomena, Bleuler includes the absence of symptoms that play an important rôle 
in certain other diseases (e. g., primary disturbances of perception, of orientation, 
of memory, etc.).

Thus, the altered simple functions include (1) loosening of the associations 
and sudden arrests of associative activity, (2) a change in the feelings to apathy 
and indifference, and (3) the tendency to ambivalence. By “ambivalence” is meant 
the giving of both a negative and a positive response, simultaneously, to different 
psychisms; for example, a certain idea may he simultaneously accompanied by 
pleasant and by unpleasant feelings (“affectivity-ambivalencc”), os when a husband 
both loves and hates his wife. In “ambivalence of will,” the patient may try to 
cat and not to eat at the some time, bringing the spoon many times to the mouth 
without taking the food. In “intellectual ambivalence,” the patient may sav in 
one breath that he is Dr. A. and that he is not Dr. A. There is every transition 
from ambivalence to outspoken negativism.

Among the “intact” simple functions, Bleuler includes sensation and perception, 
orientation, memory, awareness and motility.

Among the fundamental symptoms Bleuler includes the following alters lions 
of the more complex functions:

(1) The relation to reality, these patients manifesting autismus; (2) tin* Men­
tion; (3) the will; (4) the person; (5) the intelligence and (6) the behavior.
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In “autismus,” the patienta live in a world by themselves, limiting their contact 
with the external world as much as possible. This cutting loose from reality, to­
gether with the relative and absolute predominance of the internal life, is what 
Itlculer calls autismus. It is almost synonymous with Freud’s “autoerotismus” 
ami with P. Janet’s “loss of the sense of reality.”

As regards the “attention,” it suffers also as a fundamental symptom. While 
it may seem normal for any interests that remain, still, owing to the absence of 
affective states, there is a lack of the impulse to follow' external and internal 
processes and to direct the senses and the thoughts; in other words, there is an 
enleeblement of the active attention. The passive attention is altered in a different 
way; though no interest may be manifested in what goes on about the patient, he 
may, nevertheless, register in a remarkable way nearly everything that goes on 
about him.

The “will,” which is the resultant of all the different affective and associative 
processes, is fundamentally disturbed, this disturbance being manifest, especially 
in the depression of the feelings. In milder cases, the aboulia of the patients 
may bring them into conflict with their surroundings. They grow lazy and negli­
gent, having no longer any impulse to do anything either from personal initiative 
or on command. They may lie for years in bed, or, if up ami about, do nothing 
to favor the realization of their wishes. On the other hand, such patients may 
sometimes present a hvperboulia, when they will carry through with great energy 
anything that they undertake, be it reasonable or nonsensical, without regard 
to those about them. A combination of feeble will with obstinacy is by no means 
uncommon.

As regards the “person,” these patients are autopsychically oriented. They 
know who they are; but the ego is, nevertheless, not wholly intact; it shows a 
tendency to cleavage.

On the “intellectual side,” the dementia in schizophrenics is best seen on 
examination of their associations and of their nffectivity. There is no actual loss 
of memory, so that some authors speak of “pseudodementia” rather than of “de­
mentia;” the condition thus differs fundamentally from what one sees in the so- 
called organic psychoses that lead to dementia or from what one sees in idiocy in 
which only relatively few memories arc acquired. In the severe schizophrenic 
states, besides the marked lack of interest and of activity, one may observe many 
faults in the thought-processes and in the performance of acts; whether the task 
set is difficult or easy is of subordinate importance. In the mildest, forms, though 
the patients are ordinarily entirely reasonable, they are quite capable in certain 
circumstances of performing almost any foolish action. Thus, a patient, who at 
one time cannot add 17 and 14 even when he tries seriously to do so, may solve 
immediately a difficult calculation or give an orderly and successful speech; or a 
patient, who for years has sat in a demented, though euphoric state, upon a bench, 
and has given expression to nothing but the most banal phrases, may, all at 
once, participate in all kinds of work and seem, at home, to be in every way 
cured. As Blculer puts it, the schizophrenic is not demented in the simple sense, 
but is demented in regard to certain times, certain constellations, certain complexe».

As regards the “behavior” of the patient, the outspoken schizophrenic shows 
loss of interest, lack of initiative, and absence of a definite goal, through insufficient 
adaptation to the surroundings, that is, by leaving unconsidered many factors of 
reality on account of distraction through sudden ideas and eccentricities.

The milder (latent) cases live essentially like other people and are thought to be 
well; at most, they attract attention through hypersensitiveness and, here and 
there, through a bizarre action. They may be active in simple occupations or even 
sometimes in an artistic or an academic way. The most striking things about the
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milder cases are their irritability and sensitiveness to little things, their unpleasant 
stubbornness, and their moodiness.

Among the accessory symptoms <>f schizophrenia Bleuler includes, (1) hallu­
cinations, (2) delusions, (3) accessory disturbances of memory, (4) alterations 
of personality, (5) alterations of speech and writing, (($) certain bodily symptoms, 
(7) catatonic symptoms (catalepsy, stupor, hyperkinesis, stereotypy, mannerisms, 
negativism, command-automatism and echopraxia, automatism, impulsive acts), (8) 
various acute syndromes (melancholic states, manic states, catatonic states, delu­
sional insanity, twilight states, mental dullness, confusion and incoherence, out­
breaks of anger, excitement on certain definite days, stupor, deliria, fugues and 
dipsomania.)

The distinction between primary and secondary symptoms is essential to Bleu- 
ler’s conception of the disease, lie believes that the disease is a process that 
directly causes the primary symptoms, whereas the secondary symptoms are partly 
psychic functions under altered conditions, partly the results of more or less un­
successful, or even of successful, attempts of adaptation to the primary disturb-

Bleuler discusses the question whether or not a physical disease process need 
be absolutely necessarily presupposed in schizophrenia. Some believe that the 
whole symptomatology is psychically conditioned and that it can develop on slight 
deviations from the normal, very much ns the tendency to hysterical symptoms is 
so great in many people that in the ordinary difficulties of life they become 
hysterical, whereas the average person becomes hysterical only after extraordinary 
psychic traumata. Though certain pathological-anatomical findings have been 
demonstrated, these arc attributed by Schott to inactivity-atrophy or by Young 
to the results of toxins formed during the emotional states. The symptoms art 
fundamentally different from those of all known organic or toxic disturbances, 
and are so much like those of the so-called functional neuroses that mild schizo­
phrenic cases arc often supposed, for a long time, to lie hysterical or neurasthenic. 
Bleuler values, however, the arguments against schizophrenia being a purely 
functional process and points out, especially, that the incurability and the insus­
ceptibility to influences as regards the course of most cases are without analogy 
in purely functional disturbances. Moreover, the disease occurs among savages 
ns well ns among cultured peoples. It may be, therefore, that an anatomical or 
chemical disturbance, which runs a chronic course with acute exacerbations and 
periods of arrest, causes the primary symptoms (loosening of associations; disposi­
tion to hallucinations, to stereotypy, etc.) ; but just what the nature of the schizo­
phrenic process is, no one as yet knows.

(a) Hebephrenia
The picture may l>o that of a simple progressive dementia, or of a 

dementia complicated by episodic states of depression, excitation, or delu­
sion.

A youth of promise, at puberty, or soon after, begins to stand still or to 
retrograde mentally; parents and teachers attribute this to laziness, to dis­
traction, or to bodily disorders (onanism, menstrual disturbances).

The patients are often treated, at first, as neurasthenics. They tend to 
change their occupation frequently, have an exaggerated idea of their own 
importance, tend to occupy themselves with the deepest problems of exist­
ence, show pleasure in resounding phrases and dry proverbs, or nbnor-
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mally devote themselves to puns and to practical jokes. Signs of feeble 
judgment soon appear. They wrt long theoretical treatises, publish 
impossible books or undertake iinpi tical careers. Among the compli­
cating episodic states may be mentioned sudden depression, excitation, 
anxiety, or suicidal tendency. Each episodic state is followed by deteri­
oration and by increase of apathy.

Differential Diagnosis.—The cases usually go unrecognized for some 
time, and are designated neurasthenia, or hypochondriasis. The physi­
cian should always bo suspicious of hebephrenia in young people with 
good memory and comprehension who exhibit loss of initiative, dulling of 
the higher feelings, or a sense of failure of intelligence, particularly when 
no special cause for exhaustion is demonstrable and when the symptoms 
are not easily gotten rid of by general hygienic measures.

(6) Catatonia
One of the commonest forms of insanity in young people is that char­

acterized by (1) specific catatonic phenomena (negativism, command- 
automatism, stereotypy, grimacing, anomalies of speech and writing), 
(2) episodic states of stupor or excitation, and (3) a termination (gen­
erally) in dementia.

After a brief period of mental depression at the onset, the patients 
suddenly begin to behave in a surprising manner. Without apparent 
cause they may suddenly refuse to take food, or they may remain away 
from home without cause, or they may enter upon some “impossible” mar­
riage-engagement. Sooner or later, symptoms of catatonic excitation de­
velop. In a few cases, the patients commit suicide early in the disease, 
the family not having suspected the existence of a psychosis.

In catatonic stupor, there is a peculiar alteration of psychomotor inner­
vation, including negativism, in which the patient shows resistance (1) to 
any external influence on his will, and, also, (2) to spontaneous motor 
impulses arising in himself (refusal to speak, to show the tongue, to take 
food, to swallow saliva). Muscles once innervated may retain their inner­
vation, giving rise to the so-called “stereotyped attitudes” (inclined head, 
crossed legs, snoutlike projection of mouth, turned-in thumbs, etc.). These 
attitudes may be maintained for hours, days, or weeks, despite discomfort 
or ulceration from pressure.

In command-automatism, on the other hand, there is, in contrast with 
negativism, a preternatural suggestibility in the motor domain, exhibited 
as waxy flexibility (q. v.), echolalia, and echopraxia.

In catatonic excitation, violent, purposeless movements arc made, often 
with loud cries and attacks upon surrounding people; sometimes there are 
suicidal attempts. The so-called “monotonous, or stereotyped, movements” 
(rhythmical swaying of body, rubbing of hands, movements of tongue,
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etc.), kept up for hours, or days, at a time, represent a transition stage 
between catatonic stupor and catatonic excitation.

In intervals l>etween excitation and stupor, certain peculiarities of 
behavior usually remain (grimacing, motiveless laughing or crying, at'-ro- 
pliagia, peculiar writing, tendency to verbigeration, irrelevance, manner­
isms). On the psychic side, there is (1 ) a slow cnfeeblement of the judg­
ment, though the recording faculty and the memory may be good, (2) a 
dulling of feeling and apathy, (3) sometimes delusions, and (4) an incal- 
culability and bizarreness of behavior.

Certain somatic signs may coexist (exaggerated reflexes, heightened 
mechanical excitability of muscles and nerves, increased secretion of 
sweat, sebum and saliva; amenorrhea, subnormal temperature, pupillary 
anomalies (Bumke), remarkable variations in body weight, occasionally 
epileptoid signs). Remissions and exacerbations are common.

Diagnosis.—The catatonic phenomena, alone, do not suffice for the 
diagnosis of dementia precox, for they are met with, temporarily, in other 
psychoses. The combination with mental enfeeblement is essential. The 
différentiation from dementia paralytica (lumbar puncture), epilepsy, 
hysterical twilight states, or amentia (disturbance of comprehension, dis­
orientation, etiology) is usually easy. In imbecility and idiocy the patients 
have been intellectually feeble from early childhood, whereas in dementia 
precox there is a demonstrable deterioration of the mental powers. The 
differentiation from a manic-depressive psychosis is not always easy, but 
the apathy, the negativism, and the evidences of actual mental deterioration 
will usually be decisive.

(c) Dementia paranoides

This form of adolescent psychosis (less common than hebephrenia, or 
catatonia) is characterized by a rapidly advancing delusional state, in 
which the delusions quickly become most surprising and nonsensical, ter­
minating relatively quickly, or in a few years, in feeble-mindedness; the 
picture is con "" " during its development and course, by episodic
states of depression and excitation.

At the onset, depressive symptoms usually predominate (insomnia, self- 
accusation, “blueness,” unrest, suspicion, sense of change in things about 
him or in himself, ideas of reference). Illusions, hallucinations and delu­
sions soon appear, the latter consisting chiefly of grandiose, or of perse­
cutory, ideas. The delusions multiply rapidly, though the patient’s record­
ing faculty and orientation remain little disturl>ed. The gross irration­
ality of the delusions is characteristic, suggesting that of dementia para­
lytica (the universe has been cut out of his abdomen ; his laxly has been cut 
apart and sewed together again; he is shut in a cell with an animal that 
has swallowed him). Delusional falsifications of memory are com non;
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the patient tells stories of marvellous experiences with great men, or of 
wonderful personal acts.

There is no disease-insight. The apathy and indifference are charac­
teristic. The dementia progresses rapidly with the appearance of inco­
herence in speech and writing (confusional dementia). The patients show 
an especial tendency to print and to draw pictures.

Differential Diagnosis.—The diagnosis may he difficult at first, but is 
easy later on. The condition must l>o differentiated from (1) chronic 
hallucinatory paranoia (much slower course, delusions less gross and more 
systematized, dementing process less marked), and (2) dementia para­
lytica (age, somatic signs, lumbar puncture).
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4. The Infectious, Toxic, and Exhaustion Psychoses
Under this heading we usually include (1) the initial deliria, fehrilfl 

deliria, and convalescent deliria of the infections and intoxications of
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which those occurring in typhoid fever are the type, and (2) certain 
closely related states; (a) acute delirium, and (1>) amentia, or acute hallu­
cinatory confusion.

It was the infectious psychoses that first attracted attention to the 
dose relation between internal medicine and psychiatry. In infectious 
diseases, delirium may appear at the beginning (initial delirium), or dur­
ing the main course (febrile delirium), or in convalescence (defervescence 
delirium, inanition delirium, collapse delirium, exhaustion psychosis). 
These various forms of delirium are most often met with in typhoid, in 
influenza, in pneumonia, and in acute articular rheumatism (or its com­
plications), or, they may occur in the course of any infectious disease. 
There need be no relation between the height of the fever and the intensity 
of the psychic symptoms.

(a) Initial and Febrile Deliria
In the initial and the febrile deliria, the principal symptoms arc (1) 

clouding of consciousness, (2) disorientation, (3) hallucinations; in addi­
tion, there may bo (4) violent motor excitement, sometimes resembling 
that of mania, or (5) stuporous states.

(b) Collapse Delirium
In the deliria of convalescence (collapse delirium, exhaustion delir­

ium), the mental anomalies may appear suddenly, after the temperature 
has become normal. They consist of (1) dreamlike confusion, (2) hallu­
cinations and illusions, (3) occasionally delusions, (4) lively motor excite­
ment. The patients are usually anxious, suffer from self-accusation, ideas 
of sin and other micromanic delusions; sometimes, instead, the state may 
lie euphoric. Stupor and excitation may alternate. In several cases I 
have observed catatonic phenomena (negativism, waxy flexibility), espe­
cially in pneumonia and in typhoid.

These collapse deliria may last a long time (weeks or months), though 
the outcome is usually favorable.

(c) Acute Delirium
(Delirium acutum)

This name has been given to febrile deliria and to deliria occurring in 
the course of other psychoses, in which the agitation, confusion, and inco­
herence have been extreme. Sometimes there is muttering delirium with 
carphologia and sopor. The prognosis is grave.
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(d) Acute Hallucinatory Confusion
(Amentia, Acute Confusional Insanity, Acute Hallucinosis)

In various infections, intoxications, and states of exhaustion (espe­
cially after operations), an abnormal mental state may appear, character­
ized by (1) the sudden onset of dreamy clouding of consciousness; (2) 
numerous, and very lively, disconnected, hallucinations and delusions ; and 
(3) peculiar motor symptoms, consisting either of increased impulse to 
movement, or stuporous inhibition (Sicinerling). The patients are con­
fused, disoriented and incoherent; the recording faculty is markedly dis­
turbed ; the mood is anxious and variable. Some of the psychoses of preg­
nancy and of the puerperal period belong here.

The patients usually emaciate rapidly, and they suffer from anemia, 
anorexia, and insomnia.

Amentia usually lasts from six to nine months, or even longer than a 
year. Many die from inanition or from complicating infections; some 
commit suicide ; about one-third recover; a few go over into chronic mental 
disease.

Differential Diagnosis.—(1) From manic-depressive states (greater 
prominence of exaltation or depression; less confusion) ; (2) from epilep­
tic insanity (history of fits ; epileptic heredity) ; (3) from catatonic form 
of dementia preeox (consciousness clear; presence of specific catatonic 
symptoms) ; (4) from dementia paralytica (somatic signs, lumbar punc­
ture, Wassermann reaction).
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3. The Alcoholic Psychoses
Under this heading will be considered: (a) the mental anomalies of 

chronic alcoholism ; (b) delirium tremens; (c) dipsomania ; (d) Korsa­
koff’s psychosis; and (c) paranoid states related to alcoholism.

(a) The Mental Anomalies of Chronic Alcoholism
Men and women who become chronic alcoholics are usually especially 

predisposed by the inheritance of a bad nervous system, or by infantile
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disease of the brain neningitis, encephalitis, trauma). A drunkard can­
not drink moderate ly, but is overcome by the irresistible impulse to drink 
excessively, even when bo knows that drinking is injurious to bis body and 
mind.

Regular drunkards usually pass through two stages: (1) that of appar­
ent overnutrition, in which they look healthy, of good color, well nour­
ished and strong ; and (2) that of alcoholic cachexia, in which they arc 
emaciated, pale, cyanotic, tremulous, and unsteady, present the Bardol- 
pliian facies, and are indifferent and incapable.

The psychic deterioration shows itself in (1) an ever-increasing irri­
tability, especially when in association with the family; (2) progressive 
ethical deterioration (egoism, lying, indolence, indecency, loss of will­
power) ; (•*$) intellectual deterioration (inability to concentrate, loss of 
memory, enfeebled judgment).

(6) Delirium tremens
This form of delirium occurs in chronic drunkards, usually after many 

years of excess; it usually appears after a temporary abstinence from 
alcohol, duo to gastric catarrh, to infection, or to lack of access to drink.

The delirium breaks out suddenly, lasts from two to ten days, and is 
characterized by a dreamy alteration of consciousness, with abundant 
hallucinations (particularly visual and kinesthetic) and illusions. The 
patients are especially prone to see a largo number of small, moving, dark 
objects (flics, mice, lice, snakes, black dwarfs, etc.), and are usually com­
pletely disoriented. The mood is extremely variable. The patient may 
one moment bo exalted and happy, and the next moment exhibit the signs 
of fear or of despair. Such patients are often violent, and may become a 
source of danger to those about them. One man who boarded a train at 
Baltimore for New York in an apparently normal state on entrance, shot 
a porter dead and threatened the whole car before reaching Wilmington.

Fever, tachycardia, anorexia, and sweating often accompany the at­
tack, albuminuria and tremor always. At the end of the attack the 
patient, if he is to recover, falls into a deep sleep, and awakes with a clear 
consciousness, again fully oriented. Death may occur from heart failure, 
from a complicating pneumonia, or from gastro-intestinal catarrh.

Differential Diagnosis.—If the patient’s habits are known, there is 
usually but little diflieulty in arriving at the diagnosis. If not, delirium 
tremens may bo confused with oilier twilight slates, or other deliria (hys­
terical and epileptic twilight states; traumatic psychoses; infectious or 
toxic deliria).

(c) Dipsomania
This has nothing to do with delirium tremens ; it is probably a form of 

epilepsy. It is characterized by the periodic return of attacks in which
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there is an irresistible impulse to excessive drinking, the impulse being 
attributed by the patients to an indescribable anxiety, an inexplicable 
restlessness, or to some unknown cause. In a given person, the recur­
ring attacks resemble one another closely. After a single drink the patient 
begins to drink rapidly, without choice or purpose, though usually lie 
takes whisky, brandy or gin. No matter what his circumstances arc, he 
usually resorts to low dives or walks in the country from saloon to saloon 
until, finally, he is completely overcome by the intoxication. A single- 
attack lasts, in most cases, about three days, but it may extend to a week 
or to two. The patient may bo found by his friends in low resorts, or, 
returning to consciousness by himself, may apply to some hospital for 
treatment. Subsequent to an attack, the patient is depressed and self- 
accusatory; he resolves never to take another drink, and lie may be indus­
trious and abstinent until the occurrence of the next attack.

Cure is rare, though attacks may disappear for years, especially if the 
patient be kept in a closed institution for a time. After repeated dijiso- 
maniac attacks the patient may begin to drink also between attacks, ami 
become a chronic alcoholic. Emphasis is laid on the fact that dipsomania 
is not the result of chronic alcoholism, but is a sign of a periodically 
recurring mental ammaly.

(d) Korsakoff's Psychosis
(Polyncurilic Psychosis)

This psychosis is most common in alcoholism, though it occurs in other 
conditions that give rise to multiple neuritis (q. v.). The same psvrlio- 
sis is sometimes met with, it is said, in the entire absence of neuritic 
phenomena.

The syndrome is usually easy to recognize, in that the patients exhibit 
a peculiar disturbance of memory, forgetting immediately all new impres­
sions and the most recent events (from impairment of the recording 
faculty), though older memories remain and are worked up into pseudo­
reminiscences or memory falsifications, leading the patient to dcsorijie 
experiences, adventures, travels and undertakings that have no basis in 
fact.

Cure is rare; chronic mental disease usually results.

(e) Paranoid States Related to Alcoholism
In chronic alcoholism two varieties of the paranoid state are not infre­

quently met with: (1) the jealousy insanity of drunkards, and (-1 an 
acute alcoholic paranoid state (see Paranoia acuta).

The jealousy delusion of drunkards develops with the deterioration of 
his ethical feelings, when the idea occurs to him that, owing to hi- own
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frequent absence from home and his own increasing sexual impotence, his 
wife has occasion for amorous relations witli others. The idea soon be­
comes transformed into a fixed delusion, and is supported by auditory and 
visual hallucinations. The wife is often violently mistreated, even mur­
dered. The symptoms disappear after a few weeks of total abstinence in 
an asylufn, only to reappear again, later on, when the drinking-habits are 
resumed.
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6. Psychoses Related to Drug Habits
The two drug habita most commonly met with by the practitioner arc 

the morph in habit and the cocain habit ; recently the heroin habit has 
become common, and has begun to supply its quota of the psychoses.

(a) The Morphia Habit and the Morphia Psychoses
As with alcohol, certain people have nervous systems unable to resist 

the tendency to relievo discomfort or depression by morph in. It is espe­
cially common among those to whom morph in is easily accessible (drug­
gists, physicians, veterinarians, trained nurses), though it sometimes devel­
ops in psychopathic patients following upon a morph in therapy. Hus­
band and wife not infrequently become simultaneous victims. The 
hypodermic use is the most common.

Once established, the habit is very hard to break. Many hypodermics 
are taken secretly each day. If the physician suspect it, the patient should 
bo undressed, when the numerous, small, pigmented spots, corresponding 
to the injection sites, become visible. A cachexia gradually develops, with 
sallowness and emaciation, and degeneration of the character (ethical 
defects, lying, egoism, loss of memory). Sudden abstinence may call forth 
alarming symptoms (restlessness, anxiety, despair, vomiting, delirium), 
quickly relieved by a hypodermic injection.

(b) The Cocain Habit and the Cocain Psychoses

The deterioration in the cocain habit progresses more rapidly than with 
the morph in habit. Very frequently morphinism and coca in ism arc com­
bined. In the cocain habit a psychosis of the type of acute hallucinatory 
confusion (amentia, q. v.) often develops. Abstinence phenomena in the
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cocain habit are milder, and disappear more quickly, than in the morph in 
habit.
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M. The Idiocies and Imbecilities (Dependent 
upon Faulty Development of the Brain)
Congenital feehle-mindedness is known in the milder cases as constitu- 

tional inferiority, or as mental debility ; in the severer cases, as imbecility ; 
the worst form, in which a mind, in the ordinary sense, can scarcely bo said 
to exist, is idiocy. These conditions are sharply to bo distinguished from 
dementia, or feehle-mindedness, acquired later on in life (dementia 
precox, dementia paralytica, alcoholic dementia, etc.).

The idiocies and imbecilities are nearly always organic diseases, due to 
faulty development or to early destruction of the cerebral neurons.

1. Imbecility
( Conrjen i ta l Feeble-mindedn ess)

Human beings present every gradation in mental development from 
the highest endowment down to outspoken idiocy, and it is difficult to
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draw a hard and fast line between normality and imbecility, for, owing to 
the great variations that exist, a normal state of mental life can scarcely 
bo set up. The best that can he done is to make comparisons with the 
average capacity of other persons of the same ago and social standing. 
A rough practical test consists in the ability independently to meet the 
world at the end of adolescence. Persons that are unable to “find their own 
way,” exhibit, on analysis, defects of intellect, emotion or will, which 
account for the incapacity.

The laity have coined a scries of names that are applied to imbeciles 
of various grades (eccentrics, originals, the simple-minded, the limited, 
blockheads, numbskulls, fools, dunces, no-goods, Wcary-Willics, Sinijdo- 
Simons, etc.).

Imbeciles are unable properly to perceive and properly to utilize per­
ceptions, often owing to anomalies of attention, of interest, or of assimila­
tion. They may have a fairly good recording faculty, learning things 
easily by heart (so-called mechanical memory), but they are unable to 
utilize their memories for making new arrangements (logical memory).

On the emotional side there is often a disproportion between the feel­
ings and the stimuli arousing them, exhibiting itself cither as abnormal 
excitations or as abnormal indifference. These persons arc usually lacking 
in self-control, are hypersensitive, irritable, and prone to outbreaks of 
passion ; or, on the other hand, they may be pathologically apathetic and 
stupid.

Often, in the “high-grade” imbecile, the narrow-mindedness, the limi­
tation to concreteness, the inconsistency or dependency of their lives, the 
egoismus, the superstition, the preternatural suggestibility, and still oilier 
evidences of mental deficiency are recognizable.

Imbecility may not, like idiocy, bo recognizable in early infancy, 
except, perhaps, in protraction of the time when the child learns cleanli­
ness, or learns how to walk or to speak. The defect is often first recog­
nized when the child goes to school, where he is backward, though in the 
studies in which learning by heart is the method used, the child’s deficien­
cies may not be so evident as, later on, when logical thinking is necessary; 
then the defective judgment shows itself. The milder grades of imbecility 
may first reveal themselves in adolescence, in the lack of self-control with 
regard to the sexual feelings, or with regard to the use of alcohol, and the 
like. In the female sex it seems probable that a majority of proslilutes 
are somewhat imbecile.

It is customary to divide imbeciles into two great groups : the apathetic 
typo (dullness, lack of interest, absence of initiative), and the crctliic, or 
excitable, type (mobile, fanciful, active but superficial, illogical, vain, 
unsteady). The apathetic type may under strain, pass through episodic 
states of anxious confusion, with or without hallucinations and delusions. 
They may become prostitutes, drunkards, or tramps. From the excitable
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type are recruited the pathological liars, the swindlers, the quacks, and the 
adventurers. The so-called moral insanity appears to be a form of imbo- 
cility, in which the chief defect is in a lack of the higher ethical and social 
feelings. These imbeciles are antisocial in nature. The term moral in­
sanity is, however, a had one, and has been used as an omnium gatherum 
to include not only (1) ethical imbeciles, hut also (2) partial dementias 
following epilepsy or dementia precox, and (3) general degenerates, in 
whom there are bodily, intellectual, and emotional defects.

Many imbeciles are the victims of cerebral palsies (paralysis, con­
tractures, speech disturbances, convulsive seizures, etc.), or show the 
somatic stigmata of degeneration (q. v.).

Of the developmental defects of the cerebrum that lead to imbecility 
may bo mentioned (1) hemorrhages, (2) encephalitis, (3) internal hydro­
cephalus, (4) meningitis, and (.r>) porencephaly. Iu some families inilie- 
cilcs crop out singly through a scries of generations, suggesting mendelian 
heredity—the presence, or absence, of some mendelian unit (Goddard, 
Davenport). Chronic alcoholism, or lues, in one or both parents seems to 
have been responsible in some cases.

Diagnosis.—Two points have to bo considered: (1) the demonstration 
of feeblc-mindedness; (2) the proof that this has been congenital, or in­
fantile, in origin, rather than evidence of a dementia having its origin in 
later life.

The possibility of an existing myxedema, cretinism, mongolism, or 
infantilism should always bo kept in mind.

A systematic psychic examination of the cognitive, affective and cona- 
tivo functions (intellect, emotion, will) is necessary, in order that the 
mental equipment of the suspected imbecilo may l>o compared with the 
overage equipment of a healthy person of the same ago and social ]iosition. 
The anamnesis usually suffices for the decision as to whether the feeble 
mind is congenital or is a dementia resulting from disease acquired later 
on. In imbecility, certain faculties will never have develop'd; in 
dementia, traces of faculties that have been previously developed will Ik> 
discoverable.

The Binot-Simon tests aro hero very helpful, provided not too much is 
expected of them.

It is desirable to test (1) the gnostic intelligence (tactile agnosia, 
acoustic agnosia, optic agnosia, illusions, hallucinations) ; (2) the sym- 
liolio intelligence (sensory aphasias, amusias, inability to understand num- 
Imts, symbols, signs) ; and (3) the practical intelligence (motor aphasias, 
apraxias, power of calculation). Ilcilbrouncr’s figures for testing sym­
bolic intelligence aro useful.
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2. Idiocy
Hero the mental defect is so outspoken that even the laity recognize it, 

whereas in mild imbecility even the expert psychiatrist may sometimes ho 
in doubt. Various grades of idiocy exist, and there is every transition 
through the milder forms to mere imbecility.

The lowest idiots resemble animals deprived of a cerebrum. They 
are vegetative, reflex machines (Hoche), with apparently no mental life; 
and they usually, fortunately, die early. Above these arc the idiots that 
are capable of expressive movements, who manifest their pleasures and 

their pains, exhibit defensive movements 
and certain automatic movements (rnli- 
bing, rotating, shaking, etc.). Though 
they are capable of sense perception, 
they have no capacity for close atten­
tion, and new sensations, apparently, do 
not call up old experiences. Such idiots 
are not cducahlc. Higher idiots may 
learn a defective kind of speech (incor­
rect grammar, abnormal articulation), 
and can make themselves understood re­
garding their bodily needs and their 
pleasures and pains. They may become 
oriented as to place and persons, and 
can be taught certain habits of cleanli­
ness and of behavior, but they are in­
capable of school education. Forms of 
congenital defect above this level arc 
classed as imbecility.

Idiots, like imbeciles, are divisible 
into (1) apathetic, anergetic, or torpid, 
and (2) excitable, energetic, agile, or 
versatile types. Some of them are good- 
natured ; others are ill-natured and ir­
ritable. Most idiots show organic nerve 
lesions (paralyses of limbs or of the ove- 

•muscles, athetosis), or anomalies in the 
shape of the skull (secondary to cerebral anomalies ?). Stigmata of de­
generation arc common. About one-third of all idiots have epilepsy.

Fig. (131.—Mongolian Idiot. Age One 
Veer. Note Oblique Lid silts, Thick 
Lips and Tonguo. Salivai Ion. (After 
M. I’faundler In E. Peer’s “Lvlihrb. d. 
Klnderhellkunde," published by O. 
Fischer, Jena.)

Pathology.—Leaving out the thyreogenous idiots, most idiots are such In ' iiuse 
of primary encephalopathies. These include the porencephalies, cysts, tuberous 
scleroses, lobar scleroses, microgyries, microcephalies, and hydrocéphalies.
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Diagnosis.—The only difficulty lies in delimiting idiocy from imbecil­
ity in cases on the borderline. The lino is arbitrary, and practically 
insignificant. Seen late in life, in the absence of a history, one may be in 
doubt whether he is dealing with idiocy or with an extreme dementia in a 
late stage of dementia precox or of dementia paralytica. Exact examina­
tion, however, quickly reveals, as a rule, the condition.

Idiots arc “irresponsible.” They may be thieves, incendiarists, rapists, 
but the “criminal group” is recruited from imbeciles rather than from 
idiots. The internist can do much to protect, if he care to, microcéphalie 
idiots from skull operations, to which the hopes of fond but ill-advised 
parents and the zeal of insufficiently experienced surgeons sometimes 
impel.

Mongoloid Idiocy.—This condition first recognized by Down (186(1), 
is now a well-recognized form. The child has a peculiar physiognomy, 
which has led to the name inongoloid; the “face is flat, the dorsum nasi 
broad, the malar bones prominent, the eye-slits narrow and oblique, the 
eye-lids reddened with scanty cilia, the checks greyish brown, tinted with 
red, suggestive of the make-up of a clown, the skull round, the occiput flat­
tened.” The tongue is enlarged and has huge circuinvallate papillae; the 
dorsum of the tongue is wrinkled and looks like the surface of the scro­
tum (langue scrotale). The musculature is relaxed and soft and the 
joints can be twisted in remarkable attitudes (“snake-baby”). Many mal­
formations throughout the body have been observed in different cases of 
mongolism.
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Part XIII

Diagnosis of the Disorders of 
Metabolism

Section I

THE PRINCIPLES OF NUTRITION AND THE METHODS 
OF INVESTIGATING METABOLISM

A. General Introduction to the Study of 
Metabolism

1. The Nature of Metabolic Processes and Some of 
the Applications of a Knowledge of Metabolism

(a) Definition of Metabolism
By the study of metabolism wo mean the investigation of the changes 

that substances introduced into the body undergo while passing through 
it, or on becoming incorporated in it, and the transformations of energy 
that accompany these processes.

(b) Metabolism in Plants and in Animals
The metabolism of animals differs somewhat from that of plants. 

In the plant, the light and heat of the sun, with the help of the chl'-ro* 
phyll of the green leaf, causes carbon dioxid taken from the air, and w or 
drawn up from the roots, to unite and form sugar—a synthetic pm <*. 
and during this process heat is absorbed and oxygen is given off into tlio 
atmosphere. The actual energy from the sun is converted into the potei ial 
energy of sugar. If the sugar he burned in a bomb calorimeter v ith 
oxygen under pressure, carbon dioxid and water will he formed again, nd 
precisely the same amount of heat will bo liberated as was required IV the 
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original synthesis. The processes of vegetable growth are largely reduc­
tion-processes.

In contrast with this is the metabolism of the animal body, in which 
highly complex molecules that have resulted from the synthetic work 
of plants are disintegrated into smaller molecules by processes of cleavage 
and of oxidation, with formation of carbon dioxid and water.

As a matter of fact, whereas synthetic processes predominate in plants, and proc­
esses of cleavage and oxidation predominate in animals, both sets of processes 
occur in each of these kingdoms. We now know, for example, that very important 
synthetic processes occur in the animal body. Even the complex proteins of plants, 
or of animals, when taken into the human body are disintegrated into relatively 
simple constituents {amino acids), which are resynthetized into proteins peculiar 
to the human species. In addition to proteins, many simpler substances are syn­
thesized in the human and animal body. I may refer to the well-known synthesis 
of urea (from CO, and Nil,Oil) in the liver, and of hippuric acid (from benzoic 
acid and glycocoll) in the kidney.

(c) Matter and Energy in Metabolism
Of the substances taken into the human body as food and drink, part 

are used up for the growth and maintenance of the protoplasm of the body 
tissues, which arc all the time breaking down with loss of substance that 
must be replaced, and part leave it (in an altered or unaltered state) in 
the form of secretions or of excretions. Thus, the matter of which the 
Imily is composed is continuously undergoing change. Substances are 
constantly coming in and substances are constantly going out, a process 
well described by the German Stoffwechsel.

But, in addition to the changes in matter, we must consider the changes 
in energy. If we contrast the intake with the output, we find that, the 
potential energy of the former is very much greater than the potential 
energy of the latter. For a great deal of the potential energy of the 
intake is converted within the body into actual energy, appearing as heat, 
the mechanical work of muscle contraction, and electricity.

Lavoisier long ago showed that, on oxidation of an organic substance, the prod­
ucts of combustion are equal to the sum of the original substance and the oxygen 
used. It was he who proved that animals and men absorb oxygen and eliminate 
carbon dioxid, just ns does a burning piece of wood. He even measured tin» heat 
given off by a guinea-pig by recording the quantity of ice melted when the animal 
was placed in a hollow block of ice. He measured the gases given off by the 
animal to see whether or not the heat produced was accounted for by the oxidation 
that went on inside. He found that the amount of oxidation in the human body 
was greater after the ingestion of food, after muscular exercise, and after exposure 
to cold. He was wrong, however, in thinking that the heat production is due to 
oxidation of carbon and hydrogen in the lungs, and it was not until more than 
half a century later that it became clear that the production of heat in the animal 
body depends upon the oxidation of protein, fat and carbohydrate within the cells 
of the different organs of the body. Since Lavoisier’s time, a vast deal has been 
learned regarding the processes of metabolism.
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Thanks to the studies of Abel, Atwater, Benedict, Chittenden, Dakin, 
Folin, W. Jones, Levene, Lusk, McLeod, Mendel, Oslnirnc, Weils, 
Woodyatt and others in this country, of Bancroft, Oathcart, Funk, Gnrmd, 
Halliburton, Hopkins, Pavy, Plimmer, Starling and Schaefer in Englaml 
and of Voit, Ruhncr, Emil Fischer, Kossel, Sclnniedeberg, von Noorden, 
Friederich von Müller, Abderhalden and Uml>er in Germany, to say noth­
ing of the work of French, Italian, Russian and Scandinavian workers, 
metabolic studies have made, and are making, very rapid progress.

The foundation of the modern doctrines of metabolism is the discovery 
that the law of the conservation of energy holds for the changes that 
take place in the animal body, as well as for all other processes.

In studying the metabolic processes, we have learned to consider, there­
fore, both the material (or chemical) side, and the dynamic (or energetic) 
side, and the two methods of consideration supplement one another. On 
the material side, we study the chemical changes that the single suli- 
stances taken in as food undergo, and the intermediary stages through 
which they pass before their end-products arc eliminated from the bodv. 
On the dynamic side, we consider the potential energy of the elements of 
the food intake, and the potential energy still remaining in the constitu­
ents of the output (urine, feces, etc.); subtracting the latter from tlm 
former, we have the amount of potential energy that has been either 
stored up in the body or converted within the body into actual energy 
(heat, mechanical work, electricity).

A remarkable feature of tin* oxidative processes within the body is 
the fact that substances, which can bo easily oxidized in the test tube, mav 
leave the l>ody before having undergone complete oxidation, while, on the 
other hand, substances such ns fats, which are difficult, to oxidize in the 
test tube, are easily burned completely within the animal body, with for­
mation of carl>on dioxid and water. We now know that these processes 
of combustion go on chiefly as a result of the catalytic action of ferment* 
within the cells of the various organs of the l>ody, each little cell being a 
chemical laboratory with processes peculiarly its own. The characters 
and intensities of the process in each cell depend in part upon the 
materials that reach it (through the blood and lymph), in part upon the 
rapidity with which the products of its chemical activity arc removed 
from the cell, and in part (a very largo part) upon the varying need of 
energy, by the body, for the processes of its life. As Ruhner has empha­
sized, the body cells are capable of adapting themselves in a remarkable 
way to the claims made upon them. The chemistry of a given person 
varies greatly under different circumstances (rest, work, temperature, 
climate, disease). It is not so much the amount of * sm that deter­
mines the total quantity of change or the rate of change; it is the amount 
of “life” that is decisive.

1445
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(d) The Chemical Nature of the Food Ingested
The intake of food and drink consists partly of organic substances (pro­

teins and their derivatives ; nucleins and purins and other nitrogenous 
substances ; carbohydrates; fats; lipoids), and inorganic or mineral sub­
stances (salts and water). The body is, on the one hand, in constant need 
of substances to replace parts of its machinery lost in wear and tear, and, 
on the other, in constant need of fuel to supply the potential energy for 
conversion into the actual energy of the body. For the former purpose, 
protein is essential ; for the latter purpose, carbohydrates and fats are most 
important, though proteins also contribute to the fuel value of the food. 
In addition to protein and fuel, the body requires salts and water, partly 
for the maintenance of the machinery, and partly to supply the conditions 
necessary for the conversion of potential into actual energy, especially for 
the maintenance of the osmotic processes in the organism so important for 
absorption and secretion.

Recently, the necessity of the presence of certain peculiar substances in 
the intake, the nature of which is not yet definitely known, has been dem­
onstrated. These substances, known at present as vitamins, will be re­
ferred to further on.

(e) The Potential Energy, or “ Fuel Value,” of the Food Ingested
The amount of potential energy in the food intake can be directly 

determined by measuring the heat given off on its combustion. As a unit 
of measurement we make use of the large calorie (Cal.), that is, the 
amount of heat necessary to raise the temperature of one kilogram of 
water from 0° to 1° C.

When one gram of glucose is burned in a bomb calorimeter, it yields bent suf­
ficient to raise the temperature of one liter of water 3.755° ; that is, 1 gram of 
glucose yields 3.755 calories of heat. When protein is burned in the bomb calor­
imeter, its nitrogen is oxidized to nitric acid, but when protein is burned in the 
body, the nitrogen is eliminated in the form of urea, a substance that is not 
fully oxidized. Moreover, a certain small amount of the protein ingested is given 
out in the feces unoxidized, or only partially oxidized. Since protein is, therefore, 
less fully oxidized in the body than in the bomb calorimeter, the heat produced 
from protein in the body is always somewhat less (about 25 per cent less) than that 
measured in the bomb. Sugars and fats, when oxidized in the body, yield the same 
products, and exactly the same amount of heat, as when oxidized in the bomb.

ill
The physiological heat value of ordinary food stuffs, when oxidized 
the body, is as follows:

Calories
1 g. Glucose................................................................. 3.755
1 g. Cane sugar......................................................... 4 0
1 g. Starch.................................................................. 4 1
1 g. Fat........................................................................ 9.3
1 g. Protein................................................................. 41
1 g. Alcohol................................................................. 7.0



65C DIAGNOSIS OF T1IE DISORDERS OF METABOLISM

With the aid of these figures it is easy to calculate the fuel value, fur 
the body, of any food taken in. Thus, if we know the quantity of protein, 
fat and carbohydrates ingested in 24 hours, wo can calculate the quantity 
of heat that, in health, will arise from its oxidation within the body. 
Elaborate tables giving the protein, fat, and carbohydrate content of ordi­
nary foods arc available. If the food intake of a given person for 24 
hours consist of 100 grams protein, 100 grams fat, and 400 grams carW 
hydrate, the quantity of heat resulting will be as follows:

Calories
100 g. Protein....................................... 100X4.1 410
100 g. Kut................................ ............ 100X9.3 930
400 g. Carbohydrate................ ............ 400X4.1 1,040

2,980

Rubner proved that if an animal bo placed in a calorimeter, which 
measures the heat actually given off during a period, the value found cor­
responds exactly to the calculated value. And in the United States, 
Atwater, Rosa and Benedict, by means of a large calorimeter constructed 
to measure the heat production in man, confirmed the application of the 
law of the conservation of energy to the human species.

To show how accurately the heat produced may lie theoretically calculated, tlie 
results of investigations made under Lusk's supervision in the calorimeter of the 
Russell Sage Institute of Pathology in Bellevue Hospital may be cited. In a lamp 
within the apparatus, a definite amount of alcohol was burned during n four-limir 
period. Theoretically, the fuel value of the alcohol was 212.57 calories. The heat 
actually produced and measured was 211.88 calories.

A patient suffering from typhoid fever was placed in this calorimeter and 
studied while at rest for a period of five hours by DuBois and Coleman. Theoret­
ically, the heat production in this man’s body should have been 422.59 calories; the 
amount of heat actually measured was 419.78 calories.

Rubner showed that tho different organic food substances can, to a 
certain extent, as far as their fuel value is concerned, replace one another 
according to what ho has called tho isodynamic law. Thus, 9.3 grams 
carbohydrate and 4.1 grams of fat arc isodynamic equivalents; in other 
words, 1 gram of fat is equivalent in fuel value to 2.3 grams of carbo­
hydrate. But the isodynamic law docs not hold for protein. A certain 
amount of protein is absolutely essential in the food, as we shall sec later, 
and cannot be replaced by any other substance.

(Z) Applications to Dietetics

In practical dietetics, many points have to be considered, but the two 
points of prime importance are (1 ) the fuel value of the food, and (2 the 
presence of sufficient protein and of sufficient vitamins.

Heat Production in Man.—The quantity of heat produced by man mu-
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lian animals, including man, can bo closely predicted in advance. It 
varies considerably, according to the animal species; for instance, a mouse 
requires thirty times more food per unit of body weight than the horse, 
though the single cells in the mouse arc of about the same size as the 
cells in the horse. The fuel value of the food required is thus seen to 
depend neither upon the weight of the animal nor upon the relative size 
of the single cells. It does stand in a constant relation, however, to the 
extent of the surface of the body ; all well-nourished mammals produce the 
same number of calorics per square meter of surface (Buhner).

Heat production (the fuel value of the food required) for man varies, 
( 1 ) according to the size of his surface,, and (2) according to the quantity 
of mechanical work done. Age, external temperature and disease are also 
of influence.

Basal Heat Production.—A normal man, if well nourished, and re­
maining quietly at rest in bed in the morning, having been without food 
for fifteen hours, will produce a minimal amount of heat (so-called rest 
starvation value or basal heat production). This basal heat production 
for a man of average weight (70 kilograms, 15(> pounds) is about 70 
calories per hour, or 1,G80 calorics in the twenty-four hours.

Maintenance Requirement.—If, now, the man eat food, extra heat is 
produced, which does not, however, exceed 10 per cent of the basal heat 
production (that is, 7 calories per hour, or 108 per day). The “mainte­
nance requirement” of such a man, resting quietly in bed, would, therefore, 
bo met by a daily diet having a fuel value of 1,848 calories (Lusk).

Requirement When at Work.—Beyond this “maintenance require­
ment,” the amount of fuel needed will depend upon the quantity of 
mechanical work performed.

Lusk gives the following data as the best available at present for the 
estimation of the daily fuel requirement of well-nourished adults :

In bed 24 hours......................... ........ ......................... .......................................................... 1,480
In hvil s hours, “work” involving sitting in a chair Hi hours............  2,170
Him I s hours, in a chair 14 hours, moderate exercise 2 hours..........  2.5’K)
Farmers...................................................................................................................................... •1.500
Rider in a six-day bicycle race............................................................................................ 10,000

An ordinary business man, or a clerk, or a man employed in watching 
machinery, requires, therefore, about 2,500 calorics per day.

Requirement in Childhood.—The new-born baby requires at first, 100 
calories per kilo of body weight per day ; later on 70 calorics arc sufficient. 
A boy of twelve requires a total of some 1,500 calories per day.

Requirement in Disease.—In diseased conditions, metabolism may be 
either accelerated or retarded. Thus, in fever, the heat production may 
he 50 per cent higher than normal. In Graves’ disease, in which the 
thyroid gland is over-active, the heat production may he still higher. In
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myxedema, and in eases of constitutional obesity, the lient production is 
much less than normal.

Caloric Equilibrium and Disequilibrium.—Wo sponk of caloric equi- 
librium when the diet has a physiological fuel value that exactly equals 
the expenditure of energy by the body. On such a diet the patient's 
weight remains unchanged.

When the caloric intake exceeds the body need, the body weight 
increases, usually owing to increase in the amount of body fat.

If the caloric intake ho less than the body need, the body will burn ils 
own material and will decrease in weight. In this event, fat will be the 
first substance to bo reduced in amount.

Though, in arranging a diet, the caloric value is an essential to be con­
sidered, it must be remembered that other points are also essential ; namely, 
the supply of sufficient protein of the right quality, an adequate content of 
water, sails and vitamins in the diet, and attention to the preparation of 
food so that it shall be properly cooked and appetizing. Wo shall discuss 
some of these points further on.

Habits of Diet.—The habits of diet in different parts of the world are 
very diverse; thus, the diet of Eskimos is almost entirely carnivorous, 
consisting chiefly of seal meat, the meat of reindeer, walruses, whales, 
fish, blubber (fat) and native vegetables (huckleberries, angelica shouts, 
seaweed).

Among Oriental peoples, the staple diet is largely herbivorous, con­
sisting of rice and a little fish. Romo of the poor people in the Philippine 
Islands live on a diet that costs about 6\ cents per person per day.

The standard diet for the European laboring man, as laid down by 
Voit, contains 118 grams of protein, 5G grams of fat, and 500 grams of 
carbohydrate ; a little more than one-third of the protein is furnished in 
230 grams, or half a pound, of butcher’s meat.

The diets of the Eskimo, the Bengali and the laboring man in Europe when 
compared, show the following distribution of the various nutritive elements:

Weight 
in kgm.

Protein Total
Calories

Calor

Protein

ics in Pe

Fat

Cent

Carbo­
hydrates

Eskimo................. 65 282 2,604 44 48 8
Bengali................. 50 52 2,390 t) 10 81
European............. 70 118 3,055 16 17 67

It will he seen that the Eskimo takes five times the amount of protein eaten 
by a Bengali, and 2\ times the amount eaten by a European, and yet, according 
to Krogli, he does not suffer from gout. The Eskimo’s diet enables him to hear 
extreme cold.
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Voit's diet (see above) has been greatly criticized as financially ex­
travagant and as physiologically harmful. Chittenden, in a scries of im- 
jHirtant investigations, has studied the protein minimum upon which nitro­
gen equilibrium can bo maintained and finds it very much lower than was 
formerly supposed, but Mcltzcr points out that eating protein in quan­
tities above the minimal required amount is to bo regarded as ono of the 
many “factors of safety” in human life. Tho minimal amount of protein 
that will maintain nitrogen equilibrium is by no means the optimal amount 
of protein for tho welfare of a person.

Rubnor, in Germany, is an advocate of a high protein intake, and Lusk and a 
number of other authorities on metabolism in tho United States believe that a 
liberal meat diet for the people at large is beneficial. I would warn, therefore, 
against the reduction of protein to too low a figure, and also against the too 
free use of inferior proteins at the expense of the superior proteins (see Protein 
Metabolism).

Economic Importance.—A knowledge of tho main facts of metabolism 
is of real economic importance for the people of a country. Graham Lusk 
is doing an important service in educating the people of tho United States 
regarding tho monetary value of foods. Ilealizing that it is “of no small 
moment that tho citizen should know how host to maintain tho machine at 
a maximum of efficiency” and “where to turn to find nourishment in tho 
form that is best and cheapest,” lie has published an article in the New 
York Evening Post, entitled “Food at Fifty Cents a Day,” and a little 
volume called “Tho Fundamental Basis of Nutrition,” in which, in simple 
language, tho main facts are discussed. Tho excellent article of Murlin in 
tho Popular Science, Monthly has also been written with similar intent.

The Cost of Living.—To provide a diet for a family of five (father, 
mother and three children, without servants), some 7,750 calories per day 
are required, 5 per cent of which should bo in normal proteins of Grade A, 
and 10 per cent in vegetable proteins of Grade C (bread). Tho cost, 
according to Lusk, in tho New York market in January, 101B, would bo 
as follows:

Cents
Bread + t pound salt cod.............................................................. 47
Bread 4- jj pound smoked ham...................................................... 48
Bread-f Î pound cheese................................................................ 51
Bread-j-2% iiounds milk.................................................................. 53
Bread+114 pounds loin pork.......................................................... 56
Bread 4-1% iwninds leg of mut ton..................................................  56
Bread 4-1% pounds cod steak (fresh)............................................. 58
Bread-j-1% pounds sirloin beef....................................................... 66
Bread 4-1% pounds turkey.............................................................. 78

Tho cost of the food for an adult requiring 2,500 calories would be 
one-third tho cost for the family, and this cost would not exceed 20 cents 
a day at tho market price of tho fresh materials. Lusk estimates that
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“when more than an average of 8 cents is expended for 1,000 calories of 
nutriment, the diet must include luxuries.”

The following table, also taken from Lusk, represents the market prive 
in cents of 1,000 calories in various staple foods:

Cost in Cents of 1,000 Calories
Glucose................................................................................
Commoal............................................................................
Wheat flour........................................................................
Oatmeal...............................................................................
Cane sugar..........................................................................
Dried beans........................................................................
Salt iiork (fat)....................................................................
Rice.....................................................................................
Wheat bread.......................................................................
Oleomargarine.....................................................................
Potatoes..............................................................................
Butter..................................................................................
Milk.....................................................................................
Smoked ham........................................................................
Cheese..................................................................................
Loin of ]x>rk........................................................................
Mutton (leg).......................................................................
Salt eod................................................................................
Sirloin steak........................................................................
Turkey................................................................................
Codfish steak (fresh)..........................................................

iX
2
2\i
2t
3'i
4
4'A
5
ax
Vi
Vi

10
10
10»i 
UH 
12 H 
16 X 
mi 
24 
40 
42

If the family of five altove referred to should keep a servant, .‘10 per 
cent more food is required. It is said that three servants will double the 
food bill, and six will triple it.

The household requirements for families of different degrees of in­
come can, according to Lusk, be formulated as follows :

Calories
Cost in Cents

Minimum Maximum

Poor family...................... ..................... 7,750 50 70
Well-to-do........................ ..................... 15.500 100 140
Wealthy........................... ..................... 23,250 150 210

Any money spent “above these amounts is paid for waste or for non- 
essentials in the form of flavors of high price.”

The physiological value of portions of food sold over the counter of Ciilds’ 
Restaurants in New York lms been studied by F. C. Gephart of the Russell Sage 
Institute of Pathology. For comparative standards, the calories in bread and 
vintage champagne purchased elsewhere were selected. The following table, taken 
from Lusk's monograph, shows a few of the results :
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Food Value ok Portions, in Childs’ Restaurants, Including Bread and Butter 
When Served

Cost
Calories

Calories Cost in

Cents
Total

Per Cent

Protein

for Five per 1,000 
Calories

5 933 12 933 5
5 337 5 337 15

15 828 12 270 18
5 170 20 170 30

15 507 14 170 30
15 401 25 154 32
25 409 20 82 01

6 36 40 30
13

us
20 53 10 385

2<X> 345 0 9 588

•Not purchased in the restaurant.

As Lusk points out, the table proves that Childs’ Restaurant is by no means a 
charitable undertaking, but rather an institution for men of moderate means, if it 
be recalled that the average workman need not expend more than 8 cents per 1,000 
calories of energy.

What the Government Might Do.—The Government might, advan­
tageously, take up the matter of educating the people as to the most eco­
nomical way to live. Each package of foodstuffs offered for sale might 
have on its laliel information regarding (1) the fuel value of the food in 
calories, and (2) the relative content of the food in protein, carbohydrate 
and fat, ( are should lie taken, however, not to give a false impression to 
the people. They may easily get the idea that fuel value is the only impor­
tant. thing in food. Though the fuel value of a dirt is very important, 
qualities other than the fuel value must not he neglected. Among these, 
pmtuin-coutent, variety of protein, and flavor are well worth paying for.
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2. The Metabolism of Proteins and Their Derivatives
(a) The Significance of Proteins in Metabolism

The most important constituent of tlio protoplasm of all tissue cells is 
protein. A little of this protein is constantly being used up, so that, con­
tinuously, more protein must l»o supplied to the body cells. But aside 
from its use for the repair of the “machinery,” protein is also of impor­
tance in body metabolism as a carrier of potential energy.

In addition to the C, II and () that protein contains, in common with 
enrlwhydrato and fat, this foodstuff also contains N. In order that the 
study of the inctalxdism of proteins may l>o intelligently approached, the 
main facts of the physiological chemistry of proteins and their derivatives 
should ho reviewed. A brief epitome follows.

(b) Résumé of the Physiological Chemistry of the Proteins
Protein substances are characterised by large molecules, and solutions of pro­

teins, accordingly, present colloidal characters (coagulability on heating; precipi­
tation by concentrated salt solutions). Each molecule consists of a long chain 
of rather simple chemical links. The links differ <|uatitatively, and more espe­
cially, quantitatively, for the chains representing different substances, but these 
chains can lie broken apart by hydrolysis with acids, or by the action of digestive 
ferments or proteases (pepsin, trypsin, erepsin), when the links are found to 
consist of amino acids of different sorts. These amino acids include both mono­
amino acids and diamino acids. Part of them belong to the fatty acid series, 
part to the benzene series, and a few contain heterocyclic nitrogenous ring systems. 
The proteins thus contain N, besides C, II and O, and also, nearly always 8.

The great class of proteins may be roughly subdivided into groups as follows:

L The Proteins Proper

1. The Albumins (e. g., serumnlbumin, ovalbumin), soluble in water and 
in dilute salt solutions. Neutral in reaction. Not precipitated by acids or alkalis
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in aqueous solution; précipitable, however, from strong salt solutions (NaCl; 
MgRO«) by traces of acid. Not précipitable by (Nil,),SO, except in complete 
saturation. Contain no glycocoll, but rich in sulphur (1.5-2 per cent).

2. The Globulins (e. g., scrumglobulin, fibrinogen, thyroglobulin), insoluble 
in water; soluble in neutral salt solutions of medium strength; hence précipitable 
on dialysis. Soluble in dilute alkalis; on neutralization, precipitated unchanged, 
unless the amount of salt formed suffices to hold the substance in solution. They 
are précipitable from solutions by dilute acids, and by CO,. They are acid in 
character. They are also précipitable by concentrating neutral salts in their 
solutions; viz.: on complete saturation with NaCl or MgSO„ on half saturation 
with (Nil,), SOv They arc easily “denatured” so as to become insoluble.

3. The Muscle Proteins (e. g., myosin, myogen).
4. The Scleroproteins or Albuminoids (e. g., kollagen, glutin, keratin, elnstin, 

fibroin).
5. The Histons and Protamins possess an outspoken basic character, owing 

to the large amounts of arginin they contain.

il. The Compound Proteins ( = Proteids)

These consist of proteins proper to which a so-called “prosthetic1' groiti>, of 
wholly different structure, is attached. Examples of such prosthetic groups are 
(1) pseudonuclein, (2) glucosnmin, (3) nuclein, (4) hemochromogen.

The proteids include therefore:

1. The Phosphoproteids (e. g., casein, vitellin). These were formerly called 
nucleoalhumins, a bad name, since they are not at all like the nucleoproteids of 
cell nuclei. They contain no nuclcinic acid, though they are acids containing P in 
the prosthetic group (called pseudonuclein).

2. The Glycoproteids (e. g.y mucin, chondromucoid, seromucoid, etc.). In 
urine, a “urinary mucoid” occurs; it gives rise to the so-called nubecula. Acetic 
acid precipitates it. The glycoproteids are a combination of protein and glu- 
cosamin.

3. The Nucleoproteids (e. g., nucleoproteids of thymus, pancreas, etc.). They 
consist of protein combined with animal nucleic acid, the latter in turn containing 
purin bodies, pyrimidin bodies, and a hexose combined with P. Plant nucleic acid 
has a somewhat different structure (q.v.).

4. The Chromoproteids (e. g., oxyhemoglobin and its derivatives). These 
arc combinations of a protein (globin) with the prosthetic group hemochromogen or 
hematin, a pyrrol derivative (of the heterocyclic series).

iii. Degradation Products Derivable from Proteins

As has been said above, proteins consist of chains of amino acids, the carboxyl 
group—COOII—of one being united with the amino group—NIL—of its neigh­
bor in the so-called “peptid bond” (acid-amide-anhydride bond), with elimination 
of water, thus:

-CO |OH + h|. nh,- 
—CO-NH,—hHiO
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Now, on hydrolysis (by boiling with acids, or by the action of the ferments 
known as proteases), these chains of amino acids cm Ik- again split up, the cleavage 
occurring at the “peptid bond,” with re-introduction of water, thus:

-CO-Nil-
,A ■COOII+Nlls- 

011/ II

In the course of protein hydrolysis, at least four stages are distinguishable:
I. Stage of acid albumins or alkali albuminates, the first cleavage products.

II. Stage of albumoses (proteoses) and peptones, a complex mixture of 
polypeptids of varying size and character. None coagulates with heat. All yield 
the biuret reaction. The nlhumoses and peptones are distinguished by the fact that 
the latter are not précipitable by (Nll4),S04.

III. Stage of polgpeptids of smaller size.
IV. Stage of eud-producta (aiuino acids).

1. The Amino Adda

The principal amino acids thus far isolatnl are the following:

A. Amino Acids of the Fatty Acid Skiukh.

I. Monamino-monocarbonic acids.
1. Glycocoll (glyein, amino-acetic acid) - NIL CIIi. COOII.
2. Alanin ( <* -nminopropionie acid) ~CIIa. Cl IN'II.. COOII.
3. Valin (o-amino-iso-valerianie acid) = (CIL),CII — CII. NIL— COOII.
4. Leucin (a-amino-isobutyl-acetic acid)- (CIL)iCII — CH,— CH. NIL

- COOII.
5. Isoleucin ( a -amino- /9-methylcthyl-propionic acid) = CII*. C*IL. CH —

CH. NIL-COOII.

II. Monamino-dicarbonic acids.
1. Aspartic acid (aminosuccinic acid) - COOII - CIL— CII. NIL —

COOII.
2. Glutamic acid («-aminoglutaricacid) = COOII — CII. — CII, — CII-

NH,-COOII.

III. Diamino-monocarbonic acids.
1. Ornithin (a-i-diamino-valerianic acid) = CII,. NIL— CII,- CIL —

CH. NIL-COOII.
2. Lysin ( a - # -diamino-caproic acid) = CIL. NIL — CIL— CH, — CH«—

CII. NIL-COOII.

IV. Guanidino acids.1
1. Arginin ( a -amino- 8 -guanidino-valerianie neid) = NIL — C(NH) — 

NH- CH,- CIL-CIL-CII. NIL-COOII.
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' Two substances related to these aeids are :
Creatin (methyl-guanidino-aeetic acid) = NH,- C(NH) - N(CHs) - CH* -COOH 

and Creatinin (methyl-glyko-cyamidin ), not really an amino avid but an anhydride 
of creatin.

N(CH,) -CH,

C-NII

V. Amino-ory acids.
1. Serin («-amino-fl-oxypropionic acid) =011,011 — CI1N1L—COOH.
2. Diamino-trioxydo-decanic acid.

VI. Sulphur-containing amino acids.
1. Cystin ( a -diamino- p-dithio-dilactyl acid) = COOH - CHNH,— CH*. 

S- S. CH,- CH. NH, - COOH.

B. Amino Acids op the Aromatic Series.

1. Phenylalanin (phenyl- a -amino-propionic acid) = C,H, — CH,—CH.
NH, - COOH.

2. Tyrosin (para-oxy-phenyl-a-amino-propionic acid) =C„II4. OH—CH,
- CH NH,- COOH.

C. Amino Acids of the Heterocyclic Series.

1. Prolin ( a -pyrrolidin-carbonic acid) =

H,C -CH,

HC CH.COOH

NH

2. Oxyprolin (oxy-a-pyrrolidin-carhonic acid).
3. Tryptophan (indol-amino-propionic acid) =

-C-CH,-CH. NHj-COOH

4. Histidin ( /9-imidazol- a -amino-propionic acid) =
NH-CH

N-C-CH,-CH NH,-COOH
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Table Showing the Percentages of the Various Amino Acids in Several Proteins
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Alanin.................. 2.7 2.22 1 i 0.9 3 0 3 4.211 1.2 0 0 0 S 21 0
Aminovalerianic

1 0 1 .(] 5.7
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2.5a 0.7 0.005

+ 5 80 4.0 0.9 4 28 + 5 0 0 + Il 0
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Phenylalanin....... 3.08 3.84 1 5 3.5 2.5 2 2 4.24 3 0 3 9 0 4 1 5
Tyrosin................ 2 1 2 5 1 7 4,5 3 5 5 2 1 5 4 0 0 84 0 10 5 1 0
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2. The Polypeptids
These consist of shorter and longer chains of aniino acids; thus, a chain con­

sisting of two acids is called a dipeptid (e. <j., glyeyl-l-tyrosin ), one of three 
acids a tripeplid (e. <j., 1-leueyl-glycyl-d-alunin) ; tetrapeptida, pndapeptids, he.ra- 
peptids, octapeptids, decapeptida, telrndcrnpeptidu and octadecupeptida are 
known. Some of these have been isolated from mixtures obtained by partially 
hydrolyzing proteins ; others have been made synthetically (Emil Fischer).

3. The Peptones and the Album oses
Some of the polypeptids resemble “peptones” closely, and some, especially tri- 

peptids and pentapeptids containing 1-tyrosin, resemble “albumoses” extraordi­
narily. The probability is that albumoses do not have very large molecules, us was 
formerly supposed, but that the so-called albumose-reactions depend upon Un- 
kinds of amino acids present in chains at various stages of the degradation of 
proteins. It has been suggested that the term “albumosc” be dropped altogether 
and that, instead, the term “peptones not précipitable by ammonium sulphate” be

Though, in reality, peptones, albumoses, and proteins are chains of amino acids 
(/. e., polypeptids), the term polypeptid is, at present, arbitrarily reserved for 
the chains that have lost their peptone-character, i. e., those that no longer yield 
a biuret-reaction.
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iv. The Course of Protein Metabolism
The following scheme, constructed by Taylor, illustrâtes well the main faits 

of protein metabolism, including exogenous protein.

Input Blood Metabolism Output

Excess of I 
protein j

Products of 

Digestion

proteins

-Uric acid

•urin bases

Pig. 032.—Course of Protein Metabolism. (After A. E. Taylor, In his “Digestion and 
Metabolism." published by Lea & I'Yhlgor, Philadelphia.)

v. General Chemical Properties of the Proteins

1. Prole ins as (1otloids

They In-lmve physically as hydrophile colloids, occurring as sols in the body 
fluids, hut go easily from the sol-state to the gel-state, sometimes reversibly (pre- 
cipitation by neutral salts), sometimes irreversibly, when they are “denatured” 
(precipitation by salts of the heavy metals like llgt'l, CuSOi, Pb(C,!!,<),); 
coagulation hy heat).

The molecular weight* of the principal proteins are not exactly known, but they 
must Ik* very large. Thus, it is estimated that the molecular weight of scrum- 
albumin is 5,100, that of oxyhemoglobin 14,800.

2. Proteins as Electrolytes
The proteins have both acid and basic qualities and can form salts with both 

acids and bases; they arc amphoteric electrolytes, of the general formula II alb. 
OH, and can, on dissociation, yield either 11-ions or Oil-ions; they can liais 
play an important part in temporarily neutralizing, cither uu excess of avid, or an
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excess of alkali (maintenance of equilibrium between acids and bases in tbe 
organism).

The proteins are optically active; in aqueous solutions, they are laevorotary.

3. Color Jicaclions for Proteins
There are a great many ; the most important are (1) the biuret reaction, (2) 

the xanthoprotein reaction, (3) Mi lion's reaction, (4) the I'bS reaction, (5) the 
reaction of Molisch, ((>) the Hopkins and Cole reaction, and (7) the reaction of 
Neubauer and Rohde.

1. The Biuret Reaction.—Make the solution alkaline with KOII; add 1-3 
drops dilute solution of VuSOv If proteins, albumoses, or peptones be present, 
a bluish-violet color (native proteins), or a red color (histons; peptones) will 
appear. Avoid excess of CuS04.

The biuret reaction depends upon tbe presence of pairs of groups of the char­
acter — ('ON IL, — CSXII„ — C(NH)1, or —VII N11, ( Seliiff).

2. The Xanthoprotein Reaction.—On warming with strong UNO,, solutions 
or precipitates of protein turn yellow; on adding excess of NaOlI, the color turns 
red-brown. This is due to the nilration of benzene-groups or of indol-groups. 
The yellow color of the skin touched with nitric acid is an example.

3. Millon's Reaction.—Boil the solution containing protein with Millon's 
reagent, a solution of llg in IINO, (containing some UNO,), or with Nasse's 
reagent (aqueous solution of acetate of mercury, to which, just before use, a few 
drops of 1 per cent solution of NnNOa are added). A precipitate forms, which, 
on warming, turns intensely red. The reaction depends on the presence of the 
oxy phenyl-group in t y rosin; hence, proteins like gelatin, that do not contain 
tyrosin, fail to yield Millon’s reaction.

4. The PbS Reaction.—Boil the solution containing protein with NaOH and a 
lead salt ; a black precipitate of PbS is formed. This reaction depends upon the 
presence of cystin.

5. The Reaction of Molisch.—To 1 c.c. of the solution containing protein, 
add two drops of a 20 per cent solution of a-nnphthol, and then 1-2 volumes of 
concentrated 11,80,; a ruby red, or a violet color appears, which, on adding alcohol, 
ether, or NaOH, turns yellow. The reaction depends upon the carbohydrate-group 
(glucosamin) of the protein molecule; hence, proteins like casein, devoid of car­
bohydrate, do not give it.

C. The Reaction of Hopkins and Cole.—To the solution containing the pro­
tein, add some glyoxylie acid (COOH — COII) (obtained by adding sodium nmul 
gam to a strong solution of oxalic acid, and after gas ceases to be given off, 
filtering), and then some concentrated 11,80,; a blue violet color appears. The 
reaction depends upon the presence of tryptophan.

(The reaction of Liebermann, and the reaction of Adamkiewicz, are due to 
contaminations of the reagents with glyoxylie. acid!)

7. The Reaction of Neubauer and Rohde—To the solution (or suspension) of 
protein, add 5-10 drops of a 5 per cent solution of p-dimcthylaminnhcnzaldchyde in 
10 per cent 11,80,; while shaking the tube, run in some concentrated 11.80,; a 
reddish-violet color appears, changing to dark violet. The reaction seems to de­
pend upon the presence of tryptophan.

J/. Precipilalion-Peaclions for Proteins
The most important, are (1) the salt-precipitations, (2) precipitation with 

alcohol, (3) coagulation by heat in feebly acid solutions, (4) precipitation by
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strong acids, e. g., HNO„ and (5) precipitation by the so-called “alkaloid-reagents,” 
e. g., phosphotungstic acid, trichloracetic acid, picric acid, sulphosalicylic acid, 
and potassium ferroeyanid with acetic acid.

(c) The Constant Need of Protein by the Body
Lifo cannot lie maintained long without the addition of protein to tin- 

diet. A man fed only on fat, sugar and starch will die.
Moreover, in foodstuff*, there are different kinds of protein, and the 

variety of protein ingested is by no means unimportant. Thus, the proteins 
of milk, meat, fish, gelatine, bread and vegetables vary considerably in 
their constitution. During digestion, as we have seen, all the proteins 
are broken up into their constituent amino acids, of which, as we have 
also seen, there are many varieties. These amino acids can be combined 
in different ways so as to form different kinds of proteins, just as the 
letters of the alphabet can be combined in different ways to form dif­
ferent words.

To quote from Lusk : “Suppose the word albumin were broken up by digestion 
into the letters a, b, i, l, m, n, u, then if these letters were absorbed they could 
be reconstructed into albumin again. Assume the same for the word globulin. 
Now if both albumin and globulin were to be formed from a common word, one 
would have to ingest a hypothetical substance called amglobulin, convertible into 
globulin if the letters a, m, are abandoned to their fate, or into albumin on similarly 
exorcising the letters l, g. Carrying the analogy still further, it is evident that 
if the letter b were not in the word amglobulin, neither albumin nor globulin could 
possibly be produced.”

(d) Superior and Inferior Proteins in Foods
The physiological value of the different proteins varies, therefore, 

with their content in elementary amino acids, and a very good idea of 
the content of some of the more important proteins can be gained from 
the table given above in the resume of the physiological chemistry of the 
proteins.

Thus, casein, contained in milk and cheese, contains practically all of I lie 
amino acids that enter into the formation of the different kinds of protein of 
the body cells. Broken up during digestion into its constituent building stones 
(amino acids), the latter can he rearranged in the body to form the proteins 
required for the structure of the cells in the different organs. It 1ms been 
shown that a child can transform as much as 40 per cent of the protein in its 
food (largely casein of milk) into new structural machinery, “the architecture 
of which depends upon u regrouping of individual units formerly in the pro­
tein of milk.”

Among the superior proteins, that is, those especially valuable for 
human food, because they contain the amino acid units that when rear­
ranged can form the proteins of the human body, are those of milk, meal,
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eggs and fish. Among the* inferior proteins arc those of bread, beans, and 
Indian corn. The proteins of rice and potato occupy an intermediate posi­
tion.

The relative physiological value of proteins of different, origin is well 
shown by the experiments of Thomas, according to which the following 
minimal amounts of protein were required to protect the body protein 
from loss :

Meat protein............................................................... 30 grams
Milk protein................................................................ 1)1 grams
Rice protein................................................................ 34 grams
Potato prot ein............................................................  38 grams
Bean protein................................................................ grams
Bread protein.............................................................. 70 grams
Indian corn protein....................................................  102 grams

Lusk suggests that facts such as these should make it possible for us to 
classify proteins in groups according to their physiological value. Just as milk is 
sold in our large cities as of three grades, A, 11, and (', in like manner the proteins 
of food stuffs could he labelled A, It, and C, according to their physiological value, 
and in another group, D, might he placed gelatine and certain other proteins 
that arc incapable, in themselves, of replacing body protein.

Most important, in this connection, arc the researches of Osborne and Mendel 
of New Haven. Osborne has shown that in wheat two important proteins are 
present in approximately equal amounts ; namely, wheat glutenin and wheat glia- 
din, the former having a content in amino acids similar to that of casein, the 
latter being very different, since it contains no lysin and has an excess of glutamic 
acid (37 per cent), contrasted with the lower glutamic acid content (10 per cent) 
of the protein of milk and muscle. Feeding experiments with animals revealed 
remarkable differences according as glutenin or gliadin were used. In the one 
instance, growth was satisfactorily maintained; in the other, the animals were 
dwarfed, though if the missing amino acid unit, lysin, were added to the gliadin 
diet, the animals began to grow. In Indian corn, there are also two important 
proteins, glutenin and zein. The former is a superior protein, the latter a pro­
tein of inferior type, since, like gelatine, it contains no tryptophan. Animals 
fed on zein failed to grow, hut if the missing tryptophan were added to the zein 
diet, life was much prolonged, and, in some instances, weight was maintained.

I'hnseolin, a protein of the kidney bean, is much like zein. Animals fed upon 
it failed to maintain their body w’cight owing to the lack of some necessary amino 
acid in its constitution.

Casein is one of the most valuable of all the proteins. Osborne and 
Mendel have shown that it can cause normal growth and that all the 
proteins of the body, even the more complex ones (hemoglobin, elastin, 
collagen, keratin, etc.) can he made from it. Olycocoll, it is true, is 
absent from casein, hut the animal body has the power to make glycocoll 
artificially from casein. The body docs not, however, possess the power 
to build tryptophan or lysin artificially, and this is probably the reason 
why gelatin, gliadin and zein cannot supply the building stones from 
which there can lie formed the body protein necessary for the repair of 
the body machinery.
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It is true that if all the proteins present in bread and in corn he con­
sidered, these grains will he found to contain all the amino acids neces­
sary for the building of body protein, and if enough bread or corn bo 
eaten, human life can bo maintained on such a vegetable diet. But, on 
such a diet a very extravagant use of proteins is involved, since the pro­
portions of amino acids are such that a great many of them cannot ho 
utilized for the synthesis of body proteins. Animals exist on plant pro­
teins, it is true, reconstructing the constituent amino acids into beef, mut­
ton and pork proteins, and oxidizing and eliminating the excess of the 
chemical units that are unnecessary for the structure of animal cells. 
Human beings, through eating meat and milk, obtain proteins much bet­
ter suited for the manufacture of their own body proteins than the less 
closely related proteins of the vegetable kingdom.

It is, however, not a serious matter if the healthy body takes (1) a 
certain amount of protein of inferior grade, or (2) proteins of superior 
type in excess of the bare requirement necessary to repair the tissues of 
the body; for the amino acids that cannot be utilized in the building of 
body protein, or even an excess of those that can bo so used, will be used 
as fuel and burned, just as fat and carbohydrates are burned. The amino 
acids undergo deaminization with formation of ammonia and urea, and 
their nitrogen-free residues easily undergo oxidation to carbon dioxid and 
water. Excess of protein in the diet throws extra work on the kidneys, 
which must eliminate the urea formed if it is not to bo retained and cause 
intoxication.

It is probable that the proteins of serum (scrum-albumin and scrum 
globulin) are again broken up as required by the single cells of the differ­
ent organs of the body. The studies of J. J. Abel by the method of 
dialysis, with utilization of the so-called artificial kidney or vividiffusion, 
have shown, however, that free amino acids are always present in the blood, 
and that by prolonged dialysis large quantities of these can be removed 
from the circulating blood. It seems likely, then, that the individual body 
cells can abstract from the blood, at need, the particular building stones 
required for the architecture of their special proteins. The careful studies 
of Van Slvko and his associates are throwing light upon the distribution of 
amino acids in the several organs of the body.

(e) The Physiological Decomposition of Protein in the Body 
Metabolism

Certain facts regarding the disintegration of protein in the bidy 
should bo kept in mind. In the first place, the metabolism of protein is 
more or less independent of the protein intake. During starvation, pro­
tein is continuously metabolized. In non-fasting persons, the more 
protein ingested, the more the body metabolizes, though, gradually, the
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protein metabolism adapts itself to tlio protein intake, so that, protein 
rquiHbrium exists, or, in other words, the body exactly maintains the 
amount of its protein, neither losing nor gaining protein.

Fats, carbohydrates and alcohol, if ingested along with protein, dimin­
ish somewhat the amount of protein metabolized ; in other words, they aro 
“sparers” of protein.

The end-products of protein metabolism include urea, ammonia, car­
bon dioxid and water.

In intermediary metabolism <>f protein, poly pc pi ids, amino ueids and 
the nitrogen-free residues of deaminized amino acids, are the important 
substances.

Since nitrogen is present in proteins in fairly constant amount (16 
per cent), it is customary to measure total protein metabolism by the 
nitrogen of the intake, on the one hand, and the nitrogen of the output 
(in the urine and feces), on the other, since by multiplying the amount 
of nitrogen by =6.25, the corresponding amount of protein is ob­
tained.

(f) Protein Balance; Nitrogen Balance
In protein metabolism wo may have (1) a condition in which protein 

is neither added nor lost (protein equilibrium ; nitrogen equilibrium), 
(2) a condition in which tlio amount of protein in the body is increased 
(protein gain; positive nitrogen balance), or (3) a condition in which 
the protein of the body is diminished (protein loss; negative nitrogen 
balance).

If a man be starved completely, the nitrogen excretion in the urine will 
become constant after a few days, and will amount to about 0.1-0.3 g. of N 
per kilo of body weight. If the man be not starved, but be fed on carbohydrate 
and fat, without any protein, the nitrogen loss will be somewhat diminished. 
To maintain nitrogen equilibrium, protein must be added to the carbohydrate 
and fat, and in somewhat larger amounts than the amount that corresponds 
to the nitrogen excretion during complete starvation; the protein of the intake 
must be accompanied by sufficient carbohydrate and fat to cover the calorie needs 
of the body. Finally, as we have seen, the food intake should include superior 
proteins, that is to say, proteins that contain, and in suitable proportions, the 
amino acids required for the constitution of the body proteins.

Tlio minimal protein intake that will maintain nitrogen equilibrium 
has been carefully studied by Chittenden. It varies in quantity under 
different circumstances (50-80 grains protein per day).

A protein-gain (with positive nitrogen-balance) is difficult to produce, 
except under certain conditions. Even when largo amounts ol protein 
of superior typo are ingested, the body strives for protein equilibrium, 
and proteins ingested in excess of the amount necessary for tliii: aro 
oxidized and eliminated. However, during growth, in convalescence a '‘ter
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severe disease, or in states of under-nutrition, the protein-gain mav Li 
quite marked on a literal diet. A less pronounced protein-gain can !*> 
observed on Literal feeding if much muscular exercise bo taken, or on 
removal to a mountain climate.

A protein-loss (with negative nitrogen balance) occurs in all states of 
under-nutrition (starvation, wasting diseases, fever, hyperthyroidism, 
etc.).

On removal of exudates (repeated tapping of a pleural effusion or of an 
ascites), there is an outspoken protein-loss. If such exudates undergo absorp­
tion, the proteins are quickly oxidized and eliminated (epicritical excretion of 
nitrogen in pneumonia).

In fever, in cachexias, and in certain intoxications, there may l>e a marked 
destruction of protein with outspoken nitrogen loss and negative nitrogen balance. 
This is the so-called toxic destruction of protein.

In the states referred to above, we have considered only conditions in 
which the kidneys function normally. But the N-balunee may ho dis­
turbed, even when the actual nitrogen metabolism is unchanged, owing to 
alterations in excretion of nitrogenous bodies. Thus, on the one hand, 
after abundant water-drinking, larger amounts of urea than normal mav 
U* washed out of the body, for a brief |»eriod. On the other hand, in the 
nephropathies, where renal insufficiency exists, the nitrogenous end prod­
ucts of protein metabolism may not bo excreted as rapidly ns is normal, in 
which event they are retained in the blood and accumulate in the ImmIv. 
Other excretory organs may compensate, more or less, for the renal insuffi­
ciency ; thus, more urea than normal may ho excreted through the sweat 
and through the feces. But, sooner or later, the retention in the blood 
becomes marked and along with other retained substances causes outsjioken 
intoxication (uremia).

(g) Synthesis of Pathological Proteins in the Body

In pathological states, abnormal proteins may arise within the ImmIv. 
Thus, in amyloid degeneration of the organs, the amyloid protein is 
formed. In tumors of the bone-marrow, and in some cases of leukemia 
(Boggs and Guthrie), the Bence-Jones protein is formed in large amounts, 
and is excreted us such in the urine.

(h) Excretion of Non-metabolized Amino Acids in Pathological 
States

When large amounts of protein undergo sudden disintegration in the 
hodv, as in acute yellow atrophy of the liver, or in phosphorus poisoning, 
products of the intermediary motnltolism of protein, such as the amino 
acids, may lie excreted in the urine ns such, without being inetnMized.
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Lcucin, tyroain, glycocoll, and phenylalanin, may, in such circumstances, 
appear in the urine (Alidcrlialdcn and Barker).

Again, in certain congenital disorders of metabolism, faults of inter­
mediary metabolism aro discernible; thus, in alcaptonuria homogcnlisic. 
acid is excreted in the urine; in cystinuria the sulphur-holding amino, 
acid cyslin is excreted in the urine (See Amino Acid Diatheses).

(i) The Specific Dynamic Action of Protein
Among the many remarkable properties of protein, one more must 

1» especially referred to. More than any other foodstuff, protein has the 
power to increase the production of heal in the body.

People who live in the tropics tend to cat but little protein. The 
Eskimos, who live in the Arctic region, cat enormous quantities of pro­
tein. People who live on a low protein diet often suffer intensely 
from the cold. Tlio best fortification against cold on a severe winter day 
is a large meal of beefsteak or of roast beef.

The heat production of an animal may be doubled by excessive mcat- 
feedingy and experiments have shown that the feeding of single amino 
acids, such as glycocoll, will stimulate heat production. Even in diabetes, 
when the glycocoll ingested is converted into sugar, and does not undergo 
oxidation, it still, when fed, causes increased beat, production—a very 
remarkable fact. These amino acids seem to act, in such circumstances, as 
chemical stimuli, rather than by virtue of their energy-content. This 
specific dynamic action of protein, as Buhner calls it, holds for all kinds 

, for those of inferior, as well as for those of superior, type; in 
other words, as Lusk puts it, “to obtain the warming effect, it is not neces­
sary to purchase beef, a relatively costly article of diet.”
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3. The Metabolism of Nucleins and Purins
(a) Introduction

The nuclei of cells in foodstuffs and in the animal body are very dif­
ferent chemically from the protoplasm of the cells. They contain nucleins, 
which arc exceedingly complex chemical substances. These nucleins tiro 
insoluble acids that form soluble sodium salts. They yield some of the 
color reactions of protein (q. v.)f but differ from ordinary proteins in 
the phosphoric acid that they contain, and especially, in the resistance 
that they offer to the solvent action of artificial, and natural, gastric j nice.

Mieseher’s studies showed that the nucleins of the heads of spermatozoa 
consist almost exclusively of a salt, composed of an inorganic base (rich 
in nitrogen), known as protamin, and of an organic acid (containing
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J. Biol. Chem., phosphorus) known as nucleic acid. Kosscl demonstrated the presence of 
alloxuric bases, afterwards known as purin bases, in nucleic acid, these

zen und llarn- 
\ig, 1915, cxvii, acids on hydrolysis yielding two aminopurins (guanin and ndenin), which 

[ on oxidation yield tho two oxypurins, xantliin and hypoxanthin. These
U with moUUitt oxypurins, when further oxidized, yield uric acid, a trioxypurin.

[Sur une nau­
tiques.] Zlsrltr.

The conviction has become general that all nuclei ns consist of combina­
tions of nucleic acid with protein; in other words, that nuclein is a salt 
of nucleic acid. The study of nuclein metabolism therefore resolves itself

. rend. A nul. d. into (1) the study of the metabolism of proteins (see above), and (2) tho 
study of tho metabolism of nucleic acid (see below).

doffs am Staff- 
17 0.
1 blood-nitrogen 
81-86.
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(b) The Nucleic Acids and the Nucleotides 
i. Nucleic Acid in Animals and Plants

It turns out, as a result of recent studies, that there are two great
l. Chem., Balti- types of nucleic acid, one peculiar to tho nuclei of animals (animal nu­

jrc, 1915, xxii, cleic acid) and one peculiar to the nuclei of plants (plant nucleic acid).

'h and the pré-
1915, jx, 811“

Tho animal nucleic acid that lias been best studied is that derived from 
tho nuclei of the cells of tho thymus gland (thymus nucleic acid), and it

\rztl. Furlbild.,
I seems likely that tho nucleic acids of the nuclei of other cells in the human 
[ and animal body arc identical, or nearly identical, with this thymus nucleic

imore, 1914-15, I acid.
Tlio plant nucleic acid that has been liest studied is that derived

rins
1 from tho nuclei of the cells of yeast (yeast nucleic acid), and it seems 
I likely that tho nucleic acids of the nuclei of other cells in the vegetable
1 kingdom aro identical, or nearly identical, with this yeast nucleic acid. 

Studies of tho cleavage of these nucleic acids make it seem certain that
iro very dif- 
ain niudcins, 
nucleins aro 
some of tlio 
proteins in 

io resistance 
rastric juice.
spemalov*
c bn* (ril'h 

(conlaimog

I each consists of a chain of four simpler bodies known as nucleotides ; in
I other words, the nucleic acids are tetranucleolides.

The tetranucleotides can he deft into two dinucleotides, each of which
1 can in turn ho cleft into two mononucleotides.

ii. The Mononucleotides
Now each mononucleotide is itself a chain consisting of throe links, 

* of which the middle link is a carbohydrate group, one end-link is a phoa- 
|E phoric acid group, and the other end-link is a base :
1 Phosphoric acid—Carbohydrate—Rase.
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The phosphoric acid group, which forms one end-link, seems to be the same 
in all mononucleotides, whether derived from animal nucleic acid or from plant 
nucleic acid.

The carbohydrate group, which fonns the middle link of the nucleotide chain, 
has been found in plant nucleic acid to be a pentose, namely d-ribose. In the 
mononucleotides of animal nucleic acid, the carbohydrate link is not a pentose 
hut a hexose; its exact nature is not understood, but it is known to yield levulinic 
acid as a secondai y product.

The base, forming the link at the other end of the mononucleotide chain, is 
different for each of the four nucleotides of which the tetranucleotide, plant nucleic 
acid, is mode up. In two of these monorueleotides, it is a purin base (gmmin 
in one, adenin in the other) ; whereas in the other two mononucleotides of plant 
nucleic acid, it is a pyiimidin base (uracil in one, cytosin in the other).

The four mononucleotides of plant nucleic acid are then:

A. Purin Base Mononucleotides.
1. Guanin-mononucleotide (= Phosphoric acid—d-riliose — guanin).
2. Adenin-mononucleolide (-- Phosphoric acid—d-ribose—adenin).

B. Pyrimidin Base Mononucleotides.
3. Uracil-mononucleotide (= Phosphoric acid — d-ribose — uracil).
4. Cytosin-mononucleotide (= Phosphoric acid—d-ribose—cytosin ).

In animal nucleic acid, there are also two purin bases (guanin and adenin) 
and two pyrimidin bases (thymin and cytosin), a different base for each of the 
four mononucleotides of which animal nucleic acid is composed. It will be ob­
served that the two purin bases are identical for the two types of nucleic acid: 
of the pyrimidin bases one (cytosin) is present in both nucleic acids, but plant 
nucleic acid contains uracil (and not thymin), while animal nucleic acid contains 
thymin (and not uracil).

iii. Structure of Plant Nucleic Acid

The formula of plant nucleic acid may, therefore, be conceived of as represented 
by the formula :

IIO

0-PO.CIHI0«.C|H«N|0
guanin group

°\
0=TO C1H.0, C.H,N,0
/ cytosin group

O
\

0-PO.Cato,C.H,Nfl,
/ uracil group

O
\

O-PO C.H.O..C.H.N, 
jjq'' adenin group
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Its composition, as n tctranucleotide chain composed of four constituent mono­
nucleotides united in the form of a polyphosphorie acid, will be obvious from a 
view of the above formula.

I have placed the guanin-mononucleotide next in the chain to the cytosin-mono- 
nuclcotide, since Walter Jones has been lucky enough to split yeast nucleic acid into 
two dinucleotides, one of which yielded guunin and cytosin, but neither adenin 
nor uracil, and the other yielded adenin and uracil but no cytosin, and only a trace 
of guunin (probably a slight impurity).

iv. The Structure of Animal Nucleic Acid

The formula of animal nucleic acid may, in turn, be conceived of, according to 
Lcvcne and Jacobs, as represented by the formula :

HO
\

O- PO-CtH idO«—C|II«N»0
/ guanin group

O

O- ro-C,H.O,-C JI»N/),
/ I thymin group

HO I
O

0-P0-('JI,,0,-C4H4N,0
/ I cytosin group

HO
O
X

0=PO-C,H.o04-C\H4N»
/ adenin group

HO

v. Hydrolysis of Nucleic Acids

The products of hydrolysis of the two nucleic acids actually found, are as 
follows:

Hydrolytic Products of Nuclf.ic Acid

Of Plant Origin Of Animal Origin

Phosphoric acid Phosphoric acid
<luanin (luanin
Adenin Adenin
( 'ytosin Cytosin

Thymin
IVnUne Levulinic acid
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vi. Manufacture of Nucleic Acid by the Human Body

The human body is capable of forming its own nucleic acids and cell 
nuclei on a purin free diet; thus, the new-born infant lives for many 
months on a milk diet, which is purin free. Patients who suffer from gout 
often live for long periods on a diet that is practically purin free.

The disturbances of purin metabolism observable in gout, in leukemia, 
and in certain other conditions, arc referred to in the sections dealing 
with special diseases of metabolism (Part XIII, Section ii).

vii. Extranuclear Nucleotides

Aside from the nucleotides that arc constituents of the nucleic acids 
that occur in the nuclei of the cells of the body and in the nuclei of 
cells (animal and vegetable) of the food, certain extranuclear nucleotides 
are now known to exist in the human and animal body. I refer to (1) 
(juanylic acid and (2) inosinic acid.

Guanylic acid is an extranuclear substance present in considerable quantity 
in the pancreas and other glands. It was at first supposed to be a nucleoprotein 
(betanucleoprotein of Ilammarsten), but the evidence now is in favor of an 
extranuclear origin. It has been shown to have the following structure:

HO
\

O » PO-C,HiO,-CsH«NsO 
Z 

HO

It will be seen at once that this is identical with the guanin mononucleotide of 
nucleic acid. Like the latter body, it yields, on hydrolysis:

Phosphoric acid -f- d-ribose + guanin.

Inosinic acid is an extranuclear substance present in considerable quantity 
in muscle. It has been shown to have the following structure:

HO
\

O - P0-CSH,0,-C|H,N/)
/

HO

It will be seen at once that this is the structure of a pentose-nucleotide, closely 
resembling the adenin-mononucleotide of plant nucleic acid, but differing from 
it in that the adrenin group (an aminopurin) is replaced by its deaminized product 
hypoxanthin (an oxypurin). Thus inosinic acid, on hydrolysis, yields:

Phosphoric acid -f- d-ribose hypoxanthin.
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(c) Nucleosides
Having studied the general structure of tlic mononucleotides wo are 

now able to understand the structure of nucleosides. A nucleoside is sim­
ply a mononucleotide chain, deprived of one of its end-links. Thus a 
mononucleotide has the structure:

Phosphoric acid — carbohydrate — base.

This may lose cither the phosphoric acid end-link and so become a 
“carbohydrate-base nucleoside,” or the base end-link and become a “plios- 
phoric-acid-carbohydrate nucleoside.”

Take, for example, the guanin-mononucleotide of plant-nucleic acid; either it 
may low the end-link phosphoric, acid and give rise to d-rilmsc-guanin (known 
as the nucleoside “guanosin”), or it may lose the end-link guanin and give rise I.» 
the nucleoside “d-ribose-phosphorie acid.” Tlius, on hydrolysis of guanin-mono- 
nuclcotidc, the molecule may split at (1) or at (2):

HiPO«-C\H,Oa- C*H«N»0 + H<0
î î

(1) (2)
(i)-H,ro, +c.ii,o.-r.ii.N.o

=Phosphoric acid + guanosin

or (2)=HiP0«-C»H,0, + C\H»N,0
=d-ribosc—phosphoric acid + guanin

Thus from the four mononucleotides of plant nucleic u<...................... *
off the phosphoric acid end-link, four nucleosides aro formed. Thev are:

A. Aminoi'urin nucleosides :
1. Guanosin (=d-riboso — guanin)
2. Adenosin (=d-riboso—adcuin).

B. Aminopyrimidin nucleosides:
3. Cytidin (=d-riboso-~ cytosin)
4. Uridin (=d-ribose— uracil).

From the four mononucleotides of animal nucleic acid, four glucosides 
(hcxose-nucleosides) should be obtainable (hexose-guanin, hexose-adenin, 
hexose-eytosin, and hcxosc-thymin).

It is interesting that the extranuclcar mononucleotides, guanylic arid and 
inoainic acid, similarly yield nucleosides, in the one instance guanosin, in the other, 
inosin (= hypoxnnthosin).

The aminopurin nucleosides, guanosin and adenosin, are easily converted into 
the corresponding oxypurin nucleosides, xanthosin and inosin, and the nmino- 
pyrimidin nucleoside, cytidin, can be converted into the corresponding oxypyriiu-

76280^



THE STUDY OF METABOLISM 685

idin nucleoside, uridin. The purin nucleosides are easily broken up into carbo­
hydrate and the corresponding purin. Thus gunnosin yields guanin; adenosin 
yields adenin; and inosin yields hgpoxanthin. The pgr,midin nucleosides are very 
resistant to hydrolysis.

(d) The Purin» 

i. Structure of the Purins

Wo have seen that certain purin bodies enter into the formation of 
nucleic acid and its constituent nucleotides and nucleosides.

Guanin, hypoxanihin, xanlhin, and uric acid have long been known in 
i ' studies; a fifth body, adenin, was discovered by Kossel in 1880. 
These five substances must lie looked upon ns chemical derivatives of a 
mother-substance known ns purin, hypothetically formulated by Emil 
Fischer in 1898, and afterwards s) prepared by him. The
following formulae explain themselves :

N.-C,

Purin Nucleus
(Atoms numbered according to E. Fischer) ('« (’&—N7

Xc,
/

N.-lh-N,

Purin ((\H4N4)

N-CH

HC C-NH
\

CH
N - C-N ^

N = CNH,

HC C-NII
\

CH
N-CN-^

Adenin ((‘JiiN.,) =0-aminopuriiv

54^9

31
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HN-CO

Guanin (CfcHsNiO) = 2-amino-G-oxypurin: NH*.C C —NH

Hypoxanthin (C5H4N40) = 6-oxypurin :

Xanthin (C5H4N402) = 2-6-d ioxypurin :

Uric Acid (C6H4N402) = 2-6-8-trioxypurin :

\
CH

N- C-N  ̂

HN - CO

HC C-N 
II X 

CHII S
N-C-N

HN-CO

OC C-NH
II \CH

HN - C-N  ̂

HN-CO

I
I

OC C-NH

HN - C-NH
/

A somewhat similar method of representing these bodies is as follows. For 
tlie purin nueleus with its three replaeeuble hydrogen atoms, we may write tho 
abbreviated expression:

H (2) 

Pur—H (6) 

H (8)



THE STUDY OF METABOLISM

Then the relation to one another of the five punn compounds that interest 
us especially in human metabolism can be seen from the following formulae :

Pur-OH Pnr-NH,

(iiinnm
(2-amino-U-oxynurin)

Aiiemn
(iWamiimnurin)

OHz
Pur-OHPur-OH c Pur—OH

llypiixuntliiii
(ii-oiypurin)

Uric Arid
2-0-8-(trioxy|mrin)

X anthill
(2-tHliuxypurin I

ii. Syntheses of Purin Bases

The four different purin bases (guanin, adenin, xanthin, and hypoxanthin) 
have been made artificially from uric acid by Emil Fischer. Chemists have 
shown also that the aminopurins can lie converted, chemically, into the oxypurms 
by the action of nitrous acid. Uric acid can lie formed from all four of the bases. 
Thus, guanin and adenin may undergo deaminization to form the oxypurins xanthin 
and hypoxanthin, which, in turn, can be oxidized to uric acid. Or, the oxidation 
may precede the deaminization, in which event the end-product is the same but 
the intermediate products are different.

iii. Synthesis of Uric Acid

Uric acid can be made synthetically, in the test tube, from urea and 4-5-dioxv

NH-C-0

NH-C

HN
Xooz

HN

In birds, uric acid is formed synthetically in large amounts in normal meta­
bolism (Minkowski, v. Mach). This occurs in the liver, from ammonia and lactic

In surviving organs of mammals, or in organ pastes (calves’ liver, ox liver, dog’s 
liver) in the presence of CO, and of blood, uric acid may be synthesized. It has
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been suggest<-d that in this synthesis, dialuric acid and urea are united to form 
uric acid (Ascoli and Izar) :

NH—C - O

C- H.OH H IIN

C-0+
/

NH—C- =0 II 11N

The evidence is strongly against the formation of any considerable amount of 
urie acid synthetically in man, though the purin bases are doubtless synthesized 
to a large extent (certainly in sucklings, and in persons who live for long periods 
on a purin-free diet).

iv. Oxidation Products and other Transformations of Uric Acid
On treatment with water and oxygen, in the presence of suitable catalyzers, 

uric, acid can he converted (1) into glyeoeoll, ammonia ami carbon dioxid, (12 ) into 
urea and alloxan, (3) into oxalic acid, ammonia and carbon dioxid, or (4) into 
allantoin and carbon dioxid.

As long ago as 1800, Stock vis showed that uric acid is destroyed in the body 
of animals, a fact rediscovered by Wiener (1003-3). As far as is known, the fourth 
of the reactions above mentioned is the only one that occurs in the animal body. 
Indeed, in many animals (ox, horse, cat, dog, rabbit), allantoin (and not the uric, 
acid from which it is derived) must he looked upon as the principal end-product 
of purin-metnbolism. In these animals, the catalyzer is a ferment, known as the 
uricolijtic ferment, or uricase. The reaction is as follows:

IIN--------CO

OC C—NH IIN--------CO

CO+O+HiO = OC

IIN--------CH.NH.CO.NH,+GO,

It will lie observed that allantoin is the diureid of glyoxyiic acid.
This allantoin-formation from urie acid docs not occur in human tissues 

(Wieehowski), probably owing to the fact that no uricase exists in the human 
organs that have been tested (Hatelli and Stern; Winternitz and Jones; Miller 
and Jones). For the present, then, we must look upon uric acid as the main 
end-product of purin metabolism in man, since in him no mechanism for tlio 
oxidation of uric acid to allantoin exists.

v. The Methyl Purins
Tlio methyl purins derived from ten, coffee, cocoa, and certain medi­

cines (coca cola, caffein, <1 in retin, thcocin) include (1 ) caffein, (3) thu- 
hromin, and (3) theophyllin.
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Caffcin in 1-3-7-trimetlijrlximtliin; thcubromin is ,‘t-7-diinvtliylxuiithin; 
and theophyllin is 1-o-dimethylxanthin.

It seems that uric arid is not formed from these methyl purins when 
they are ingested.

They undergo certain changes in the animal body before excretion in the urine, 
the changes varying somewhat with the species of animal. In man, ingested caffcin 
is excreted as 1-7-dimcthylxunthin (or poraxanthin) ; theobromin is excreted us 
7-methylxuuthin (heteroxanthin) ; and theophyllin is excreted as 1-iuethylxunthin.
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(e) The Pyrimidinn
Three different pyrimidin bodies are of interest in connection with 

tlio metabolism of the nucleic acids. They are (1) cylosin, (2) Ihymin, 
and (3) uracil.

Cytosin is met with among the disintegration-products of lnitli animal 
and plant nucleic acid ; thymin is derived from animal nucleic avid only,
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and uracil from plant nucleic acid only. The structure of these three 
I» idles will lie clear from the accompanying formulae :

(i)
N =

/
Cytmin: (2) 0 = 0

\
NH-
(3)

=C.NHi (o)
I

OH (5)
II

-CH w

Nil-

Thyntin or fi-methyl-uraoil O = ('
y

Nil

-C-0
I

C.CHj
A

(i)
NH-----C=0 (•)

Z I
Unwil: (2) 0 = C CH (»)

\ II
NH----CH (4)
(3)

Tt will 1k> noticed that, in cvtosin, the amino-group in in position C. 
Tliymin is 6-mothyl uracil. It will also lie noted that uracil and cytosin 
are corresponding oxy- and amino-compounds.

Pvrimidin groups exist as such in the nuvleie-ncid moleeule; they are not 
derivatives of the purins. Tliymin and cytosin are certainly primary products. 
It is possible that uracil is secondary to cytosin, but this is not probable (XV. 
Jones). In discussing the structure of the mononucleotides and of the nucleosides, 
the part played by the pyriniidin-groups has already been made clear (see above).

Free pyrimidine (cytosin, tliymin, and uracil), injected sulieutaneously into 
dogs and rabbits, are recoverable from the urine; the animals are unable to alter 
them, the tissues not possessing the power either of demethylization, or of deamin­
ization, of these substances when free. Despite this fact, pyrimidins are not found 
in the urine after feeding nucleic acid, which indicates that they must lie altered 
in the body while existing in combined form (Mendel and Myers). This alteration 
does not occur, however, while the substances are in the form of nucleosides (Leveue 
and Ut Forge).

A new interest attaches to pyrimidin-derivativcs through the studies of 
Funk on the so-called vitamines. Funk has prepared from yeast a pyriini- 
ilin derivative that lie asserts will cure the polyneuritis of birds induced 
by a diet of |iolislied rice (See Heriberi). lie had earlier found in rice- 
| nil i si lings a substance that had the formula Cl7IIaoN207, and this may he 
identical with the pvrimidin derivative mentioned. If this observation lie 
confirmed, it will represent a discovery of fundamental importance.
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(Z) The Carbohydrates of the Nucleic Acids
It lias long liopii known that nucleic acid contains a carbohydrate 

group, but the exact nature of this group was long misunderstood. Remit 
studios have revealed the fact, already mentioned, that the carbohydrate 
group of animal nucleic acid is entirely different from that of plant nucleic 
acid ; in the former, it is a ltexosc, while in the latter, it is a penlose.

i. The llcxosc of Thymus Nucleic Acid

The earlmhydrate group that has liecn obtained from animal nucleic 
acid is levulinic acid or bcla-acelyl-propionic acid: CII3CO. Cl !•».(’11.,.- 
COJI.

It prohahly arises as a secondary product from a hexose group in 
thymus nucleic acid, though just what this licxose group is, is not vet 
certain.

ii. The Pentose of Plant Nucleic Acid
The nucleotides of yeast nucleic acid are cnm|>ounds, in which, ns we 

have seen, a | * ’ >ric acid group is combined by means of a carbohydrate
link with either a purin or a pyrimidin group; thus;

Phosphoric acid—carbohydrate—purin (or pyrimidin).

It turns out. that the carbohydrate group of plant nucleic acid is a 
pentose, not a licxose.

No less than eight ahlo-pcntoscs are known theoretically to he possible. 
Of these, it was, for a time, thought that the pentose of nucleic acid 
is lxylose, dl-arahinose or d-lyxose, hut the substance has finally liecn ob­
tained in crystalline form hv Levene and Jacobs, who have definitely dem­
onstrated it to he d-ribose, which had not liefore been actually shown to 
exist

This d-ribose is the only pentose that is found in the tissues of the animal . 
body, and it is the pentose of plant nueleie acid. Obviously, it has a wide jdivsi- 
ologieal distribution in vegetable and animal life. Its corresponding alcohol is 
ndonite, the only peutitu known to oceur in nature.

D3D
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The structural formula of d-ribose, of its oaazone (the latter being identical 
with d-arabinosuzonc), and of d-arabinoae, are as follows:

CHO

HCOH

HCOH----------->

HCOH

CHiOII
d-ribosc

CH-N.NH.C.H,

C-N.NH.CJl,

HCOH <—
I

HCOII

CHiOII
d-arabinosazono

d-ribosazono

CHO

HOCH

HCOH

HCOH
I
CHiOII

d-arabinosc

On oxidation, d-ribose yields inactive trioxyglutaric acid, while d-arabinose 
yields active trioxyglutaric acid. Crystals of d-ribose have been prepared by 
Lcvene and Jacobs.
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(g) The Ferments Responsible for the Catabolism of Nucleic Acid 
and Its Derivatives, Including the Purins

Biochemical studies have gradually made clear to us the mode in which 
nucleic acid is physiologically decomposed in the body. It has been dem­
onstrated that certain ferments are responsible for the cleavage.

It was formerly supposed that a single ferment, nuclease, attacks the nucleic 
in-id and completely decomposes it into its final hydrolytic products. More recent 
studies, however, show that at least several different ferments are successively 
necessary in the process of degradation.

i. Nucleinase, Nucleotidases and Nucleosidases

It seems probable from the studies of Lcvene and Mcdigrcccanu, that 
plant nucleic acid is physiologically decomposed in three stages.

In the first singe, the yeast nucleic acid, which is a tetranucleotide, is 
decoiu|»osed by a ferment called nucleinase or tetranuclease first into two 
dinuclcolides (Jones) and then into four mononucleotides.

In the second stage, these four mononucleotides (two of which are 
purin nucleotides and two aro pyrimidin nucleotides) lose their phos-
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phoric acid through the action of four specific ferments called nucleoli, 
dases, with formation of four corresponding nucleosides.

According to Walter Jones, each of the two purin nucleotides may undergo 
enzymatic decomposition in two different ways, for either one of two ferments may 
act; thus, phosphoric acid may be split off with fonnation of the purin nucleoside 
by means of a ferment called phospho-nuclease, or, purin bases may first be set 
free by means of a ferment known as purin nuclease.1 In case phospho-nuideuse 
acts, we have the formation, in one instance, of guanosin, and, in the other, of 
adenosin. In cose purin-nuelease acts, guanin and adenin ore formed, ami the 
nucleosides are d-ribose-phosphorie acids.

In the third stage, the nucleosides are broken up into the carbohydrate 
portion (pentose) and a hase (purin base or pyrimidin base, respectively), 
through the action of ferments called nucleosidases. These nucleosidases 
are hydrolases since they cause hydrolysis of the nucleosides with forma­
tion of the free bases.

For the purin nucleosides, no less than four different hydrolases arc 
concerned.

Thus, guanosin-hydrolase splits guanosin, setting free guanin (Jones 
and Belt); adenosin-hydrolase splits adenosin setting free adenin (Am- 
berg and Jones) ; xanthosin-hydrolase hydrolyzes xanthosin setting free 
xanthin (Jones) ; and, fourthly, inosin-hydrolase hydrolyzes inosin, set­
ting free hypoxanthin ( Leveno and Medigreccanu ; Ainberg and Jones).

None of these ferments (nucleinnse, nucleotidases, nucleosidases) is present 
in the succus gastricus or in the sueeus panereaticus, but the succus entcricus 
contains nucleinnse and the two nucleotidases that attack the purin nucleotides. 
Extracts of intestinal mucosa contain nucleinnse and all four nucleotidases, as well 
ns the nucleosidases that decompose the purin-nuclcosidcs, hut no ferments Unit 
attack the pyrimidin-nucleosides. Plasma from certain organs (kidney, liver, heart, 
muscle) possess ferments of the same character as those in the intestinal mucosa, 
but plasma from the pancreas, blood scrum, and hemolysed blood, contain only 
nucleinase.

Animal nucleic acid undergoes changes similar to those of plant 
nucleic acid, breaking up into nucleotides and nucleosides, but seems to 
bo inoro resistant to fermentation.

ii. The Deaminases
In the further degradation of nucleic acid, after the purin-haso stage 

has been reached with formation of guanin and adenin, other ferments 
are concerned.

The aminopurins, under the influenco of deaminases aro changed into

1 Might it not bo better to use the terms phospho-nucleotidnse ami purin- 
nucleotidase 1
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their corresponding oxypurins. Tims, the aminopurin, cjuanin, is con­
verted into the oxypnrin, xanthin, by means of n ferment known as gua- 
nase (Jones and Partridge), and admin is converted into hijpoxantliin 
by means of another ferment, namely, adenase (Jones and Wiuternitz).

The reactions arc indicated hy the following formulae:

NH,
/

OH
/

Pur—Oil > Pur—OH

II
Xmithin

H H

Pur—Nil, > Pur-OH

11 H
Uypux unthin

The proof of the independence of these two deaminases (guanaso and
adenase) has been successfully brought and the distribution of these fer­
ments in the organs of men and animals has been carefully studied.

It has been found further that the guanin- and the adenin-groups can 
be deaminized while in the nucleoside molecule, but not by guanaso and 
adenase. Still other ferments are involved ; thus, for the deaminization of 
guano,sin there is a special ferment, guanosin-deaminase (Jones), and for 
adenosin there is an adenosin-deaminase. These two aminopurin-nueleo- 
sides, are, on deaminization, converted into the corresponding oxypnrin 
nucleosides, thus guanosin goes to xantliosin, and adenosin to itiosin. Wo 
have already seen how xantliosin goes further to xanthin, and inosin to 
hypoxanthin under the influence of hydrolases (See above).

The study of the distribution of these ferments in the several organs of dif­
ferent animals, though difficult, yields interesting results. Apparently, the sites 
of these ferments vary for different animals. Thus, dog’s liver is said to contain 
guanase, but not adenase ; pig’s spleen contains adenase, but not guanasc (Jones 
ami Austrian) ; ox spleen can deaminize both nminopurins (Spitzer, Sehittenbelm),
hut this is because it contains the two deaminases (Jones). The deficiency of pigs’
organs in guanase may account for the well-known deposits of guanin (often seen 
in liant), called “guanin gout.” In human beings, adenase is not present in any 
of the organs; guanase is present in the kidney, liver and lung, but not in the 
spleen or pancreas.

iii. Xanthin-oxida.se

The very important ferment known as xanthin-oxidase (Spitzer; 
Wiener) is capable of oxidizing hgpoxanthin to xanthin, and xanthin, in 
turn, to uric acid. The change can lie indicated thus :
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H ou Oïl
Pur^Oll —----- > Pur—Ol I

/
------ » Pur—OH

\
11 a 011

Hypoxanlhin Xnnthin Uric arid

This ferment, xanthi 11-oxidase, is entirely independent of the deamina­
ses and of the hydrolases described above. I11 human beings, xanthin- 
oxidaso has been found in oidy one organ, namely, the liver. Apparently, 
therefore, the liver is the (jrent manufactory of uric acid in human beings, 
for it seems to be the only organ in which hypoxanlhin ran be oxidized to 
xanthin, and also the only organ in which xanlhin can be oxidized to uric 
acid.

In animals, xonthin-oxidnse may bo present in organs other than the liver; 
it is, for instance, an important ferment in ox-spleen.

iv. Uricase
The organs of many animals eontain a urieolytie ferment, known ns uricase, 

which can destroy uric acid, oxidizing it to form allantoin and VO, (Volin, Min­
kowski, Wiener, Wieclmwski). It may ho presumed to he present in organ-extracts, 
when, in them, uric acid destruction and allantoin-production occur simultaneously. 
Vricnsc is one of the oxidases, and is thermolahile. It is present in the liver of 
horse, cat, dog and rabbit, and in the kidney of the ox and the horse.

The end-product of purin metabolism in animals like the dog, cat and rabbit 
is therefore allantoin; it appears in large quantities in the urine after nucleic 
acid is fed to them

In man, uricase is not present, and so, after human beings ingest much nucleic 
acid, large quantities of uric acid are excreted in the urine.
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(h) Résumé of the Catabolism of the Nucleic Acids
Wo are now prepared to take a bird’s-eye-view of the whole series of 

transformations of purin compounds involved in the degradation of the 
nucleic acids by ferments. The two following diagrams will lie easily 
understood by anyone who has read and understood what has preceded.



Probable Mode of Catabolism of Yeast Nucleic Acid ( = tetranucleotide)

Adenin-uracil pentose-dinucleotide

Cytuein pentose mononucleotide 
(—cytosm-d-nbose-phoephonc acid)

Adenin pentose mononuc'eotide Uracil pentose mononucleotide
(—adenylic acid)

(—adenin-d-ribose-phosphoric acid)

(=d-riboee-xanthin) * d-ribose-hypoxanthin

(—tnoxypurin)

r, dinudeotidases; L pboepho-nucleotidiae: 2, p Midase; 3,
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Hypothetical Catabolism of Thymus Nucleic Acid ( = tetra nucleotide)
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(i) The Purins of the Food Ingested
Th© purins of the food include : (1) those of plant nucleic acid (in the 

nuclei of vegetable cells) ; (2) those of animal nucleic acid (in the 
nuclei of animal cells in meat, fowl, fish, and especially in cell-rich foods 
like sweetbreads, liver and kidneys ; (3) extranuclear mononucleotides in 
ingested glands and meat (guanylic acid, inosinic acid) ; (4) free liypo- 
xanthin in meat ; (5) trace of other free purins in meat (e. g., guaniu in 
pork) ; and (6) the methylpurins in tea, coffee and cocoa (theophyllin, 
caffcin, thcobromin). Small portions of the ingested purins are excreted 
in the feces.
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(j) The Purins of the Urine
The purins of human urine consist chiefly of uric acid. Small quanti­

ties of three of the purin bases, namely, xanthin, hypoxanthin, and adenin 
are present also, but no gtianin.

i. The Uric Acid of Human Urine

The uric acid of the urine is, in part, derived from those purins of the 
food (See above) that undergo physiological decomposition in the body, 
with formation of aminopurins (guanin and adenin) that arc deaminized 
to form the oxypurins (xanthin and hypoxanthin), the latter in turn being 
oxidized in the liver to uric acid, which is given over to the blood and 
excreted in the urine. This uric acid derived from the food ingested is 
the so-called exogenous uric acid. The amount of it depends upon the 
purin-contcnt of the food, and upon the regularity or irregularity of the 
processes of nucleic-acid and purin metabolism within the body.

The other part of the uric acid of the urine is derived from catabolism 
of the purin-containing compounds of the tissues of the body itself, includ­
ing (1) the catabolism of the nucleic acids of the nuclei of the leukocytes
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and of the cells of the organs and tissues generally, (2) the catabolism of 
the extranuclear mononucleotides (guanylic acid, inosinic acid) of the 
glands and of the muscles, (3) the catabolism of the free hypoxanthin of 
muscle. It is possible that, in addition, a little uric acid is directly synthe­
sized in the body and excreted as such, though there is certainly no large 
synthetic production in man comparable with that in birds. The uric 
acid of the urine derived from the purins of the body itself is called 
endogenous uric acid. The quantity varies for different people, 
but is fairly constant for a given person (Sec Examination of Urine, Part 
IX).

ii. The Purin Bases of Human Urine
Kruger and Salomon collected 10,000 liters of human urine, and from this 

amount prepared nearly 100 g. of purin bases, which they analyzed chemically 
with the following result :

72.34 g. 
10 11 g. 
H 50 g. 
3 54 g. 
0 00 g.

Methyl pu rins,
Xanthin
Hypoxanthin,
Adenin...........
Guanin........

94.49 g.

The methylpurins consisted of 1-methyl-xanthin, 7-methyl-xanthin (or hetero- 
xanthin), 1-7-dimethyl-xanthin (or para-xanthin) and 7-methyl-guanin (or epi- 
guanin). These methylpurins doubtless had their origin in the methylpurins of 
the food (chiefly, tea, coffee, etc., to a slight extent in other methylated purins 
of the food) ; they are independent of the ordinary metabolism of nucleins and 
the non-methylated purins of the food.

The presence of small quantities of the oxypurins, xanthin and hypoxanthin, 
in the urine are probably due to the fact that, xnnthin-oxidase existing in the 
liver, small quantities of these oxypurins (both of exogenous and endogenous 
origin) escape conversion to uric acid under its influence and are excreted in the

It will be noticed that of the aminopurins, guanin and adenin, the former is 
entirely absent from human urine, the latter present in minute amounts. We 
know that these aminopurins can both be deaminized while in a combined state in 
the human body, and guanin can be deaminized in a free state by guanase, but 
adenin in a free state cannot be deaminized because the ferment, adenase, pres­
ent in the organs of many animals, is entirely absent from human organs (See 
aliove). Now in the food ingested, traces of free guanin and free adenin occur 
(autolysis of food), and in the alimentary canal some guanin and some adenin 
are set free (Walker llall). These free aminopurins are partly excreted in the 
fices, partly absorbed into the circulation. Any free guanin absorbed is completely 
converted under the influence of the widely-distributed ferment guanase into the 
oxypurin xanthin, and so none will be left for excretion in the urine. Any free 
adenin absorbed will, however, owing to the entire absence of adenase in the human 
body, escape conversion, and will be excreted in the urine.1

■For an admirable presentation of the whole subject of the chemistry of the nucleic 
acids, the purins, and the various ferments that affect them, consult the monograph by 
Walter Jones, 1914 See References.
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[Note.—See also references in Part IX.]

4. The Metabolism of Creatin and Creatinin
The formulae of these substances have been given under the section on the 

Physiological Chemistry of the Proteins. We now know, however, that the metab­
olism of creatin and creatinin occupies a unique position, and deserves considera­
tion separate from the metabolism both of the proteins and of the purins. Tla- 
main facts known at present regarding this metabolism have already been discussed 
(See Part VII and Part IX).
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5. The Metabolism of Carbohydrates
(a) The Chemistry of the Carbohydrates

Under this heading we include, the sugars, glycuronic acid, glyoxylic acid, 
and the amino sugars (especially glucosamin, kytin and ehondroitin sulphuric acid).

The old term carbohydrate referred to substances, the molecules of which con­
tain a molecule of water for each carbon atom present. As chemistry developed, 
it soon became clear that such a definition would include a large number of wholly 
unrelated substances, so that, recently, the term “carbohydrate” has been limited
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to the sugars and their complex derivatives. As a matter of fact, some of the latter 
do not conform to the original definition of carbohydrate. The old term carbohy­
drate has come, therefore, to have only a physiological significance; it includes 
a group of chemical substances very important lor the body, especially the sugars.

i. The Simple Sudors

The simpler suyars include the oxyaldehyds, or aldoses, and the oxy- 
leloncs, or ketoses. These sugars consist of chains of carbon atoms to 
which hydrogen atoms, hydroxyl groups, and, sometimes, unoxidized 
methyl-groups, arc attached. The chains contain from 3 to 10 carbon 
atoms, though the sugars with which we have to deal in the body consist 
usually of chains of 0 carbon atoms, less often of 5 or of 3.

According to the number of oxidized carbon atoms in the chain, the 
sugars are designated, dioses, trioses, tel roses, pentoses, hexoses, etc., up 
to decoses; and according as the single groups are aldehyd-groups or keto- 
groups, we use names like aldopmtose, lcctohcxose, etc.

Dioses.—Olvcol aldehyd (CH.jOII.COH) is the simplest oxynldehyd known.
Trioses.—Glycerin aldehyd (CH.,011. CHOH. CllO), and an isomeric body, 

dioxyketonu (CH.,011. CO. 011,011) are probably important in synthetic processes 
in the body.

Tetroses.—These do not occur in nature, hut have been made synthetically.

Pentoses.—The pentoses aro important sugars, both for animals and 
plants, but especially for plants. Thus far ribose, arabinose, and xylose 
have been studied in relation to metabolism.

It has long been known that nuclein contains a carbohydrate group, which was 
believed to be a pentose. Recently, it has been shown that there are two nucleic 
acids, entirely different from one another; namely, plant nucleic acid and animal 
nucleic acid. The carbohydrate group of plant nucleic acid has been shown con­
clusively to lie d-ribose; the carbohydrate of animal nucleic acid is not a pentose, 
hut a herose, related to levulinie acid. (See Nucleic acid metabolism.)

Theoretically 14 pentoses can exist; namely, six nldopcntoses, four 2-kcto- 
pentoses, and four 3-ketopentoses.

The pentoses of the urine may lie derived either from the pentose of 
the liody metabolism, which is always d-ribose and is derived either from 
plant nucleic acid or ingested plant nuclei, or from extranuclcar mono­
nucleotides of the animal, like guanvlic acid of the pancreas and other 
glands, and inosinic acid of muscle. Normally, the pentoses of this origin 
aro fully oxidized in the body and do not appear in the urine.

Pentoses of plant origin, other than those contained in nucleic acid, 
may consist of the optically inactive d} l-arabinosc or the optically active 
Uirabinose and 1-xylose.

Pentoses occur especially in fruits (apples, cherries, plums, etc.). 
They may also result from the bacterial decomposition of other carWihy- 
d rat es. These vegetable pentoses may be partially oxidized in the body,
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but arc often excreted in the urine. Alimentary pentosuria may occur in 
any normal person who happens to eat fruit rich in pentoses.

The chronic pentosuria reported in human beings, in which consider­
able quantities of pentose arc excreted, arc due to some inborn error of 
metabolism (Garrod). The origin of this endogenous pentose has not 
yet been satisfactorily studied. The disease occurs in families ami ap- 
I tears to Ik? harmless. I should not be surprised if the substance turned out 
to lie d-riboM,

The formulae of d-riboso and d-arahinose have already been given (See 
Metalnilism of Nucleic Acid and Burins).

Hexoces.—These are the most imjtortant sugars in nature, forming, 
as they do, the main source of energy for the animal body. The hcxoscs 
proper are monosaccharides, and consist of aldohexoses or aldoses, and 
ketohexoses or kefoses. Theoretically, no less than 32 isomeric hexoses of 
the formula C0Ii12Oti exist.

These may be subdivided into four natural .series of eight members each: (1) 
the d-glucose scries, (2) the l-nlucose series (mirror-image of (1) ), (3) the d-yalnc- 
tose series, and (4) the l-galactose series (mirror-image of (3) ).

To illustrate, the structural formulae of the d-glucose series is as follows:

(1) (2) (3) (4)

CHO CHO CILOII CHO
1

H-C-OH
H-i-OH

HO-C-H

HO-C-H

CO

HO-C-H HO-C-H H-C-OH

H-C-OH H-C-OH H-C-OH H-C-OH

H-C-OH H-C-OH H-COH H-C-OH

CHiOH CH.OH CHiOH CHiOH

(5) (6) (7) (8)
CHO

1
HO-C-H

CH.OH CHiOH CHiOH

CO H-COH HO-C-H

H-C-OH H-C-OH
1

CO CO

H-C-OH H-C-OH H-C-OH H-('-OH

H-C-OH H-C-OH H-C-OII H-C-OII

CHiOH
dll.OH

CH£H CHiOH

In this series it will be observed that numbers 1, 2, 4 and 5 contain the ahhlnid 
group at the end of the chain; they are, accordingly, called aldohexoses. Numtiers 
3 and 6 contain the ketone group at the second carbon atom and are then lore
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kuown as 2-ketohexos(‘s ; numbers 7 and 8 have ketone groups at the third e art Kin 

atom and are therefore known as 3-ketohexoses. Of the 32 hexoses there are alto­
gether 16 aldohexoses, 8 2-ketohexoBes, and 8 3-ketohexoses.

The sugars are feeble aeids. They form salts with metals and therefore undergo 
slight ionization. They arc also polyatomic alcohols, and, as we have seen, arc 
either aldehyds or ketones. It is not surprising, therefore, that in their chemical 
reactions these sugars show a behavior that corresponds more or less to all three 
classes of compounds.

For the complex chemical reactions of the sugars, the papers of Nef and of 
Ncuberg should be studied. Excellent epitomes of sugar chemistry will be found 
in Woodyatt’s article in Wells’ Chemical Pathology, and in the monographs of 
Armstrong and of Ling. (See References.)

ii. The Complex Sugars
The hexoses may unite with one another in chains to form disacchards and 

polyxaccliarids. Of the disacelmrids, ordinary cane sugar or saccharose, ordinary 
milk sugar or lactose, and maltose are the most important in studies of mctah-

Of the polysaccharids, ordinary vegetable starch and its derivative, dextrin, 
and animal starch, or glycogen, are the most important in metabolism.

Cellulose is also a polysaccharid, which cannot be split by animal ferments, 
though it undergoes a certain amount of cleavage as a result of bacterial fermenta­
tion in the intestine. On hydrolysis with acids it yields glucose.

iii. Glycuronic Acid
This is an aldehyd acid CIIO. (CHOII)v COOII, which is derived from glu­

cose. It occurs in normal and in pathological urines. It may occur free, but is 
usually united with aromatic alcohols or phenols to form glucosids. As has been 
seen in Section IX, the formation of such glucosids is an important detoxicating 
function of the body. These glucosids arc sometimes spoken of as paired or conju­
gated glycuronic acids. The latter, when present in the urine, are not capable of 
reducing by themselves, but if heated with acids, the glucosid undergoes cleavage 
and the free glycuronic acid then acts ns a reducing agent. It is sometimes mis­
taken in the urine for sugar. The glucosids formed by glycuronic acid are levoro- 
tary and can be precipitated with lead-acetate; free glycuronic acid, on the other 
hand, is dexlrorotary.

iv. The Amino Sugars
It is probable that the amino sugars play an important part in metabolism, 

representing a transition from the amino acids of protein to the carbohydrates. 
As studies in diabetes have shown, carbohydrate can be formed in the body from 
protein, and it may be that the amino sugars represent an intermediate stage in 
this process.

The best known body of this group is the amine of glucose, or glucosamin. 
COH 

I
HC Nil,

OHC’H
HCOH
HCOH

CHiOH
d-Glucoeamin
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Its osuzone is identical witli glucosazonv. When it occurs in the urine, it appears as 
a formyl-compound; it yields the well-known Ehrlich-reaction with dimethylamino- 
hvuzolaldehyd. Taken into the animal body it is excreted unchanged in the urine.

F. Midler’s studies on sputum indicate that mucus has a large glucosanim- 
content.

Chitin, which occurs in the protective covering of crustuceue, for example, in 
soft crabs, is a complex compound in which glucosamin is united with acetyl-com­
pounds.

In this connection chondroitin-sulphuric acid, a complex sulphur body, which 
is abundant in cartilage, may be mentioned. It has been shown to contain an 
amino sugar.

(6) The Principal Carbohydrates of Interest for Human Metabolism
The principal carbohydrates, then, that we have to consider, and some 

of their main characteristics, are illustrated in the following table:

I. Monosaccharids.
(A) Pentoses (Cb1I10Ob).

(1) d-ribo8C.
(2) d, l-arabinosc.
(3) l-xylose.

(B) IIexoses (C6II,206).
(a) Aldohexoses (aldoses).

(1) d-ghtcosc (dextrose or grape sugar): dextro- 
rotarv ; reduces ; is fermented with yeast.

(2) d-yalactose : dextrorotary; reduces; is not fer­
mented with pure beer yeast ; docs not occur 
free.

(b) Kctohexoses (ketoses).
(1) d-fmclosc (lévulose or fruit sugar): levoro- 

tary; reduces; is fermented with yeast.

II. Disaccharids (C,2ir220M).
(1) Saccharose (cano sugar) : dextrorotary; does not reduce; is 

not fermented with beer yeast. On cleavage, it yields 
d-glueose (dextrose) -f- d-fruetose (levulose).

(2) Lactose (milk sugar): dextrorotary; reduces; is not fer­
mented with yeast ; on cleavage, it yields d-glueose (dextrose) 
and d-galaetose.

(3) Maltose: dextrorotary; reduces; is fermented with yeast : on 
cleavage, it yields 2 molecules of d-glucose (dextrose).



TIIE STUDY OF METABOLISM 707

III. Polysaccharids (CelI,aOB)n.
(1) Starch (amylum) : swells in water ; is not fermented with 

yeast ; does not reduce ; on digestion (by amylases), it yields 
dextrin, maltose and 11-glucose (dextrose).

(2) Dextrin»: partly soluble in water, are not fermented with 
yeast; do not reduce; on cleavage, they yield d-glucose 
(dextrose).

(3) Ulycogen (animal starch) : opalescent solution in water; 
dextrorotary ; is not fermented bv yeast ; does not reduce 
copper; on cleavage, it yields first dextrin, later d-glucose.

(4) Cellulose: insoluble in water, dilute acids or dilute alkalies ; 
not split by animal ferments ; split in alimentary tract to 
some extent, by bacteria, with formation of volatile fatty 
acids, methane, and C(X. On hydrolysis with acids, it yields 
d-glucose.

Carbohydrates are formed synthetically in green plants, where chlorophyll, 
with the aid of sunlight, is able to lmild sugar from carbon dioxid and water, the 
vitlorophyll acting as an accelerator of the reaction (catalyzer). The carbon 
dioxid is redm d t’rst to formaldcliyd, and then, step by step, carbohydrate chains 
are formed until the hexoscs, starches and celluloses are reached.

(c) Digestion and Absorption of Carbohydrates in the 
Human Body

The carbohydrates of the food consist of monosaccharids (glucose, 
levulose, mannose, galactose), disaccharuh (cane sugar, milk sugar, mal­
tose), and polysaccharids (starch, glycogen, dextrin, cellulose, inulin, 
vegetable gums), and certain pentoses, especially in the nucleic acids and 
in fruits (see above). Of all these, the polvsnecharid, starch, makes up 
the major portion of the carbohydrates of the food.

Digestion.—The monosaccharids do not need to be changed during 
digestion, since they can be absorbed as such.

The disaecharids and polysaccharids, however, must undergo cleavage 
through the action of the digestive juices before they can bo absorbed. 
Tim cleavage occurs as the result of the action of the amylase, ptvalin, 
of the saliva and of the ferments of the pancreatic and intestinal juices 
(inrerta8e, lactase, maltase, amylase, dextrinase).

The polysaccharids, especially starch, begin to break down during 
insalivation in the mouth cavity, passing through the stages of erythro- 
dextrin, aehroiidextrin and isomaltose into maltose. The process con 
tinues to a certain extent, though it is considerably inhibited, in the stem 
ach, and is taken up again vigorously in the intestine, where the alkali 
of the pancreatic juice neutralizes the TTOl of the gastric juice.

Maltase, as we have seen, changes the maltose into d-glucose.
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Cellulose is not attacked by the digestive secretions, though a certain 
amount is disintegrated by bacterial activity within the intestine. The 
pentoses of the food are taken in chiefly in cherries, plums, strawberries 
and blackberries, though wine and beer have a considerable pentose con­
tent. In all vegetable nuclei, the nucleic acid molecule contains a pen­
tose group. In animal nuclei, the nucleic acid contains a hexose group.

Absorption.—On absorption, the carbohydrates enter the portal circula­
tion and pass directly to the liver; only a very small amount, if any, is 
absorbed by way of the lymphatics and the thoracic duct.

(d) The Formation of Glycogen
On reaching the liver, the sugar is caught and stored up in that organ, 

the liver being a warehouse for carbohydrate, on the one hand preventing 
an excess of carbohydrate from entering the blood, and, on the other, 
by a regulatory mechanism, providing that the sugar-content of the blood 
is maintained always at a certain level. In the warehousing of the sugar, 
the monosaecharid d-glucose is polymerized in the form of its anhydrid, 
glycogen.

The glycogen, formed synthetically in the liver, is deposited in the 
protoplasm of the cells, not in the cell-nucleus. Aside from the liver, 
the muscles also act as a storehouse for glycogen, this substance being 
stored up in the muscle-fibrils, in the interfibrillary cement-substance, and 
in the sarcolemma. Glycogen of muscle is not transported to it as such, 
but is synthesized in the muscle from the d-glucose of the blood. Dur­
ing starvation, the glycogen supply of the liver is used up first, the mus­
culature containing still considerable amounts of glycogen after the liver 
has become glvcogen-free.

Of the monosaccharids, d-glucose, levulose nml galactose can lie directly syn­
thesized into glycogen. Of the disaccharids, cane sugar cannot he converted into 
glycogen unless it has previously undergone cleavage within the intestinal canal 
to form d-glucose and levulose. Cane sugar, introduced by the parenteral route, 
is recoverable, quantitatively, in the urine. Similarly, maltose must undergo cleav­
age, though the ferment maltose is present not only in the intestinal canal, but 
also in the blood; hence maltose, introduced by the parenteral route, need not 
appear in the urine. Lactose must he split into d-glucose and galactose by the 
ferment lactase of the intestine in order that glycogen may be formed from it. 
Lactose, introduced by the parenteral route, reappears, quantitatively, in the urine; 
it is used, in this way, as a test of renal function (sec Part X).

Of the poh/saccharids, starch, in order to be utilized for glycogen-formation, 
must undergo complete cleavage into d-glucose in the intestine.

Of the pentoses, none is capable, so far as is known, of forming glycogen.

(c) The Conversion of Glycogen into d-Glucose
In order that the stored glycogen of the liver and of the muscles can 

be used in the body, it must be re-transformed into sugar. This trails-
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formation depends upon the activity of an amylase. The origin of this 
amylase, or diastase, is not entirely clear. Some have sought it in the 
liver cells themselves, but the majority of investigators think it arrives 
in the liver and in the muscles through the blood and the lymph.

The sugar formed from glycogen and given over to the blood is Ihv 
lieved to be d-glucose (or dextrose). There has been considerable dis­
cussion as to whether the d-glucose is free, or in the form of jccorin, or 
other loose combination. In the tissue-cells, the sugar (probably after 
preliminary dissociation) is burned to carbon dioxid and water, through 
the action of oxidases within the cells.

If sugar be offered by the portal blood in too great quantity, or 
too rapidly, to the liver, the latter is unable to catch all of it and convert 
it into glycogen. The excess passes over into the blood and gives rise 
to hyperglycemia. Whenever a hyperglycemia exists, a regulatory func­
tion of the kidneys sets in, and the sugar is excreted in the urine {gly­
cosuria). Glycosuria due to this cause is known as alimentary glyco­
suria. The body has only a certain tolerance for carbohydrate taken in 
as food. When this tolerance is exceeded, alimentary glycosuria appears 
(See Tests).

Apparently, however, the animal body cannot produce alimentary 
glycosuria simply by the ingestion of starch, since starch-cleavage within, 
and absorption from, the intestine require so much time that the sugar- 
content of the portal blood never exceeds the capacity of the liver for 
ylycogenogeny, but if cane sugar, or glucose, be ingested beyond a certain 
amount, alimentary glycosuria appears, even in normal persons (See 
Part IX).

(f) Sources of Glycogen and of d-Glucose Within the Body Other 
Than the Food Ingested

Aside from the principal origin of glycogen in the carbohydrates of 
the food, sugar may also arise from the protein and fat. of the food or of 
the body. This has been proven experimentally in animals, and is also 
clear from studies on diabetes in man (q. t\), as well as in the experimen­
tal diabetes of animals (Minkowski). The main source of sugar from 
protein undoubtedly lies in the utilization of the fatty-acid moiety of the 
amino acids after deaminization.

F. Miiller’s studies on lysin, and F. Kraus’ studies on alanin, led the way to a 
whole series of investigations that have made sugar-formation from the amino 
acids of protein clearer.

Theoretically, sugar from fat, may arise, either from the glycerin- 
content of fat, though the amount of this is small (Lusk), or from the 
fatty acids themselves (Ringer). While the evidence for the origin of
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sugar from fat is not so satisfactory as for the origin of sugar from pro­
tein, still studies in diabetes (von Noorden), and experimental studies, 
make it seem probable that some sugar in the body may, under patho­
logical circumstances at any rate, bo derived from fat.

Alcohol, when taken in as food, is probably utilized as such in combi­
nation, and not converted into carbohydrate.

(g) The Catabolism of the Sugars in the Body
Wo have seen that glycogen is broken down in the liver and the 

muscles, us required, to maintain a tolerably constant sugar-content in the 
blood, by means of an amylase (glycogenase), which converts it into <1- 
glucose. This mobilization of sugar seems to depend, in part at any 
rate, upon the activity of the sympathetic nervous system under the .stimu­
lation of epinephrin (— -adrenalin).

Claude Bernard's piqûre consisted of puncture of the floor of the fourth ven­
tricle between the points of origin of the auditory nerve and of the vagus nerve. 
It is followed by a hyperglycemia and a glycosuria, which continues until the 
glycogen of the liver is reduced to a low percentage. It seems probable that the 
area in the medulla oblongata receives afferent impulses chiefly through the N. 
vagus, and sends efferent impulses through the spinal cord to the upper portion 
of the pnrs thoracalis; thence through the rami communicantes to the inferior 
cervical and superior thoracic ganglia of the N. sympathicus to reach the liver by 
way of the N. splanchnicus. It is possible that the splanchnic impulses cither 
increase the glycogennse of the liver directly (McLeod), or indirectly, through 
stimulating the adrenals to increased secretion of epinephrin (von Noorden).

But how glucose is actually utilized in the body and finally oxidized 
to carbon dioxid and water, is still far from dear. Some light is being 
thrown upon tho process by the chemical studies of sugars in alkaline 
solutions. Since sugars are feeble acids, they form salts with metals, 
and it is possible that they undergo ionization like other salts (A. 1\ 
Mathews, Michaelis). The glucose-anion is then subject to cleavage and 
intramolecular rearrangement. According to Ncf, a dissociation of the 
sugar known as methylene-dissociation occurs previous to other transfor­
mations (intramolecular rearrangements, oxidations). Woodyatt has 
brought forward strong evidence in favor of tho view that chemical dis­
sociation of glucose in tho body is a normal occurrence, for instance, in 
tho formation of lactic acid from glucose in muscle, and he believes that 
failure of glucose dissociation will explain all tho metabolic phenomena 
of diabetes “more directly and simply than any other single physiologie 
error that 1ms been hypothecated.” This view is compatible with the 
fact that sugars other than d-glucoso may lie utilized in diabetes. The 
undissociated glucose, being incapable of combustion, of polymerization 
into glycogen, or of reduction to fat, would accumulate in tho form of
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chemically inert molecules in the cells and fluids of the body, maintaining 
ii hyperglycemia and a glycosuria.

Other theories of the mode of utilization of d-glucose have been put forward; 
thus, it has been assumed that the pancreas secretes an oxidizing ferment (<fIn­
case) that directly oxidizes d-glueose (Lepine).

Again, it has been assumed that the body must be able, in some way, to “fix 
glycogen” previous to the utilization of its sugar (Naunyn). Inability thus to 
Ji.r the glycogen is designated “diszoamylie”; as a result of this disability, the 
other metabolic disturbances of diabetes are, according to Naunyn, sequences.

Still another view is that the body must incorporate sugar in a colloidal union 
that permits of its transportation to points of utilization and prevents its too 
early excretion (Pavy). According to the latter view, the assimilation of sugar 
takes place in the intestinal villi ami the lymphocytes are the morphological ele­
ments that carry the sugar.

A view that for some time received credence» was that of Oohnheim, according 
to which glycolysis occurs in muscle as a result of enzyme activity, but for the 
activation of the enzyme in muscle some kinase has to be by the pnn-

Finally, Allen has suggested that sugar must undergo some f u of colloidal 
combination in the blood, and that for this purpose an "amboceptor*' supplied 
by the pancreas is essential.

It has been mentioned above that when the blood sugar exceeds a cer­
tain amount (hyperglycemia), sugar appears in the urine (glycosuria). 
There is another condition in which sugar appears in the urine in the 
absence of hyperglycemia ; namely, n condition in which the cells of the 
kidney are altered in such si way as to lead to “a disturbance of equili­
brium whereby the relative blood sugar and urinary sugar concentrations 
are altered in favor of the urine.” This change in the cells of the kidney 
can be easily brought about in cxperiim ntal animals by the administration 
of phlorhizin, either by the mouth, or, more markedly, by subcutaneous 
injections. The condition is known as phloi hizin-diabetes.

The relation of glycuronic acid to the •rinal catabolism of glucose is 
not fully understood. Glycuronic acid ■ urs normally, but may appear 
in the urine in increased amounts in ' ions intoxications, probably ow­
ing to the fact that, normally, most it goes on to further oxidation, 
whereas in these * * gieal state is caught up out of intermediary 
metabolism to de-toxicate poisons. The relations of glycuronic acid to 
d-glueoso are easily seen from the accompanying formula :

0H(L(CHOH)4.CHJOH+O,-OHC.(CHOH)4.COOH-fH,O
(llumno CUyi-uronir arid

Ordinarily, an aldehyd group is more easily oxidized than an alcohol 
group, so that it. would seem likely that the oxidation of glucose to gly- 
curonie acid occurs while the aldehyd group of glucose is occupied, owing 
to combination with some other substance, thus escaping oxidation. For 
tlie conjugated glycuronic acids see Part IX (Examination of the Urine).

4456

45
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A word must be said regarding levulinic acid. This substance has been found 
among the degradation produets of thymus nucleic acid. It is beta-acetyl-propi- 
onie acid (CHsCO.CHl.CHi.CO,II). It is regarded as a secondary product formed 
from a hexose group in the nucleic acid molecule. What this hexose is, is not 
yet certain. It stands in the same relation to thymus nucleic acid and other animal 
nucleic acids, as docs the pentose, d-ribose, to yeast nucleic acid and other vege­
table nucleic acids. It is probable that levulinic acid is catabolized like other 
bexoses in the body.
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6. The Metabolism of Fats
(a) Résumé of the Chemistry of the Fats

The fats of lho human body and of the bodies of animals are esters of 
glycerin, that is, all three hydroxyl groups of the tri-atomic alcohol, glyc­
erin, arc replaced by acid radicles, the fats themselves being triglycerids. 
The fatty acids concerned arc palmitic acid, stearic acid and oleic acid. 
In the fats of milk, esters of lower fatty acids (butyric acid, capronic 
acid, etc.) also occur. As an example of such a triglycerid, the formula 
of tripalmitin may bo given :

CH,.0.Ci,H„0,
I

CH. O.C,6H„0,

CIL. O .C16H33O2

I11 animal fats, the three glycerides, tripalmitin, tristearin and tri­
olein are present in variable amounts, and since these three fats have 
dilieront melting points, wo can easily account for the differences in melt­
ing points of animal fats.

The melting points of single fats arc ns follows :
Tripalmitin, 65.5° C.; tristearin, 71.5° C.; triolein, —1° C.
Romo of the vegetable fats {e. g., olive oil, cotton-seed oil) resemble animal fats. 

Fats rich in oleic acid arc fluid (oils) or have a very low melting point. Goose
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fat is an example. Fats rich in tristearin, like beef tallow, have a higher melting 
point. The fats obtained in the kitchen, through extraction by melting (“Irv­
ing-out” or “rendering” fat), are impure, since they are admixtures of genuine 
fats with lipoids and coloring matters. The pure fats can he extracted from the 
mixture with ether.

Fats are soluble in ether, in hot alcohol, benzol, chloroform and ligroin. They 
are insoluble in water and in suit solutions.

When over-heated in the air (above 200° C.), they begin to decompose and give 
off an acrid odor due to the formation of acrolein from glycerin. This test dis­
tinguishes true fats from mineral oils, vasclin, etc., which are paraffins (saturated 
hydrocarbons).

When the fats become rancid, the odor is due chiefly to oxidation products of 
oleic acid.

Fats undergo cleavage into glycerin and fully acids (oleic, stearic, 
palmitic) when chemically treated in various ways. This process, known 
as saponification of fats, occurs also during the digestion of fat through 
the action of ferments known as the lipases. Suits of the fatty acids with 
alkalis (e. g., potassium oleate) are known as soaps.

(6) Criteria for Recognition of the Fats
On studying the fats physically and chemically, it has been found too difficult, 

practically, to isolate the single constituents, but we can recognize the different 
fats by paying attention to certain criteria that permit of comparison and dif­
ferentiation. These include:

(1) The determination of the melting point; beef fat or suet melts at about 
45° C.; pork fat or lard at about 40° C.; goose fat at about 32° C.

It is convenient to remember that mixtures of tripalmitin and tristearin melt 
between 62° and (iff0 C. If fat contain over 50 per cent triolein, the melting point 
will be depressed to about 51° C.

(2) The acid number.—Most fats contain some free fatty acid and are hence 
capable of absorbing a slight amount of alkali before yielding an alkaline color 
reaction with phenolphthalcin. The number of milligrams of KOII necessary to 
make the fat alkaline with phcnolphthalein as indicator is called the acid number, 
which is obviously a measure for the content in free fatty acids.

To determine the acid number, the fat is dissolved in alcohol and ether, and 
alcoholic KOII is added until the phcnolphthalein is reddened. One gram of beef 
tallow has an acid number of 0.5.

1 g of beef tallow has an acid number of 0.5 -10 mg. KOII.
1 g of lard a u u u “i -20 mg. KOII.
1 g human fat “ “ “ “ “ 2 mg. KOII.

(3) The saponification number.—This informs us regarding the amount of 
neutral esters present in the fat. It is expressed as milligrams of KOII required 
to neutralize the fatty acids that are set free upon saponification. The tuts are 
saponified by means of alcoholic KOII and heat, and the excess of KOII is titrated 
back with IIC1.

The saponification number for ordinary fats is about Ifffi mg. KOII for 1 g. 
of fat. Fats like butter, and certain vegetable fats, have lower numbers, probably 
because in addition to their triglycerids they contain cholesterin and higher alcohols.
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Pure triglycerids have the following saponification numbers : Palmitin, 200; 
Stearin, 180; olein, 100.

(4) The iodin number.—This informs ns regarding the amount of unsaturated 
fatty acids present. It is the amount of iodin in per cent of weight of the fat 
that the fat can take up.

To an alcoholic solution of fat we add a solution of iodin and mercuric chlorid 
in alcohol, and titrate back the excess of iodin with thiosulphate.

Since 1 g. triolein can combine with 0.8f> gram iodin, the iodin number of tri­
olein is 80.

The iodin numbers of tallow and lard and other animal fats vary with their 
content in oelin. The value for beef tallow is 40, for lard 50-70, for butter 30.

(5) Reichert-Meissl number.—This informs us regarding the amount of vola- 
tile fatty acids that can be driven off witli steam. The number is expressed 
in cubic centimeters of N 10 KOIl necessary to neutralize the fatty acids in 5 g. 
of fat after saponifying and acidifying witli steam. The number is most used 
in examining butter, which has a larger content in the lower fatty acids than have 
other fats. Thus, the Reichert-Meissl number for butter is 20-33, for tallow and 
lard about 1.

(fit The acetyl number.—This informs us regarding the presence of hydroxyl 
groups (alcohols, oxyacids). It is not much used in the study of the higher fats.

For the isolation of the single constituents of fats, chemical methods are 
valuable, but are difficult of application. The reader is referred to the excellent 
monograph by J. B. Loathes.

(c) Digestion and Absorption of Fats

The fat taken in ns food (fats of moat, Rutter, milk, olive oil, etc.) 
are but little altered in the stomach. On reaching the intestine the fat 
is emulsified by the bile and pancreatic juice. A minute amount is ab­
sorbed by the intestinal wall unchanged, but most of the fat is split by 
means of the ferment lipase into fatty acids and glycerin. The fatty 
acids unite with alkalis to fonn neutral soaps. These are transported 
through the lymph channels and thoracic duct to the left subclavian vein, 
and are distributed to the tissues, where they are stored up until required 
as fuel by the body.

The Catabolism of Fats.—When fat is burned in the body, it is first 
split into fatty acids and glycerin by means of lipases. But the inter­
mediate stages down to C03 and water are not known. Some of the fat 
may he converted into sugar before it is burned.

On oxidation of the fatty acids, it is believed that the second carbon atom from 
the carboxyl (the so-called beta carbon atom) is first attacked, the fatty acids 
becoming keto-ae'.ds in this way.

Tims, butyric acid ( C11,.CH*. OH,.COOT! ), when oxidized at. the beta carbon 
atom, becomes CII,.CO.(Ti..f'(")01I, which is aceto-acetic acid, or diacetic acid.

Similarly, it is believed that koto-acids are formed from the higher fatty acids, 
after which the chain breaks down at the level of the keto-group, with formation 
of arctic acid and a fnttv acid shorter by 2 carbon atoms; the latter can in turn 
become oxidized again at the beta carbon atom, and so the loug carbon chain



718 DIAGNOSIS OF THE DISORDERS OF METABOLISM

of the higher fatty acid is gradually broken up into simple bodies (See Acetone 
Bodies).

Just how the fats give rise to sugars under certain circumstances (e. g., in 
diabetes) is not yet known.

It is known that the fats play a part in the formation of certain important 
chemical substances of the tissues, including (1) the phosphatids of the central 
nervous system (lecithin; cerebrin), (2) cholcsterin, and (3) the bile acids. The 
chemistry of the intermediary processes has, however, not yet been worked out.

The human intestine can absorb large amounts of fat, though the maxi­
mum for 24 hours is about 300 g. Some fat is discharged with the feces 
unabsorbed. The loss of fat in bacon is 12.0 per cent, in yolk of egg, 4.4 
per cent, in the fat of milk, 4.5 per cent, and of butter, 4.1 per cent (Ruin 
ner).

Fat injected subcutaneously is absorbed and used in metabolism, but only very 
slowly; thus, of 500 grams of oil injected subcutaneously, only 2-3 grains will he 
utilized in metabolism per day. According to Winternitz, not more than 20-25 
calories daily can arise from the burning of fat injected subcutaneously. From 
nutrient enemata, about 10 grams of fat per day can be absorbed (Duecher).

(<f) Sources of the Fat of the Body
The fat of the body is derived from the fats of the food, from the 

carbohydrates of the food, and from the protein of the food or of the body.

As has been pointed out, most of the fat taken in as food undergoes cleavage 
and is absorbed as soaps and glycerin. When re-synthesized in the body, the fats 
peculiar to the body are formed. There is evidence, however, that foreign fats, 
entirely different from the normal fat of the body, can be absorbed as such and 
deposited in the tissues ns foreign fat, where it may remain, at least for weeks, 
unchanged (Rosenfeld). When fat is needed, this foreign fat can be used in 
metabolism, apparently like normal human fat.

The fat derived from the carbohydrates of the food differs somewhat from the 
fat of the body derived from the fat of the food, containing less oleic acid.

The fat derived from protein of the food and of the body 1ms its source in 
the deaminized residues of the constituent amino acids of protein, which, as we have 
already seen, are utilized also in the formation of sugar. The fat of so-called 
fatty degeneration, seen in the protoplasm of the cells of glands, is, in all prob­
ability, not fat arising in loro from the protein, but is fat that has wandered in 
from fat depots elsewhere in the body; in other words, what was formerly de­
scribed as fatty degeneration of cells appears to be in reality a fatty infill ml ion 
(G. Rosenfeld).

(e) Storage of Fat in the Body
The main depots for the storage of fat in the body are the subcutaneous 

tissues, the omentum and mesentery, and, to a certain extent, the inter­
stitial tissues of the organs. A certain amount of fat can be stored in 
the liver cells. The fat stored in the liver remains there only tempura-
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rily, while the great fat depots (subcutaneous tissue, peritoneum) serve as 
more permanent warehouses for fat.

When the liver-cells are well supplied with glycogen, they do not store fat, but 
if the glycogen-content fall, fut begins to wander into the liver-cells from the fat 
depots of the body.

(Z) The Acetone Bodies

Among the acetone bodies wo include: (1) beta-oxybutyric acid; (2) 
diacctic acid, and (3) acetone.

i. Chemistry oi the Acetone Bodies

The relation of these substances to one another will bo easily seen by 
the structural formulae. Thus, the mother substance, beta-oxybutyric 
acid, has the formula :

CH3—CII—Oil—C1I2—COOII.
On oxidation, this gives rise to diacetic acid, or aceto-acetic acid—

ch3—co—€ira—coon,
which, in turn, breaks up into C02 and acetone:

cii3—co—cir3—coon=cii3—co—cn3+co2. %
Acetone is a ketone; diacetic acid is a ketonic acid, and beta-oxybutyric acid 

is a monobasic oxyaeid.

ii. The Acetone Bodies in Intermediary Metabolism

These acetone bodies are not present in the normal urine, since nor­
mally they are not end-products, but intermediary products of metabolism. 
Under pathological conditions, however, they may appear in the urine, 
and acetone is sometimes excreted in the breath (sec Diabetes).

Physiological chemists arc almost unanimous in the opinion that diacetic acid, 
at any rate, is normally present in intermediary metabolism, arising during the 
catabolism of the fatty-acid chains of fat, and during the catabolism of the nitro- 
gen-free residues of the deaminized amino acids of protein. Hut, in normal 
mctaliolisin, diacetic acid is itself catnboUzed, being either directly oxidized to CO, 
and II.,O, or re-synthesized to form sugar. Acetone is probably a secondary prod­
uct derived from diacetic acid through cleavage of the latter into acetone and CO,.

The relation of diacetic acid to beta-oxybutyric acid is still in dispute. For­
merly, it was believed that beta-oxybutyric acid is the primary substance, or mother 
substance, and that diacetic acid is derived from it as a secondary product due 
to oxidation. One thing is certain, however, from recent studies, namely, that 
heta-oxybutyric acid can be formed from diacetic acid in the body by reduction, 
and can then be excreted in the urine. Some believe that beta-oxybutyric acid 
always has this origin. Others assume that either body may be easily formed 
from the other (reversible reaction), and that, according to circumstances, the 
formation of the one or the other body will predominate.
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iii. Acidosis and Acelonuria
The conditions under which acetone bodies appear in the urine arc 

referred to in Part IX. They include the acidosis of diabetes and that of 
inanition, for apparently the catabolism of fats is interfered with when 
carbohydrates are not being normally utilized in metabolism. In diabetes, 
sugar cannot bo utilized, and the acetone bodies accumulate in the blood. 
In prolonged vomiting, ami in starvation, the sugar supply is so cut down 
that the fats cannot bo utilized and the acetone bodies accumulate in tlm 
blood and are excreted in the urine (acetonuria).

iv. Ketogenous and Antikctodenous Substances
Much experimental work has been done with the object of determin­

ing what substances, when fed under the abnormal conditions in which 
acidosis occurs, favor the formation of the acetone bodies, and what sub­
stances are antagonistic to such formation. These substances are known as 
kdoycnous and antiketoycnous substances, respectively.
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7. The Metabolism of Lipoids
By lipoids are meant substances that can be extracted from cells 

by means of ether. The ether extract represents a complex mixture of 
substances. Aside from the neutral fats present in such an ethereal ex­
tract, two largo groups of substances are distinguishable: (1) the phos- 
phatids, and (2) the cholestcrins. In addition, though less abundant, 
the extract contains (3) the phosphorus-free ccrcbrosids, or aminolipoids, 
and (4) the pigments known as lipochromcs.

(a) The Phoaphatids
These are complex substances in which glycerin is combined with 

phosphoric acid, a hase, and a fally-acid radicle. According to the con­
tent of the molecule in P and N atoms, we speak of mono-amino-mono- 
phosphatids, triamino-diphosphatids, and the like.

The most important phosphntid in metabolic studies is lecithin. Lecithin is, 
however, not a single body, but a group of several mono-amino-inonephosphalids, 
since the fatty-acid radicle of the lecithin molecule in the different lecithins varies. 
The substances are so closely related to one another, however, that they are con­
sidered together under the designation “lecithin.” In lecithin, glycerinophosphoric 
acid is combined with cholin, and with two variable fatty-acid radicles, according to 
the general formula :

R 

R
OH 

Z
PO OH

X z
0—C,II«N

X
(CH,),

Lecithin is present in all the cells of the body. In the food it is an important 
constituent of yolk of egg. It is a colloid, intermediary in position between a 
euspensoid and an emulsoid, and, like the proteins, behaves as an amphoteric <lec-

CH,—O-

I
CH—O—

!
CHr-O-

81
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trolyte, forming loose combinations with protein (lecithalbumins). Like other 
colloids, it swells up in water. The lecithins undergo cleavage through the action 
of specific ferments (lecithinases), breaking down into their components (fatty 
acids; glycerino-phosphoric acid; cholin). Free cholin is known to be present 
in the blood and to have a vagotonic effect; it is thus an antagonist of epinephrin.

It has been suggested that lecithin may unite with glucose to form glucoaids, 
and that the sugar of the blood may circulate largely in the form of some such 
glueosid. For a time it was thought that jecorin is such a glucosid, hut the exist­
ence of typical leeithin-glucosids is uncertain; the substances taken to In* such 
may have l>een mere adsorption phenomena, so characteristic of colloids. The 
relation of the lecithin of the red blood corpuscles to intoxication with snake venom 
(Kyes), has been referred to in Part IV.

Among the other phosphatids of the body may be mentioned the cephalin of the 
hrain and kidney, the myelins, the sphingomyelins, and sahidin of the nervous sys­
tem. These are of physiological interest, but thus far cannot be valued for clinical 
studies of metabolism. The same may be said of the phosphorus-free aminolipoids 
or cerebrosids.

(6) The Cholenterins

Tlio cholesterin* arc chemically not. related to the pho? " * '», though
they are included in the group of lipoids. Chemically they consist of 

hydrated eurbon rings and are grouped among the liydro- 
nromatie substances.

Cholesterin is widespread in the human body, making up about 20 
per cent of the dry substance of the white matter of the brain. It is 
also an important constituent of the bile ami of <jall-sloncs. Cholesterin 
esters (oleate, stearate) are present in the circulating blood and in the 
cells of the kidney.

Cholesterin is a secondary alcohol of a complicated, doubly-methylated ring 
system known ns cholesten.

The eoprosterin of human feces yields the color reactions of cholesterin, and is 
probably one of its reduction products.

The bile acids are probably derived from cholesterin, consisting, as they do, 
of hydrated benzol nuclei.

(Hyeoeholic and tauroeholic acids arc the two principal bile acids, though 
several others have been demonstrated in human bile. In fatty degeneration of the 
organs, the cholesterin-content is increased. Cholesterin seems to possess the 
property of inhibiting the activation of hemolytic substances by lecithin.
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8. The Metabolism of Inorganic Substances 
(Mineral Metabolism)

(a) The Significance of Mineral Matter in Metabolism
Inorganic constituents of the body tissues are found in various com­

binations, and the significance of each form is quite different. We may 
mention some of the different forms.
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i. Forms in which Inorganic Materials are Found in the Body

1. Large deposits of insoluble inorganic material (calcium, phos­
phorus, fluor in, magnesium, etc.) are present in the bones and in the 
teeth. Aside from their mechanical functions, these deposits in skeletal 
structures must be looked upon as reserve depots whence, in time of need, 
the more active tissues may obtain the requisite amount of these inor­
ganic elements.

2. Sulphur, phosphorus, iron, iodin, and other less common elements, 
are found firmly combined in certain organic molecules. These inor­
ganic elements have here no function as electrolytes, hut they determine 
very largely the properties of these organic molecules. The iron in liemo- 
tilobin, for instance, allows hemoglobin to take up and to lose oxygen. 
Other examples of such combinations of inorganic elements in organic 
molecules are met with in casein, nucleic acid, phosphatids, and tliyro- 
globulin.

3. Another organic combination in which inorganic material is found 
in the tissues is as “protein salts,” formed by the union of acids or bases 
with proteins, since proteins (chains of amino acids) by virtue of their 
amino groups, on the one hand, and of their carboxyl groups, on the 
other, can unite with either acids or bases. It is doubtful whether neu­
tral salts can form such combinations with protein. The importance of 
these combinations lies in the aid they offer in maintaining the neutral 
reaction of the body fluids.

4. Finally, inorganic elements are found as free soluble salts (elec­
trolytes). The chief calions of these electrolytes are sodium, calcium, 
potassium, magnesium, and the chief anions, chlorids, sulphates, phos­
phates, and carbonates.

ii. Functions of Salts and of Ions

The very important rôle of such salts in the living body is far from 
being clearly understood. It is evident that they regulate the reaction 
of the body fluids and tissues. The ingestion or formation in metabolism 
of the inorganic anions, S04", CV, etc., and of organic acids, is balanced 
in part by the ingestion of the cations Na *, K*, etc., and in part by the 
formation of the cation Nil *4 in the body (see lleaction of the Urine).

Another physico-chemical activity of these ionized salts consists in 
maintaining a level of osmotic pressure most suited to the various cellular 
activities. The relation of osmotic pressure to distribution of fluids in 
the tissues and to the processes of resorption and secretion is a very 
direct one.

Perhaps even more important, though little understood, are the inter­
relationships of the electrolytes and the great mass of bodies that are
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present in a colloidal condition. Emulsion colloids, such as are of chief 
interest in this connection, undergo gel-for mat ion under the influence of 
electrolytes, the reversible or irreversible nature of this change of state 
depending in part upon the character of the cations concerned, in part 
upon the type of colloid. Again, the hydrophile action of colloids, that 
is, their affinity for water, is strongly affected by the electrolytes present 
in the solution. Finally, the protective action of certain colloids on 
hypersaturated solutions of salts, preventing precipitation, may be cited 
as still another example of the complex interrelationships between col­
loids and salts that exert an important influence upon the vital processes 
in the body.

Certain ions possess powers more specific than those mentioned above 
that arc due to the common properties of all electrolytes. There is 
evidence that different functions demand for their performance the 
presence of certain ions in a definite proportion (ion-balance). The con­
traction of muscle tissue, for instance, has been shown to demand the 
presence of a certain amount of sodium ; whereas, if potassium he in­
creased, this function is antagonized. Loch has suggested that we have 
in cells a protein-ion compound of the typo

Na
/

Protein—K

The ions joined to the protein may bo characteristic of the tissue. If 
an excess of one of these ions occurs in the surrounding fluid, it may 
displace the others by mass action, thus yielding a protein-ion combina­
tion of abnormal character. The details of such reactions arc of course 
hypothetical ; but the importance of the rôle of the electrolyte may ho 
summed up in Mann’s words : “So-called pure ash-free proteins are chem­
ically inert, and, in the true sense of the word, dead bodies. What puts 
life into them is the presence of electrolytes.”

iii. Effects of an Ash-free, or of a Salt-free, Diet

It has been shown experimentally (Taylor, Forster) that the ingestion 
of a diet free from inorganic salts rapidly results in symptoms of grave 
nutritional derangement and causes death more quickly than does abso­
lute starvation. The human, like the animal, organism needs inorganic 
salts ; if it does not get them in sufficient amounts, “salt-hunger” devel­
ops. This hunger for inorganic salts will develop more quickly on a 
diet of vegetable than on one of animal food. Vegetable foods, it is 
true, contain more “ash” than animal foods, but “ash-content” and voû­
tent in dissolved and dissociable inorganic salts” arc not synonymous
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(Kôppe) ; apparently mueh of the mineral content of plants exists in 
organic combination.

(6) Factors Affecting Mineral Metabolism

i. Mineral Constituents of the Food Ingested

The inorganic constituents of a mixed diet arc present in much the 
same variety of forms as we have just seen arc characteristic of the 
inorganic elements as they occur in the body.

Thus, there arc insoluble salts such as calcium phosphate, elements firmly bound 
in organic combinations such as iron in casein, or sulphur in cystin, and soluble, 
free salts, such as are present in mineral waters.

In general these free salts are of three types: “(1) neutral inorganic electrolytes, 
especially chlorids; (2) vegetable salts of the alkali and earthy metals, carbonates, 
acetates, tartrates, citrates, etc., which are present rather abundantly, and (3) 
mid phosphates, which are present in comparatively small amounts. Were the 
salts of these three types removed from an ordinary mixed diet, then thoroughly 
mixed and allowed to come to equilibrium, we would find that the reaction would 
be rather strongly alkaline” (Hawk). This balance on the alkaline side is needed 
to neutralize the sulphuric acid formed in the body from the sulphur ingested in 
protein combination, as well as other acid bodies of metabolic derivation.

ii. Absorption of Mineral Constituents

Tho extent to which certain inorganic constituents of the diet, espe­
cially phosphorus, iron, and sulphur, arc freed from organic combinations 
before resorption has been a subject much discussed. It now seems 
probable that phosphorus is resorlied chiefly as salts of phosphoric acid, 
that iron in both inorganic and organic form can he taken up by the 
intestinal wall, that sulphur is resorbed both as sulphates and as the 
amino acid, cystin. In general, the oilier inorganic calions ami anions 
are resorbed in inorganic combination. The chief site of the resorption 
is the small intestine.

iii. Distribution of the Several Mineral Constituents in the Tissues

In the tissues of the body, the salts are not uniformly distributed hut 
show a tendency to be present in varied proportions. In the ease of an 
element like phosphorus, which, in the body, is present in all nucleins, 
it is plain that the percentage of the element may vary in different 
tissues according to their richness in nuclear material. In the case of 
elements like sodium and potassium, which exist, as ions not firmly com­
bined, variations in the tissue content of these elements are attributable 
to physico-chemical processes characteristic of the particular tissue.
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iv. Excretion of Mineral Substances

The excretion of mineral mutter is chiefly through the urine ami 
stools, though appreciable amounts are to bo found in the sweat and, 
exceptionally, in the milk, sputum, etc.

Gautier gives as the average excretion of mineral matter per day in 
the urine 17.3-22 gm. ; in the feces, 4.35*6 gm. ; in the sweat, 1.0-2.4 gm. 
It must pot be assumed, however, that each mineral is excreted accord­
ing to these proportions. On the contrary, the excretion of each tends 
to bo individual. Chlorids are excreted almost entirely in the urine ami 
sweat. Iron is eliminated almost entirely into the large intestine. 
Phosphorus and calcium are found in largo amounts in both urine and 
feces.

v. The Balance of Mineral Substances

In normal adults, the body tends to maintain an equilibrium between 
the total mineral intake and output. Moreover, a balance will usually 
be found to exist for the metabolism of each single clement; but essential 
differences in character distinguish the mechanism of the balance in each 
case.

As an illustration, it will suffice, at this point, to cite the fact that 
whereas the ingestion of an excess of sodium chlorid is usually followed 
by rapid elimination of the excess with no disturbance of the chlorid 
balance, an ingested excess of calcium lactate may bo retained througl 
a period of many days, with a corresponding positive balance, which only 
very gradually gives way to a long period of elimination in which a 
negative balance obtains.

Another type of mineral balance of especial interest is that of iron, 
in which the intake and output arc both small in spite of a very active 
internal synthesis and destruction of iron compounds. The explanation 
is that, in this case, there is an internal circulation of iron, this iron being 
repeatedly re-utilized.

Aside from these interesting individual types of mineral metabolism, 
it is to be noted that the balance of total mineral metabolism tends, under 
certain physiological conditions, to show variations. It has been shown, 
for instance, that in periods of growth, and during pregnancy, the min­
eral output is less than the mineral intake.

vi. Mineral Metabolism in Pathological States

The study of the disturbances of mineral metabolism in various patho­
logical conditions has not. yet reached a stage in which many positive 
facts are agreed upon.

Disturbances of Absorption.—In disease, the resorption of salts shows 
abnormal variations, which at times are due to the ingestion, or forma-



THE STUDY OF METABOLISM 729

tion in the intestines, of insoluble compounds. Thus, the calcium absorp­
tion may be diminished if a large amount of phosphates be simultaneously 
ingested, since the comparatively insoluble calcium phosphate is excreted 
in the stools. Intestinal troubles of various sorts apparently exert an 
influence upon the resorption of inorganic material ; and an excess intake 
of certain salts predisposes, in itself, to intestinal irritation.

Disturbances of Balance.—Internal disorders that affect the balance 
of intake and output of all, or of one or more, of the mineral constituents 
of the body are discussed under the heading of the several mineral 
bodies (See Part IX) and in connection with special diseases (Parts 
XI, XIII and XIV). In general, they have been studied chiefly in 
relation to pathological ossification and calcification (Ca, Mg, Pü4), and 
in connection with the investigations of acidosis, of edema, of nephritis, 
and of certain diseases of the glands of internal secretion (e. r/., tetany).

Disturbances of Elimination.—The proportionate amounts of the same 
mineral body in the various excretions, urine, feces, sweat, etc., often 
show abnormal variations. In “imiosimiatuuia,” for example, the calcium 
output in the mine may bo distinctly increased, while the calcium in 
the stool is correspondingly diminished in amount (Umber). This in­
crease of calcium in the urine is an important factor in the precipitation 
of the phosphates. Such disturbances of mineral excretion arc no doubt 
usually secondary to variations in unknown factors that determine the 
amounts excreted by each path.

In the case of minerals, such as sulphur, which is excreted in several 
forms (sulphates, ethereal sulphates, neutral sulphur), pathological con­
ditions of metabolism may lead to an abnormal increase in one form at 
the expense of the others; as, for example, the increase of ethereal sul­
phates in phenol poisoning.

Formation of Concretions.—The formation of concretions is inti­
mately allied with the excretion of mineral bodies. Calcium salts are 
those most commonly involved, but magnesium, sodium, potassium and 
ammonium salts may also be precipitated. The more common anions in 
concretions are phosphates, oxalates, carbonates, and urates. The 
amount of certain salts in the excretions is greater than could he 
dissolved in a like amount of distilled water. Urine, for example, is 
normally a supersaturated solution of calcium oxalate. The stability of 
such supersaturated solutions is due to the normal presence of “protective” 
colloids in the excretion. Such colloids greatly increase the power of the 
fluid to hold salts in solution. If, however, these colloids undergo rjel- 
fonnation as a result of change in the reaction of the media, or of con- 
tad with other colloids of opposite electrical charge, the salts are pre­
cipitated. The conception of the formation of calculi as a simple 
precipitation from an aqueous solution of salts excreted in abnormal 
concentration must be enlarged to include the reciprocal relationships
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of both salts and colloids in 'solution in all the excretions. The study of 
the urine and of the bile as colloidal solutions (Lichwitz, Schade, etc.) 
has already thrown much light on the formation of concretions.
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9. Water and Metabolism
This has already been discussed in part under Examination of the 

Urine (See Part IX). The render may also consult ‘‘The Polyurias” 
and “Diabetes insipidus,” which follow in the next section.

Of late years, clinicians have become greatly interested in following 
the “water balance” in various conditions.

(a) The Water Supply of the Body
The water supply of the body has two sources: fl) water taken in as 

such; (2) water of fonde including: (a) their water content, e. g., in 
milk, beer, vegetables, etc. ; (b) the "oxidation water” resulting from the 
oxidation of the If of carbohydrates, fats and proteins in intermediary 
metabolism. Tt has been estimated, that on a mixed diet (.1 or more 
carbohydrate, /. protein, or less fat) 100 calories yield about 12 g. “oxida­
tion water.”
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(6) The Water Output of the Body
The water output of tlio body includes the water in: (1) the urine 

(varying in amount with that given off by the sweat and the expired 
air) ; (2) the feces (ordinarily, 00-120 g. water per day) ; (3) the sweat; 
(4) the expired air; and, to a slight extent, (5) the sputum, sperm, 
menstrual fluid, nasal secretion, and tears.

The amount of sweat varies enormously under different conditions 
(temperature and humidity of air, muscular activity, etc.). According 
to Atwater and Benedict, the normal body, at rest in a comfortable room, 
gives off nearly a liter (935 g.) of water as “insensible perspiration” by 
way of the skin (GO per cent) and the expired air (40 per cent). In 
hard labor, as much as 3 or even 8 liters may be given off by skin 
and lungs ! Since such amounts exceed the urine output, the fallacy of 
trying to judge of a water-balance by following the amount of urine alone 
is obvious. In following a water-balance, the control of the urine should 
bo accompanied at least by the daily control of the body weight also.

The blood tends to constancy in its water content (males 70-80 per 
cent; females 77-81 per cent). In unusual pathological states, the blood 
may become less aqueous (75 per cent in cholera ; 70 per cent in fatal 
burns).

When water intake is not followed at once by water output, the water 
is stored, not in the blood but (chiefly) in the muscles and in the fatty 
tissues. In pathological cases, the retention of water in the body results 
in the accumulation known as “edema" and “dropsy” (ascites, hydro­
thorax). These states are described elsewhere.
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10. Vitamins and Metabolism
One of the most, astonishing discoveries of recent times is the demon­

stration that certain substances, entirely aside from the ordinary pro­
teins, carbohydrates and fats, existing in the vegetable kingdom, are
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necessary to the normal growth and nutrition of animal tissues. It has 
been shown that these substances, called vitamins, become a part of animal 
tissues, so that if fresh meat he eaten, or if unboiled milk bo drunk in suffi­
cient quantities, their direct ingestion from plants becomes unnecessary.

An absolutely pure mixture of protein, carbohydrates, fats and salts 
will not maintain life (Osborne and Mendel). In experiments on the 
growth of rats it was found that growth ceased when the fat in the diet 
consisted of lard, and rapid growth quickly set in when butter fat was 
substituted for the lard (Osborne and Mendel). This experiment brought 
the proof that butter fat contains something necessary for growth that 
is not present in lard.

The disease beriberi has long been known, especially among rice-eat­
ing peoples. Some peoples, however, like the Bengalese, whoso diet con­
sists largely of rice, do not suffer from beriberi. In 18!)7 Eijkman 
pointed out that beriberi occurs among rice-eating peoples only when 
the rice is prepared in a certain way. Thus, when the rice is milled 
by machinery, so as to bo free from its husks or pericarp, and such rice 
forms the exclusive diet, beriberi develops almost with certainty ; whereas, 
if the whole rice be eaten, or if rice polishings accompany the diet of 
milled rice, beriberi does not develop.

Chickens or pigeons fed on white rice (that is, polished rice) develop 
a polyneuritis, which causes general weakness and paralysis of the legs 
and wings, a disease picture similar to beriberi. Fed on whole rice, or 
upon polished rice with the addition of meat or beans to the diet, these 
fowl do not succumb.

Potatoes, many cereals, meats sterilized at high temperature, and 
boiled milk, do not contain enough vitamins to prevent neuritis (Funk).

An attempt has been made to isolate the substances that will pre­
vent beriberi ; thus, Funk, from 100 kilograms of dried yeast, prepared 
1.6 grams of a crystalline substance that he asserts will, if given in 
doses of 4-8 mg. to neuritic pigeons, cure them in a few hours. On puri­
fying this substance, he obtained three materials, which he designated 
Substance 1, Substance 2, and nicotinic acid, lie found that Substance 2 
is entirely inactive. Substance 1 given alone, and nicotinic and given 
alone, have but little effect on the polyneuritis of birds, but if he gives 
3 mg. of Substance 1 and 2 mg. of nicotinic acid simultaneously, the dis­
eased pigeons recover in a few hours. Funk asserts that the same two 
substances can be recovered from rice polishings. lie is of the opinion 
that they are related to the pyrimidins (q. v.).

It is believed that in addition to beriberi, scurry, and possibly rickets 
and pellagra, are also due to a one-sided diet ; namely, to a deficiency 
in vitamins. Great care must bo taken, however, in rushing to a con­
clusion regarding the etiology of these diseases. The idea is certainly 
a plausible one and should lead to profitable experimentation.
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11. The Total Metabolism
Since the fundamental studies of Pettenkofer and Voit in Munich, the interest 

of clinicians in the total metabolism in health and in disease has gradually in­
creased until, today, some investigators devote themselves almost entirely 1" the 
study of the subject. In the United States, the studies of Atwater, Benedict, 
Lusk and DuBois have been especially fruitful. Sometimes the total metabolism 
is followed over a long period, 24 to 48 hours; sometimes over a shorter period, 
a half hour to 6 hours (see Methods in Section II).

(a) Data Required for Estimating Total Metabolism
In studying the total metabolism for a longer period (of 21 bonis or 

longer), the data required include: (1) a knowledge of the fuel val of
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the food intake, (2) a chemical study of the excreta (X of the urine and 
feces; C of the expired air, urine and feces; and the 1LO output). The 
study of the excreted nitrogen gives a clue to the protein metabolism, 
and that of the excreted carbon and hydrogen the clues to the combustion 
of carbohydrates and fats, since in a 24-hour period the oxidations can 
go as far as their end-products.

A comparison of the output with the intake permits a judgment to 
bo formed regarding the metabolism that has taken place during the 
period. It is customary to measure the consumption of oxygen during 
respiration as well as the CO., of the expired air, since a study of the 
relation of the oxygen-consumption to the CO.^excretion permits one to 
draw conclusions regarding the relative amounts of protein, fat, and carbo­
hydrate, respectively, consumed.

A study over such a long period, though tolerably easy with animals, is ex­
tremely dillieult to apply accurately to human livings, especially to people who 
are sick, and the expense of such studies makes them prohibitive in most clinics. 
In America, however, Atwater and Benedict, and, later, Benedict hv himself, and 
Lusk have undertaken such studies on human beings, witli results that must ulti­
mately prove of great value.

For the study of briefer periods, the Zuntz-Geppert Apparatus and tho 
Universal Inspiration Apparatus arc useful. By them, the consump­
tion of oxygen and the excretion of ('()2 in the expired air are followed for 
short periods, and tho relation of the two to ono another is known as tho

respiratory quotient

This quotient varies according to tho kind of food (protein, carbo­
hydrate, fat) that is undergoing combustion. Thus ;

Respiratory quotient for starch ^ 1.
Respiratory quotient for protein - 0.7V3. 
Respiratory quotient for fat = 0.707.

With the aid of such a method, wo can determine the part taken by 
protein, fat and carbohydrate, severally, in tho total metabolism. And, 
further, wo can, by experimenting, study how the metabolism of the 
several foodstuffs is affected by influences such as the state of nutri­
tion and muscular exercise, which, it is well known, cause alterations in 
the total metabolism.

(6) Factors Influencing the Total Metabolism
The total metabolism of men and animals is not directly proportional 

t" the body weight, for smaller animals catabolise more intensely than do
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larger animals (Rubner). It has been found, however, that the total 
metabolism is directly proportional to the body surface, which, us is well 
known, is relatively greater in small animals than in large.

The body surface can be approximately calculated from v. MelVs formula: 

Surface = 2-

The constant K for human beings is 12.3, while a is the body weight of the 
man, or of the animal under study. This formula gives the body surface in 
square meters.

In general, this surface law of Rubner holds, but there are certain 
exceptions to it, even in health ; thus, aye and sex have some influence, 
aside from the differences in the area of the body surface that they 
entail, and other studies indicate that the variable activity of the end»’ 
crine glands, in health and in disease, cause variations in the intensity of 
total metabolism.

In children, the total metabolism is more intense than at any other 
time in life. In old age, the total metabolism is decreased, and even to 
a greater extent than the loss of weight and the lessened exercise of the 
senile will account for.

Among adults, the total metabolism of the resliny-fasting individual 
is constant for the single person, though it varies somewhat for different 
persons.

The marked influence of muscular exercise upon metabolism has 
already been referred to (See Fuel Value of the Foods). The energy 
for muscular contraction may bo derived not only from carbohydrates 
and fats, but also from protein. Ordinarily, however, the body uses 
carbohydrates and fats as the source of this energy, proteins being called 
upon, only under exceptional conditions. Obviously, therefore, laboring 
men require a much larger supply of carbohydrate and fat in their diet 
than do men whoso occupations are sedentary.

The quantity, but more particularly the quality, of the food ingested 
has a definite influence upon the total metabolism. In the fasting-resting 
state the total metabolism quickly (12-14 hours) falls to a minimum 
(See Total Basal Metabolism). If now the influence of muscular exer­
cise, of the outside temperature, and of other external stimuli bo excluded, 
we can study the effects of the food intake, in short experiments, with 
the Zuntz-Gcppcrt apparatus.

Such experiments have shown that the ingestion of fat causes only a 
slight increase of the total metabolism. Carbohydrate has a somewhat 
greater effect, but the ingestion of protein has a powerful effect, increas­
ing the total metabolism as much as 20 per cent (in man), or even in«»ro 
in animals (Magnus-Levy). An abundant mixed diet increases the Mai 
metabolism (calculated for 24 hours) by about 13 per cent.
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For a time it was thought that the increase in total metabolism fol­
lowing the ingestion of food was duo to the work of digestion. While 
digestive activity undoubtedly plays a rôle in the increase of the oxida­
tion process, it is by no means the main factor. We must, with Rubner, 
assume that the single foods act as specific stimuli to the oxidative processus 
in the cells of the organism, and that the increased activity excited is by far 
the greatest for protein (specific dynamic action).

The effects of temperature on total metabolism have also been care­
fully studied. It has been found that in animals heat regulation is 
maintained by chemical processes chiefly; they control their metabolism, 
es]>ecially the metabolism of fat, chiefly by means of muscular contrac­
tions (A. Ldwy). In man, instead of this chemical regulation, a physical 
regulation prevails, for man protects himself less by alterations in the 
amount of heat produced than by diminishing the loss of heat (vaso- 
motors of skin, evaporation from skin and lungs).

Exposure of the human body to heat (hies not seem to lessen metab­
olism; indeed, hot baths slightly increase total metabolism. If the baths 
bo very hot, there may bo a considerable increase.

The effect of climate upon total metabolism has been the object of a 
number of metabolic studies. Thus, in mountain climatcsf the total 
metabolism is increased, and in greater degree than the dyspnea will 
account for. The food intake is greater in the mountains than at the 
sea level. Left to themselves, people cat more carbohydrate and protein, 
though the amount of fat ingested remains practically unchanged. Muscu­
lar work increases total metabolism to somewhat greater degree at an alti­
tude than at ordinary levels. Patients sent to convalesce in the mountains, 
especially if they are anemic or under-nourished, should cat plenty of 
protein (Richter).

In a sea climate, the total basal metabolism is somewhat increased, 
though there arc marked individual differences, the increase being greater 
in some persons than in others (Lowy and Muller).

The effects of the endocrine glands upon total metabolism have 
already been mentioned. Wo know most about the effects of the secretion 
of the thyroid gland. As is well known, in hypothyroidism, the total 
metabolism is decreased and the patients tend to increase in weight, even 
when the diet is meager. In hyperthyroidism, on the contrary, the total 
metabolism is greatly accelerated, and a thin chit of a girl may cat as 
much as a man at hard lalmr and still lose weight. The thyroid secre­
tion appears to act like a fan to the flame of the combustion processes in 
tho body.

The internal secretion of the gonads appears also to exert an impor­
tait influence upon total metabolism. Castration, or oophorectomy, soon 
leads to a distinct reduction in total metaliolism, as measured by tho 
Ziintz-Geppert method. It is more marked in females than in males.
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In the former, the administration of ovarian substance will increase the 
total metabolism after oophorectomy. These considerations arc of im­
portance in connection with constitutional or endogenous obesity (q. v.).

B. Methods of Investigating Metabolism 

1. Introduction
The more comprehensive studies in metabolism, formerly confined to 

animal experiments in physiological laboratories, are rapidly being ex­
tended to man, and are now becoming a recognized part of the work of the 
medical clinics. It seems probable that in the near future every largo 
hospital will have a department for the especial study of the diseases of 
metabolism. This would bo a real help to the understanding of many 
conditions now obscure.

It is desirable to have patients that are under metabolic study in 
special rooms or wards, in which the food intake and the output of the 
urine and feces can be absolutely controlled by skilled nurses and orderlies 
under the supervision of medical men that have had special training in 
metabolic investigations. These conditions are at present unobtainable in 
ordinary hospital wards, and, indeed, anywhere in hospitals as at present 
organized. Connected with the metabolic wards there should be (1) suit­
able apparatus for indirect, and, if possible, also for direct calorimetry ; 
(2) a chemical laboratory in which analyses of food, excreta and respira­
tory gases can bo undertaken ; and (3) a metabolic diet kitchen. As to 
the methods to be employed, they include :

1. Investigations of total metabolism. Hero, exact determinations of 
(a) the total intake, (b) the total output, and (c) the oxygen-consumption 
and the carbon-dioxid elimination in respiration arc made. The total 
metabolism may bo increased (as in fever, in the cachexias, and in liyjicr- 
thvroidisin), or it may bo diminished (as in obesity, in hypothyroidism, 
and in agenitalism).

2. Investigations of the partial functions of metabolism. Here, spe­
cial studies of protein metabolism, nucleic acid mctaliolism, crcntin and 
crcatinin metabolism, carbohydrate metabolism, fat metabolism, lipoid 
metabolism, and mineral metnlxdism (salts and water) may have to he 
made. In such studies, the intake may be especially arranged as regards 
its content in the substances under consideration ; and exact analyses of 
the urine and feces for these particular substances and their derivatives 
will bo made.

Thus, for example, in studying 'protein metaholism, the N-intak and 
the N-output arc exactly followed; in studying nucleic acid metal* ism,



METHODS OF INVESTIGATING METABOLISM 711

the exogenous and the endogenous purins arc of especial interest ; in study­
ing carbohydrate and fat metabolism, the carbohydrate intake, the sugar 
output in the urine, if any, and the acetone bodies will l>e closely followed ; 
whereas in studying mineral metabolism, the balance of one or more of the 
mineral salts, or the balance of water will be investigated by comparing 
output with intake.

In addition to quantitative determinations of the normal end-products 
of the different substances in the output, examinations will be made to 
determine, in the output (especially in the urine), the presence or absence 
of substances intermediate in position between the complex molecules of 
the food ingested and the simple end-products normally excreted. The 
appearance in the urine (or blood) of abnormal quantities of such inter­
mediate substances is of great importance, since a study of them will often 
throw light upon the nature and location in the body of the diseases giving 
rise to disorders of metabolism. Thus the study of intermediary metab­
olism has revealed the existence of a series of remarkable adaptive 
processes, by means of which the body protects itself against infectious 
nyents, and other foreign substances that gain entrance to it. and against 
poisons that enter from without or arc produced within the body. Of 
such i " ive processes may be mentioned (1) the manufacture of the 
defensive ferments of Abdcrhulden ami of the whole series of antibodies 
(antitoxins, lysins, etc.) described in Part IV; (2) the de-toxication of 
benzoic arid and of phenol and crcsol by conjugation with glvcocoll, with 
1LS04 and with glycuronic acid, so that they arc eliminated as hippurio 
acid, ethereal sulphates, and glucosids in the urine; and 0>) the utilization 
of NIL,, as it is formed, ns a neutralizer of an excess of acids (diacetio 
acid; beta-oxybutyric acid) in the blood, in order to keep an acid intoxica­
tion within bounds.

In the cachexias and in fever, the toxic destruction of protein may 
occur so rapidly that the body cannot maintain protein-equilibrium. In 
diabetes mcllitus, the glucose molecule cannot be cleft ; it accumulates in 
the blood (hyperglycemia) and is excreted in the urine (glycosuria). In 
gout, uric acid accumulates in the body and may be deposited in tho 
joints or in other tissues (tophi). In obesity, the oxidative processes are 
diminished. In the amino acid diatheses, the metabolism of certain of the 
amino acids (cystin, plienylalanin) may l>e arrested or may follow abnor­
mal paths. In rickets and in osteomalacia, the Ca and Mg balances aro 
disturbed. In diabetes insipidus, the kidney is incapable of secreting a 
concentrated urine and so, adequately to eliminate the solids of the urine, 
an enormous secretion of water is necessary. In beriberi, the food is 
insufficient in vitamins and a polyneuritis develops. In the endocrinopa­
thies, certain hormones are produced either in excess or in insufficient 
quantities (Addison’s disease, Graves’s disease, myxedema, tetany, 
acromegaly, etc.).

29
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In uremia, and in cholemia, chemical substances normally excreted 
can no longer be adequately eliminated ; they accumulate in the blood and 
poison the cells, especially the neurones of the nervous system. Many 
other interesting examples might be cited, but these will suffice to indicate 
the great interest that attaches to studies of metabolism. Properly to 
investigate these various disorders of metabolism, it is necessary skillfully 
to apply a whole series of physical, chemical and biological methods of 
examination. Only the principal methods of proven clinical value can bo 
referred to here. For the full details of these methods, and for methods 
not taken up here, the larger treatises on metabolism, and the special 
articles in the journals, should be consulted (See References).

The more important chemical methods used for studying the blood, 
the urine, the feces, etc., arc either described or referred to in chapters 
dealing with these subjects (See Parts VII, VIII and IX). I shall give 
here, however, a list of references to some of the recent treatises on 
biochemistry.
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Introduction to general inorganic chemistry. New York, 1915, The Cen­
tury Co. 780 p. 8°.

Snyder (Harry). The chemistry of plant and animal life. 8d cd. New York, 1913, 
Macmillan Co. 410 p. 8°.

Stanton (Frederic M.). Biochemical laboratory tiotes. Columbus, 0., 1913, R.G. Adams 
it’ Co. 322 p. 8°.

Walker (James). Organic chemistry for students of medicine. London, 1913, Gurney ,fc 
Jackson [etc.]. 339 p. 8°.

Wells (H. G.). Chemical jxithology. 2d cd. Philadelphia & London, 1914, IF. II. Saun­
ders Co. 549 p. 8°.
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pounds. 3d cd. New York, 1913, Longmans, Green Jk Co. 110 p. A. 

Wohlgemuth (Julius). Grundriss der Fermentmethoden. Berlin, 1913. 304 p. S°.

2. The Food Ingested and Its Analysis
Certain general rules should be observed on beginning a metabolic 

study :
1. The patient must bo under the absolute control of the physician 

and bis assistants during the period of metabolic study so that accurate 
knowledge concerning food intake, urine output, feces output, rest, exer­
cise, emotion, etc., will be accessible.

2. All food ingested and all urine and feces excreted must be accu­
rately weighed, or measured, and a record thereof kept.

3. A metabolic study to be of any value must permit of observation 
over a period long enough to make the necessary examinations.

(a) Arranging the Diet
It is convenient to use a diet of constant composition and to give the 

same amount daily. When this is practicable it minimizes the amount <-f 
analytical chemical work required ; in healthy persons this is easy, but in 
the sick it may be difficult to arrange such a constant diet without hard­
ship to the patient.

i. Rontih, Approximative Work

For preliminary orientation and for ordinary clinical purposes, where 
a more exact study is not indicated, or where it is not feasible, sulH- 
cient accuracy can often be arrived at by calculating the content of the 
food in its various constituents according to Sebwenckenbecber’s tables, 
Locke’s “Food Values,” or the analyses in Konig’s treatise. One weighs 
the food used, and gives it to the patient. Should any part of the food 
remain uneaten, it must be weighed afterward and the amount subtracted 
from the original quantity. The food may be weighed either raw, or after 
preparation for the table, as analytical tables for both raw and cooked
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foods arc now available. When practicable, however, it is preferable 
to weigh the foods before cooking, since the water content of prepared 
food» varies considerably, and may be a source of error.

ii. Exact Work

When testing total metabolism, either by direct or by indirect calorimetry, 
it is customary, first, to establish the fundamental basal metabolism, that is, the 
metabolism that goes on at absolute rest when completel g fasting, and, afterward, 
to study the influence of definite amounts of special foods or other factors upon 
metabolism.

In every metabolic study that pretends to accuracy the food ingested 
must be exactly weighed, and its chemical constituents determined by 
exact analyses. Ordinarily it is desirable that, qualitatively, the food 
shall correspond to the normal needs of the body, and that, quantita­
tively, the total caloric need shall be met and the relative amounts of 
protein, carbohydrate and fat shall not depart far from the proportion 
of a normal diet.

The diet used by Fulin in studying the constitution of normal urine is a very 
convenient one for general metnliolic studies (q. i\).

The following diet suggested by Brugseh and Schittenhelm has the advantages 
of simplicity, pulutability and easy analysis:

Food Amount Total N Fat Carbohydrate Water

Milk..................................................... 1.500.0 7 5 15.0 f,7 r. 1,335 0
Meat.................................................... 150 U 5 t 1 32 114 0

210 0
50.0 0.1 45.0
40.0 0.9 1.4 30 0

Seltzer water.................................... 500.0 5(H) 0

This diet contains:
18.08 X 6.25 = 113 g. Protein (Xt.l) = 403 3 Cal.

99.22 g. Fut (X 9.3) = 922 75 Cal.
277.5 (I- Carbohydrate (X 4 1) = 1,137 75 Cal.

2,074.0 g. Water ________________________
2,523 S Cal.

The diet can easily be varied by adding vegetables and fruit, or by diminishing 
the amounts of milk, meat, and bread. Obviously, the less modification, the easier 
the analyses!

Much use can be made of canned milk, jellies, and marmalades, and of certain 
purchasable powders (dried milk powder; dried vegetable powder; powdered 
proteins) in metabolic studies, for they are palatable and possess the advantage 
of constant composition so that a single analysis suffices.

The amount of water taken daily should be nearly constant (2~2l l.).
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In studying the partial functions of metabolism, the diet will he espe­
cially arranged as regards its constituents in the special substance under 
study, or its forerunners. Thus, in studying carbohydrate metabolism, 
the diet may at first he carbohydrate-free, and, later, definite amounts of 
carbohydrate of the same sort, or of different sorts, may he added. (See 
Tests of Carbohydrate Tolerance in Diabetes Mellitus.) In studying the 
endogenous purin metabolism, the diet should he free from purins and 
their antecedents (nucleic acid, etc.), so as to rule out an exogenous source 
for purins. (See Burin-free Diet.)

(6) Analysis of the Foods Ingested
To save labor, sufficient food of uniform composition may often lie 

prepared ahead of time for the period of metabolic study. It should ho 
kept under conditions that prevent evaporation and decomposition. An 
aliquot portion may bo analyzed, and the amount ingested daily recorded. 
Meat, bread, butter, and the dried powders may be analyzed in this way. 
Milk is so variable in its content in protein and fat that daily analyses aro 
desirable, unless canned evaporated milk or milk powder of constant com­
position bo used. Eggs aro weighed and the weight of the shell sub­
tracted. Of the net weight, 10.0 per cent is fat and 2.10 per cent nitrogen. 
Analyses of eggs are time-consuming; in the most exact metabolic studies, 
in which all foods arc accurately analyzed, it is best to avoid the use of 
eggs.

In analyzing a food chemically we determine its total N-content, and 
.multiply this by 0.25 to get the content in protein. Extracting with ether 
in a Soxhlet apparatus, and evaporating the ether, wo get the content in 
fat. Desiccating a weighed portion to constant dry weight, wo get the 
total solids and the content in icater. Charring a weighed portion in a 
platinum crucible with a known quantity of NaOII ; extracting with water 
and filtering on an ash-free filter; evaporating the filtrate to dryness, we 
get the soluble ash ; incinerating the filter and residue, wo get the insoluble 
ash ; adding the two, we have the content in inorganic substances. Hydro­
lyzing 2-3 grams of the substance by boiling with 2 per cent IIC1 for 2 
hours with a reflux condenser, we convert all the carbohydrate into sol­
uble sugar, and can determine the quantity with Fchling’s solution or by 
polarization.

When making studies of purin metabolism, or of mineral metabolism, 
the food intake must be analyzed with especial reference to its contents in 
purin and in the various mineral substances (Ca, Mg, K, Na, P, Cl, etc.).

In studies of total metabolism it may sometimes be desirable to make 
an elementary analysis of the food for C, II, and N, and to determine the 
caloric value precisely by means of a bomb calorimeter (Berthelot).
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(c) Tables Illustrating the Composition of Ordinary Foods
TABLE 1

Chemical Composition of Uncooked Food

I. Animal Foods

Water NitruK," ProUin Fat ( arlx>-
hydratc

( Jellu- Ash

Beef (lean)............................. 75 9 3 4 21.3 0.9 1.30
Beef (fat)............................... 74 5 3 5 21.9 5 0 1 ,:;ii
Beef (very fat)....................... 53 0 2 7 10.8 29.3 1 :i:i

7S S 3 1 19 4 OH 1
72 3 3 0 1S.S 7 1 1 ::::
70 7 3 1 19.2 2.8 0 99
53 3 2.7 10.0 28.0 0 1

3.2 20.0 4.7 1 IH
47 4 11 5 37.3 1 IJ

Hen’s eggs (whole).............. 73 07 2.1 12.55 12.11 0 55 1 12
Egg albumen........................... S5 5C1 2.1 12.87 0.25 0 77 0 hi

51.03 2 C 10.12 31 .311 0 1 1 1 ni
One egg (45 g )..................... 33 2 0!l 5.05 5 45 0.25 0 5

s 2 O 4 2.58 5.02 0 OS 0 2
Milk.... KM 2 0.5 3.0 3.65 4 51 0 711 

0 5308 82 
13 59

0 02
O Ol

3.70
0.74

22.00 
84 30

4.23
0.5

30 00 0.45 2.84 «2.99 2.03 1 15
3.8 23 72 32.54 5.02

1 For more comprehensive lists, see A twit tor's nrthle in the Report of li ■■ N. Y. 
Lunacy Commission (1897-3900), Locke’s Food Values, Friedenwald ami Iîuliriili’s 
Diet in Health and in Disease, Sehwenckenbeelier’s Tahellen, and J. KünigV < hernie 
der menschluhcn Nahrumjs- und (Jenussmitlel.
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Chemical Composition of Uncooked Food—Continued.

II. Vegetadi.e Foods

Water Nitrogen Protein Fat hydrate
Cellu-

Boilcd riec.................
Wheat flour..............
Rye flour...................
Macaroni...................
Potatoes....................
Carrots and turnips,
Asparagus.................
Siring beans.............
Cauliflower................
Cabbage.....................
Spinach......................
Lettuce......................

Plums,

Strawberries 
Oranges (without peel and

Bananas,

12 fix

II '.HI 
74.98 
80.79 
03 75 
N8.7fi 
90 X!t 
89.00 
88.47 
94.33 
81 79 
8JI.03
81 IS
78.17
87.00

80.01
70.fi

10 
I 6 
1.8
I 85 
0 3 
u 2 
0 3 
0 4 
0 4 
0 5 
0 5 
0 2
II 00 
0 (Hi 
0 12 
0.00 
0.00

0.12 
0 15

0 73 
10 21 
11 57
11.58 
2 08 
1.23 
1 79

3 30
I II 
ii 36 
0.30 
0.78 
0.50 
ii 54

0.88 
il '.U 
2.8 
0 IK) 
0 15 
0 311 
0 2fi 
0 II 
II :;i 
0 71 
0 fix 
0 31

78 84
74 71 
69 01
75 21 
21 01
9 17 
2 03 
O.tiO 
4 55 
0 02 
4 44 
2 19 

12 03 
11 SO 
II 07
10 32 
7 74

0 51
ii 20 
1 60 
0 20 
0 09 
1 49 
1 04 
1 18 
0 91 
I 23 
0 93 
0 73
1 51
4 30
5 41 
3 00
2 32

0 82 357
0 1' 357
1 44 352
0 45 301
1 09 90
1 02 15
0 •VI 20
0 01 30
0 ,83 32
1 04 16

09 38
1 03 1'
1) 49 51
0 31 50
0 71 52
0 53 00
0 81 34

0 73 
0.9

5 54 I 1 79 
21 I 0 2

0 49
1 I

20
102

Composition of Foods Ready for the Table (Schwenckenbecher)

Foods Protein Fat Carbohydrate Calories

Beef (lean)............................................................... 30.0 2.8 170
20 l 1 1 118

Mutton..................................................................... 30.9 4 5 108
Pork.......................................................................... 28.5 0 8 1X0
Chicken.................................................................... 30 7 4 5 108
Roast beef............................................................... 20.4 2 0 127
Beefsteak.................................................................. 24.7 1 8 118
Roast veal............................................................... 30.4 0 0 1X0
Roast mutton.............................................. 27.0 4 0 148
Roast pork.............................................................. 35.0 8 2 220
Boiled smoked ham................................ 25.1 8 1 178

95 0 889
Oatmeal.................................................................... 2 2 1 5 10 4 00
Mashed potato....................................................... 3 0 0 8 21 3 107
White bread............................................................ 7 00 0 40 50 58 205
Zwieback.................................................................. 8 55 0 98 75 10 352
Soda biscuit............................................................ II 93 7 47 08 07 41 HI
Boiled jMitatoes...................................................... 2 1 0 1 21 0 90

1 1 3 2 7 0 03
Boiled asparagus................................................... 2 0 0.3 13 18
Spinach.................................................................. .. 3 9 2 4 1 0 45
Sauerkraut............................................................... (1 9 3 7 7 0 09
Lettuce salad.......................................................... 0 7 0 5 2 1 10
Apple sauce............................................................. 0 4 13 0 55
Lump sugar............................................................ 99 75 410

75 0 307
Chocolate................................................................. o is 2i 0 07.7 498
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Alcoholic Beverages

Percentage 
of Alcohol Extractives

Dextrin Calories

1 (/. Alcohol 
= 7 Calories

1 g. Alcohol 
— 0 Calorics

Pilsener beer.................... 4.30 4.07 3.2 50 19
Moselle wine................... 7.00 2.21 03 9
Rhine wine....................... 10 10 2.57 82 10
Claret................................. 7.8 2 50 0.3-1 7 05 10
Champagne....................... 10 2 14 0 12 10 129 57
Port wine.......................... 10 0 8.05 5.82 119 33
Brandy............................... 42.0 10 0.7 298 4

TABLE 11

Chlorid Content of Various Foods, Calculated as NaCl (Strauss)
1. Raw Foods

Per ( 'nit 
of Na< |

Milk
l Insullnl butter.............
Suited butter..................
Cheese ............................
Egg: Whole egg.............

White of egg........
Yolk of egg...........

Meat,.................................

Most, vegetables............
Spinach............................
Fruits usually less than,

0.15-41. IK 
(I 02 
I 0

1.5 2.5
0 II 
(I III 
(I 02 
0 7 
0.1

0.01 0.1 
0 I 
0 21 
0 (Hi

2. Foods Ready for Eating

■ Foods NaCl
In 100 g.

NaCl
In a Single 

Portion

Bouillon...................................................................................................... 0.55-1 0 
0.34-0.90

1 0 2.8
3 0

or. -0.9
2 7 3.5

Roast beef \
Veal cutlet / ' *

0 48-0.70
Vegetables (mashed |H»tuto; cauliflower)...........................................
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TABLE III

Purin Content of Various Foods
Purin Content op Meats and Fish (Walker Hall)

Percentage 
of Purin 
Nitrogen

Average 
Percentage 

of Nitrogen

Calculated 
as Purin 
Bodies

Undried 
as (Iranis 
per Kilo.

as Crains 
|mt Pound

C<kI................................................ 0.0219 0.0233 0.05X2 0.582 4.074
0.03.14 0.0318 0.0795 0.795

Halibut......................................... 0.0405 0.0408 0.1020 1 .020 7.140
Salmon.......................................... 0.0482 0.0400 0.1165 1 105 8.165
Tri|H*............................................. 0.0235 0.229 0.0572 0 572 4 007
Australian mutton..................... 0.0305 0.0380 0.0905 0.905 0.755

0.0111
Loin of veal................................. 0.0454 0.0405 0.1102 1.102 8.137

0.0300
Loin of pork................................ 0.0485 0.0485 0.1212 1.212 X.4S7
Neck of pork............................... 0.0257 0.0227 0,0.507 0.507 3.907
Ham.............................................. 0 0.505 0.0492 0.1155 1.1.5.5 8.085

0.0419
Kihs of beef................................. 0.0455 0.0455 0.1137 1.137 7.959
Sirloin of beef.............................. 0.0500 0.0522 0.1305 1.305 0.135
Steak............................................. 0.0820 0.0826 0.2005 2.000 14.455

0.1125 0. 1101 0.2752 2.752 19.204
Thymus (sweetbread)............... 0.4025 0.4025 1.0003 10.003 70.431

0.0456 0.0518 0 1295 1.295 9.005
0.0504 0.0.501 0.1200 1.200 H.N20

Rabbit.......................................... 0.0305 0.0380 0.0970 0.970 0.314

Purin Content op Bread, Cereals and Vegetables

Percentage 
of Purin 
Nitrogen

Percentage 
Calculât e<l 
as Purin 

Bodies
prr

Kilo.

drains 
l,|MT |

White bread...................................................... No trace
Oatmeal...................................... ................... 0.0212 0.0630 0.530 3.4563

0.0156 0.0390 0.390 2.5413
Beans (haricot)................................................ 0.02.50 0.0637 0.6375 1 1661

0,02.50 0.0637 0.6375
Lentils (malted)............................................... 0.0150 0.0376 0.3755 2 3340
Potatoes............................................................. o onus 0 0020 00200 0 1 too
Onions................................................................ 0 0031 0.0090 0.090 0.0630
Tapioca.............................................................. No trace

Lettuce..............................................................
Cauliflower........................................................
Asparagus (cooked)......................................... 0.0086 0.0215 0.215 1 6050
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Pviun Content of Beverages

Purin Bodies 
(Grains per 

Pint)

Tea............................................ 12
Coffee....................................... 17
Chocolate!................................. 0.7
Cocoa........................................ 1.0

Purin Bod i is 
(Grams per 

Liter)

Lager beer.............................. 0.125
Pale ale................................... 0.1-15
Porter...................................... 0.155

TABLE IV

Loss of Food Substances in the Feces of Normal Persons (Rubner)

Percentage 
of Total 
Dry Sub­

stance liOSt

Percentage 
of Protein

Percentage Percentage 
of( 'arboliy- 
drale List

Boast meat................................................... 5.3 2 0 10.2
Boiled and roast meat................................. 4.0 2.0
Hard-boiled eggs......................................... 5.2 2.11 4 4
Milk............................................................. S N 7 1 5 3 10 (1
Cheese......................................................... ti 1 3.3
White bread................................................ 4.2 21 K ii

Bye Bread................................................... 31 1 30.7 7.0
Pumpernickel.............................................. 10.3 43.0 13.H
Protein poor macaroni............................... 4 3 17 1 1.2
Protein rich macaroni................................ 5.7 11.2 2 3
Bice.............................................................. 4 1 20.4 0.9
Corn-meal.................................................... 0 7 15.5 3.2

0.1 17.5 3.0
Boiled and baked beans............................. IS 3 30.2
String beans................................................ 15 0
Potatoes....................................................... 0.4 30 5 7 4
< 'ahbage....................................................... 10 4 IS. 5 15 4
Yellow turnips............................................. 20.7 39 0 is 2
Mixed diet (average loss)........................... 8.0 5 0 3 0
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3. The Collections of Excretions and Their Analysis
(a) Collection of the Urine

The urine for each 24 hours is kept by itself, being collected in a 3 l. 
vessel containing a. few crystals of thymol (sis disinfectant), or, better, 
10-20 c.c. toluol. The urine may lie passed directly into the vessel, or it 
may ho collected quantitatively and transferred to it after each voiding.

The 24-hour period may extend from 8 a. in., to 8 a. m. Just before begin­
ning the first period, urine is voided and discarded. At the end of each 24-hour 
period urine is voided and added to the urine of the period. Breakfast should 
not be taken until the new 24-hour period begins. On defecation, no urine should 
he lost. An aliquot portion of the well-mixed 24-hour uene can be kept in a well- 
stoppered bottle (thymol preservation) for many chemical studies. If the urine 
is alkaline, it should be rendered slightly acid with IKT (known quantity). If 
ammonia or acetone determinations are to be made, fresh urine should always 
be employed.

(b) Analyses of the Urine
The total urine for each 24 hours is exactly measured with a graduate and 

the amount recorded. After the urine has been well mixed, the specific gravity is 
taken. For the total N determination by Kjeldahl’s method, 5 c.c., exactly 
measured with a calibrated pipet, will suffice. For the determination of carbon, 
a small portion is measured in a pipet, carefully transferred to a “boat” and dried 
over ll^SO, in vacuo at the room temperature. The elementary analysis is made 
with the dried residue.

(c) Collection of the Feces
In collecting feces, the patient should be told first to urinate, in order that 

there shall be no mixing of urine and feces. In order to mark the beginning of 
the period to be studied, one gives three tablespoonsful of a charcoal mixture 
(Carbo ligni 15.0; Mucilago acaeiae 15.0; Aq. month, pip. 00.0), or 0.3-0.5 g. 
carmin in tablet form, on an empty stomach, the first thing in the morning, no 
food having been taken during the preceding 12 hours. If the charcoal mixture 
be used, the mouth should be thoroughly rinsed out afterwards.

In the afternoon of the first day, the bowels should be emptied, using a glyc­
erin suppository or an enema if necessary. The feces obtained will not contain 
charcoal (or carmin), and should be discarded. At the next stool, the feces will 
appear diffusely black (or red) when passed, and only a few unstained particles 
will need to be separated from the general mass and discarded.

The feces must be collected for the whole period of the study (three to eight 
days). On the morning ending the last 24 hours of the period of metabolic study, 
charcoal or carmin should be given again ; the next feces containing the marking 
substance does not belong to the study and should be discarded.

The total feces for the period are mixed in an evaporating dish with a measured 
amount of 5 per cent oxalic acid solution (or, if preferred, of a J per cent solu­
tion of II.SO,), evaporated to dryness on a water bath, desiccated in a drying 
chamber, weighed, finely powdered, and thoroughly mixed and kept for chemical
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analysis. The weight of the fresh feces, less the weight of the acid solution and 
of the dried residue will be the weight of the water in the feces for the period.

(d) Analyst s of the Feces
The N-content is determined by Kjeldohl’s method, the C-content and the 

H-content by Liebig’s method.
To determine the fat-content, an ether extract is made of an aliquot portion 

(say 2 g.) by means of a Soxhlct apparatus. Afterwards, the soaps present can be 
converted into fatty acids by boiling the contents of the Soxhlct thimble in 1 per 
cent alcoholic solution of I1C1, and the fatty acids extracted with ether or petrol- 
ether in a Soxhlet apparatus.

To determine the carbohydrate content, un aliquot portion of dried feces is 
boiled in a rellux condenser, with a 2 per cent solution of lit'I, for several hours 
(until hydrolyzed), after which the sugar content is quantitatively determined by 
a copper reduction method. (See Quantitative Determination of Sugar in Urine, 
Part IX.)

The ash is analyzed in the same way as advised for the ash of the urine. (See 
above.)

(e) Collection and Analysis of Other Materials
In exact metabolic studies, it may be necessary to collect, and to analyze, the 

sweat, the vomitus, the m:lk, the sputum, and the menstrual blood. Such studies 
complicate a metabolic investigation, and should be avoided unless absolutely 
necessary. The loss through hair, vails, and epidermis is so slight as to be neg-

4. The Organization of a Metabolic Study
(a) Preparation

The whole study should ho iirst thoroughly planned and outlined. The 
precise object of the study should he clearly in mind, and everything 
directed to obtaining it, avoiding, of course, all unnecessary work, hut 
making sure that till conditions necessary for tho accurate prosecution of 
the study designed are complied with.

The special diet to ho used during the period proper should he used 
also for at least the three preceding days, in order that the patient’s hodv 
may adjust itself to the new conditions and his metabolism become “even.” 
In studies of protein metabolism especially this preliminary adjustment is 
essential if gross errors are to ho avoided.

(b) The Period of Study
A metabolic study of at least 2 or 1 days (except in studies of total 

metabolism) is essential if results of value are to he obtained. Daily 
variations are so great that it is necessary to observe a period of days (See 
Collection of TTrine and Feces), and take the average daily change.
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When studying the influence of a given factor on metabolism, the 
period of study should he divided into three riods : ( 1 ) a preliminary 
period, during which the ordinary metabolism is observed; (2) a main 
period, during which the factor whose influence is to ho studied is in 
operation, and (3) an after-period, during which the duration of the effect 
is determined. Each subperiod should consist of several days.

In calorimetry, the total metabolism is determined in the middle of a 
period of study. It may he determined for 24 hours or longer by means 
of a largo calorimeter like that at Benedict’s disposal in the Carnegie 
Institution for the Study of Nutrition, in Boston, or, for a shorter time, 
with less expensive apparatus.

In indirect calorimetry the total metabolism may he followed for a 
brief period with the aid of the Zuntz-Gepport apparatus.

(c) The Balance
By contrasting the intake with the output, the balance for a given sub­

stance is obtained. We determine whether (1) the intake and output are 
equal (= equilibrium), (2) the intake exceeds the output (-positive 
balance), or (3) the output exceeds the intake {—negative balance).

According to the special indication for the metabolic study, we exam­
ine the nitrogen balance, the exogenous purin balance, the chlorin balance, 
etc.

(d) Metabolic Studies on Animals
Important ns these are for the advance of knowledge of metabolism, it would 

take us too far afield to attempt to discuss them here. A good epitome will he 
found in Brugsch and Schittenhclm’s text-book.
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5. Tests of Assimilation
{Diyestion and Absorption)

An analysis of the food ingested and of the feces excreted will suffieo 
for the determination of the patient’s power of digestion and absorption; 
or, in other words, of utilizing the food ingested.

The method has its limitations, since the feces contain not only undigested 
or mmbsorbed foodstuffs, but also residues of the digestive secretions, epitlielia ami 
bacteria.

12
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In diseased slates the food may bo imperfectly digested, imperfectly 
absorbed, or both, and it may be desirable to test the patient by giving him 
a diet that ordinarily can lie easily digested and absorbed and find out 
how much of it he is able to utilize.

As a diet suitable for such a test, von Noorden advises the following :
Milk, 1000 c.c.\ white bread, 180 g.\ tender beef, 200 g.\ butter, 70 g.) water, 

wine, and salt as desired. The diet should be given for 2-3 days, and the feces 
marked, collected, and analyzed.

Normally, about 5-6 per cent of the dry residue of this diet, 6 per cent of the 
total N, and 5-8 per cent of the fat are lost in the feces.

When a line on the fat metabolism only is desired, the following diet is satis­
factory and is simpler to analyze :

Milk, 2-3 Z.; butter, 50-100 g.\ white bread, 100-200 g.
This diet is given for 2-4 days. The feces are marked, collected, and analyzed. 

Normally, the loss through the feces is 5-10 per cent of the dry substance of the 
diet, 5-10 per cent of the total N, and 5-10 per cent of the fat.
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6. Determinations of Protein and Nitrogen Metabolism
Many of the studies of the subject reported in the bibliography are 

utterly worthless.
It is not safe to calculate the protein-content of foods from tables. It 

is necessary to make exact determinations of the total nitrogen by Kjcl- 
dahl’s method and from them to calculate the protein-content. The pa­
tient should be kept in caloric equilibrium during the period of study. 
A preliminary period of adjustment to the diet (q. v.) is essential in 
studies of protein metabolism. Finally, a rather long period (several 
weeks) of observation is necessary if sources of error are to be ruled out. 
Studies of protein metabolism of short duration are rarely of any value.

The nitrogen balance is calculated by the methods already described. 
From it, it is easy to calculate how much, if any, of the patient’s own 
protein, or his own muscle, has been lost, or gained, during the period of 
the experiment, since 1 g. of N corresponds to 0.25 g. of protein and to 
20.4 g. of muscle substance.

Formerly urea determinations were used for gaining a cine to the 
protein metabolism. Now that Kjeldahl’s apparatus is in such univ sal
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use systematic urea determinations for this purpose are rarely necessary. 
Urea determinations, however, are still of value for some studies (See 
Amhard’s Coefficient, etc.).

It will he found convenient in studying the nitrogen mctalndism to 
use a diet in which the protein content is fairly constant. Among such 
foods may be mentioned milk, lean meat, eggs, bread, and rice (See 
Arrangement of Diet).

In case of nitrogen retention ( = positive N-halancc), we may give 
largo quantities of xcater to see whether a part of the retained nitrogen 
can bo “washed out.” Wo may also follow the phosphorus and the sul­
phur balance, and determine whether these substances are retained in tin; 
proportions in which they occur in the protein of the body (N : l*2Or. 
till; and N : S = 1G :1). It goes without saving that the body weight 
should bo exactly recorded at the same time each day in the course of every 
study of metabolism.

The time for superficial studies of protein metabolism has long since 
passed. Energy thus spent is utterly wasted. From now on, only exactly 
controlled studies that will stand the strictest criticism can he considered 
worth while.

7. Determinations ot Nuclein and of Purin Metabolism

(a) Introduction
The pttrin-content of the urine consists chiefly of combined and free 

uric acid; purin bases are also present in small amounts. Normally' the 
uric-acid content is to the purin-bases content as 10:1.

The sources of the purins of the urine have already liven described (see above). 
To recapitulate, they arc:

1. Exogenous, from (a) the nucleic acids (animal and vegetable) ot the food 
and (b) the extranudear purin compounds of the food (guanylic acid in glands; 
inosinic acid in meat; hypoxanthin in meat; methyl purins in tea, coffee, cocoa :>r in 
drugs like diuretin, theocin, caffein, coca-cola, etc.).

2. Endogenous, from (a) the animal nucleic acid of the nuclear metabolism 
of the body cells (b) the metabolism of the extranudear purin-eompounds in the 
t-ssues (guanylic acid in the glands; inosinic acid and hypoxanthin in the muscles.

Wo first determine the endogenous uric arid (or endogenous loin! 
purin) output—that is, the output on a purin-free diet—and, afterwards, 
the degree and rate of excretion of exogenous purins, using either a mixed 
diet, the purin-content of which is determined by analysis; or, better still, 
a purin-free diet plus a definite amount of pure thymus nucleic acid, or 
pure yeast nucleic acid (analyzed for its purin-content).



758 DIAGNOSIS OF THE DISORDERS OF METABOLISM

(6) Purin-free Teat Diet

Breakfast.—Fruit, 250 </.; milk, 250 c.c.) one roll.
Dinner.—Pudding (consisting of 100 y. wheat Hour, 150 c.c. milk, 3 eggs, and 

50 y. butter) ; 200 y. stewed fruit.
Supper.—tCcreal (consisting of 50 y. meal, 750 c.c. milk, 20 y. sugar) ; fruit 

(raw or slewed), 250 y.; one roll; butter, 50 y.
During the day a liter of water should he taken in addition to the fluids of the 

above diet.

(c) Determination of the Metabolism of Endogenous 
Purins

We study : 1. the output of endogenous purins in the urine after the 
patient has been, for at least three days preceding the collection of urine 
for the determination, on a purin-free diet; and 2. the content of the 
blood in endogenous purins after a similar period of purin-free diet (for 
methods of examination of the blood and urine, see Parts VII and IN ). 
A series of determinations should be made, and the average taken as the 
endogenous value.

(d) Determination of the Metabolism of Exogenous Purins

After the content of the blood and the urine in endogenous purins 
(fairly constant for each person) has been determined, we study the 
capacity of the body to absorb, transform and excrete exogenous purins. 
Formerly a meal of sweetbreads, or of meat, was given, and the excretion 
of exogenous purins followed. It is far better to add to a purin-free diet 
a definite quantity of pure nucleic acid ; say, 5 or (I grams in 24 hours.

For at least three or four days preceding the nucleic acid intake the 
patient is kept on a purin-free diet. Nucleic acid is added to the purin- 
free diet for three or four days, and then the purin-free diet is returned 
to, and maintained, until the purin output in the urine has again reached 
the person’s constant endogenous level. During all three periods we 
follow (1 ) the total N-intake, (2) the total P2Os intake, (3) the total X 
output in urine and feces, (4) the total P2Or output in urine and feces, 
and (5) (during the administration of nucleic acid and the after-period) 
the uric acid output and the purin base output in both urine and feces.

It may be of interest to make one set of experiments with thymus 
nucleic acid and another with yeast nucleic acid.

In experiments on animals, it is necessary to follow the allantnn output, since, 
in them, uric acid is transformed to allantoin. This does not occur in man.

It is also of interest to follow the glycocoll c , since the curves of glyeocoll 
and uric acid sometimes run in opposite directions (Umber).4
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Normal persons eatabolizc nucleic acid and excrete the purins de­
rived from it promptly. In gout the excretion may Ik? greatly delayed. 
The purin excretion before, during and after an attack of gout exhibits 
some other remarkable features (See Gout).

In addition to determinations following ingestion of nucleic acid, we may, if 
we wish, make determinations after the ingestion of (1) gunny lie acid (2) inosinic 
acid, (3) a deni n, (4) guanin, (5) hypoxanthin, ((>) xantliin, or (7) uric acid. As 
yet, however, very little testing of this sort has been done with the use of the newer 
methods. (See also (lout.)

8. Determinations of the Carbohydrate and of the Fat 
Metabolism

(a) Introduction
Hero wo have to depend chiefly on the results of studies of total metab­

olism (See below), though studies of partial metabolism arc also helpful. 
Normally the end-products of the metabolism of both earlndiydrates and 
fats are ('()., and IIthe former being excreted chiefly in the expired 
air. Tests of assimilation show how much carbohydrate and fat undergo 
absorption, but give no clue to the amount catalxdized, since the absorbed 
portions may he (1 ) catabolized. (2) stored up as glycogen or fat, or (3 ) 
in part excreted ns sugar (in diabetes mcllitns).

Studies of total metabolism, especially of the resting-fasting or basal 
metabolism, will show us (1) how active the oxidative processes are (the 
flame burns low in endogenous obesity), and (2) what substances are 
burned (carbohydrate, fat, or protein), and their relative proportions.

(b) Studies of Carbohydrate Tolerance
Even when there is no spontaneous glycosuria it may be desirable to 

test the capacity of the body to ingest earlndiyd rate without the appearance 
of glycosuria. Thus the normal person, if he ingest at one time a large 
amount of glucose, will develop a transitory glycosuria (so-called aliment­
ary glycosuria, or glycosuria e saccharo). Such an alimentary glycosuria 
cannot lie produced in healthy people by the ingestion of starch, for the 
assimilation of this occurs gradually, not suddenly. In beginning diabetes 
mollitus, however, 100 g. bread taken in the morning may cause glycosuria 
(so-called glycosuria ex amyl o'). But with glucose, galactose, and saccha­
rose an alimentary glycosuria easily occurs, and with lactose and lévulose 
an alimentary lactosuria and alimentary lerulosuria can be produced, 
though less easily than a glycosuria with glucose.

The tolerance in health varies somewhat. As a rule, a healthy per-



760 DIAGNOSIS OF THE DISORDERS OF METABOLISM

son who takes on an empty stomach in the morning 100 g. glucose dis­
solved in tea will show in the urine passed during the next three hours a 
trace or even a few grams of glucose. If the tolerance is lower, so that 
60-80 g. glucose cause glycosuria e saccharo, one will suspect a deviation 
from the normal, namely, an inability normally to catubolize glucose; we 
then test also for glycosuria ex amylo (see above).

Tests for alimentary galaclosuria and for alimentary levulosuria have 
been used as a measure of hepatic function (q. v.).

In diabetes mellitus, there is spontaneous glycosuria on an ordinary 
diet. In the mild cases there is some carbohydrate tolerance, though this 
is lower than normal. It can bo determined exactly (See Diabetes Mel­
litus). In severe eases of diabetes ere is no tolerance whatever for car­
bohydrates, all carbohydrate ingested being excreted as sugar. Indeed, in 
such cases the organism may make sugar out of ingested protein or out of 
body protein, possibly also out of fat!

When the tolerance for carbohydrate is low, the body may be able to 
tolerate some forms of carbohydrate (oatmeal, potato, etc.) better than 
other forms (bread), and this can bo determined by special tests.

In severe diabetes, where sugar is made from the proteins of the food, 
some forms of protein may increase the glycosuria more than others. 
Thus Liithje found, in severe human diabetes, that casein and pancreas 
sweetbreads increase the glycosuria more than beef, egg albumen anil 
thymus sweetbreads, while in experimental phlorhizin diabetes, ,T. T. 
Halsey discovered that casein causes less sugar excretion than egg albumen. 
In human diabetes, egg albumen seems least harmful, while plant protein, 
casein, and meat proteins arc harmful in an ascending scale (von Noor- 
den).

(c) The D:N Ratio
Liithje was the first to prove in experimental pancreatic diabetes that the sugar 

excreted could not all be derived from carbohydrate. Minkowski asserted that in 
experimental pancreatic diabetes, the relation of dextrose to nitrogen excreted 
(so-called D:N ratio) is constant, namely 1:2.8, and concluded that, for every 
100 g. protein broken down, 45 g. sugar could lie formed; be believed that this 
constant ratio was reached only when a maximal amount of sugar was being made 
from protein.

Since then, considerable inteicst has attached to the determination of the 
D:N ratio in human diabetes. It was soon found, however, that the ratio may be 
much higher than 1:2.8; thus Rumpf studied a case in which 40 g. of protein 
only was metabolized, but the sugar output was 77 g. In phlorhizin diabetes, I .ask 
at first thought that a constant, relation existed between the sugar excreted and 
the protein metabolized, but modified this view later.

Friedrich Müller found that when the D:N ratio is low, there is often a nil ren 
retention difficult to explain; later, the view became prevalent that this < i he 
explained by a partial degradation of protein, a part of it going to form ','ar, 
the sugar free part being utilized for protein syntheses.
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(rf) The Oxyacids, the Keto-acids and the Ketones in Acidosis

The acetone bodies {acetone or dimcthylketonc; diacetic acid or 
aveto-acetic acid ; and the Z-forin of beta-oxybutyric acid) have already 
been referred to as occurring in the blood and urine in diabetes mcllitus 
and in certain other conditions (e. <j., inanition; cyclical vomiting of chil­
dren). These substances are not present in normal urine. Diacetic acid 
is probably a normal intermediary product in the metabolism of fats 
('/■ <••)•

To throw light upon an acidosis, a quantitative study of these bodies 
is often clinically necessary. As much acetone as 11) q. per day has l>een 
found in the urine, and no less than .‘1.0 g. was excreted in the breath in a 
case reported by Schwarz. Amounts of beta-oxybutyric acid exceeding 
11)0-150 g. per clay have been excreted in the urine in diabetes (Nannyn, 
Magnus-Lcvy).

For the methods of determination of these substances, see Part IX 
(Examination of the Urine).

In certain instances it may bo desirable to test the capacity of the body 
to oxidize diacetic acid and bcla-oxybulyralc of soda given by the mouth. 
In other instances the hdogenous, or the anliMogenous, effect of admin­
istration of certain subtsanccs (amino-acids, fatty acids, carbohydrates) 
may l>o followed.

Light may also be thrown upon an acidosis by studies of ( 1 ) the 77-ton 
content of the blood (q. v.)f (2) the CO «-tension of the expired air (q. t\), 
(:$) the balances of the mineral constituents (Ca, Mg, K, Na, etc.), and 
(4) especially the NII9 content of the urine. For the relation of these 
ketone bodies and oxyacids to the deadly coma diabeticum, see Diabetes 
Mcllitus.

Of the metabolism of monobasic oxyacids other than beta-oxybutyric acid, some 
attention should be paid to that of d-lactic acid (= alpha-oxy-propionic acid or 
CI I,. CIIOH. COOH), a normal constituent of all organs of the body (espe­
cially of the muscles), and of the urine. It probably is related both to carbohydrate 
and to protein metabolism, since it arises both as an intermediary product in the 
catabolism of glucose in the body and as a by-product in the deaminization of 
alanin. Most of what is formed is further catabolized to CO, and 11,0. Lactic acid 
can be determined by converting it into its characteristic zinc salt.

(e) Pentoses

The only pentose entering into constituents of the animal body is, as 
we have seen, d-ribose. It is a normal constituent of guanylic acid and of 
inosinic acid. The other pentoses that are found sometimes in the urine 
are i 1) d, l-arabinose, of unknown origin ; (2) l-xylose, probably derived 
from the pentosans of the food (fruits). For the qualitative color reac
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Hons, and the quantitative methods of determination of pentoses, see Part" 
IX (Examination of Urine).

(Z) Glycuronic Acid and Glycuronatcs
For methods of determination in the urine, see Part IX.

9. Determinations of Mineral Metabolism
A consideration of the complexity of the factors governing the normal 

metabolism of inorganic matter, the variable resorption, the often long 
delayed elimination, the numerous paths of excretion, should all impress 
the clinician with the dangers of drawing diagnostic deductions from 
any but the most complete metabolic investigations. Such researches 
have as yet been too few in number firmly to establish types of deviation 
as characteristic of certain disease processes.

The first essential in a study of mineral metabolism is an exact analy­
sis of the mineral content of the food. Calculation of this content from 
tables of values is not permissible, for the variations in mineral content of 
the same typo of food are too great. It is, of course, best to make the diet 
as simple as possible while furnishing the necessary calories. It is fre­
quently of advantage to study the effects of an ash-free diet in certain con­
ditions. Such a diet may consist of the whites of 18 eggs, 120 grams of 
olive oil and 200 grams of crystallized sugar (Taylor).

Further, analyses of the mineral excretion in the urine and feces are 
required in every case. The sweat must usually bo neglected because of 
technical difficulties. Sputum, however, should bo studied when appre­
ciable quantities are produced.

As a role, the study of the metabolism of only one mineral body should be 
taken up at one time, but because of physiological interrelationships, it will some­
times be advisable to take up the investigation of several of these bodies simul­
taneously. In the study of a ease of pathological ossification, for instance, it 
would be advisable to study not only the calcium but also the magnesium and phos­
phorus metabolism (see Rickets and Osteomalacia).

The first period of such an investigation should usually be devoted to deter­
mining whether, upon a normal intake, the balance of intake and output is even, 
positive (i.e., intake > ’output), or negative {i.e., output > intake). It should 
also be determined how great, an increase or decrease of the intake is needed to 
establish an equilibrium. It is only by the accumulation of such data from many 
cases, as carefully controlled as possible, that the present confusion in this field 
con be cleared up.

For the chemical methods employed in the analyses of the food and < xereta 
for mineral constituents, the reader is referred to Part IX and to larger hand­
books (See References), concerning the studies of the chlorids in the blond and 
urine in renal disease, see Part X.
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10. Determination of the Water-balance
We have already referred to the significance of water in metabolism 

(Part XIII, Section i, il).
Exact determinations of water-balance are not easy. It would lie 

ludicrous, if it were not pathetic, to find even hospital physicians thinking 
tliiit they are following the water-balance when they merely ask a nurse to 
keep a record of the fluid intake and of the quantity of urine passed! 
The urine is, of course, only a part, though an important part, of the total 
output of water. In addition, the water-content of (1) the feces, (2) the 
skin, and (3) the expired air has to be considered. Minor quota are rep­
resented by losses through tears, nasal secretion, sputum, menstrual fluid, 
and s|)erm.

The sources of water in the body include (1 ) the water of food and 
drink, and (2) the “oxidation water” arising during metabolism.

Determinations of the total water-balance arc possible, therefore, only 
under exceptional conditions, where apparatus is available for collection 
ami measurement of the water output of the skin ami breath, as well as of 
the urine and feces, ami where the content of the food ami of the excreta 
can lie rigidly controlled by exact chemical methods.

Partial determinations of water-metabolism are, therefore, much more 
common in clinical work than determinations of the balance of total water. 
Thus the effect of diuretics, of cardiotonic treatment, of water drinking, 
etc., on the body weiyht and on the urinary output can bo studied clin­
ically, and with advantage.

11. Determinations of Vitamin Metabolism
For the little that is known regarding this new and exceedingly inter­

esting subject the reader should consult the articles bv Osborne and Men­
del on Growth, and the collective review by C. Funk. (For references, 
sec Part XIII, Section i, A, 10.)

12. Determinations of Total Metabolism 
(Clinical Calorimetry)

Here we make use of (a) Direct Calorimetry and (b) Indirect Calor­
imetry, and (c) Rough Approximative Methods.

(a) Direct Calorimetry
Definition.—The determination directly of the heat produced during 

oxi-hitinn by means of a calorimeter.
Calorimeters.—For the calorimetry of foodstuffs, urine, feces, etc.,
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the bomb-calorimeter of Bcrthelot is used. For tho results obtained on 
a great series of foodstuffs, see the treatise of J. Konig.

For the direct calorimetry of living beings, calorimeters for animals 
are available (Rubner) and even calorimeters for man (Atwater and 
Rosa, Benedict, Tigerstcdt). Since, however, these cannot be employed 
for clinical work except in special research institutions, they will not bo 
described here.

(6) Indirect Calorimetry
Definition.—The indirect determination of the beat produced during 

oxidations in the body by calculations based upon oxygen consumption and 
carbon dioxid excretion (measured by a respiration apparatus), and upon 
the nitrogen of the intake and the output.

Forms of Respiration Apparatus.—Two main types of respiration 
apparatus arc in use: (1) a type designed to permit of following the gas 
metabolism over longer periods (24 hours or more) ; and (2) a type de­
signed for following the gas metabolism over short periods (.'$0-60 minutes) 
only.

i. Respiration Apparatus for Longer Periods of Study (24 hours or more)
The patient is placed in a chamber in which he can live and be fairly com­

fortable for 24 hours or longer, and by means of which his oxygen consumption 
and his carbon dioxid excretion for the period can he accurately determined. The 
urine and feces may also be collected quantitatively for analysis. Of apparatus 
of this type, two varieties are in use (1) that introduced by Pettenkofer and used 
by him and Voit, and (2) that introduced by ltegnault and Iteiset.

1. Apparatus of the Pettenkofer Type (Pellenleofer, Volt, Rubner)
In this apparatus, the chamber is ventilated by a current of air that passes 

through it; the entering air and the discharged air of the chamber are analyzed for 
their Oi and CO, content, so that the total CO, production of the patient can be 
calculated.

2. Apparatus of the Régnault and Reiset Type (Régnault and Reiset, 
Atwater and Benedict, Lusk)

In the apparatus devised by lîegnault and Reiset, the patient is placed in u 
hermetically sealed chamber; oxygen is supplied to him from a tank within tin- 
chamber, and the carbon dioxid is absorbed as it is formed.

The new Universal Respiration Apparatus of Benedict, though designed espe­
cially for briefer periods of study, can also he used for longer periods, at any rale, 
for children. Tho system of ventilation in it is so arranged that the patient 
breathes through a nose piece or a mouth piece. The CO, and 11,0 formed are 
absorbed.

ii. Respiration Apparatus for Brief Periods of Study (30 60 minutes)
Three principal methods are in use: (1) The Zuntz-Oeppert Respirai n Ap­

paratus; (2) The Head Respiration Apparatus (Jaquet, Orafe) and (3) The Uni­
versal Respiration Apparatus of Benedict.
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1. The Zuntz-Geppert Apparatus

Principle—Tlu* gns exchange of the* lungs only is measured. That of the skin 
is neglected—not a serious matter, since it does not amount to more than 1 per 
cent of the total gas exchange, save in exceptional circumstances that can be 
avoided.

Technic.—For the full details of the use of this method, the article by Magnus- 
Lcvy should he consulted. The main points only will be mentioned here.

The patient having taken no food during the preceding 12-14 hours, lies com­
fortably and absolutely quietly, in a warm room in the* recumbent position, and 
breathes (the nose closed) through a mouth piece, so arranged that on inspiration 
one valve is used, on expiration another, thus permitting of entire separation of 
the inspired and the expired air. The mouth piece must be fitted air-tight to the 
mouth; the nose is closed by a clamp. The patient is first allowed to breathe 
quietly for about half an hour, until he becomes accustomed to the apparatus. The 
actual experiment then begins and is continued for from fifteen to thirty minutes 
or longer. The expired air passes through a gas clock and is measured. The 
apparatus permits of withdrawal of average samples of the expired air for anal­
ysis ; on making the analysis, the CO, is absorbed by KOI I, and the O, by phos­
phorus, and the volume before and after each absorption accurately measured. 
One thus obtains the percentage of CO, and of Oi in the sample of expired air, 
and thus can easily calculate the amount of oxygen taken in and of (’(), given 
off during the whole period, ns well as the amounts per minute. In all gas measure­
ments the calculations are corrected for 0° C. and 7(il) mm. barometric pressure, 
and from the data thus obtained the weight of the gases in grains is easily esti­
mated. One liter of oxygen at 0° and 7C0 weighs 1.430 g. ; one liter of CO, under 
the same conditions weighs 1.960 g.

The amount of oxygon used is a diroot moasuro of the boat production 
in the body. Very différent amounts of oxygen arc required to burn equal 
weights of the different food constituents, and the amounts of CO., pro­
duced also differ.

As wo have seen (p. 7f>9), starch and fat arc completely oxidized in 
the body to C02 and 1LO, but the protein is not completely burned, some 
of the constituents of protein going over into the urine and feces in a par­
tially oxidized state. The following table (Magnus-Levy) shows these 
facts clearly :

No. of c.c.
of O,

Required to

No. of c.c.
of CO. 

Formed on 
( >xidiition

No. of 
Calories 

Developed on
Oxidnl ion

No. of 
Calorics 

( 'orrespond-

1 <uv of O,

No. of c.c. 
of 00» for 
each c.c. 

of Os Used

1 g. starch............ 828.8 828.8 4 1 5 0 1 000
2,010.2 1,427.3 9.3 4 7 0 707

1 g. protein........... 966.1 781 7 4 1 4 6 0 808
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If two patients in a Zuntz-Geppert experiment use up the same amount 
of oxygen, the heat production must ho nearly the same in each ; the differ­
ence will always he less than 8 per cent. On the other hand, if the two 
patients' produce equal amounts of C02 during an experiment made under 
similar conditions, a difference of as much as 30 per cent in heat produc­
tion would he possible.

The number of c.c. of C02 produced for each c.c. of oxygen used, that
COis, the quotient —- is known as the respiratory quotient. From the above 
(>2

table it will he observed that this quotient is largest when carbohydrate is 
burned and smallest when fat is burned. In a given Zuntz-Geppert experi­
ment one can easily tell, therefore, whether carbohydrate or fat is being 
predominantly burned, since in the resting-fasting condition of the experi­
ment the nitrogen metabolism may he considered ns constant. This ex­
plains why the respiratory quotient is often low in diabetes, since the 
diabetic patient is giving off a part of his carbohydrate unburned through 
the urine (glucose, bcta-oxybutyric acid). The low respiratory quotient 
in a fasting patient, and in fever, is duo to the absence of carbohydrate in 
the combustion processes.

2. The Apparatus of Jaquet-Orafe

With this apparatus, the patient lies on a bed, with his head enclosed (air-1 iglit) 
in a box, which is ventilated by means of an Elstcr gas clock; samples of the expired 
air are drawn off, over Ilg. (Jaquet’s principle), and analyzed by a very exact 
method (modified Palmqvist-Petterson). The temperature and barometric, pressure 
are continuously recorded, and the amount of air passing through the box is meas­
ured. The oxygen consumption and carbon dioxid formation are, therefore, easily 
calculated.

8. The, Universal Respiration Apparatus (Benedict)

This has been referred to above. It is especially useful for studies over brief 
periods, and, in all probability, it, or some similar apparatus, will be the type 
used in studies of total metabolism in our larger clinics.

(c) Rough, Approximative Methods of Studying Total 
Metabolism

A rough estimate of the combustion processes of the body and energy 
expenditure (total metabolism) can be arrived at by carefully weighing 
the food ingested and keeping a record of the body weight of the patient 
over a considerable period.
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Thus, in a diabetic woman, studied by Staelielin, the food ingested «luring a 
single day was as follows:

Protein Fut Calories

17.3 S7
IS 9 104
SO 5 IS 9 507
10.9 5 4 119
17.0 24 1 3 7 311
5 0 5 4 75
0 4 45.6 0 3 427
4 0 0 3 9 9 03
3 0 0 4 1 9 24

105 1 104.7 15 8 1,717

This diet was given for 18 days and corresponded altogether to 32,460 calories. 
During this period the woman excreted in the urine 343.2 g. of glucose (- 1,400 
Cal.), leaving 32,460 —1,400 = 31,060 calories for the body use, or about 1,720 
calories per day. During this period, the patient’s body weight remained fairly 
constant (varying slightly, between 100-101 kilograms). One would have expected 
her to have lost weight on this diet, for she did light work during the day. A 
normal patient, weighing 60 kilograms nr.d working as she did, would use 2,200- 
2,000 calories; the patient weighing 100 kilograms might reasonably have been 
expected to use 30 calories per kilogram, or 3,000 calories per day. Instead of 
this, she kept her weight on an intake less than that required to maintain normal 
weight in a person weighing only 60 kilograms when at rest. Obviously, there­
fore, in this patient of Staehelin’s, the expenditure of energy (total metabolism) 
was much below normal and this depended upon conditions underlying a constitu­
tional obesity.

Such calculations arc, however, hut rough approximations, for, as is 
well known, the body weight is not an exact measurement of the state of 
the nutrition. The water-content of the body varies considerably from 
day to day, and, in pathological states (edema), might, easily mislead.

For accurate studies of total metaholism, therefore, it is necessary 
either to use direct calorimetry, or to follow the gas metabolism (oxygen, 
intake and COy output in the respired air).
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Part XIII
Section II

SPECIAL DIAGNOSIS OF DISORDERS OF METABOLISM

Under this caption, wo shall consider:
A. States of Under-nutrition.

1. Starvation, Marasmus.
2. Partial Food Deficiencies (Scurvy, Bcrilieri, Pellagra).
3. Cachexias.

B. States of Over-nutrition (the Obesities).
C. The Amino-acid Diatheses.
I). The Polyurias Other Than Diabetes mellitus.
E. Diabetes mellitus.
F. Gout

The disturbances of metabolism due to diseases of the glands of 
internal secretion are discussed in Part XIV. The metabolic, disorders 
accompanying infections and those accompanying diseases of the blood, 
the organs of digestion, the organs of respiration, the circulatory appa­
ratus, the urogenital organs, the locomotory and skeletal systems, and 
the nervous system are referred to in connection with the special diseases 
of these several systems.

A. States of Under-nutrition
An individual may be under-nourished, either (1) because he docs 

not absorb enough food into his system, as in (a) prolonged humrer or 
starvation; (b) certain partial food deficiencies; (e) in disorders of diges­
tion and absorption that do not permit of the assimilation of the food 
ingested; or (2) because (a) he destroys the food too rapidly (as in 
cachexias), or (b) fails to utilize the food absorbed (as in diabetes 
mellitus).

769
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The disorders of digestion and absorption arc discussed in Part VIII. 
Diabetes inellitus will bo described further on in the present section. 
Here, under-nutrition due to starvation and under-nutrition in the 
cachexias will bo taken up.

1. Under-nutrition Due to Starvation
(Hunger Metabolism, Marasmus)

(a) Introduction
Careful studies have been made of people who have starved them­

selves absolutely for shorter or longer periods (hunger, starvation, total 
abstinence from food), and also of persons who have become ema­
ciated owing to the ingestion of a faulty or insufficient diet (under­
nourishment, inanition).

Studies on starvation have been made in animals and in a few men 
like Cetti, Breithaupt and Succi. The conditions in experimental star­
vation of this type arc very different from those of inanition duo to 
disease, for in the latter, aside from the insufficiency of the amount of 
food ingested, we have to consider the influence of the underlying disease 
itself upon metabolism. Moreover, in experimental starvation, the food 
has been sud lcnly withdrawn from persons previously healthy, whereas, 
in the cases of under-nutrition that wo study clinically, the patients have 
usually Veen “running down” for a long time, during which time the 
metabolism doubtless undergoes certain readjustments through which its 
processes may 1 c very different from those of a healthy person who decides 
suddenly to deprive himself of food.

(6) Total Metabolism in Starvation
Studies of the oxygen combustion and C02 excretion in experimental 

starvation in man indicate a marked constancy of the amount of oxygen 
consumed. Quickly falling to a low level, it remains at this level with­
out much alteration until the end of the fast Indeed, it would seem 
that the oxygen consumption per kilo of body weight is not diminished, 
but is a little increased, for the oxygen consumption docs not fall in the 
same proportion as docs the body weight. From the tests thus far made, 
it would seem that a healthy man who fasts for a considerable period 
burns daily 27-Î12 calories per kilo of body weight. In persons who 
become slowly emaciated on account of poverty that prevents a suffi­
cient food supply, the body as a rule shows this same extravagance in the 
use of the material at its disposal, the heat production rarely falling 
below «‘$0 calories per kilo of body weight. There are some exceptions 
to this rule, which indicate that, under certain circumstances, regulatory
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mechanisms can come into play, the hotly adapting itself, to a certain 
extent, to the decreased food supply by a lower flame. But these cases 
are exceptional, and they arc in contrast with the majority of cases, which 
follow tho rule above laid down.

The respiratory coejjicient, however, falls to a very low level during 
starvation. It is usually below 0.7, tho level corresponding to that when 
protein and fat alone are burned. Just why this occurs has been much 
discussed. Some assume that the protein and fat metabolized undergo 
decomposition along abnormal paths (Zuntz and Lehmann), a view to 
which some support is lent by the studies of the chemical composition of 
the body in starvation (Umber). Others assume that the low respira­
tory quotient is due merely to alterations in the ventilation of the lung, 
dependent upon superficial breathing; according to them, tho actual 
metabolic changes in the body correspond to the normal burning of pro­
tein and fat alone (Jaquet).

(c) Protein Metabolism in Starvation
The nitrogen excretion in tho urine in professional fasters is not so 

very low; thus, in (Jetti, it fell on tho 8th day to 8.0 grams, or about 
25 jier cent less than in a fully nourished man. At later periods of a 
fast, very low values may bo obtained, 2.82 grams nitrogen on tho 21st 
day in Succi, and 3.4 grams nitrogen on tho average between the 25th 
and 30th day of tho fast in another faster. Other things being equal, 
the more fat there is in the body, the less will be the amount of protein 
metabolized, and vice versa. Similarly, the more protein present in tho 
body at tho time of the beginning of tho fast, the more there will be de­
composed from tho beginning on.

In animals, just before death from long fasting, there is a premortal 
increase of tho nitrogen excreted, the cause of which is not entirely clear.

In chronic undcr-nutrilion, the protein metabolism behaves somewhat 
differently from that in experimental fasting, for tho organism seems to 
ho able to adapt itself to a certain extent to the gradually diminishing 
amounts of protein in the food; it can maintain nitrogen equilibrium 
with much smaller amounts than in normal circumstances, and a pro­
tein gain can bo brought about by means of a protein intake much smaller 
than would bo necessary in a strong healthy man.

In such states, however, there seems to bo no marked tendency to 
economize in the number of calories burnt ]>er kilo; in other words, tho 
organism becomes relatively economical of its protein and uses fat wher­
ever possible for combustion (V. F. Richter).

When the parlilion of the nitrogen in the urine is considered, it is 
found that tho pnrin nitrogen and tho ammonia nitrogen are hut little 
altered as regards their percentage of tho total nitrogen, though both are
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somewhat increased. The urea nitrogen, however, may bo markedly 
diminished in the urine in fasting. Thus, in Succi, the urea nitrogen 
made up only between 54 per cent and 5G per cent of the total nitrogen ; 
normally, it makes up about 85 per cent. It is probable that the amino- 
acid nitrogen is increased at the expense of the urea nitrogen.

(d) Fat Metabolism in Starvation and in Under-nutrition
When the food intake is small, or when it is entirely lacking, fat is 

the substance that is first drawn upon for the supply of energy. The 
amount burnt daily in complete fasting is remarkably constant, about 
the same amount being used after a week or two as during the first few 
days. Thus, in Succi, some 170 g. of fat were burnt on the 20th day of 
the fast, an amount equal to that on the first day, though the amount of 
protein consumed had been reduced to about one-third. In obese people, 
as much as 200 g. or more of fat per day may be burnt during a fast. 
In lean people, three or four times as much fat ns protein is destroyed 
during fasting, and this fat yields from four to nine times as much 
energy as the protein burnt.

Acetone bodies are excreted during the fast in variable amounts, but 
these amounts do not run parallel with the amount of fat burnt. Appar­
ently, the amount of glycogen available in the liver, or in the muscles, 
more or less determines the quantity of acetone bodies excreted. It 
appears that when the person is well nourished (fat) at the beginning 
of the fast, the excretion of acetone bodies is marked. This was the 
case in Succi. On the other hand, a markedly emaciated woman, prac­
tically devoid of fat, showed no acetonuria during inanition (Brugsch 
and Umber). The amount of ammonia excreted in acidosis during fast­
ing may bo very large; thus, in Succi, at one period, the ammonia nitrogen 
made up about 35 per cent of the total nitrogen of the urine.

(e) Carbohydrate Metabolism During Fasting and in the Under­
nourished

In animal experiments, it is fourni that the body maintains a certain 
amount of glycogen in the liver, and also in the muscles. This glycogen 
is probably derived from the nitrogen free residues of the amino-a'id 
chains of the body protein that is metnliolizcd.

It is interesting that, in such experimental animals, glycosuria may 
follow, if a rather small quantity of starch be fed. In other words, the 
carbohydrate tolerance is greatly lowered. This condition has been e:dlcd 
hunger-diabetes. It, is met with sometimes iri man, both in profess mil 
fasters (Succi), and, occasionally, in markedly emaciated persons—tli« un­
called Vagantengtijcosurie. of Iloppe-Seyler.
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(/) Behavior of the Salts During Fasting
Since the chlorids excreted normally are derived chiefly from the food, 

the excretion falls rapidly on fasting. Small amounts, derived from the 
blood and the tissues, continue to ho excreted, hut even these amounts 
grow smaller, as the body, apparently, strives hard to maintain its content 
in chlorin (1*. F. Richter).

In the faster, Breithaupt, 3.9 g. sodium chlorid was excreted on the 
first fast day, hut only 0.35 g. on the Oth day. According to Munk, the 
chlorin excreted during the fasting period is not derived from the mus­
cular tissue metabolized, but comes from the salts of the fluids and the 
tissues of the body.

When food is again ingested, after a fasting period, there is marked 
retention of NaCl until the normal content is restored.

The phosphates on fasting are excreted in relatively largo amounts. 
Calculations of the phosphoric acid and the total nitrogen excreted indi­
cate that the phosphorus cannot all bo derived from the protein of the 
muscle metabolized; a good deal of it, apparently, conics from the hones, 
and some of it from the nuclei of the body cells. The excretion of calcium 
is relatively high during fasting. Very little of this comes from the 
muscle metabolized ; most of it is from the bones. The excretion of mag­
nesium is also relatively increased, though the increase is by no means so 
great as for calcium. These substances arc markedly retained when a 
fasting patient is again fed.

As to sodium and potassium salts, the proportions excreted during 
fasting are very different from those excreted normally. Under normal 
conditions, more of the sodium salts than of the potassium salts is ex­
creted, owing to the composition of the food. On fasting, any sodium 
and potassium excreted must be derived from the tissues, in which, as is 
well known, potassium markedly predominates. In Uctti, the urine con­
tained three or four times as much potassium as sodium; in Succi, on 
the 21st day of the fast, the proportions were as 2.3 is to 1. A similar 
reversal of the relative proportions is met with in fever, hut in this case 
it is only partly due to the inanition, for in fever there is a retention of 
sodium salts (P. F. Richter).

If a fast he prolonged, the total amount of alkalis excreted steadily 
diminishes; when food is again given, there is marked retention, espe­
cially of sodium salts.

(g) The Body Weight During Fasting
In death from starvation in animals, as much as 20 to 50 per cent 

of the body weight may he lost before death occurs.
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Among human beings, professional fusters have lost during the first 
ten days, on an average, about 1 per cent of the body weight per day ; 
thus, Breithaupt lost C.03 per cent of his body weight in six days, and 
Cetti lost 11.10 per cent in ten days. Stteci, during a 30 day fast, lost 
19.04 ]>er cent of his body weight.

Most of this decrease in weight depends upon a reduction in the 
weight of the fat tissue and the muscles. Next in order, the reduction 
in weight involves the skin, the bones, the blood, and the abdominal 
organs. It is a striking fact that the heart and the central nervous sys­
tem arc scarcely at all involved in the loss of weight.

About § of the loss of weight during starvation is due to loss of 
water. If the faster drinks water during his fast, the loss of weight is 
markedly diminished and the effects of fasting can bo withstood belter, 
and for a longer time, than when no water is allowed. We do not know 
how long a human being can fast and survive, though professional fasten 
have, as everyone knows, fasted for forty days, and even longer, without 
succumbing. Clinically, wo sometimes sec patients who have lost one- 
third of their body weight, or even more. Animals may lose, as we have 
seen, one-half of the body weight before death.

The dangers of starvation are most marked in the young, least marked 
in the aged. It is said that a child will die in five days of hunger, even 
when it has not lost more than one-fourth of its body weight (P. F. 
Richter). Persons who arc well-nourished before the fast begins, who 
remain quiet, and keep warm, will stand the fast better than those who are 
emaciated at the beginning, and than those who take exercise and cxjkjsq 
themselves to cold.

It is interesting that, in convalescence after a long fast, or after pro­
longed under-nourishment from any cause, the protein gain may be very 
rapid if large amounts of protein arc ingested; thus, in one case P. F. 
Richter observed a protein gain corresponding to 21 fj. N per day, an 
amount larger than the total N as a whole under normal conditions.
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2. Disturbances of Nutrition Due to Partial Food 
Deficiencies

In our introduction to flip study of disorders of metabolism wo have 
referred to tho growing importance of the study of vitamins in diet. 
There arc certain ' " igieal states in human beings that appear to 
be due to tho absence of one or another of these vitamins; thus, in scurry, 
and in beriberi, there can he hut little doubt that a deficiency in certain 
substances, known at present as vitamins, are responsible, and it is pos-
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siblo that a deficiency in some other vitamin is tlio cause of pellagra, 
though, for the latter disease, the etiology has not yet been clearly 
established.

(a) Scurvy
It has long been known that scurvy, or scorbutus, depends upon a 

food deficiency. People that do not get fresh meat and green vegetables 
develop characteristic symptoms of the disease (spongy swollen gums, 
loose teeth, edema, hemorrhagic diathesis, etc.). If a general mixed diet 
lie resumed, the symptoms disappear. Since tlie laws regarding food at sea 
have been made rigid, there is much less scurvy than formerly. The symp­
toms of scurvy have been described and its diagnosis discussed in Part VII.

(b) Beriberi
(Kakkc, Pohjneurilis cndcmica, Hydrops aslhmalicus)

Definition.—Beriberi is a disease characterized bv a multiple neuritis 
causing either atrophic paralysis, or general edema, or both, and occur­
ring in persons whose food intake is deficient in a neuritis-preventing 
vitamin.

Occurrence.—The disease is especially common among Oriental peo­
ples who subsist, chiefly on rice, though it may occur in people whose 
diet docs not contain rice, hut is, nevertheless, deficient in vitamins. 
The disease is common in Japan, China, the Philippine Islands, the Dutch 
East Indies, and in Brazil. In 1899, as a member of a medical com­
mission to the Philippine Islands, I had the opportunity, with Flexner, 
Flint and Gay, of observing a largo epidemic—some 200 eases—among 
the Philippine prisoners at Cavite. Through the courtesy of Col. Wood- 
hull, we were able to examine the patients carefully, and wo saw many 
examples of both the wet and the dry types of the disease.

Etiology.—-Until the vitamin doctrine was developed, many conflict­
ing views regarding the etiology of beriberi prevailed.

Thus, Mnnson believed that under non-hygienic surroundings some germ de­
velops, which, in its growth, gives off a volatile substance like alcohol, which causes 
a toxic neuritis, the germ itself not infecting the patient. Hamilton Wright be­
lieved that a bacillary infection of the duodenal mucosa resulted in toxin produc­
tion, causing the neuritis. Various cocci, bacilli and protozoa have been suggested 
ns responsible for the disease, but in no ease has the proof of such an etiology 
been brought.

A food deficiency of some sort or another ns responsible for the disease has 
been suggested by various clinicians. Thus, Taknki thought that an insufli' ient 
nitrogen intake is responsible, and it was found that, on increasing the protein 
of the ration in the Japanese Navy, the disease nearly disappeared. Deficiencies 
in salts (potassium carbonate), in fat, and in phosphorus, have been suggested 
as possible causes. For a time it was believed that the eating of fish stands in some



STATES OF UNDER-NUTRITION 777

relation to the muse of the disease, some assuming that berilieri is due to the con- 
Bumption of raw fish, others that it depends upon the ingestion of poisonous fish.

A flood of light has been thrown upon the etiology of beriberi through 
experimental work. Thus, in 1897, Eijkman pointed out that the dis­
ease was prevalent among the rice-eating nations whoso peoples eat rice 
prepared in a certain way.

In the Philippines, the unhusked riee is called palay. On milling the rice, 
the husk is removed, and with it the pericarp (which contains the salts) and more 
or less of the subjacent aleurone layer containing protein and fat. When the latter 
is largely removed and practically only the starch remains, the rice is called 
polished or hiyhly milled rice. Sometimes the rice is parboiled before milling; 
in such parboiled rice, the pericarp adheres more firmly to the grain, and, on milling, 
less of the antineuritis vitamin is lost (so-called cured rice). Under-milled rice 
is known ns red rice.

It has been found that the amount of phosphorus pentoxid in rice runs more 
or less parallel to the amount of antineuritis vitamin present, though the phos­
phoric acid is not itself a component of the vitamin. Thus, rice containing less 
than 04 per cent of P,Ot will cause beriberi ; whereas, rice containing more than 
0.4 per cent will prevent beriberi. In some countries, laws have been passed 
requiring rice to contain more than 0.4 per cent of P,0#.

The experiments of Fraser and Stancon ( 1909) with Javanese coolies, 
and the experiments of Strong and Crowell in Bilibid Prison in tho 
Philippines, prove conclusively the relation of polished rice to beriberi 
and tho efficacy of the administration of rice-polishings in preventing and 
in curing beriberi, though they found that mongo-bean or yeast is much 
more efficacious than rice-polishings as a curative agent.

The time required for beriberi to develop after tho diet has become 
deficient in neuritis-preventing vitamins seems to vary somewhat. Thus, 
in Fraser and St a neon’s series tho shortest period was 87 days, and in 
the majority of cases tho disease docs not develop until after 120-1(10 days. 
In Strong and Crowell’s scries, symptoms of berilieri appeared in from 
Cl to 75 days after tho beginning of tho deficient diet. Scurvy did not 
appear in these persons, a fact that indicates that tho vitamin responsible 
f«r tho prevention of scurvy is different from that concerned in tho pre­
vention of berilieri. Even licforo these experiments were done, Braddon 
had insisted upon tho importance of tho rice factor in the etiology of tho 
disease.

Punk’s studies on the vitamin of rico-polishings have already been described 
(See above). A temperature of 130° C. appears to destroy the vitamin that 
prevents beriberi.

In Brazil, the beriberi that occurs is not due to the eating of riee, but seems 
to depend upon a lack of vitamin in the other foods eaten. It is asserted that 
sago, boiled white potatoes, corn, grits, and macaroni, are deficient in the same
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vitamin as is polished rice, and will give rise to polyneuritis gallinarum (Wellman 
and Bass).

It scums certain now that beriberi is not an infectious disease, and that for 
prophylaxis we must depend upon making sure that every person bus a diet 
that contains enough of the beriberi-preventing vitamin. A practical illustration 
of this point will be found in the report of Heiser on the outbreak of beriberi in 
the leper colony at Culion in the Philippine Islands in 1911 and 1912. The out­
break ceased when unpolished rice was substituted for the use of polished rice 
in the diet.

It has been suggested by Vedder and Clark, who have made a special study of 
polyneuritis gallinarum, that two vitamins may be involved, one preventing neuritis, 
the other preventing general prostration and cardiac degeneration.

Symptoms.—The symptoms of beriberi arc those of a multiple neuritis, 
on the one hand, and those of a general anasarca, on the other. Accord­
ing as atrophic paralysis due to neuritis or anasarca dominates the clin­
ical picture, the cases are described as dry or atrophic beriberi, and wet 
or dropsical beriberi. As a matter of fact, there are many mixed cases, 
in which a * ‘ 3 paralyses are associated with edema.

The disease is, as a rule, afebrile, though cases described in the lit­
erature as epidemic dropsy with fever may be examples of beriberi com 
plicated by some infection. It may bo, however, that epidemic dropsy 
and beriberi are two distinct diseases, though Pearse maintains their 
identity.

At the onset of beriberi, the patients complain of weakness in the 
legs, fatigue, palpitation and dyspnea on exertion. There is some epi­
gastric tenderness, and as neuritis develops, hyperesthesias of the calf 
muscles and, sometimes, of the muscles of the hand and forearm are 
complained of. Slight hypoesthesias develop in the distal portions of 
the extremities, and localized edemas appear over the shins and malleoli, 
on the dorsum of the foot, over the sacral and sternal regions, and often, 
also, in the arms. The deep reflexes at the beginning may bo slightly 
exaggerated. There is a moderate tachycardia, increased by any exertion, 
and associated with a low systolic blood pressure.

As the disease progresses, the paresis of the muscles of the arms and 
legs increases. The edema may either recede, or it may become very 
marked, resembling that of an acute nephritis, though the scrotum is, 
ns a rule, less involved than in nephritic edema. The patients complain 
of a feeling of constriction in the chest. Many of those I observed in 
the prison at Cavite placed their hands over the sternum and evidently 
suffered from a distressing sensation there.

Along with the subcutaneous edema, there may be dropsy of the sev­
eral serous sacs fhydrothorax, hydroperitoneum, ascites). A special 
feature of the multiple neuritis of beriheri is the marked involvement 
of the N. vagus (with respiratory, cardiac and vasomotor disturbances). 
When the neuritis is well developed, the deep reflexes, including the

A8A
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knee-kicks, may disappear, and well-marked foot drop and wrist drop, 
with atrophy of the distal muscles of the extremities, develop. On elec­
trical examination, a typical reaction of degeneration (Dell) is found. 
The gait is the typical “steppage gait” of multiple neuritis, wholly 
différent from the stamping gait of tabes. The mind remains clear 
throughout.

In the digestive system, there may bo nausea, vomiting, and epigastric 
distress. It is not certain whether these symptoms depend upon the 
involvement of the vagus in the neuritis, or upon the cardiac decom­
pensation.

The urine varies in quantity ; as edema develops, there is oliguria ; 
on absorption of the edematous fluid, there is polyuria. Albuminuria 
may occur if there bo marked cardiac decompensation, but there seems 
to lie no toxic degeneration of the kidney in the disease.

The blood shows a moderate diminution of the red blood corpuscles 
and hemoglobin, but, otherwise, it is negative.

Special Forms of Beriberi.—In addition to the wet form, the dry form, 
and the mixed form, already referred to, several special forms have been 
described. These include: (1) the rudimentary types, which are quite 
common. In such eases, there may be slight weakness of the legs; hypo- 
estliesias, and disturbances of the reflexes, or transitory edemas, dyspnea, 
ami palpitation may be present. The diagnosis of such formes frustes 
may be exceedingly difficult In the tropics, a diagnosis of beriberi is 
often made on insufficient grounds.

The most dreadful form of the disease is (2) the so-called fulminating 
type, or acute pernicious beriberi. In this type, the involvement of the 
N. vagus dominates the clinical picture. Symptoms of the acute form 
may develop and terminate fatally within a few hours. Such acute 
symptoms may develop without warning, or they may occur in the course 
of an ordinary beriberi, or in the course of one of the cases apparently 
rudimentary in type. Death may bo agonizing from sudden dilatation 
of the right heart.

Special mention must also lie made of (.1) the so-called infantile 
beriberi. It is known as taon in the Philippines, and occurs in infants 
nourished by beriberic mothers (Tlirota, Andrews). The children are 
restless, suffer from vomiting, tachycardia, edema, and cyanosis. At 
autopsy, there is marked dilatation of the right heart, and degeneration 
of the peripheral nerves. If the disease be recognized, and suitable arti­
ficial food given instead of mother’s milk, along with extract of rice- 
polishings, the infants improve rapidly.

Diagnosis.—When the disease occurs in largo outbreaks, on shipboard, 
in prisons or asylums, or among rice-eating peoples, no mistake is likely 
to lie made; but, in sporadic cases, the disease is doubtless often over­
looked, or, rather, misinterpreted. Unfortunately, there is no specific
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test for beriberi, but if the disease bo suspected, the diet of the patient 
should bo carefully inquired into (1) for monotony, and (2) as regards 
overheating (canned foods).

Beriberi must bo differentiated (1) from nephritis (albuminuria, 
cylindruria, absence of signs of neuritis) ; (2) from talcs (Argyll-lu.1> 
ertson pupil, cerebrospinal fluid, Wassermann) ; (3) from alcoholic neu­
ritis (anamnesis, tremor, mental symptoms) ; (4) from arsenical neuritis 
(edema of tho eyelids, cutaneous pigmentation, arsenic in urine) ; (5) from 
the neuritis of lead poisoning (blue lino on gums, basophilic stippling of 
red blood corpuscles) ; (G) from tho neuritis of diphtheria (anamnesis, 
involvement of soft palate and of M. ciliaris) ; (7) from Scandinavian 
ship beriberi, according to Noclit, probably a form of scurvy (absence of 
neuritis; more rapid recovery on normal diet).
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(c) Pellagra
(Mal de la rasa, Mai del sole, Alpine Scurry, Asturian Leprosy, 

Maidismus)

Definition.—Pellagra is n disease characterized hy peculiar cutaneous, 
digestive, nervous ami mental disturbances, usually running a chronic 
course, with periodic exacerbations, but sometimes developing acutely and 
proceeding quickly to a fatal termination.

Historical.—The disease doubtless occurred in ancient times, but was not 
recognized as a definite entity until the eighteenth century, when Casai studied 
it m the Asturias, observing that it occurs among the peasants who live chiefly 
on corn and rarely eat fresh meat. The name pellagra (pelle, skin, and agra, 
rough) was given by Frapolli (1771).

The maize theory dates from the publication of Marzari (1810), who supported 
the idea that pellagra and Alpine scurvy are identical. Since 1007, manifold 
opportunities for the study of the disease have existed in the United States, pella­
gra being prevalent in an exceedingly fatal form in a number of the Southern

The disease is very common in Italy, in the Itnlkans, in Lower Egypt, in the 
West Indies, and in Mexico and Central America.

Etiology.—The cause of pellagra is not yet known, and there have 
been warm disputes among champions of different etiological theories. 
For a long time, Indian corn, or maize, was believed in some way to bo 
responsible for tlio disease. Those who advocate this doctrine are known 
ns zeisls; those who oppose it as antizeisis. Two of the principal cham­
pions of the zeistie theory were Marzari and Lombroso. Among the 
antizeists are Sambon, who assumes a protozoan etiology, with transmis­
sion of tlio parasite by a midge (SimvJium), like our buffalo gnat, and 
Tizzmii, who believes that tlio disease is duo to a Strcpto-baciUus.
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During the past few years a conviction lias been growing that places 
pellagra among the diseases due to some special food deficiency, probably 
to a deficiency in some vitamin. The vitamin theory is compatible with 
the zeistic view, though it may hold even though the zeistic theory should 
turn out to he untrue.

Dyer evidently views the disease as dependent upon food deficiency, and be­
lieves that it can he prevented or cured by the use of gelatin, orange juice, or 
lemon juice, along with a diet of eggs, milk and well-cooked vegetables. Gobi- 
berger and other officials of the Public Health Service lay great stress upon a 
high protein ration in the dietary, having noticed that in an orphan asyluii. in 
which 32 per cent of the children had pellagra, the disease was much more common 
among the children that lived practically on a vegetarian diet that consisted 
largely of corn products and syrup, and in which legumes were present in only 
small amounts.

Some of the zeists have attributed the disease to the spoiling of corn by moulds 
or bacteria (zcitoxic view). Some assume that the disease is anaphylactic in nature, 
due to sensitization to the proteins of maize. It has even been suggested Unit 
pellagra following a maize diet results in the introduction of certain photodynamic 
substances into the circulation, and that these, under the influence of sunlight, 
become toxic (Rnbitschek). llirsehfelder tried to find a fluorescent body in the 
blood serum, hut was unable to do so.

Thanks to the careful studies of the Thompson-McFadden Pellagra 
Commission, some important facts regarding the epidemiology of pel­
lagra are gradually being discovered; thus, in the Southern States, the 
disease prevails chiefly among workers in the cotton-mill villages rallier 
than among those on the farms. This is in marked contrast with the 
observations of Sambon in Egypt, who noted a greater incidence among 
farm laborers in the rural districts and based his midge doctrine on the 
observation.

Furthermore, the Thompson-McFadden Commission found that the 
disease occurs five times as often among women (who remain in their 
homes) as among men (who arc in their houses only at night).

The Commission could find no evidence in favor of the transmission of pellagra 
by ticks, lice, bedbugs, cockroaches, flies, mosquitoes, or buffalo gnats. The mem­
bers of this Commission report a greater prevalence in neighborhoods where un­
sanitary privies are permitted, and a less prevalence where an efficient water 
sewerage exists.

As Stilt, referring to the work of the Commission, points out, “the peculiarities 
of sex and place distribution could lie explained by the stable fly, Stomom- cal- 
citrons, a fly that bites viciously in the district in which they worked. This fly 
bites only by day and is intimately associated with human dwellings, so that the 
greater incidence of the disease in the women who stay at home, as against an 
incidence five times less in the women or men who work in the mill during the 
day, might lie explained by the Rtomoxys bites.

The Commission found it impossible to transmit pellngra to monkeys hy in­
jecting the dcflhrinntcd blood of pellagrins, though Harris asserts that I has
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produced a disease like pellagra in two monkeys by injection of filtrates from 
emulsions made from the brain, skin and intestinal tract of patients dying of 
pellagra. The Commission further assert that they can find no relation pointing 
distinctly to com ns a cause of outbreaks of pellagra. They admit, however, that 
among the people affected they observed a very limited use of fresh meats.

Unsatisfactory as the present state of knowledge regarding the etiol­
ogy of jicllagra is, it would seem that wo are on the eve of the discovery 
of the cause. There is good reason to believe that the disease is due 
either to a food deficiency or to some protozoan infection. Undoubtedly 
many arguments can he brought forward in favor of each. My personal

Fig. «I.'l.'l.—A Valient Suffering from Pellagra. The Cutaneous Is-kIoiih Are Well Shown. The 
Fmaclatlon and the Somewhat Ucpretwcd State Are Obvloiia. (Courtesy of Ur. It. T. 
Iminey, Jr., Atlanta, (ia.)

conviction is that we shall find, Inter on, an absence of sonic vitamin in 
the food to be responsible for the disease.

Symptoms.—The disease begins, as a rule, with neurasthenic mani­
festations (fatigability, insomnia, slight vertigo, feelings of apprehen­
sion), and slight digestive disturbances. These symptoms often appear 
in the winter, to bo followed in the spring by more marked disturbances 
of digestion, including sore mouth, pyrosis, and diarrhea. The parts of 
the skin exposed to the sun’s rays begin also to show characteristic changes 
in the form of a sharply delimited ami strikingly symmetrical erythema, 
later becoming an outspoken dermatitis, desquamating over a period of
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weeks or months, without healing, and undergoing marked ’pigmentation 
at the borders. Severe nervous and mental symptoms then develop 
(changes in the reflexes, tremor, mental depression, toxic psychoses, some­
times dementia). In the severe cases, the patients become cachectic, 
emaciating rapidly. Before the end, there may bo complete dementia, 
the patients soiling themselves.

In the less severe cases, the disease tends to recur each spring. In 
some instances, a year may bo skipped without an exacerbation. In the 
winter, the cutaneous and digestive manifestations let up, though tlio

Fig. 034.—The Hands In a Case of Pellagra. (After W. 8. Thayer, J. II. II. Hull Î

nervous symptoms may continue. The clinical picture varies greatly ac­
cording as one, or another, of the pellagrous triad of symptoms (cutaneous, 
digestive, nervous) predominate.

On physical examination, signs of stomatitis (hyperemia ; red, ti urol 
tongue, indented at the edges; salivation; spongy gums; enlargement of 
the regional lymph glands) arc found. Achylia gaslrica is often pres­
ent, and the diarrhea may resemble that of dysentery. Indie aunt 
points to putrefactive disturbances within the intestine.
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Tlio cutaneous manifestations may bo very characteristic. The main 
points have already been mentioned. The skin of the back of the hands 
and wrists takes on a dull red color, not unlike sunburn. Later, the color 
becomes reddish brown or slightly cyanotic, ami the skin becomes scaly 
and atrophic. Sometimes, the skin of the hand and of the lower fore­
arm is shed like a gauntlet.
The dorsum of the foot is sim­
ilarly involved, as is also that of 
the great toe, though the dorsal 
surfaces of the lateral toes often 
escape. The erythema may be­
come delimited at the level of 
the malleoli, though in some in­
stances it extends up the front 
and back of the leg like a boot.
The eruption on the face in­
volves the bridge of the nose 
and may spread to the cheeks 
and to the forehead. A butter­
fly appearance, as in lupus 
erythematosus, or a more gen­
eral involvement—the so-called 
pellagrous mash-—may be ob­
served. A very characteristic 
l andlike eruption is sometimes 
seen at the hack of the neck 
(pellagrous collar). This may 
extend in front to the upper 
part of the sternum (Casai'8 
necklace), or even lower down 
upon the sternum like a crural.
The topography of the eruption 
appears to depend upon the irri­
tating effects of the sun’s rays, 
hut any irritation may call forth an erythematous eruption in pellagrins; 
thus, the friction of the clothing, or an intertrigo, may elicit an erythema 
( peri-anal, perineal, vulvar, scrotal ). Exposure to x-rays should he avoided.

The nervous and menial symptoms of pellagra indicate diffuse lesions 
within the central and peripheral nervous system, and such lesions have 
actually been found at autopsy hv Kpiller. Any of the functions (motor, 
sensory, retlex) may l»e involved, but the involvement in different eases 
is exceedingly irregular and not according to systems. The mentality is 
nearly always more or less involved, and outspoken insanity is so com­
mon that the disease is much feared on account, of the danger of the

Fig. 035.—Pellagra in a Child. \oihv the 
Sharply l.lmllvd Krylliviiia of I lit* Hands 
(Courti’ny of Ur. K. .1 Wood. )
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necessity of treatment within asylums. The cerebrospinal fluid is nor­
mal, in marked contrast with protozoan diseases involving the central 
nervous system.

The blood, aside from a moderate anemia and a relative lympho­
cytosis, shows no marked changes. The éosinophiles are usually below

3 per cent in the differential 
count. The coagulation time is 
normal ( Hillman).

In the circulatory system, 
there is arterial hypotension 
and evidence of lability of the 
vasomotor system.

In the genito-urinary sys­
tem, no marked changes have 
been made out, except a tend­
ency to vaginitis and vulvitis in 
the women affected.

Pellagra is ordinarily an afeb­
rile diseuse. When fever occurs, 
it appears to depend upon some 
complication and is a signum ntali 
am inis. In the so-called typhoid 
pellagra, the temperature may be 
quite high over a considerable pe­
riod. The nature of this condi­
tion is not clear ; it may depend 
upon a septicemia.

Cases of pellagra without the 
cutaneous manifestations (pel­
lagra sine pellagra ) have been de­
scribed. The term pseudo pel­
lagra, as Stitt emphasizes, “has 

usually been used by those who insist upon limiting the name pellagra to those 
cases that fit in with their special etiological views.”

Prognosis.—In pellagra this is exceedingly uncertain, and the physi­
cian should be cautious in giving a definite opinion. Mild cares may 
suddenly become very severe. The severity of the case does not run 
parallel with the cutaneous lesions.

Pellagra is a much more fatal disease in the United States than in 
Italy. With us, the mortality varies between 25 per cent and 40 per 
cent ; in Italy, it is below 10 per cent, and recently appears to have been 
only about 3 per cent

Diagnosis.—This is easy in the typical cases with cutaneous, digestive 
and nervous disturbances, especially when the disease is met with in a 
district in which it is known to prevail.

Fig. (I.'IW.—Notched Canal Collar of Krythema on 
the Neck of n Child Suffering from Pellagra. 
(CourtPHy of Dr. K. J. Wood.)
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Sporadic cases, and cases in which the cutaneous manifestations are 
not present, or are very slight, may fail to be recognized; indeed, in 
many cases doubt must, or should, exist even in the mind of an expert 
on pellagra.

We possess no specific laboratory tests for the disease.
In the differential diagnosis we must separate pellagra (1) from 

other forms of dermatitis (erythema multiforme, dermatitis venenata) ; 
(2) from other diseases of the digestive system (other forms of stoma­
titis, sprue, dysentery) ; (il) from oilier diseases of the nervous system 
(ergotism, cerebral atherosclerosis, cerebral lues, the psychoses, etc.).
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3. The Cachexias
(a) Introduction

Definition.—The term “cachexia” (caco-, bad ; hex is, habit) is a 
clinical expression that lias been used in a rather loose way to desig­
nate the bodily deterioration accompanied by subjective feelings of ex­
haustion met with in neoplasm (carcinoma, myoma), in Graves's disease, 
in severe anemias, in chronic intoxications (e. g., morphinism, inercii- 
rinlisin, phosphorus poisoning), and in long continued fevers of infectious 
origin.

Symptoms.—Emaciation (loss of both fat and musculature) ; anemia; 
sallow tint, tendency to hemorrhagic diathesis (“cachectic purpura”), 
impairment of functions of digestive organs, cardiac weakness, “cached io 
edema” in dependent parts, cxitus.

Pathogenesis.—The cachexias in the narrow sense * a toxio 
destruction of protein (Fr. v. Müller), and, in some instances, perhaps, 
upon catabolism of protein substances along abnormal paths, through tho 
influence of atypical ferments (heterolytic enzymes).

These cachexias wo may, with ITmber, conveniently subdivide into 
exogenous cachexias und endogenous cachexias, according to the source 
of the toxic substance responsible for the abnormal protein mctaboli-m.
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Thus tlio source may bo some parasite or some chemical substance that 
enters the body from the outside (e. <j., malarial cachexia, cachexias in 
septic processes and infectious fevers, cachexias following chemical in­
toxications with phosphorus or morphin), or it may be in the metabolism 
of the body itself (e. g.} neoplastic cachexias, thyrotoxic cachexias, cachexia 
of Banti’s disease, etc.).

(b) Studies of Metabolism in the Cachexias
Though the abnormal metabolic changes in the cachexias are doubt­

less very complex, there is evidence to indicate that it is the protein 
metabolism that is most perverted.

i. The Carcinoma-cachexia
The carcinoma-cachexia has been most carefully studied. If, in a carcinoma- 

cachexia, enough protein, carbohydrate and fat be given to afford a sufficient sup­
ply of calorics and to maintain the nitrogenous equilibrium of the same person 
when in a normal state, it is found that the cachectic patient shows a nitrogen 
deficit. Indeed, if the toxic injury to the protoplasm he severe, even a largo 
excess of protein may he fed without maintaining nitrogenous equilibrium. Thus, 
in one of F. v. Midler’s patients, suffering from carcinoma, a nitrogen deficit per­
sisted, and even increased, despite a daily intake of 21 g. N and 3,004 calories in 
the food. The increased destruction of protein in cancer may depend, in part, upon 
the action of atypical ferments, since many studies have shown the presence of 
heterolytic enzymes, capable of proteolysis, in certain carcinomata, though not in 
all. Not every carcinoma leads to cache':in; moreover, in cases of carcimuna-ca- 
clicxia, it is probable that injurious agents, other than these atypical enzymes, are 
at work. Thus the red corpuscles of the blood arc often rapidly destroyed 
(isolysinsf) in carcinoma-cachexia, so that a picture closely resembling that of 
pernicious anemia may develop.

The increased excretion of colloidal nitrogen (Salkowski) in the form of oxy- 
proteinic acid and other substances, and of urobilin (F. v. Midler) in the urine, 
while noted in carcinoma eases, is not specific for them. The ketonuria sometimes 
met with in cachexia appears to be due simply to the insufficient assimilation of ear- 
bohydrates (hunger-acidosis).

ii. The Cachexia of Grave Anemias
We regard the carcinoma-cachexia as an endogenous form. Similar phenomena 

are met with, however, in erogenous cachexias, like the caclieria arrowganging 
diliathriocejihalus anemia. Here, the toxic destruction of protein ( Rosenquist ) de­
pends upon the presence of the worm in the intestine; it is independent of the 
degree of anemia, and it ceases as soon ns the worm is expelled. The toxic sub­
stance responsible for the anemia exists in sterile aqueous extracts of the worm ; 
it k apparently, a lipoid substance, an oleic acid ester of cholesterin (Faust uud 
Tullqvist), which possesses marked hemolytic properties. Whether the toxic dis­
integration of protein causing the cachexia is due to this same substance, or to 
proteolytic enzymes set free when segments of the worm are digested, has still 
to be found out.
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iii. The Cachexia of Hyperthyroidism
In the endogenous cachexia of thyro-intoxication, ns seen in Graves’s disease, 

we have to deni, nt certain times only, with substances that not only accelerate 
the total metabolism (calories) but also cause an increased (toxic) protein degra­
dation (F. v. Müller). Sometimes, the increased metabolism enn be counterbal- 
aneed by an excessive intake in protein and in calories, especially if arsenical prep­
arations be used at the same time to slow metabolism. Sometimes, a strumeetomy 
will stop the increased catabolism. I have often observed a rapid increase in weight 
after strumeetomy. In one case, observed accurately by Matthes, a nitrogen deficit 
existing before operation gave way soon afterward to a nitrogenous equilibrium 
easily maintained.

iv. The Cachexia of Banti’s Disease
Another endogenous type is the cachexia of B anti's disease. If this cachexia 

be studied at its beginning, before ascites develops (since this disturbs metabolic 
studies through retention of nitrogen in the ascitic fluid), a toxic disintegration 
of protein is demonstrable. As is now well known, Banti’s disease can be cured 
if splenectomy lie performed early. It is interesting to note that in two splen- 
ectomized cases studied, the toxic catabolism of protein ceased promptly after the 
operation (removal of the poison forming spleen).

In the light, of these newer studies, the cachexias, formerly so ominous, 
now look less formidable. With means of diagnosis permitting of earlier 
recognition of a toxic catabolism of proteins, we may often, as Vmhcr 
emphasizes, he fortunate enough to remove the source of the toxie sub­
stance a beginning carcinoma, a part of the thyroid gland, a tapeworm, 
or a diseased spleen.

References
Hlnmenthal <F.). Die chcmisrhni Vorqiinqe hri dvr Krehskrankhcit. Erqchn. d. Pluvial., 

Wn shaih n, 1910. X, fflU-jfaS.
Faust (E. S.) & Tallqvist (T. 11'.). Vcher die Ur sache n dir Rothrioeephalusanamii in 

Iteilraq zur Pathoqcncse dcr perniziosen Anomic auf physioloqisrh-rlir- 
misrlier finindloqc. Arch. f. cx/tcr. Path. n. Phammkol., Leipzig, 1997, 
ldi, w-itM.

K ocher (R. 1.). The hexoncAtascs of maliqnont tumors. J. Biol. Chrm., Baltimore, 1913, 
xxii, ’HÏ-A04.

Mohr (/,.). (Icyamtstnffwerhscl hri Andmicn, Kochcxicn u. s. w. In: Ilamlh. d. Biorlnm. 
(O/ipenheimer). Jena, 1910. ir, 2. Illftc, 372-404.

Militer (F.). Slo ff iccch sel 11 n 1er such u nqcn hei Krchskronkcn. Ztschr. f. klin. Med., Hrlin, 
1SH9, xri, ',9.

Smithies IF.). The treatment of cachexia of malnutrition hy metaqastrir (duodenn-j- "'ll) 
administration of artificially pre/tared end-/iroilueta of digestion in ■ -/'/c 
amino anils and maltose); a preliminary report. X'. Ÿork M. .1 !,
1913. xri’iii, tlW.

limber (F.). Zur Pathologie d r Bantischcn MUzkrankhcit. München, med. Wei hr., 
1912. hr, U7ti 17tS
Earhexim. hrS/tez. Path. u.Therap. inn. Krankh. ( Kraus It: h). 
Berlin <<• Wien, 1913, US 1\S.



STATES OF OVER-NUTRITION 793

B. States of Over-nutrition
1. Introduction

When an excess of nourishment is taken and the digestive and assimi­
lative powers arc good, a human being like an animal will grow fat or 
obese. “Obesity’ is a term applied to several different conditions, which 
have, in common, an excessive development of the fatty tissues of the 
body. We shall in this section, therefore, consider “The Obesities,” for it 
is desirable to emphasize the fact that “obesity” docs not represent a 
single disease entity.

(a) The Fatty Tissues and the Fat Metabolism in Healthy Persons 
That Eat and Exercise Nornwlly

The amount of fat in the body of an adult person, who is neither obviously 
thin nor fat, may vary within tolerably wide limits (10 to *20 per cent, of the 
body weight), women lieing normally a little fatter than men. The fatty tissues 
include (1) the subcutaneous tissues (2) the omental and mesenteric tissues of the 
abdomen, and (3) the interstitial tissues, chiefly of the muscles, and, to a less extent, 
of the viscera. Certain of the cells of parenchymatous organs, especially the liver 
cells, act as temporary storehouses of fat; the liver cells thus perform for fatty 
substances a function similar to that subserved for carbohydrates and for purins.

Human fat is fluid at the body temperature; about three quarters of it, as we 
have already seen (See Metabolism of Fats), is triolein, the rest tristearin and 
tripalmitin, the mixture having a melting point of aliout 20° C. The food fat can 
apparently he directly deposited as such in the fatty tissues, the fat of these depos­
its varying in constitution with the nature of the food fat ; the fat in the liver cells 
appears, on the other hand, to be constant in composition, independent of tho 
source of the fats of the food. In diabetes and in phosphorus poisoning, how­
ever, fat ran he transferred from the fatty tissues to the liver cells and to the 
heart muscle cells, in which event foreign fats (e. g., mutton fat) can sometimes 
he demonstrated in these cells.

The fat of the fatty tissues, besides being derived disectly from the fats of 
the food, can originate in (1) carbohydrates of the food, when eaten in excess, 
(2) probably, also, in small amount from the deaminized amino acids of proteins 
ml (3) possibly, in small amount, from alcohol. The amount of water drunk 

appears to exert hut little, if any influence upon the amount of fat produced, or 
burned, in the body (contrary to popular belief).

Normal adults, unless they change their habits of life markedly, vary 
but little in weight. Even when they pay but little attention to variations 
in the food set before them, they unconsciously " ir food intake to 
their food need in such a way that the body weight remains fairly constant 
and within normal limits. But should a normal person radically change 
his habits of life, cither in the way of increasing bis food intake or of 
decreasing the amount of muscular exercise, us often happens after mar­
riage, after middle life, or after “material success” in life, he may grad­
ual Iv, or quickly, become obese (exogenous obesity). In certain patho-
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logical states (see below) in which the fires in the body burn lower than 
normal (the “total metabolism” being too low), amounts of food and exer­
cise that would not lead to increase in weight in a normal person of the 
same size will be followed by obesity (endogenous or constitutional 
obesity).

It is obviously, therefore, of great clinical importance to know the 
normal caloric need of persons of different size, and, in cases of obesity, 
to determine whether the storing of fat is exogenous or endogenous in 
type ; sometimes we find both exogenous and endogenous factors responsible 
in one and the same person.

(6) Determination of the Normal or Ideal Body Weight
Various formulae have been set up for ascertaining the normal weight 

of persons of different size. The formulae of v. Noorden, of Bernhardt, 
of Broca, of Oeder, and of Guthrie may be mentioned.

Von Noorden’s Formula : Normal body weight = height in cm. X 
430 to 480 g.

Thus, if the height be 170 cm., the normal weight varies between 
73.1 and 81.6 kg.

Bernhardt's Formula: Normal weight = (L X C) kg., when L is
24Ô

the height and C the chest circumference in cm.
Thus, if L be 170 cm. and C be 95 cm., the body weight will he 

170 X 95------------- = 67 kg. If we divide by 200 instead of by 240 we obtain a
240 b J ...

value in kg. that represents the maximal weight within the limits of 
normal ; if it be exceeded, the patient must (in the absence of edema, 
etc.) be regarded as obese.

Broca’s Formula : Normal weight = (height in cm. —100) kg.
Thus, if the height be 170 cm., the normal weight is 70 kg.
Oeder’s Formula : Hero a value known as the proportional height, or 

length (pL), is used, by which is meant twice the distance (in cm.) 
from the vertex to the middle of the symphysis pubis :

For men: Normal weight = (pL — 100) kg.

(pL — 100
pLXO 

200 ) kg.
For women : Normal weight =■

in which C = the mean chest measurement
Guthrie’s Formula : In calculating the ideal weight of patients in my 

private service, Dr. Clyde G. Guthrie has mado use of the following 
formula : Ideal weight = 110 lbs. -f (5.5 X number of inches taller than 
6 feet).

Thus if the height be 5 ft 10 inches, the ideal weight is 110 + 5.5 X 
10 = 165 lb.



STATES OF OVER-NUTRITION 793

(c) Determination of the Normal Food Requirement 
(in Calories)

Having determined what the ideal weight for a given person is, the 
next important thing is to ascertain the normal food need (in calories) for 
that person. For practical clinical purposes, this will he found by the 
formula :

Average food need (in calories) for adults doing light work 
= Ideal weight in kg. X 35.

35
= Ideal weight in lbs. X —

Even the normal persons taking ordinary exercise vary, however, 
somewhat in their food needs ; the caloric need in individuals doing hard 
labor will amount to about 45 calories per kg. of calculated ideal weight.

The above practical formula has been worked out on the basis of more exact 
physiological studies of total metabolism. As a matter of fact, the total metab­
olism goes parallel not to the body weight but rather to the total surface of 
the body (Rubner). The area of the body surface can be calculated approximately 
from the body weight by an application of v. Meeli’s formula, which is based on the 
observation that, for bodies of similar shape, a definite relation exists between 
surface and contents : 8

Surface in square meters = & X weight of the body in kg. The constant 
(k) has been found for man to be 12.3. The formula does not, however, yield 
wholly accurate results. For children, J. Howland gives a formula that is more 
accurate.

The daily caloric need per square meter of surface varies between 1,000 and 
1,300 calories, that is, between 42 and 54 calories per hour for the majority of 
persons (Rubner). In fasting persons at rest, the combustions amount to 700 
or 800 calories for 24 hours for each square meter of surface (Magnus-Levy), 
i. e., to 29 or 34 calories per hour. Lusk’s figures vary between 31.7 and 37.7 
calories per hour. On muscular exercise, for every calory used in work, 2 or 2J 
calories will be used and given off as excessive heat, and the total metabolism cor­
respondingly increased over the value for a person at rest.

(d) The Pathogenesis of the Obesities
We distinguish (see above) between (1) exogenous obesities, in which 

the persons affected have normal combustive powers, and (2) endogenous 
obesities, in which those affected have lower combustive powers than 
normal.

When the combustive powers are normal, if the food intake (in
calories) exceed the need of energy (in calories), for work and heat, fat 
will begin to accumulate. This is why exogenous obesity is sometimes 
spoken of as the “obesity of overeating and of laziness.” Thus, if the 
food intake exceed the food need by as little as 200 calories a day (rep­
resented by say 70 g. of white bread, 25 g. of butter or 30 g. alcohol),



796 DIAGNOSIS OF THE DISORDERS OF METABOLISM

combustible material corresponding to some 73,000 calories (= 8 kg. 
fat or 10 kg. adipose tissue) could be stored up in the course of a single 
year, provided there were no heightening of the combustivc processes in 
the body. Fortunately, in healthy persons, appetite on the one hand, 
and muscular exercise and heat production on the other, are reciprocally 
so related that the food intake corresponds very closely to the food need. 
But changes in position in life (marriage, material success), and in 
time of life (middle age), often markedly alter the habits of eating and 
of exercise, in which event the unconscious self-regulating mechanism 
may prove insufficient; the balance between caloric intake and caloric 
need becomes disturbed, so that the patient emaciates, or grows fat, 
according to the direction taken by the disturbed balance. An excessive 
appetite (Umber’s “dysorexia”) may result from bad example; one of 
two married people may lead the other to eat excessively, or children 
may early indulge too freely in food, owing to the constant example set 
by gluttonous parents. According to Sohlern, there is a constitutional 
tendency to abnormally largo appetite in people born with large abdo­
mens, while people born with small abdomens tend to be relatively small 
caters, owing to the fact that, through quick rise of the intragas! rio 
pressure, the appetite is prematurely satisfied ! Since, in exogenous 
obesity, the metabolic processes go on at a normal rate, the obesity is 
removable by getting rid of the external causes, i. c., by decreasing the 
caloric intake and by increasing the amount of muscular exercise, though 
it must be kept in mind, as Friedrich Müller emphasizes, that “Fat is 
capital and bears interest, viz.:—lessened muscular activity, and lessened 
heat dissipation.”

When the combustive powers of the body are subnormal, a caloric
intake that would, in a normal person of the same size, exactly balance 
the caloric need, is found to bo excessive, and so fat easily accu­
mulates despite “moderate eating.” It has been definitely proven by 
v. Berginann, that in certain obesities, the total metabolism (calorics) 
goes on at a lower level than normal. This observer placed obc.se per­
sons in a Voit-Pettenkofcr respiration-apparatus, and found that, in 
certain of them (at rest), the daily values in heat production per square 
meter of body surface fell far below the normal. In such cases, we have, 
ho believes, to deal with a true metabolic anomaly—a so-called “consti­
tutional” or “endogenous” obesity. But very low values for the Mai 
basal metabolism have been found also in non-obese persons; thus a 
minimal metabolism of C18 calories per square meter of body surface 
was found in a non-obese person by Lowy and Hirschfeld, whereas the 
lowest value got by v. Bergmann in obesity was 662 calorics; and in 
certain non-obese, stuporous insane patients Grafc got values as low as 
491.4 calorics, comparable with the values obtainable in myxed< ia. 
More important than these studies limited to the basal metabolism f r a
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short period, would seem to he tlio studies of the total energy balance 
extending over at least twenty-four hours. Three careful experiments 
by v. Bergmann prove that, in obesity, the total metabolism may bo ab­
normally low. And clinical tests, in which the food intake is exactly 
controlled, the N-balance studied, and a body weight chart kept (von 
Noorden, Umber) support this view. Recently, there has been a revival 
of the doctrine that the rate of metabolism may vary with variations in 
the food intake—the body working “economically” when the intake is 
small, “extravagantly” when the intake is abundant (so-called Luxus- 
consumption). It is possible that a failure to readjust the rate of metab­
olism to larger intake may bo a factor in the origin of some cases of 
endogenous obesity (Grafe and Koch).

The exact mechanisms underlying the several forms of endogenous 
obesity have still to be studied. In certain of the “constitutional obesi­
ties,” abnormalities in the glands of internal secretion seem to bo respon­
sible; thus the obesity of dystrophia adiposogenitalis is probably due to 
Jiypo-hypophysismus; that of beginning myxedema to Jnypothyruidism., 
hence the term “thvrogenic obesity”; that of eunuchoidismus, that follow­
ing castration, and that following the menopause, to hypogenitalism 
(q. v.). In these obesities due to disturbances of internal secretion, the 
oxidation processes of the body appear to be less active than normal, and 
the body weight is not easily reduced even by a “meager” diet, unless the 
oxidative processes be made more active, either by supplying, artificially, 
the substances of the internal secretion that are defective, or in some other 
way.

In Bcrcum’s disease (adiposis dolorosa), and in certain forms of 
localized lipomatosis (q.v.), the pathogenesis is as yet far from clear; 
besides disorders of endocrine glands, wo have, in them, to consider also 
the possibility of trophic influences exerted through the nervous system.

Recent writers (v. Bergmann, Rosenfeld, Gierke) incline to the view that in 
general obesity and in localized lipomatosis, a highly active rule must lie ascribed 
to the cells of the adipose tissues themselves; they think that in people with 
“lipomatous tendency,” the fat is built up from carbohydrates in the cells of the 
adipose tissue, in other words, that the latter is not simply n “warehouse” for 
fat but is also a “fat factory.” Still other workers emphasize the necessity of 
considering, in obesity, not simply the “energy balance” but also the actual “ma­
il rial side” of metabolism. The earlier views of the “specific dynamic action” of 
I lie foodstuffs (Rubner) are undergoing revision. In the United States, especially, 
the studies of Folin, Lusk, and Benedict favor the opinion that we must distin­
guish between the processes of anabolic or storehouse metabolism, and catabolic 
or disassimilatory metabolism. Lusk urges that we consider separately (1) a 
“basal metabolism,” regulated by the organs of the body, even when no food enters 
tlio blood from the digestive tract, (2) a “plethora metabolism” due to carbohydrate 
or fat metabolism in the blood absorbed from the digestive tract, and (3) a metab­
olism due to the stimulus of amino acids.” These new principles have not yet 
been applied to the clinical study of the obesities.
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According to Wacker and Hueck (1913), an increase of the cliolesteriu-eontent 
of the food tends .to increase the body weight and the warehousing of fat.

(e) Symptoms Manifested by the Obese

The obese, especially if they have good muscles, may not complain of 
symptoms until a long time after the fat has begun to accumulate. I 
have often been struck by the agility sometimes exhibited by obese per­
sons; it is not uncommon to see a woman who weighs 200 pounds 
dancing more easily, and with obviously greater pleasure, than her slen­
derer associates! But sooner or later, especially after middle life, the fat 
is felt as a burden.
Some one—I think it 
was Ebstein—has di­
vided obesity into three 
stages: the enviable or 
majestic stage, the com­
ical stage, and the piti­
able stage. In the first 
stage we deal with the 
“comfortable fat” of 
the moderately over­
nourished person ; in the 
second, with the clumsi­
ness and unwieldiness 
that excites a smile, and, 
in the third, with those 
monstrous caricatures 
of humanity represented 
by the extreme cases of 
obesity, in which the heart begins to fail, and cyanosis, dyspnea and edema 
appear.

Slight dyspnea, palpitation, excessive perspiration, and fatigue on 
exertion, especially on climbing stairs or on walking uphill, may be the 
first symptoms to bo noticed. The excessive weight of the body gives the 
muscles and the heart more work to do than normal. Respiration and 
circulation are impeded by the abdominal fat. The fat tends to mass 
itself on the trunk and in the proximal parts of the extremities. On the 
abdominal wall it may hang down like an apron, covering the genitals. 
Edema of the legs and varicose veins may result from the increased intra­
abdominal pressure; this edema must be carefully distinguished from that 
duo to myocardial insufficiency so common in the later stages of obesity. 
Elat foot and villous arthropathy of knees and ankles are common (dm to 
the weight ). Atherosclerosis and arterial hypertension often compli ite

Fig. 637.—Obesity. A Man, 23 Years Old; Weight, 3W 
Pounds. (Med. Service J. H. H.)
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the picture of obesity, especially in the alcoholic. The myocardial insuffi­
ciency, so common in the obese, seems most often to be due to a weakening 
of the heart muscle through infiltration of the heart wall with fatty tissue 
—the “steatosis cordis” of Sternberg. Sudden heart failure and death 
after a hearty meal in hot weather, during sea bathing, or during a cold 
bath in typhoid, is not uncommon. The obese are especially prone to 
hernia, to constipation and to hemorrhoids. They sweat easily, as a rule, 
and often suffer from intertrigo, furunculosis, and moist eczema. Sciatica 
and other neuralgias are common. In fat women menstrual disturbances 
are common. In fat men impotence is not rare, as might be expected, 
especially in hypophyseal cases.

The frequency of diabetes and gout in families with a tendency to 
obesity has often been commented upon. The ob^se arc often patients of 
plethoric habitus; emphysema and chronic bronchitis frequently co-exist.

The obese do not resist infections well ; the mortality is high in typhoid 
and in lobar pneumonia among the obese. Surgeons dislike to operate on 
very obese patients.

Physicians are sometimes responsible for the development of obesity 
through ill-directed rest and feeding cures, especially in the nephropathies, 
in tuberculosis, and in the neuroses. In patients suffering from renal 
disease, the restriction of nitrogenous food and the ordering of a diet rich 
in carbohydrates may lead to obesity unless the caloric intake be carefully 
watched. In tuberculosis sanitaria the excessive food intake formerly 
urged is now as a rule avoided. The largest contingent of the therapeu- 
togenous obese lias its origin in the rest cure treatments of the psychoneu- 
rotic; the profession is awakening to the danger, however, and is seeing to 
it that, in overcoming states of under-nutrition, care shall be taken to 
avoid obesity bv changing the “rest cure” into an “exertion cure” after 
the normal weight has been reached.

(0 Diagnosis of the Obesities
When a patient is undressed, a glance at the body will usually tell us 

whether he is over fat or not. But a comparison of his actual body weight 
with his “ideal weight,” calculated according to one of the formulae given 
above, permits of a more exact judgment. One would scarcely regard the 
surplus as serious unless, in an adult, the ideal weight is exceeded by 
from 30 to 50 pounds (15-20 kg.). Any excess of weight above the normal, 
however, even an excess of 8 or 10 pounds, should be regarded as a signal 
to alter the mode of life.

If obesity exist, the diagnosis should include a determination of its 
character (exogenous or endogenous). If the weight does not decrease 
gradually when the patient is placed upon a reducing diet (17 to 20 
calories per kilogram of bis calculated ideal weight), or if, after a begin-
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ning reduction on such a dietary, the metabolism soon adjust itself to the 
meager intake so that the reduction docs not continue, it is safe to con­
clude that the case is one of constitutional (endogenous) obesity, which 
will require the administration of organ extracts (thyroid, hypophysis) to 
accelerate the combustion processes. In large clinics the combustive 
powers may, through determination of the “energy balance,” be actually 
tested in confirmation by direct or indirect calorimetry, hut the methods

are not suitable for use 
in general practice, ami 
they arc, moreover, if 
the procedure outlined 
above ho followed, prac­
tically dispensable.

If the obesity prove 
to be exogenous in type, 
the diagnosis should not 
stop short of determin­
ing the extent to which 
food intake and lack of 
exercise, respectively, 
are responsible, in order 
that the therapy may be 
rationally undertaken. 
In exogenous obesity 
the patient may have an 
excessive appetite; lie 
may have too small a 
number of meals, and so 

cat excessively at each; 
his diet may not contain 
enough calorie-poor till­
ing foods; ho may eat 
too rapidly, not mnsti- 

Flg. <138.—Adiposis dolorosa, or Dercum’g Syndrome; Gen- eating or insalivatin'; 
i-rallzed Diffuse and Nodular (Mixed) Form. (After ' ® . .
i. v. Lyon. Arch. lut. Med.) the food properly; or no

may have fallen into
habits of laziness, taking too little physical exercise, and becoming menially 
torpid and phlegmatic, so that he ceases to make the many muscular 1 
tractions that characterize the alert and sanguine individual and do m h 
toward keeping the latter thin.

If the obesity he of the endogenous type, the diagnosis should ev id 
to an analysis of the states of the endocrine glands, based upon inves : i- 
tion of the size and functions of the hypophysis (visual fields, <• "**
hydrate tolerance, x-ray of sella turcica), of the thyroid (colloid str a,
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myxedema, cretinism, x-ray, etc.), and of the genital organs. It is to be 
remembered that the administration of thyroid extract may, by virtue of 
its power of increasing oxidation, cause reduction in weight in both exog­
enous and endogenous obesity ; its effects are not limited to the thyrogenic 
endogenous cases.

Even when obesity exists, the diagnostician must consider carefully 
whether it is wise to undertake a reduction cure or not, and if he decide 
in the aflirmative, should weigh all the circumstances before concluding 
as to the extent and the rapidity of 
reduction that is advisable. Reduc­
tion cures arc to bo undertaken most 
cautiously, if at all, in young chil­
dren (as they easily become anemic), 
and in the old (as they easily grow 
cachectic). Society women, who de­
sire a reduction of weight from rea­
sons of vanity, should not be abruptly 
turned away, even though the weight 
is not strikingly excessive; to keep 
them out of the bands of quacks, to 
whom they would otherwise resort, 
the family physician will do well to 
undertake the hygienic direction of 
the patient, correct any faults of diet 
or of exercise that may exist, and 
gradually educate her regarding the 
importance of the maintenance of a 
normal condition of nutrition and the 
host way to arrive at it.

In planning reduction cures it is 
liot necessary, nor often desirable, to 
follow any of the systems (Banting,
Ocrtcl, etc.) formerly so popular ; 
for what is important is (1) to lessen 
the caloric intake, while at the same 
time maintaining a suitable partition of the protein, carbohydrate, and fat 
in the food, (2) to increase the muscular exercise, and (13) in case of need 
to accelerate the rate of metabolism. After providing sufficient protein 
(say 100 g. ), we arrange a dietary, in which the intake in calories, instead 
of corresponding to the normal maintenance requirement (30-35 calories 
per kg. of calculated ideal weight), is reduced to a much lower amount 
sav, four-fifths, three-fifths, or, in rapid reduction cures, two-fifths, of the 
normal maintenance requirement; that is, to 28, 21, or 14 calories per kilo 
of calculated ideal weight. The idea is, of course, to give a diet that

Fig. 639.—Typical “Fat-nock” or Sym­
metrical Diffuse Lipomatosis of Neck. 
(After I. P. Lyon, Arch. Int. Med.)
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docs not supply as much energy as the body spends, so that, to make up the 
deficit, the body will withdraw fat from its warehouse and burn it. But 
care must be taken to draw only upon the body fat, not upon the body pro­
tein ; we must, in every reduction cure, avoid a negative nitrogen balance.

With the aid of Atwater and Bryant’s lists (see Locke’s Food Values), 
or with those set up by Schwenckenbecher, it will bo easy for the general 
practitioner to plan dietaries, variable within rather wide limits, which 
are entirely suitable for the purpose. Tables that deal with the unpre­
pared foods arc of very little practical value here ; and we must be grateful 
that we are now provided with tables that deal with the various foods 
“ready to serve.”

In a table already given, examples are cited of various foods with 
their caloric values (per 100 g.), and their content in protein, carbohy­
drate and fat.

A convenient method of arranging the diet in obesity has been sug­
gested by Umber, who advises a “skeleton diet” of about 880 calories, 
containing 03.7 g. protein; this is then supplemented, according to the 
needs of the particular patient, by an “accessory diet,” consisting of given 
portions of foods, each “accessory portion” corresponding to a food value 
of 100 calories. Ilis scheme is as follows:
Skeleton Diet (= 880 Calories) :

Morning:—200 c.c. coffee or tea, with 20 c.c. milk; 50 g. Simon’s 
bread, or 30 g. white bread.

Forenoon:—100 g. fruit.
Noon:—200 g. roast meat, 200 g. green vegetables boiled in salt water, 

80 g. fruit.
Afternoon:—150 c.c. coffee, with 20 c.c. milk.
Evening:—100 g. meat, 100 g. green vegetables, 20 g. Simon’s bread, 

200 c.c. tea.
At bedtime:—100 g. fruit.

Accessor;/ Diet (Each Portion = 100 Calories):
80 g. roast beef; 200 g. oysters; 40 g. white bread, graham bread <>r 

rye bread ; 20 g. Zwieback ; 12J g. butter ; 20 g. Swiss cheese ; 25 g. 
sugar; 100 g. potatoes; 30 g. rice, peas, beans, or buckwheat; 20 g. 
flour; 200 g. apples; 150 g. apple sauce; 500 g. cranberries; 150 g. 
milk; 150 g. wine; 30 g. brandy or whisky.

Accessory Diet of Filling Foods of Low Caloric Value:
100 g. cooked asparagus = 43 calorics.
“ “ “ green beans = 20 “
“ “ “ green peas = 108 “
“ “ “ tomatoes = 20 “
“ “ “ spinach 61 “
“ “ “ turnips = 40 “
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If myocardial insufficiency have already complicated the obesity before 
the patient consults the physician, the cardiac state should first receive 
attention (rest, Karell diet, strophanthin, theocin). When the edema 
has disappeared and the heart is again compensated, a more exact analysis 
of the conditions underlying the obesity may he undertaken.

Rapid reduction cures arc best undertaken only in clinics or sanitaria ; 
if a patient remain at home, the slower methods (diet, graded exercises, 
Bergonic’s farad ism, hydrotherapy, etc.) arc safer. The dangers of 
placing thyroid tablets in the hands of patients not under strict control and 
observation cannot be too strongly emphasized. Most clinicians of expe­
rience are familiar with the lamentable sequence in certain cases.

An interesting attempt to stimulate oxidation locally in order to remove 
local fat deposits on the abdomen has been made by Kaufmann, who injects 
“leptynol,” a colloidal solution of palladium in lanolin, directly into the 
subcutaneous fat. Injections of 80-100 mmg. are made at intervals of a 
fortnight. I have had no personal experience with this preparation, 
though some authors (e. g., Gorn) report good results. The remedy is 
said to fail entirely in Dercum’s disease. My surgical colleagues often 
remove large masses of fat from the abdomen by excision (“lipectomy” )

References
1. Larger General Articles on the Obesities

Anders (J. M.). Oltesily. Mod. Med. (Osier). 8°. Philadelphia & New York. 2d ed., 
1914, n, 701-774.

Baer (J.). Fettsuchl. In: Mohr <t* Slaehelin. Ilandb. d. inn. Med. Berlin, 1912, J. 
Springer. Bd. IV, 648, el seq.

P. Bergmann (G.). I)ir Feltsucht. In: Ilandb. d. Biochcm. (Oppenheimer). Jena, 1910, 
w, 2. Hlfte, 208-237.
Dvr Stoff- und Encrgicumsatz beim inlantilen Myxôdcm und bei Adi/tosis 
universalis, mit einem Bcitrag zur Schilddnisenwirkung. Zlschr. f. exper. 
Path. u. Therap., Berlin, 1908 419, v, 646-730.

Bouvier (Maurice). Les obésités glamhdaires de l'enfant. [Lyon.] Trévoux, 1914, ,/. 
Jcannin. 171 p. No. 111. 8°.

Duckivorth (Sir D.). Obesity. In: Syst. Med. (Allbutt & Rollcston). 8°. London, 1908, 
ir, pt. 1, 499S08.

Gaertner (Gustav). Reducing weight comfortably; the dietetic treatment of obesity. Auth.
tr. in English. Philadelphia, 1915, J. B. Lippincott Co. 313 p. 12°. 

Matt lies (M.). Fettleibigkeit und Entfcttungskuren. Ergebn. d. inn. Med. u. Kinderhrilk., 
Berlin, 1914, xiii, 82-137.

v. Noorden (C.). Obesity. New York, 1903, E. B. Treat <t* Co. 112 p.
Obesity. In: Metab, and Pract. Med. (v. Noorden). Ed. by 1. W. Hall., 
Chicago, 1907, iii, 603-715.

Rubner (M.). Beitrage zur Ernâhrung im Knabenalter mit besonderer Bcriicksichtigung der 
Fettsucht nach gemeinsam mit Dr. Wolperl und Dr. Kuschel vorgenommenen 
Untersuchungen. Berlin, 1902, A. Hirschwahl. 80 p. 8°.

2. Briefer Articles on the Obesities
Axtell (Luella E.). An analysis of obesity, with outline of treatment. Wisconsin M. J 

Milwaukee, 1915-16, x»«. 52-59.



804 DIAGNOSIS OF THE DISORDERS OF METABOLISM

Bergonié (/.). Du travail musculaire électriquement ■provoqué dans la cure des malndit • 
par ralentissement delà nutrition et en particulier dans la cure de l'obésili. 
Compt. nnd. Acad. d. sc., Paris, 1909, cxlix, 232.

Bovaird (D.), Jr. Obesity and emaciation. N. York M. J. [r/c.], 1913, xcviii, 108-170. 
Cummina8 (F. A.)» Obesity and its treatment. N. York M. J. [etc.], 1915, cii, 805-807.

DuBois (D.) & DuBois (E. F.). The measurement of the surface-area of man. Arch, 
hit. Med., Chicago, 1915, xv, 868-881.

Fas80U & Trênel (M.). Adênolipomatose ty/ie Launois. N. iconog. de la Salpêtrière. 
Paris, 1912, xxv, 483-488. 1 pi.

Feer (E.). Zwei Fiille von Lipodyslrophia progressiva. Jahrb. f. Kinderh., Berlin, 1915, 
n. F., Ixxxii, 1-20. 2 pi.

Ferris (A. IF.). Reduction of obesity. Med. Rec., New York, 1916, Ixxxix, 142-145. 
Finney {J. M. T.). The surgical aspects of fat. Boston M. & S. J., 1912, clxvii, 495-ûnJ.

Grate (E.) & Koch (R.). Uebcr den Einfluss langdauernder starker Uebernührung nuf 
die Intensitat der Vcrbrennung im mensclilichcn Organismus. Deutsches 
Arch.f. klin. Med., Leipzig, 1912, evi, 564-501.

Gougerot (//.). Eczéma et obésité, réactions de défense. Rev. gén. de clin, et de thérnp., 
Paris, 1915, xxix, 561-566.

1Iau8sleiter (//.). Ucber den Gaswechsel verschiedcner Formen von Fçttsucht und seine Ile.
einflussung durch Nahrungsaufnahme, Arbeit und ArzncimiUcl. Zlschr. f. 
ex/ter. Path. u. Therap., Berlin, 1915, xvii, 413-478. 1 pl.

Humphries (F. II.). Bergonié treatment of obesity and cardiopathy. Internat. Clin., 
Philadelphia, 1913, Hi, 286-300.

Kaufmann (M.). Ucber ein ncues Entfettungsmittcl; kolloidales Palladium hydroxydul 
CLeptynol.). München, mcd. Wchnschr., 1913, lx, 525; 1260.
Also! 1914, Ixi, 2089.

Kisch (E. II.). Fettleibigkeit und weiblichc ScxualUitigkcit in ihren Wechselbeziehungcn, 
Zlschr. f. Scxualwissensch., Bonn, 1914-15, i, 463-465.

Kraus (IF. M.). Pilous cerebral adiposity; a new syndrome. Am. J. M. Sc., Philadelphia, 
1915, cxlix, 737.

LaianehLavastine (M.) & Viard (M.). Adipose segmentaire des membres inferh urs.
N. iconog. de la Salpêtrière, Paris, 1912, xxv, 473-482. 1 pl.

Lyon (I. P.). Adijwsis and lipomatosis considered in reference to their constitutional rela­
tions and symptomatology. Tr. Ass. Am. Physicians, Philadelphia, 1909, 
xxiv, 499-501.
Adiposis and lipomatosis considered in reference to their constil'iirml 
relations and symptomatology. Arch. Int. Med., Chicago, 1910, ni, A 119. 

Matsuoka ( F.). Pathology of lipomatosis. J. Path, ifc Bacterial., Cambridge, 1915 16, 
xx, 106-117.

McCarthy (D. J.). Adiposis dolorosa (Dcrcum’s disease). In: Mod. Med. (01 r ,fc 
McCrae). 8°. 2d ed. Philadelphia & New York, 1915, v, 817-8• 

Means (J. 77.). The basal metabolism in obesity. Arch. Int. Mcd., Chicago, 1916, xrl :0'r 
710.

Morguli8 (S.) & Pratt (J. II.). On the formation of fat from carbohydrates. .1 J. 
Physiol., Boston, 1913-14, xxxii, 200-210.

v. Noorden (C.). Uebcr Fettleibigkeit und ihre Behandlung. Therap. Monatsch., Ih-rlin, 
1915, xxix, 16-23.

Schu'enckenbecher (F.). Ucber die Adipositas dolorosa. Deutsches Arch, f liIn. 
Mcd., Leipzig, 1904, lux, 317-332.

Shaw (II. B.). Ilemirobesity in an otherwise healthy girl, aged twelve months. Pr Hoy. 
Soc. Med., London, 1914-15, viii, Clin. Sect., 15-17.

Walsh (J. J.). Some dangers of obesity-cures. Internat. Clin., Philadelphia, 1911 - 'A
a., tv, 66-68.



THE AMINO-ACID DIATHESES S05

C. The Amino-acid Diatheses 
1. Definition

As wo have seen in our introduction to the study of metabolism, pro 
loins are long chains of amino-acids, which, in the body, are split up into 
(lie constituent acids. These amino-acids are used, in part, in the syn­
thesis of body proteins, but, in larger part, they undergo catabolic change 
■—deaminization and oxidation—to be excreted as urea, C02 and 1LO. 
The sulphur of the S-containing amino-acids is excreted in the urine as 
sulphates or as neutral sulphur.

Now, just as at one stage of carbohydrate metabolism the body may, 
in diabetes, lose the power of further catabolizing d-glucose, so in protein 
metabolism the body may in disease lose the power of further catabolizing, 
at a certain stage, one or more of the amino-acids to normal end-prod­
ucts. Such a disturbance of intermediary metabolism is known as an 
amino-acid diathesis.

Of these amino-acid diatheses, three great groups of cases have already 
been the object of serious study : (1) a group in which a derivative ([homo- 
(jndisic acid) of the aromatic amino-acids, tyrosin and phenylalanin, is 
predominantly involved, and in which alkaptonuria and ochronosis arc the 
principal clinical phenomena; and (2) a group in which cystin, a cleavage 
product of arginin, is predominantly involved, and in which cystinuria is 
the principal clinical phenomenon ; and (3) a group in which lysin and 
anjinin are predominantly involved, and in which the principal clinical 
phenomenon is the appearance of certain diamins (cadaverin and pu- 
trescin) in the urine—the so-called “diaminuria.”
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2. The Homogentisic-acid Diathesis
(a) Nature of the Diathesis and of Alkaptonuria

This is clinically the most important amino-acid diathesis that has 
thus far been studied. Our knowledge of it dates back to the discovery 
( IxV.i) of alkaptonuria (Bocdeker), s. e., of a urine that, of normal 
color when passed, turns dark brown on the addition of alkali and the 
absorption of oxygen. The name alkaptonuria (Or. kaplein) refers to 
the strong avidity for alkali. It has been shown that the substance in the
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urine responsible for the condition is homogentisic acid. This substance 
is, chemically, a benzol ring, in which II-atoms in the 2d and 6th position 
are replaced by OH and in the 4th position by a side chain of 2 carbon 
atoms (acetic acid), thus :

CH
OH—C

HC

'V,
V

|C—OH

CH,
I

COOH

2-5-Dioxyphenylucctic itcid, or 

Homogcntiaio acid

(b) Sources of the Homogentisic Acid
Two of the amino-neids of protein, viz.: (1) tyrosin and (2) phenylalanin, are 

the mother substances of this homogentisic acid. Baumann thought that the acid 
arises through a pathological fermentation in the intestine, but the view first 
advanced by A. E. Garrod that this acid is a normal intermediary product in 
protein catabolism is now generally accepted. Since, in protein digestion, tyrosin 
is split off before phenylalanin, the earlier homogentisic acid, after a single protein 
feeding, comes from tyrosin, the later from phenylalanin. The amount of homo­
gentisic acid excreted in patients suffering from this diathesis, depends chiefly upon 
the content of the protein of the food in tyrosin and in phenylalanin; thus casein 
and fibrin are richer than other proteins in these amino-acids. The alknptonuric 
patient can use tyrosin and phenylalanin for the synthesis of his own body pro­
teins (Abderhnlden), but in the catabolism of the body-proteins ns well as of 
the food-proteins, the process is held up at the homogentisie-neid stage, so that 
the homogentisic acid of the urine is partly “endogenous” and partly “exogenous” 
in origin. This metabolic anomaly appears to be referable to an insufficiency of 
activity of a certain ferment (tyrosinase) in the body tissues.

Even the normal body cannot catabolize more than a certain amount of homo­
gentisic acid. Thus, if 50 g. 1-tyrosin be swallowed by a healthy person, homo­
gentisic acid appears in the urine (Abderhnlden) ; it would seem probable, there­
fore, that the normal “homogentisic-acid tolerance” is less than that equivalent 
to 50 g. 1-tyrosin. The path followed by tyrosin and phenylalanin (so-called 
homogentisic-acid formers) on their way to homogentisic acid is rather complex 
and need not he entered into here.

It is interesting that tryptophan (a third aromatic amino-acid constituent of 
protein) is not a homogentisic-acid former, but is normally catabolized In lho 
alkaptonuric (Neubauer).

(c) Symptoms of the Homogentisic-acid Diathesis
The urine (alkalinized ) turns brown on standing and yields the vole­

tions for homogentisic acid (See Part IX). The patient’s linen in:1 l-o
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stained with Mack or brown spots, not removable by soap and water. As 
much as 7-10-25 g. of the acid may be excreted daily.

The acid may he present in the hlood serum, in the sebum and in the 
cerumen, but it is absent from the sweat and from the feces.

Alkaptonuria may occur as a family disease, usually in one generation, 
though sometimes in more than one. Males are more often ail'ccted than 
females.

The alkaptonuria may sometimes bo intermittent, but absence of 
spontaneous darkening of the urine does not exclude the diathesis I

In later life, ochronosis or “bluing of the cartilages of the body” 
often develops in alkaptonurics. The homogentisic acid (or a derivative 
of it) appears to bo cartilayotropic. The first instance of ochronosis to he 
described was observed by Virchow (18G5) at an autopsy ; the cartilages 
of the thorax, larynx and bronchi, nose and cars, as well as the intima of 
the arteries, were stained an “inky black.” The relation of this ochronosis 
to alkaptonuria was fully established by Osier and others. The ochro­
nosis is often recognizable infra vitarn by the dark blue discoloration of 
the car cartilages and of the alae nasi showing through the skin ; by a 
brownish discoloration of the sclerao of the eyes lateral from the cornea ; 
by a greenish-brown staining of the sebum in the axillae ; and by a brown­
ish-black cerumen.

In ochronotic patients, severe arthropathic symploms may develop. 
The clinical symptoms, x-ray findings, and post-mortem conditions cor­
respond to those of “hypertrophic ostco-arthritis” (Allard and Gross; 
Umber), and we arc doubtless justified in using the term “osteo-arthritis 
alkaptonurica” to designate such cases.

(rf) Methods of Influencing the Amount of Homogentisic 
Acid Formed

Since, in long-standing alkaptonuria, ochronosis and ostco-arthritis arc 
prone to develop, means of diminishing the production of homogentisic 
acid have been sought. No way of deercasing the endogenous component 
has, as yet, been devised, hut the exogenous component may he reduced in 
amount by dietetic restriction (Chittenden’s protein minimum, which 
amounts to 0.7-0.88 protein per kg. of body weight ; selection, in the 
dietary, of proteins of low content in tyrosin and phcnylalanin).
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3. The Cystin Diatheses
(a) The Chemistry of the Cystins

Cyst in occurs, preformed, in the arginin of many proteins. There arc two 
isomeric cystins:

(1) CHS. SH — CH. Nil,— CO. OH = alpha-amino- eta-thio-glycerinic arid.
(2) CHS. NH,— CH. SH — CO. OH = alpha-thio- eta-amino-glycerinic arid.

The disulphid of the former crystallizes in the form of hexagonal plates; this 
was obtained early as the cystein of horny substances and was called protein cystiii; 
it yields the pure amino-acid on oxidation, and it also forms hexagonal crystals.

The second cystin crystallizes in needles ; it is the cystin found in certain 
urinary calculi, and has been called stone cystin. Normal human beings catali- 
olize these two cystins, both of exogenous and endogenous origin, about of 
the sulphur being excreted in the urine as sulphates, J as neutral sulphur. Nor­
mal urine does not contain even a trace of cystin.

(b) Cystin Stones
In 1810 Wollaston discovered cystin in a urinary calculus. OVtin 

stones are so rare that they have been designated “urinary jewels.” They 
arc usually small, round stones, of a dirty yellow tint. They may rise 
cither in the pelvis of the kidney or in the bladder. They show wi ll in 
x-ray plates. Though at first thought to consist always of “stone e\ - 'in,” 
some of them have been found to consist wholly of “protein evstin" ( ^co 
above) ; indeed both varieties of cystin have been found in a single - me, 
both hexagon crystals and needles being visible on microscopic examina­
tion of thin sections. Secondary lamellae of other urinary salts in; ho 
deposited upon primary cystin stones.
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(c) Infiltrations of the Organs with Cystin
These are met witli occasionally in the liver and in the kidneys (Abdcr- 

halden). When cystin cannot he catnbolized, the tissue fluids easily be­
come over-saturated, leading to formation of deposits in the parenchyma­
tous organs. One is reminded of the tophaceous deposits of urates in gout, 
though urates seem to bo more “arthrotropic,” cystin more “organotropic.”

(d) Cystinuria
Occurrence.—In cystinuria (aside from the temporary forms met 

with in phosphorus poisoning and in acute yellow atrophy of the liver) 
we have to deal with the chronic excretion of cyst ins in the urine, owing 
to tlie inability of the body to catabolize these amino-acids to sulphates and 
neutral sulphur. In mild cases all amino-acids except, one, or other, or 
liotli, of the evstins can ho normally cataholizcd, hut hexagons of cystin 
(1), or, less often, needles of cystin (2) appear in the urinary sediment 
either spontaneously or after the addition of acetic acid and concentration 
(See Part IX). In most cases of cystinuria, the metabolic disturbance is 
more severe, and involves not only the catabolism of the thio-amino-acids 
(evstins), hut also, to a certain degree, that of other amino-acids. Thus 
spontaneous diaminuria (q. v.), in which derivatives of the diamino-acids, 
lysin and arginin, appear in the urine, may ho associated with cystinuria. 
A spontaneous monaminuria has also been observed in cystinurics (trypto­
phan, by Garrod and Huntley ; leucin and lysin by Abderhaldcn and 
Schittenhelm). Again in the absence of the spontaneous appearance of 
other amino-acids or their derivatives in the urine, they may ho made to 
appear in some cystinurics by giving the pure acids hv mouth ; thus in 
certain cystinurics if 0 g. of tvrosin he taken, 5 g. will he excreted as such 
in the urine, and if 5 g. of aspartic acid he swallowed, 3 or 4 g. will appear 
in the urine unchanged (alimentary monaminuria). A similar alimentary 
diaminuria can sometimes ho demonstrated hv feeding lysin or arginin. 
Such tests are valuable in determining the lowered “tolerance” for the 
various amino-acids in the cystin diathesis.

That a monaminuria or a diaminuria appears in such eases only when the pure 
acids are given by the mouth supports the view of Umber that there is an essen­
tial difference between the catabolism of the amino-acids when presented “ready 
made” to the body and the catabolism of these acids as they appear in statu nas- 
cendi in the normal digestion of protein foods.

In the mildest cases of cystinuria, it may ho only the endogenous cystin 
that cannot he eataliolizcd, for a number of observers have shown that, 
in such instances, tho cystinuria may ho entirely independent of the pro­
tein or of tho amino-acid intake (exogenous cystin). Thus, sometimes,
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cystin itself, given by mouth will be normally catabolized, despite the 
continuance of an endogenous cystinuria, and even cystin injected sub­
cutaneously may be partially oxidized ; in such cases, various pure amino- 
acids (tyrosin, aspartic acid, glycocoll) given by mouth may be normally 
catabolized. To the establishment of these important facts biochemists in 
America (Alsberg and Folin; Chas. E. Simon; Wolff and Shaffer) have 
conspicuously contributed.

Diagnosis.—Cystinuria is, as far as wo know, a congenital anomal y 
of metabolism. It may be Mendelian in character, for in a number of 
instances a family appearance and a hereditary occurrence have been 
noted.

The discovery of cystinuria is usually accidental, except in the cases in 
which cystin calculi exist. As cystinuria alone causes no symptoms, many 
cases are doubtless overlooked. In one case of nephrolithiasis in a cysti- 
nuric, urticaria accompanied the attacks of renal colic ; it has been sug­
gested that this may depend upon the cystinemia; indeed, it is asserted 
that, in the case reported, a cystin crystal was observed microscopically 
in a specimen of the blood !

The cystin excreted daily in the urine in cystinuria may amount to a 
gram or more. The amount is increased if the diet contain an excess of 
protein (Williams and Wolff), and diminished if the diet bo reduced in 
protein to minimal amounts (0.8-0.9 g. protein per kg. of body weight). 
The kind of protein eaten matters but little since all proteins contain 
arginin, which in turn contains the cystin.

An attempt has been made in a cystinuric to convert the cystin in intermediary 
metabolism into taurin (to be eliminated in the bile) by administering sodium 
chlorid (Simon and Campbell), but apparently without success; since in animal 
experiments taurin is thus formed, the method is worthy of further trial.
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4. The Diamino-acid Diathesis and Diaminuria
Proteins contain three diamino-acids :
(1) Hiatidin (=Imidazol-a-amino-propionic acid).
(2) Lysin (=», e-Diamino-P-Dithiolactylic acid).
(3) Arginin (=*-Guanido-a-amino-n-valerianic acid).

Of these, lysin and arginin, in certain conditions (among them, the cystin di­
athesis), instead of being normally cutabolized, may, in part, be converted into 
certain diamins, and excreted as such in the urine (sometimes, also, in the feces). 
Thus a diamino-acid CH2 — CH . NH2 . COOH in lysin, by losing a C02 group, 
gives rise to pentamethylendiamin (= cadaverin).

CH, - CH,NH,
/

CH,
\

CH. - CH,NH,
and a diamino-acid NH2.C (NH)—NH.CH2—(CH2)2.CII.NH2 — COOH in 
arginin by losing a urea-residue, gives rise to tetrametliylendiamin (— putrescin)

CH, - CH, . NH,
i

CH, - CH,. NH,

In malaria, and in certain gastro-intestinal disorders, cadaverin and putrescin 
have been found in the feces, though absent from the urine.

As far ns we know, no symptoms arise from these anomalies of metabolism. 
The condition is diagnosed by finding the diamins in the urine, or in the feces, or 
in both.

For the method of demonstrating the presence of these diamins, special texts 
nmy be consulted.
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D. The Polyurias Other Than Diabetes 
mellitus

By polyuria is meant the excretion of a larger amount of water than 
Usual by the kidneys.
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1. Polyuria Following Copious Water Drinking
Ordinarily, an excessive water intake is compensated for, promptly, 

by an increased amount of urine (polyuria), rather than by increase in 
output by the skin and by the expired air.

Prerequisites for such a polyuria following copious drinking of water 
are (1) that the needs of the tissues for water are already satisfied, and 
(2) that the circulatory apparatus (general ; portal) is in a normal state. 
A patient suffering from the retention of NaCl in his tissues (large white 
kidney), from cardiac decompensation, or from cirrhosis of the liver 
(portal obstruction) may, if he drink abundantly, instead of secreting 
more urine, store the extra water, at once, in his sulicutaneous tissues, or 
in his peritoneal cavity (ascites), increasing his body weight correspond­
ingly-

The increase of total N in the urine of the diuresis following a largo 
water intake is duo merely to the “washing out” of urea and does not 
indicate any increase in protein metabolism.

2. Polyuria,s During Compensatory Processes and
In Convalescence

In a number of “temporary polyurias,” the urine has a high specific 
gravity owing to the washing out of NaCl and urea that has accumulated 
during a preceding period of oliguria ; as examples, may be cited I lie 
polyurias following restoration of compensation in cardiac failure or in 
renal incompetency, and that occurring in convalescence from typlmid 
fever and other acute diseases (convalescence-polyuria). In the transitory 
(vasomotor) polyurias accompanying attacks of migraine, epilepsy or 
hysteria, the specific gravity of the urine may be low.

The oligurins and polyurias accompanying cardiac and renal disease need not 
be described here. The polyuria of diabetes mcllitus is described in connection 
with that disease.

Certain chronic polyurias in which the urine is free from sugar (“insipid" to 
taste), and in which no demonstrable anatomical changes need be present in the 
kidneys, are dealt with below, under the heading “diabetes insipidus.”

3. Diabetes insipidus
(a) Classification

Under this term, which designates a “syndrome” rather than a glc 
disease entity, are included a number of conditions, characterized 1 the 
excretion, over a long period, of a large amount of urine of low sj> ific
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gravity, the kidneys being (anatomically) intact. These conditions may 
bo conveniently divided into two great groups:

(1) “Idiopathic” diabetes insipidus, duo to a functional disturbance 
of the kidneys that makes them incapable of secreting a concentrated urine.

(2) “Symptomatic” diabetes insipidus, in which there is no func­
tional insufficiency of the kidneys, the polyuria being secondary to a 
primary (chronic) polydipsia.

(6) “Idiopathic” Diabetes insipidus
The functional disturbances of the kidneys in cases falling in the cate­

gory of idiopathic diabetes insipidus have been carefully studied by Eric 
Meyer. A normal person with healthy kidneys, when placed upon a 
standard diet of constant content in water, nitrogen and salts, will, in a 
few days, pass a urine fairly constant both in amount and in total (24 
hours) concentration. If to the standard diet of this normal person, 
more protein or NaCI bo added, the extra N, or Nad, tends to be elimi­
nated quickly, the 24 hours’ urine increasing in concentration, and varying 
but little in amount. When protein and Nad are added to the standard 
diet of a patient with idiopathic diabetes insipidus, however, ho 
reacts in an entirely different way; the 24 hours’ urine increases markedly 
in amount and only very slightly if at all in total concentration ; the extra 
N or Nad is eliminated by means of an increased water-excretion, the 
specific gravity remaining unchanged (compare the “hyposthenuria” in 
certain renal diseases in Part X). It is to bo noted that wo have to deal 
with the total concentration of the urine, not with its content in any single 
solid substance; it is the osmotic funclio7ial capacity that is involved, 
not an elective secondary function for any single solid or group of solids 1

(c) Symptomatic Diabetes insipidus
In symptomatic diabetes insipidus, duo to primary polydipsia, this 

inability to secrete a concentrated urine is not present. An increase of 
the protein or salt intake or a reduction in the water intake is followed by 
an increased concentration of the urine. Such primary chronic polydip- 
sias with chronic polyuria occur most often in psychopaths (M. Reichardt).

(<f) Diabetes insipidus of Cerebral Origin
Recently, a flood of light has been thrown upon the idiopathic cases of 

diabetes insipidus by studies bearing upon the functions of the hypophysis 
cerebri. After Schiifer and his collaliorators had demonstrated the re­
markable diuretic effects following upon injection of extracts of the pars 
intermedia of the hypophysis into animals, attention was called by Frank to
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the frequency, in human cases of diabetes insipidus, of symptoms pointing 
to involvement of the hypophysis. In reported cases, bitemporal hemi 
anopsia has several times been mentioned; sometimes an accompanying 
acromegaly or a dystrophia adiposogenitalis has pointed to hypophyseal 
disease; and a meningitis basilaris syphilitica has not infrequently pre­
ceded the onset of the symptoms of diabetes insipidus (Oppcnheim; 
Nonne). In a recent ease, diabetes insipidus followed a carcinoma-metas­
tasis in the posterior lobe of the hypophysis, where it could easily, bv 
irritation, have excited an over-function of the intact pars intermedia 
(Simmonds). The tendency at present is to attribute all the cases of so- 
called cerebral diabetes insipidus to hypophyseal involvement (direct or 
indirect), and, accordingly, to look upon idiopathic diabetes insipidus as 
one of the diseases of a gland of internal secretion. Whether this internal 
secretion of the pars intermedia acts directly upon the secreting elements 
of the kidneys, or indirectly through stimulation (or inhibition) of the 
autonomic nerves governing renal secretion, remains to be determined ; 
in the latter event, other pathological irritations in autonomic domains 
might conceivably cause a true diabetes insipidus, and Steiger (1912) has 
reported a case that he interprets in this way.

(e) Diabetes insipidus as a Family Disease
In rare instances the idiopathic disease may occur in families through 

many generations (Weil). In one family, followed through five genera­
tions, 35 out of 220 members showed the symptoms ; the polyuria and the 
polydipsia were manifest even in childhood; three of those affected lived 
to a ripe old age (83 years; 87 years ; 92 years!), being otherwise per­
fectly healthy.

(f) Symptoms of Diabetes insipidus
The two striking symptoms of diabetes insipidus arc the polyuria and 

the polydipsia. Five to ten liters of urine in the 24 hours are common 
amounts ; in one instance, an amount as great as 43 liters of urine was 
passed in 24 hours ! The specific gravity of the urne is very low ( 1.002- 
1.005), too low to be registered accurately in the ordinary way ; for exact 
determination, a pyknometer should be used. The freezing-point huror- 
ing of the urine ( A) is much higher than normal, varying from — 0.2 to 
— 0.4. Nycturia is common.

Reduction of the water intake in the idiopathic eases to 5 liters may be 
fairly well borne, but greater reduction often leads to severe discomfort (extreme 
thirst, restlessness, tachycardia, headache) and sometimes to real danger (reten­
tion of urinary solids). Contrary to what might be expected, the polydipsia 
in diabetes insipidus does not lead to heart hypertrophy or to arterial hypertension. 
As long as sufficient water is drunk, the daily output of total solids in the urine 
remains normal.
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(g) Diagnosis of Diabetes insipidus
The distinction between the idiopathic and the symptomatic group of 

cases is easy (See above). In every case, the capacity of the kidneys to 
secrete a concentrated urine should be tested. Polyurias due to other 
causes (nephritis; convalescence) are easily ruled out.

In view of our newer knowledge of the pathogenesis of idiopathic 
cases, symptoms of hypophyseal disease, or of basilar meningitis (lues), 
should always be sought for. In this connection, x-ray examinations of 
the sella turcica, the Wassermann test, and determinations of the carbo­
hydrate tolerance may bo helpful.

In the hereditary cases, a genealogical record should be kept.
The diagnosis should extend also to a determination of the degree of 

reduction of the water intake compatible with safety (sufficient elimina­
tion of urinary solids) when the diet has been arranged so as to lower the 
osmotic demands made upon the kidney (salt-poor diet; avoidance of 
protein excess).
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E. Diabetes mellitus 

1. Introduction

(a) Conception of the Malady
Diabetes mellitus is ti disturbance of metabolism in which d-glueoso 

cannot be utilized in the normal way; owing to this, a patient on an ordi­
nary diet develops a hyperglycemia and excrete d-glucose in the urine 
either permanently or, at least, over long periods.

Temporary glycosurias (alimentary, piqûre-, toxic, adrenalin-, thyroid-, hypo­
physeal, phlorhizin-) are, by custom, kept separate from the more permanent gly­
cosuria of diabetes mellitus. Among the experimental glycosurias, that following 
total extirpation of the pancreas in dogs (v. Mcring, Minkowski) most closely 
resembles spontaneous human diabetes in its severest forms.

(6) Diabetogenous Organs
Both human pathology and animal experimentation support the view 

that diabetes mellitus is no unity, for prolonged glycosuria may have its 
origin in disease of any one of several “diabetogenous” organs. Most 
often, the pancreas seems to be responsible (“pancreatic diabetes”), hut 
the kidney (“renal diabetes”), the central nervous system (piqûre dia­
betes”), the chromaffin system, the liver, the thyroid, and the hypophysis 
may also, apparently, act as diabetogenous organs. I shall not be sur­
prised if further studies show what we now speak of as the activities of 
diabetogenous organs are only contributing influences, the fundamental 
factor in the disease being a defect in the enzyme producing mechanism 
in all the cells that split d-glucose.

2. The Metabolism in Diabetes mellitus
(a) Metabolism of the Carbohydrates in Diabetes mellitus

The normal metabolism of carbohtplrates lms already been dealt with. We 
have seen that d-glucose may be formed in the body not only from the car! iy-
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<1 rules of the food (starch, sugars) hut also by a process known as (jluconeoyenu 
from substances other than carbohydrates, especially from (1) certain of the con­
stituent amino-acids of proteins, notably glyeocoll, alanin, aspartic avid and glu­
tamic acid), and (2) glycerin. It is possible that sugar may be formed from the 
higher acids of fat also, though this is still disputed. In normal life, sugar is 
formed from protein only exceptionally, but in diabetes large quantities of sugar 
may thus arise. On the other hand, even in diabetes, sugar is never formed from 
alcohol, nor from those amino-acids of proteins that give rise to oxyhutyrie acid, 
viz.: leuein, phenylalanin, and tyrosin. It is the -liver that converts other hcxoses, 
as well as the amino-acids of proteins, into glucose ; and it is this organ that 
polymerizes glucose into glycogen and stores it up, to be given olT again (“mobil­
ized”) as glucose, when required to maintain the normal glucose-content of the 
blood. Undoubtedly, the liver must be regarded as the central carbohydrate “ware­
house” of the body.

The “mobilization” of glucose (conversion of glycogen into glucose in the liver 
with passage into the blood) seems to be an enzymatic process under the control 
of the vegetative nervous system, being favored by epinephrin stimulation of the 
sympathetic system and inhibited by stimulation of the vagus by a hormone 
derived from the internal secretion of the pancreas; this hormone passes from the 
pancreas through the lymph vessels into the thoracic duet and thence into the left 
subclavian vein.

In all forms of diabetes (except the renal form duo to pliloridzin) 
there is an excess of glucose in the blood (hyperglycemia), often as 
much as 0.6 per cent, which is three or four times the normal amount 
(0.S-1.2 per cent). In phloridzin-diabetes, on the other hand, the glucose- 
content of the blood may sink as low as 0.05 per cent

In the normal catabolism of the sugar brought by the blood to the tissues (es­
pecially the muscles), the glucose first undergoes cleavaye—it is “split”; only 
subsequently to this cleavage does it undergo oxidation. Just what stages are gone 
through in these processes of cleavage and oxidation, we do not yet know. The 
following scheme has been suggested as probable, the arrows in both directions 
indicating that the processes are reversible :

Glucose

* U
S5 Glyccrinaldchyd Glycerin

Lactic acid

Alpha-ketopropionic acid <_^ Alanin

V. Acctaldehyd —> Ethyl alcohol 
® etc.,

the ultimate products being carbon dioxid and water.

One theory is that in human diabetes (and in experimental pancreatic dia­
betes in dogs), the fundamental disturbance is a loss (or impairment) of the 
power to split (jlucose (rather than a loss of power to oxidize the cleavage prod-
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ucts). As we have seen, Woodyatt and others think that the failure of cleavage 
may be a defect in dissociation (see Chemistry of the Sugars).

According to a second view, which numbers many adherents including so dis­
tinguished an investigator as v. Noorden, the essence of the disease consists in a 
too rapid mobilization of the sugar in the liver with resulting hyperglycemia and 
glycosuria. Still other theories have been referred to under the chemistry of the 
carbohydrates (q.v.).

Since diabetes mellitus is certainly no unity, it may very well be that some 
cases depend chiefly upon a disturbance in one direction, others upon a disturb­
ance chiefly in another. A decision regarding the validity of these theories must 
await the results of further inquiries.

An enormous amount of work has been done on metabolism in diabetes, 
too much of it unfortunately hy methods that will not stand the test of 
rigid criticism. Only the outstanding results will he referred to hero. 
To follow the carbohydrate metabolism in diabetes accurately, it is nec­
essary to know the food eaten and to determine the quantity (in grams) 
of sugar excreted each twenty-four hours. The degree of glycosuria 
depends, in a given case, chiefly on the food eaten; it is influenced, not 
only by foods containing carbohydrates, but also hy carbohydrate-free foods 
(proteins, fat). It is a well-established fact that the liver and muscles, 
in all except the mildest cases of diabetes, no longer store up glycogen.

In mild cases, milk sugar, lévulose, and inulin may ho better borne 
than d-glucose, but in severer cases these sugars, like d-glucosc, cannot ho 
utilized at all. The foods containing polymères of d-glucosc (c. g., starch, 
dextrin), influence the glycosuria chiefly according to the amount of car­
bohydrate they contain ; the form has, however, some influence, since the 
same quantity of carbohydrate taken as oatmeal, potato, or banana seems 
to be better borne than when taken as bread. Experience with the oatmeal 
cure indicates that, in some cases, largo amounts of carbohydrates without 
any meat can, for a time, ho better utilized than small amounts of bread 
given with meat and eggs. Alcohol and fat in the diet, do not, as a rule, 
increase a glycosuria, though I have recently studied two cases in which flic 
urine could not be kept sugar-free unless the fat ration was kept low. Pro­
tein in excess increases the glycosuria, egg and vegetable protein less than 
that from milk or meat.

When the power to utilize glucose is only moderately involved (mild eases 
of diabetes), the glycosuria for a given carbohydrate intake may be lessened by 
muscular exercise. In severe human diabetes, and in diabetic dogs (as shown by 
treadmill experiments), muscular exercise does not lessen the sugar output; on the 
contrary, it may increase it.

Phgsical traumata (accidents, surgical operations) and psychic in flu -res 
(worry, sorrow, mental strain) increase the glycosuria.

In estimating the degree of glycosuria, and especially in trying to determine 
the amount of oxybutyric acid in the urine after fermentation of the sugar, the 
possibility of the presence of levorotary glycuronic acid should always be i vpt 
in mind ; it is sometimes present in large amounts in the urine of diabetics.
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(b) The Protein Metabolism in Diabetes null it hh

The protein metabolism in diabetes mcllitus is also full of interest. 
The high nitrogen output in the urine is due chiefly to the large protein 
intake (polyphagia, excessive meat eating). A part of it, when the patient 
is emaciating, is doubtless duo to burning of proteins of the body muscu­
lature. Provided a patient can digest fats well, it is usually possible, 
however, by careful regulation of the diet to maintain nitrogenous equi­
librium even with a relatively low protein intake ; indeed, the physician 
may succeed in rebuilding some of the lost muscle substance, especially if 
the carbohydrate tolerance bo gradually increased. These studies have 
gone far to modify the dietary of diabetics in recent years, so that at 
present there is a strong reaction against the excessive meat intake for­
merly prescribed. That a toxic disintegration of protein sometimes occurs 
in diabetes, cannot be denied ; it requires further study.

The degradation of protein in diabetes appears to follow normal paths ; 
the fact that part of the N appears in the urine as NIL, instead of as urea, 
in cases with acidosis, is simply duo to the union of NII3 with organic 
acids ; this prevents its further synthesis to urea.

(c) The Fat Metabolism in Diabetes mellitus
The importance of fat metabolism in diabetes grows as our knowledge 

of the disease progresses. In the degradation of fat in diabetes, no ab­
normal path is followed. Down as far as the stage of butyric acid all 
cleavages and oxidations proceed normally, but in the absence of a normal 
utilization of carbohydrates in metabolism, the substances resulting from 
the cleavage of the higher fatty acids (stearin, pahnitin, etc.) of fat, just 
before they reach the butyric acid stage, are transformed into oxybutyric 
acid and diacetic acid and are not further oxidized. These organic acids 
also arise from certain of the amino-acids (leucin, tyrosin, phenylalanin), 
formed on the splitting of protein. Thus derivatives of both fats and 
proteins are mother substances of the “acetone bodies,” both are “ketogo 
nous” constituents of the food. It is estimated that 100 g. of neutral fat 
can give rise to about 30 g. of oxybutyric acid, 100 g. of protein to a little 
less. The liver appears to be the chief site of formation of these organic 
acids ; whether other organs also participate, we do not yet know.

The relation of the three acetone bodies to one another has already been dis­
cussed (see above) ; it is clear if the structural formulae be examined :

CM,— CTIOII — CIIi— COOII = Beta-oxybutyrie acid.
VII, — CO — CIIi — COOH = Diacetic acid (Aceto-acetic acid).
CM, —CO — CH, = Acetone (Dimethylketone).

It is probable that oxybutyric acid is the primary product, and that it is oxidized 
to diacetic acid ; sometimes, however, diacetic acid is reduced to oxybutyric acid 
/Dakin). Acetone is a cleavage product of diacetic acid.
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The accumulation of these organic acids in the body is called acido 
sis; their excretion in the urine is spoken of as ketonuria or diaceturia. 
In marked acidosis, acetone is given off in the breath, giving rise to the 
characteristic fruity odor, so important for diagnosis. The kidneys ex­
crete the ammonium salts of oxybutyric acid and diacetic acid, but little 
or no acetone; when acetone is present in the urine, it arises from diacetic 
acid after it is excreted.

Acetone bodies are formed in normal metabolism, but do not accumu­
late as long as carlxdiydrates arc split and oxidized in normal amounts. 
In this sense “fats are burned in the carbohydrate fire.” In the fasting 
body, or on an exclusive meat diet, the normal organism keeps the acidosis 
within bounds, rarely excreting more than 10-15 g. of acetone bodies, 
owing to the fact that it still burns the sugar made in the body from pro­
tein. Similarly, in mild diabetes, there is no acidosis as long as the body 
is able to burn 10 to 80 g. of glucose. But in the severer forms of diabetes 
(and in mild forms on carbohydrate-free diet) the acidosis may be marked, 
the 24 hours’ urine containing .30 to 00 g. of acetone bodies or more. The 
presence of diacetic acid in the urine can be recognized qualitatively by 
the ferric chlorid test, but this color reaction is of but little value for 
quantitative estimation. When no sodium bicarbonate is being adminis­
tered, the determination of the ammonia output gives an approximate idea 
of the degree of ketonuria. One of the best practical guides to the degree 
of acidosis existing is to determine the amount of NaIICQ3 necessary to 
render the urine alkaline or amphoteric, ns follows:

Normally, 5-10 g. Null CO., arc required.
In mild acidosis, 20 g. ( = less than 15 g. acid).
In severer acidosis, 30 to 40 g. (=- 20-30 g. acid).
In extreme acidosis, 40 g. or more (=30-40 g. acid).
In coma (when excreted ), of ten non-neutrulizahlc (=50-150 g. acid).

The amount, of beta-oxybutyric acid present varies from twice to 
seven times the amount of diacetic acid in the urine. Acidosis can sea 
increased depth of respiration (the minute volume of respired air is 
increased); a delicate test for acidosis is the determination of the diminu­
tion of the CO._.-tension of the venous blood in diabetes, since, in < u, 
the COo-contcnt may fall from 40 per cent to 15 per cent or even lower. 
To judge the significance of the acidosis in a given case, observations over 
a considerable period, with careful control of the diet, are essential.

In fighting acidosis directly, we try to favor the burning of gin -o, 
i. c., we try to increase the carbohydrate tolerance. Thus, earbohydrat - if 
they burn are “antiketogenous” in influence. Alcohol has an anti1'to- 
nuric effect, even in severe diabetes; it may be worth while to try tlio 
effects of leucin and ty rosin.

In indirectly fighting the acidosis bv neutralization of the acids. : Inis
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combating further withdrawal of alkalis from the cells, and accelerating 
the excretion of the acids in the urine, nothing is more successful than the 
administration of sodium bicarbonate in quantities suflicicnt to keep the 
urine amphoteric to litmus. A patient will often require (and may t<der­
ate well) 30 to 40 g. of NaHCO;, daily for months. If the onset of coma 
threaten, a teasj>oonful dissolved in water may he given every half hour 
until the urine is alkaline; if coma have already appeared, it is advisable 
to give a liter of a 4 per cent, solution of NallCO., intravenously (never 
subcutaneously ). Since the development of the starvation treatment of 
diabetes by Allen, it has become necessary to revise, to some extent, our 
former ideas with regard to diabetic acidosis and its management (see 
below).

The lipemia of severe diabetes has already been referred to. It does not ap­
pear to be due to any disturbance in the cleavage and oxidation of fat, but depends 
upon an unexplained retention of food fat in the blood.

(d) The Mineral Metabolism in Diabetes mellitus

The metabolism of water and of inorganic substances (constituents of 
ash) in diabetes mellitus has been the object of a number of careful 
studies.

Water.—The pohjuria as a rule keeps pneo with the sugar output ; 
thus if 2 liters of urine bo passed (sp. gr. 1.028-1.080), the sugar-content 
will bo found to be 2-3 percent. ; if 5 liters bo passed (sp. gr. 1.030-1.035), 
the sugar-content is 5-7 per cent. ; even when 6-10 liters arc passed, the 
urine will rarely contain over 0-10 percent of sugar (sp. gr. 1.030-1.042). 
In atypical cases, the amount of urine may be normal and yet 2 to 5 per 
cent of sugar may be present (diabetes decipiens); occasionally there is 
polyuria with low sp. gr. (1.005) with less than 1 per cent of sugar. 
Strange variations in the water metabolism—sometimes excessive loss of 
water with drying of the tissues, sometimes retention of water with edema 
(especially on NulI(T);, administration or during oatmeal cures)—are 
not infrequently met with, and account for sudden, surprising losses or 
increases in the body weight.

Ca, Mg, NaCl, S, P.—In acidosis, ('a and Mg may be rapidly 
withdrawn from the body. The largo amounts of sodium chlorid excreted 
are usually due to the polyphagia, the excessive amounts of sulphur and 
phosphorus, to the largo protein intake.

(e) The Total Metabolism in Diabetes mellitus

As to the total metabolism (calories) in diabetes we already have some 
reliable information. Especially accurate is that given us by Benedict 
and .Toslin as a result of their studies in the Carnegie Institute for the 
Study of Nutrition; they prove that the conclusions arrived at earlier by
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less exact studies were in the main correct. The emaciation met with 
early in diabetes is due to the glycosuria; every 100 g. of sugar in the 
urine corresponds to a loss of 400 calorics. A patient of Fuerbringer’s, 
a woman weighing 43 kg., during nine days’ observation, excreted, on the 
average, daily, 14 liters of urine containing 930 g. sugar and 64 g. nitro­
gen! In emaciating patients, the protein and the fat of the body are 
gradually consumed. To combat the emaciation, it has been the custom 
to abolish or diminish the glycosuria by regulating the diet (restriction of 
carbohydrates and increase of protein and especially of fats). In mild 
cases of diabetes in which 60 to 80 g. carbohydrate can still be utilized it 
has been, as a rule, easy to maintain weight and strength. In the severer 
forms, this 1ms been difficult unless the patient’s digestive organs will per­
mit of a large fat intake (150-200 g. daily). Allen believes that in the 
severer cases, emaciation is necessary and desirable (See below).

The direct calorimetric studies of diabetic patients by Benedict and Joslin show 
that, in mild cases, the total metabolism shows no essential deviation from the 
normal. In severe eases, however, the amount of oxygen used per kilogram of body 
weight is increased, on the overage, about 20 per cent. The absolute amount of 
food needed, however, is not increased, since this increase of metabolism per kilo­
gram is compensated for by the smaller weight of the emaciated patient; thus 
the diabetic patient weighing 60 kg. showed a total (absolute) metabolism exactly 
equivalent to that of a healthy person weighing 68 kg. under the same conditions.

There is some evidence to show that there may, at times, he a diminu­
tion in total metabolism in patients with severe diabetes who have become 
accustomed to a very strict diet (Weintraud, Magnus-Lcvy) ; and it is 
also probable that the total metabolism is increased in certain polyphagie 
patients in whom emaciation progresses despite a high figure for the 
amount, of oxygen used per kilogram (Roily). Such unusual cases require 
further study. Preceding the starvation treatment of Allen, it was be­
lieved that the most important practical point was to give a diet rich in fat, 
moderate in protein and restricted in carbohydrate to correspond to toler-

3. Ordinary Clinical Studies of Diabetes mellitus
(a) Etiology

The causes of diabetes are as yet unknown. Heredity is an important 
factor; the disease exists among ancestors, or sibs, in at least 20 per rent 
of the cases. The disease is more frequent after the age of 40. It affects 
preferably “good livers,” and is especially common among Jews. Tho 
symptoms often develop after an infection, or a trauma (physic.!! nr 
psychic), (lout, obesity, and arteriosclerosis are common in <li 5 • tic 
families. Conjugal diabetes (1 to 3 per cent of all diabetes cases) louts 
at environmental influences in common.
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(b) Symptoms of Diabetes mellitus
The glycosuria is discovered earlier now than formerly owing to the 

routine examination of the urine in all clinical work and in life insurance 
tests. The physician’s suspicions should he aroused when patients com­
plain of increased hunger and thirst, polyuria, nycturia, unexplained

Fig. 040.—Diabetic Gangrene. ( Med. Service, J. II. II.)

emaciation, increasing weakness, furunculosis or carbuncles, rapid caries 
of teeth, or loss of teeth from pyorrhea, pruritus, bilateral neuralgias, espe­
cially sciatic, cramps in the calves of the legs, impotence, balanitis, or 
early cataract. At the beginning of the disease, the only symptoms may 
ho a glycosuria, accidentally discovered. Diabetic gangrene occurs most 
often in the milder chronic cases; it is sometimes though not always pre­
ceded by intermittent claudication.

The examination of the blood, in addition to hyperglycemia, may reveal 
a positive Brehmer reaction (reduction of anilin dyes). In some diabetics 
with acidosis, a high grade of lipemia (1 to 27 per cent of fat in the 
blood) may exist, the blood fat being rich in lipoids, cholesterin and 
lecithin. This diabetic lipemia seems to be duo to defective removal of 
food fats from the blood with resulting accumulation ; the highest grades 
of lipemia are seen in diabetic coma.



824 DIAGNOSIS OF THE DISORDERS OF METABOLISM

The urine in addition to the glycosuria and ketonuria (vide infra) 
often contains albumin ; this albumin may he independent of the diabetes, 
or it may lie due directly to a diabetic nephropathy. Older clinicians 
reported cases in which albuminuria and glycosuria alternated (diabetes 
alternans.)

In the nervous system, besides neuralgias (facial, intercostal, sciatic), 
actual neuritis may occur with anesthesias, paresthesias, loss of knee-kicks 
(381 Pcr cent of all cases) and skin reflexes, and trophic disturbances 
(e. g., malum perforans) ; in some instances, such a peripheral neuritis 
may at first be mistaken for tabes dorsalis (diabetic pseudotabes). The 
gravest of all symptoms referable to the nervous system is diabetic coma 
(coma diabeticum. coma dyspnoeicum) with its drowsiness deepening to 
coma, its deep breathing (“grosse Atmung” of Kussmaul), and a fruity 
odor to the breath often preceded by showers of short, broad, delicate casts 
(“coma casts”) in the, urine, by increased diaceturia (ferric chlorid test), 
and by diminished 00.,-tension in the venous blood. An occasional pa­
tient may recover from diabetic coma through energetic treatment with 
large quantities of sodium bicarbonate, but the majority die within 24 to 
48 hours after the onset, of the coma. At least, GO per cent of the deaths in 
the severer forms of diabetes are due to diabetic coma. One of the most, 
important tasks of the physician is to prevent and combat the acid intoxi­
cation leading to coma (dietetic management; efforts to increase carbo­
hydrate tolerance; administration of alkalis).

(c) The Course of the Disease

As a rule, the onset is insidious and the course chronic. Occasionally, 
the onset is sudden and the disease severe from the beginning; in such 
cases death may follow in a few weeks, though, occasionally, a patient with 
acute onset may get well, or the disease may go over into a chronic form.

It, has been found convenient to classify cases in three groups: (a) 
mild, (b) moderately severe, and (c) extremely severe.

In the mild cases the glycosuria quickly disappears (.4 days) on a 
carbohydrate-free diet; indeed, the patients may tolerate 40-G0-100 g. car­
bohydrate without glycosuria. Most patients past middle life belong to 
this group. The carbohydrate tolerance can often be increased by careful 
management. Patients may live 10 to 20 years or longer; they often die 
of arteriosclerosis, contracted kidney, or pulmonary tuberculosis. Coma is 
far less common in them than in the severer eases.

In the moderately severe cases there may still be glycosuria after 
three days of carbohydrate-free diet, though the urine may become suirar- 
freo in two or three weeks even without the intercalation of “fasting days” 
or “vegetable days.” Such ca.ses, on longer observation, may bc< one 
either milder or more severe. The acidosis is moderate.
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In the extremely severe cases, the glycosuria persists despite carlm- 
hydrate-free diet, and often despite “hunger days” or “vegetable days.” 
The acidosis is severe, owing to the total inability to metabolize carbo­
hydrates. The diabetes of children and of young people (under 25) is 
often of this severe form; occasionally, the diabetes of more advanced life 
is also severe. Death from coma is the common ending (00-75 per ceyt 
of the cases). Death from “galloping consumption” is also frequent. Even 
these severe cases can now bo made sugar-free by Allen’s method (See 
below).

(d) Diagnosis of Diabetes mellitus 

i. The Glycosuria
After establishing the presence of a glycosuria, and having excluded 

maltosuria, levulosuria, lactosuria, pentosuria (See Part IX), wo must 
find out whether the glycosuria is “transitory” or “accidental,” or the more 
permanent glycosuria of diabetes mellitus.

Transitory glycosuria may bo duo to any one of many different causes. 
It may bo alimentary. It may follow an apoplectic or an epileptic attack. 
It occurs also in certain intoxications (morphin ; CO) and in acute infec­
tions. Occasionally, it complicates gout, Graves’s disease or cirrhosis 
hepatis. Such a transitory glycosuria should not bo regarded too lightly ; 
sometimes, at the beginning of a diabetes mellitus, the sugar is absent 
during certain periods (diabetes intermittens).

ii. Determination of the Carbohydrate Tolerance
Whenever possible, the tolerance for carbohydrates should be deter­

mined in patients who exhibit a glycosuria. This is most easily done if 
the patient will enter a clinic or a nursing-home where the food can, for a 
couple of weeks, be strictly controlled by a trained nurse, and quantitative 
sugar determinations made by the physician ; it is difficult to manage in 
the patient’s home. Without the determination of the tolerance, we work 
in the dark in treating diabetic patients,

We may determine the tolerance of a patient for carbohydrates by 
either one of two methods: (1) after gradual withdrawal of carbohydrate 
foods; or (2) after sudden and complete withdrawal of all foods (total 
starvation method).

1. Tolerance A fier Gradual Withdrawal of Carbohydrate Foods
This is the method that, up to very recently, has been generally in 

vogue among physicians who specialize in diseases of metabolism, and it 
is the method that until the end of 1014 T have used in my own diag­
nostic studies. Since 1014, I have used Allen’s method.

When applying this method, the patient is placed on an ordinary diot
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for a couple of days and the sugar output in an aliquot portion of the total 
24 hours’ urine determined. He is then placed on a “strict” or “carbohv- 
drate-free” diet (vide infra) plus 100 g. white bread (=00 g. carholiv- 
drate) per day for three days. The urine is collected, quantitatively, and 
its sugar-content for each day recorded.

In very mild cases, the urine may, before the third day, become sugar- 
free; in cases of medium severity, the sugar output will fall to 20 g. or 
10 g. ; while in the more severe cases, the sugar output may equal the car­
bohydrate intake (GO g.) or exceed it.

The patient is now given the “strict” diet plus 00 g. white bread 
(=30 g. carbohydrate) for two days, and then “strict” diet plus 30 g. 
white bread (= 18 g. carbohydrate) for two days. After this, the “strict” 
diet (carbohydrate-free) is given alone for three or four days. In all 
except the severer cases} the urine becomes sugar-free ; if 1 or 2 g. sugar 
be still excreted, it can often bo made to disappear by prescribing a single 
“fast day” or a “vegetable day” (q. v.).

In the severest cases, however, sugar will still bo excreted (being made 
in the body from the protein of the food or from the protein of the body 
itself). In such cases, by cautiously proceeding for several weeks with 
strict diet, with reduction also of the protein and of the fat, the observance 
of occasional “fast days” and “vegetable days,” with trials, perhaps, of 
“oatmeal periods,” the patient’s urine may, sometimes, be made sugar-free.

In the milder cases and in the cases of medium severity, after the urine 
has been sugar-free for three or four days (on “strict” diet), 20 g. of white 
bread may be added to the diet every other day until sugar reappears in 
the urine. The tolerance of the patient in terms of white bread, or in 
terms of pure carbohydrate (=grams of white bread X jq ) has then been 
determined.

While testing the carbohydrate tolerance, sodium bicarbonate should in 
every case be given when the carbohydrate intake falls below 00 g. hi 
mild cases, 20 g. NaIIC03 should be given daily; in severer cases, ',0 </.

“Main," “Strict,” “Standard” or (So-called!) “Carbohydrate- free" Diet.*
1. Meat.—Including fowl, fish, oysters, crabs, clams, sausages, sweetbreads, kid­

ney, brain, but not liver (because of its glycogen-content). Sauces continuing 
flour are of course prohibited. Cooked meat = 25-30 per cent protein ; cooked 
fish = 20 per cent protein.

2. Eggs.— (1 ben’s egg weighing 50 g. = C g. protein -f- 5 g. fat = 71 calories). 
The protein content of one egg is the equivalent of that of 20 g. of cooked li 1

3. Cheese.—Usually contains 25 per cent protein and from 12 to 75 per rent 
of fat.

4. Fats.—Butter (85-00.5 per cent fat) ; olive oil (100 per cent fat) ; fat Imon 
(90-05 per cent fat) ; bone marrow.

[• It is not really carbohydrate-free, for the meats contain a little glyco; ; and 
the vegetables from 4 to 0 per cent carbohydrate].
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5. Certain vegetables.—Spinach, cabbage, sauerkraut, cauliflower, asparagus, 
young rhubarb, string beans, artichokes, cucumbers, mushrooms; these vegetables 
may have much butter added, but no sugar; they contain traces of carbohydrate 
(up to ti i>er cent). By “thrice boiling” in different waters they can be rendered 
almost carbohydrate-free.

ü. Certain salads.—Lettuce, endive, cress, romaine, cucumber, tomato, string 
bean, asparagus, olives. Oil and vinegar may be added, as well as salt and pepper.

7. Certain fruits and nuts.—Young gooseberries, cranberries, blackberries, 
currants, almonds, hazelnuts, walnuts.

8. Certain soups.—Made without flour, though parmesan cheese, roborant or 
gliadin may be used as a “binder”; thus, bouillon or consommé may contain egg, 
cut green vegetables, asparagus tips, meat cubes, etc.

!). Drinks.—Lemonade (unsweetened), mineral waters, coffee or tea (with 
saccharin, crystallose, or hediosite to sweeten); Moselle wine, Rhine wine, claret, 
sherry, whisky, brandy.

“Accessory” or “Carbohydrate-containing” diet (to be used in prescribed 
amounts only).

Carbohydrate Content 
Percentage

Amount, in grams.
= 20g. White Bread 
= 12g. Carbohydrate

White bread.......................................... 00 20
50 22

Zwieback................................................ 70 17
Oatmeal.................................................. 07 IS

70-80 15-17
30 40

Potato.................................................... 18-20 00-70
Turnip.................................................... 7-10 120 170
Jerusalem artichoke.............................. 15-20 (inulin) 00-80
Cherries.................................................. 12-14 80-100
(irapes, plums, peaches, apple's, pears. 
Melons, strawberries, raspberries, black­

berries.................................................

10 120

5 240
Milk....................................................... 4.8 250
Kefir....................................................... 2 4 500
Cream (thick)........................................ 3 400
Beer....................................................... 4-5 240-:**)
Oranges.................................................. 0 200

Thus, if a patient were allowed, say 80 g. white bread (=48 g. sugar) he 
might, if he cared to, substitute therefor:

(1) 44 g. black bread + 1 liter milk, or
(2) 30 g. white bread -f- 150 g. potato, or
(3) 30 g. rice + 4 liter milk, etc., etc.
“Fast Day” (Naungn).—Only water, bouillon, ten, lemonade, and wine or 

whisky (100 c.c.) are taken for 24 hours.
“Vegetable Day” (v. Noorden).—Three meals arc given, each consisting of 

250 g. thrice-cooked vegetables and salads (from “strict” list) ; to those are added 
in the 24 hours 4 to 6 eggs, 100 g. butter (or more), a little fat bacon, the yolks 
of 3-4 eggs, coffee, tea, lemonade, bouillon, and a pint of wine. Two or three 
such days may follow one another, if desired.

Tolerance for Particular Carbohydrates—In diabetes cases, the “special toler- 
ancc" and the “special sensitiveness” for particular carbohydrates, particular pro­
teins and particular fats may have to be tested. Some patients are “protein sen­
sitive,"’ doing better on a low protein ration; others are particularly sensitive to
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certain forms of carbohydrate while they are fairly tolerant of others. Hence 
have arisen the various “carbohydrate cures,” including the “rice cure,” the 
“wheat cure,” the “potato cure,” the “rye cure,” and, most important, perhaps, 
of all, the “oatmeal cure” of v. Noorden.

The “Oatmeal Cure—In severe cases of diabetes mellitus, with high acidosis, 
as well as in cases of medium severity, the “oatmeal cure” is often well home and, 
properly applied, may lead to an increase of the carbohydrate tolerance of the 
patient. In principle, it consists in giving a large amount of carbohydrate in 
the form of oatmeal, along with a large fat ration and a small protein ration. 
Thus, in 24 hours the patient receives :

1. 250 g. oatmeal, or rolled oats (cooked slowly for 2-3 hours).
2. 200-300 g. butter (or butter and bacon).
3. 4-G eggs (or 50-100 g. vegetable protein, such as gliadin or roborant).
4. 100-150 g. green vegetables (from the “strict” list), or salad.
5. Some alcohol (a pint of hock or 100 c.c. whisky with water).
6. Coffee, tea, lemonade, mineral waters.
Before testing the patient’s response to such an oatmeal cure, it is important 

to prepare him by several days of “strict” diet and one or two “vegetables days’* 
in order to reduce the glycosuria and the hyperglycemia, lie is then given from 
two to four “oatmeal days,” followed by one or two “vegetable days” ; after this, 
a few days of “standard diet” are permitted. When well borne, two, three, or even 
more of such cycles may be permitted. In many cases, acidosis diminishes mark­
edly, and tolerance improves greatly. In some of the grave cases, no benefit results; 
the sugar output stays high (120-150 g.), the acidosis is not lessened, nor does the 
general condition improve; here the outlook is grave, though, even in such cases, 
remarkably good results can sometimes be obtained by the starvation method (See 
below). One cannot prophesy beforehand how a patient will respond ; the trial 
must be made to find out. A satisfactory explanation of the mode of action of the 
oatmeal cure is still lacking.

2. Tolerance After Sudden and Complete Withdrawal of all Foods 
(iStarvation-Method)

This method, worked out by Allen (1014-1015), is now under trial. 
Allen’s results have been so favorable that I have been led to try his 
method in a number of instances, and thus far I am much impressed with 
the good results obtainable. Joslin, of Boston, has also tried the method in 
his large diabetic practice, and he, also, feels that a distinct step forward in 
tolerance testing and in the treatment of diabetes mellitus has been made.

After having made a thorough review of the bibliography of diabetes mellitus, 
Frederick M. Allen undertook the study of experimental diabetes and its treat­
ment in laboratory animals, and arrived at certain conclusions regarding the testing 
of carbohydrate tolerance and the starvation treatment of diabetes, which, Mtice 
1014, he has been applying also to human beings.

In the bibliography, Allen was impressed by (1) Rollo’s limitation of diabetic 
patients to animal food (170fi) ; (2) Bouchardat and Cantani’s restriction of a 
harmful excess of protein, and their employment of green vegetables in diabetes; 
(3) Naunyn’s influence in favor of the restriction of protein and the obser nice 
of occasional fast days in diabetes ; (4) Stadelmann’s theory of acid pois uing 
as the cause of diabetic coma and bis inauguration of the alkali treatin' t of
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acidosis ; (5) the introduction, in 1003, by von Noordcn, of the oatmeal cure and 
his use of fast days and vegetable days (“metabolic Sundays”) (a) as a prepara­
tion for his oatmeal treatment by increasing the tolerance and (b) to prevent 
coma; and (<») the crude but interesting attempts of Guelpa to treat diabetes 
by fasting and purgation, on the ground that the disorder is due to an auto­
intoxication.

Allen favors the view that, in diabetes, there is a loss of power to utilize 
sugar, not a mere acceleration of sugar formation. He also thinks it established 
that the internal function of the pancreas makes possible, in some way, the utili­
zation of sugar by the tissues, but he sees no valid proof in the bibliography for 
the view that the adrenals oppose this function of the pancreas, or that the pan­
creas inhibits sugar formation or opposes the adrenals in any way. Allen has 
been favorably impressed by the simple objective description of diabetes given 
by Macleod at the beginning of his book, in which it is stated that diabetes ap­
pears, at first, as a weakened function of carbohydrate metabolism; that, sub­
sequently, there is a weakening of the function of protein metabolism, and that, 
finally, in the severer cases, there is also imperfect metabolism of fat. He thinks 
it desirable that we should avoid looking upon diabetes as a progressive fatal 
disease, since, thus far, an inherent downward tendency has not been definitely 
demonstrated. If we consider the disorder rather as a simple weakness of a 
bodily function, without inherent downward tendency, we may, lie thinks, keep 
our patients, if they are obedient, from going downhill simply by preventing them 
from over-taxing the weakened function.

With these conceptions in mind, Allen worked out a method of testing 
carbohydrate tolerance in experimental diabetes and of treating this dia­
betes in animals (1014). On removing nine-tenths of a dog’s pancreas, ho 
found that, if ho tried to keep the dog fat and to satisfy its largo appetite, 
the animal went steadily downhill for several months and died in extreme 
cachexia, lie further found that ho could stop the glycosuria in the dog 
by making the animal fast, and afterwards restricting tlio food intake to a 
low diet, large enough to support life, though not largo enough to cause 
glycosuria. The animal remained thin, hut was strong and lively, devel­
ops no cachexia, and showed no signs of downward tendency.

In 1915, Allen published an article in which ho reports the man­
agement of diabetic human beings on the same principles. Ilis first step 
is to make the patient fast until the <jhjcosuria ceases, and for 24 or J,S 
hours longer. The ketonuria declines precipitately, and quickly approxi­
mates that that would ho shown by a normal person under similar 
conditions as regards diet. Allen’s aim is to keep the ketonuria constantly 
down to such a level. lie finds that simple fasting suffices for his pur­
poses, hut as alcohol is a food that docs not cause glycosuria and may 
perhaps diminish ketonuria, ho gives it during the fast, especially in the 
severer cases, where coma might reasonably, from our knowledge of dia­
betes, ho feared, lie also administers sodium bicarbonate for the first 
few days, hut then gives up its use, since its continuance may cause the 
diaceturia to continue longer than it otherwise would.

After the urine of the fasting patient has been sugar-free for from
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24 to 48 hours, the second step is undertaken, namely, the beginning of 
feeding, very slowly and cautiously, but not according to any fixed pro­
gram, since it is desirable to individualize the diet to suit the special need 
of the patient under observation. One requirement only is insisted upon, 
and that is that the patient shall remain free from both glycosuria anil 
acidosis. The appearance of even a trace of sugar in the urine is the 
signal for a fast day, either with, or without, alcohol.

Though the original fast, by which the urine is first made sugar-free, 
may last anywhere from two to ten days, Allen asserts that, subsequently, 
no fast need last longer than a single day.

In the diet, attention has to be paid to the carbohydrate intake, tlio 
protein intake, the fat intake, and the bulk of the food. He first tests 
the carbohydrate tolerance. Carbohydrate may be the first food to he 
administered after the fasting. Allen usually begins by allowing vege­
tables, making use of Joslin’s convenient classification of these on the basis 
of their carbohydrate content. On the first day after the fast, ho usually 
allows 200 grams of vegetables of the 5 and 6 per cent classes. Subse­
quently, he increases the amount of vegetables, day by day, until a trace 
of sugar appears in the urine ; then a fast day at once is prescribed. The 
content of the vegetables in carbohydrate being known, the carbohydrate 
tolerance has thus been determined. In the meantime, the acidosis will, 
as a rule, have been reduced to a level corresponding to that of a normal 
human being on a similar diet.

Having tested the carbohydrate tolerance in this way, Allen proceeds 
to test the protein tolerance. On the first day of this test, he gives one 
or two eggs, perhaps, and nothing else; subsequently, day by day, more 
protein, usually in the fonn of eggs and meat, is added to the diet, until 
glycosuria appears, or until a sufficient protein ration has been reached. 
In this way, the amount of protein that can bo taken without causing 
glycosuria is determined, and the protein loss of the body is overcome :is 
quickly as possible.

The fat tolerance may also have to bo determined in the severe cases 
(See below).

A certain bulk to the diet is necessary to prevent constipation and to 
satisfy the patient’s need for a feeling of fullness. To give bulk, the 
green vegetables recommended servo admirably. They may be used raw, 
or they may be cooked by steam, or in boiling water, the water being subse­
quently evaporated so that the carbohydrate and salts remain in the vege­
tables. This, at any rate, has been found satisfactory in the milder eases. 
In the severer cases, Allen finds that even green vegetables, thus prepared, 
cannot be eaten without causing glycosuria. He cites an instance in which 
a young girl developed glycosuria when she received nothing except 100 
grams of celery and lettuce in 24 hours. In such severe cases, the vege­
tables may be boiled in three successive waters and all the water i1 rown
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away. Removal of nearly all the carbohydrate is thus made possible. 
Such thrice cooked vegetables are said to bo palatable and, when eaten, 
they do not cause glycosuria.

The patients, of course, lose weight at the beginning of the applica­
tion of this method, but Allen believes that this loss of weight is bene­
ficial. Later on, after the carbohydrate tolerance has been determined, 
and the glycosuria and acidosis abolished, the patient is permitted to gain 
weight as long as be can do so without developing glycosuria and without 
increase of the acidosis.

Allen makes the statement that “the attempt to put on weight accord­
ing to the time-honored traditions of diabetic treatment is one of the surest 
ways of bringing back all the symptoms and sending the patient down­
hill.” Accordingly, in severe cases of diabetes mcllitus, a restriction of 
all classes of food is necessary, and the tolerance of each patient for 
each particular class of foods must bo determined. Allen permits some 
carbohydrate, if possible, but bo never gives it except safely below the 
limit of carbohydrate tolerance. He finds also that the intake of protein 
must be kept fairly low, sometimes very low. When the protein tolerance 
is found to be exceedingly low, lie excludes all carbohydrate from the diet, 
and then permits as much protein as is possible without causing glycosuria, 
lie states that every patient thus far studied can tolerate bis necessary 
protein minimum, and that glycosuria will not appear unless this indis­
pensable protein minimum be exceeded. One of the astonishing state­
ments made by Allen concerns the intake of fat. Hitherto fat has been 
considered not only safe, but necessary, in the diabetic dietary. Though 
Allen mentions that ho has never seen glycosuria occur from a pure fat 
diet, ho has nevertheless observed patients whoso urine remained con­
stantly sugar-free on a given diet, who began to put out sugar and an 
increased quantity of acetone bodies as soon as butter, or olive oil, was 
added to the diet.

Allen’s experience, owing to the short time that bad elapsed since bo 
began to study patients in the manner described before making bis report, 
included, up to February, 1915, some 27 cases, most of them of very 
severe typo. The longest observation of any one patient up to the time 
of the writing of this article was nine months. The results be has reported 
are certainly very gratifying. The method used leads to the improvement 
of many patients who do not do well on the treatment formerly in use; 
and, further, even the patients who respond well to the ordinary methods 
can now improve much more quickly. The author makes no claim, of 
course, regarding permanent results, since these have yet to be demon­
strated; time alone can give us information regarding the ultimate value 
of bis method.

Allen emphasizes, witli right, the separation of what lie calls the scientific factor 
from the human factor in judging of the results of any method of treatment
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in diabetes. The scientific factor is concerned with the value of the treatment 
under ideal conditions. It is his belief that “it gives the vision of a diabetes in 
which there is no glycosuria, no acidosis, no use for alkalis or other drugs, no 
complications, no gangrene, no downward progress, no coma, no death.” Whether 
the future will justify‘this roseate view or not will depend, he thinks, largely upon 
whether there is, or is not, an inherent downward tendency in diabetes. He has 
hoped that by a protective therapy, such as he has been using, the tolerance for 
carbohydrates might improve markedly, even in very severe cases. Thus far, 
this hope seems to have met with disappointment, though a gain in tolerance may 
be met with in the milder cases. Allen believes that severe cases of diabetes 
mcllitus ought not to be permitted to develop. He thinks that if the patients could 
come, near the outset of their trouble, under the care of practitioners who would 
stop the glycosuria and the ketonuria, the disease need not progress. Though this 
view may hold good for many cases, it is possible that progressive lesions do 
occur in some cases of diabetes, which cannot be arrested even by the protective 
therapy. It would seem right, however, to impress the great mass of general prac­
titioners, who see diabetes in the early stages, with the importance of applying 
efficient methods of diagnosis and treatment at the outset.

In considering the human factor, Allen points out that conditions arc rarely 
ideal, that human nature is imperfect, and that the treatment of diabetes is long 
and onerous for both physician and patient. lie believes that the idea that diabetes 
is merely the weakness of a bodily function, and not necessarily a progressive, 
fatal disease, might lessen the bewilderment and feeling of helplessness concerning 
diabetes, which now, too often, prevails among physicians.

It is his idea also that the fear of suddenly withdrawing carbohydrate from the 
diet, especially on account of ketonuria, should be strongly combated, since the 
starvation method of testing tolerance described will stop glycosuria promptly, 
and, instead of producing ketonuria, will abolish it if it already exists. Both 
glycosuria and marked ketonuria can apparently be stopped in every diabetic 
2>aticnt within a very few days.

As1 2 3 4 5 a matter of fact, experience with the,starvation method has not proved 
to be as serious a hardship to patients as might hove been surmised. Though I lie 
treatment is rigorous, in the severe cases, the patients admit that they feel more 
comfortable, and soon prefer to endure the low diet rather than to return to 
their sufferings on a more abundant diet.

When a patient has been thoroughly studied, his tolerance tested, and his régime 
outlined, he is given the following instructions:

1. Collect the whole 24 hour urine daily and test a portion of it by Benedict's 
method for sugar.

2. Should sugar appear in the urine, fast immediately for one day, and reduce 
the diet a little more.

3. Stay in bed and fast completely at stated intervals (say for one «lay 
every second or fourth week), even if no sugar appears in the urine.

4. Live on a diet containing certain articles of food in certain approximate 
quantities.

5. Instead of weighing the food, the patient is to weigh himself at least mice 
a week, and is never to allow his weight to rise aboVe a stated figure. This figure 
is placed below the original maximal weight, and is made lower in proportion to 
the severity of the diabetes present.

For convenience, Dr. E. P. Joslin of Boston has prepared a small filing ard 
(See next two pages) for tolerance testing in diabetes. These cards may In ob­
tained from Thomas Groom & Co., Inc., 1U5 State Street, Boston:
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Fasting—Fust until sugar-free. Drink water freely and tea, coffee and clear 
meat broth ns desired. In very severe, long standing and complicated cases, without 
otherwise changing habits or diet, omit fat, after two days omit protein and halve 
carbohydrate daily to 10 grams, then fast.

Carbohydrate Tolerance.—When the 24 hour urine is sugar-free, add 150 grams 
of 5 |>er cent vegetables, and continue to add 5 grams carbohydrates daily up to 20 
and then 5 grams every other day, passing successively upward through the 5,10 and 
15 ]K*r cent vegetables, 5 and 10 per eent fruits, potato and oatmeal to bread, 
unless sugar upi>ears or the tolerance reaches 3 grams carbohydrate per kilogram 
body weight.

Protein Tolerance.—When the urine has been sugar-free for 2 days, add 20 
grams protein (3 eggs) and thereafter 15 grams protein daily in the form of meat until 
the patient is receiving 1 gram protein per kilogram body weight, or if the carbohy­
drate tolerance is zero, only gram per kilogram body weight.

Fat Tolerance.—While testing the protein tolerance, a small quantity of fat is 
included in the eggs and meat given. Add no more fat until the protein reaches 1 
gram per kilogram (unless the protein tolerance is below this figure) but then add 25 
grams daily until the patient ceases to lose weight or receives not over 40 calories 
per kilogram body weight.

Reappearance of Sugar.—The return of sugar demands fasting for 24 hours or 
until sugar-free. The diet is then increased twice its rapidly as before, but tho 
carbohydrate should not exceed half the former tolerance until the urine has been 
sugar-free for 2 weeks, and it should not then be increased more than 5 grams per

Weekly Fast Days.—Whenever the tolerance is less than 20 grams carbohydrate, 
fasting should be practised one «lay in seven; when the tolerance is between 20 and 
fit) grams carbohydrate, upon the weekly bust, day 5 per cent vegetables and one- 
half the usual quantity of protein and fat am allowed; when the tolerance is between 
50 and 100 grams carbohydrate, the 10 and 15 ix*r cent vegetables are added zis well. 
If tho tolerance is more than 100 grams carbohydrate, upon weekly fast days the 
carbohydrate should be halved.

I gram protein, 4 calories.
I “ carbohydrate, 4 “
I “ fat, 9 “
I “ alcohol, 7
ti 25 “ protein contain 1 g. nitrogen.

1 kilogram =2.2 pounds.
30 grams (g) or cubic centimeters (c.c.) = 

1 ounce.
A patient “at rest" requires 25 to 30 

calories jx;r kilogram btxly weight.

Consult Chemical Composition American Focxl Materials, Bull. 28, U. S. Dept.. 
Agriculture, by sending 10 cents in coin to Supt. of Documents, Washington, D. C., 
a!'i> Annual Report Conn. Agricultural Experiment Station, New Haven, Conn., Food 
Products and Drugs, 1913, Part 1, Section 1.—Free.
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STRICT DIET. Meats, Fish, Broths, Gelatine, Eggs, Butter, Olive Oil, Coffee, 
Tea and Cracked Cocoa.

Foods Arranged Approximately According to % of Carbohydrates.

6% „ ...
Lettuce Cauliflower
Spinach Tomatoes
Sauerkraut Rhubarb

(/) String Beans Kgg Plant
W Celery Leeks
{g Asparagus Beet Greens
< Cucumbers Water Cress
h Brussels Cabbage
y Sprouts Radishes
2 Sorrel Pumpkin
> Endive Kohlrabi

Dandelion Broccoli
Greens Vegetable

Swiss Chard Marrow
Sea Kale

10%
Onions
Squash

( '.units
Okra
Mushrooms
Beets

15%
Green Peas 
Artichokes 
Parsnips
Canned Lima 

Beans

20%
Potatoes
Shell Beans 
Baked Beans 
Green Corn 
Boiled Rice 
Boiled

Macaroni

Ripe Olives (20% fat)
Grape Fruit

P
51
IL

Turnons
Oranges
Cranberries
Strawberries
Blackberries
Gooseberries
Peaches
Pineapple
Watermelon

Apples

Apricots
Bluclierries
Cherries
Currants
Raspberries
Huckleberries

Plums
Bananas

Butternuts 
<2 Pignolias
5
z

Brazil Nuts
Black Walnuts 
Hickory Nuts 
Pecans

Almonds
Walnuts (Eng.)
Beechnuts
Pistachios
Pine Nuts

Peanuts

40%
Chestnuts

^ Unsweetened und Unspiccd
2 Pickle Clams Oysters
X Scallops Liver Fish Roe

* Reckon available carbohydrates in vegetables
of 5% group as 3%, of 10% group as 0%.

(30 grams; 1 oz.) 
Contain Approximately 
Oatmeal, dry wgt 
Meat (uncooked, lean)

“ (cooked, lean)
Broth .
Potato 
Bacon 
Cream, 40%

• 20‘/l
Milk .

Butter 
Kgg (one)
Brazil Nuts 
( >range or C rape Fruit (one)
Vegetables 5 and 10% group 

Form J 8. Thomas Groom & Co., Inc., 105 State St., Boston.

PROTEIN

5 .............
6 2

CARUOIIY-
DRATES

0 40

0.7 0 0 3
1............. ...........0. . . ........... I». . . . ...........25

15 0 155
1............. .........12... ...........1.... .........120
1 0 1 no
1............. ...........1... ...........20
3 0 is tto
0.............
6 0 75
5.............
0 0 10 40

.05 0 1 or 2 6 or 10
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The menus in Hill nnd Eekmnn’s “Starvation-Treatment of Diabetes” will be 
found convenient in arranging the diet of diabetic patients during and after the 
testing of the carbohydrate tolerance.
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F. Gout

1. Introduction

(a) Conception of the Malady
Gout is a disturbance of the metabolism of purins, often hereditary, 

in which an excess of uric acid accumulates in the blood and in the tis­
sues. In the typical cases (“regular” gout), it leads to recurring attacks 
of acute and extremely painful arthritis (arthritis urica acuta) especially 
in the joints of the lower extremities, or to deposits of urates in cartilage, 
hone or connective tissue (so-called tophi), or to both ; in atypical cases, 
it may manifest itself clinically in other ways (“irregular” gout). In 
both typical and atypical cases, the symptoms are aggravated by alco­
holism and by a purin-rich diet, and may he ameliorated by the admin­
istration of aspirin or of colchieum ; the accumulation of uric acid in 
the body can ho lessened by a purin-free diet, by active physical exercise, 
and by atophan-tkerapy.

(6) History
History.—The disease was known to Hippocrates, the attacks in the feet being 

called podagra—hence the later names, gonagra, ischiagra, chiragra, omagra, rath- 
isagra, for involvement of other parts. Galen connected gout with “high living" and 
gave the name tophi to the “gouty deposits.” Act ins knew that gout could ho 
inherited. Sydenham, suffering from gout himself, gave an admirable clinical 
description of the disease.

Uric acid was found in tophi in 1707 (Wollaston), and in the blood of gouty 
patients in 1847 (Gnrrod). The relation of uric acid to the purins was thor­
oughly established by Emil Fischer, and soon the conception of gout as a dis­
turbance of the metabolism of purins and their forerunners (the nucleins) arose, 
the distinction between the uric acid derived from the nucleins and purins of the 
food (exogenous) and the uric acid arising from the catabolism of the nuclei 
of the body cells (endogenous) being set up by Burian and Sebur, and by Siven. 
Brugsch and Schittenhelm showed that while uric acid ceases to be demonstrable 
by a given method in the blood of normal persons on a purin-free diet, this 
is not the case in the gouty. The physiology of nuclein metabolism has Iren 
carefully studied by Kossel and his pupils and, especially in its enzymatic rela­
tions, by Walter Jones and his pupils, and by Levene and his associates.

Miller and Jones have found that the distribution of the ferments that Hack 
nucleic acid and the purins does not differ in the organs of a person dead of gout 
from the distribution in persons free from gout.

The origin of the colchieum therapy is obscure. In 2-phenylcbinolii I-car­
bonic acid (atophan) we possess a drug that leads to marked increase a the 
excretion of uric acid through the kidneys (Nicolaicr and Dolirn ; Wcintr id).
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2. Clinical Studies ot Gout
(a) Etiology

Heredity is an important factor, demonstrable in over half the cases 
in consultation practice, though less obvious in patients in the public 
words of hospitals. Alcohol is an exciting cause, heavy beers, ale, porter, 
champagne and port wine being apparently more pernicious than whisky 
and the lighter wines and beers, though alcohol in any form is injurious 
in the predisposed. True gout, however, may occur in total abstainers. 
Plethoric persons are more often affected than those of asthenic 
habitus. High living, especially overindulgence in meats and other 
]iurin-rich foods, may lead to gout, especially in people who follow a 
sedentary life, and do not take physical exercise regularly. Long-con­
tinued lead poisoning is a not uncommon cause.

Though true gout may occur in the thin and abstemious, it should 
be remembered that the so-called “poor man’s gout” or arthritis pau- 
perum of the older writers is a different disease, namely, “primary” 
chronic progressive polyarthritis, and is not due to a disturbance in the 
metabolism of purins (Sec Part XI).

(b) Clinical Forms of Gout
We distinguish several forms including (1) typical acute gouty 

arthritic attacks, (2) an acute or subacute polyarticular form of gout, 
(3) renal gout, (4) more irregular forms of gout including (a) chronic 
gouty arthritis and (b) abarticular gout.

i. The Typical Acute Attack of Arthritic Gout

(Arthritis urica acuta)

The onset is sudden, usually in the night, tlie patient being awakened 
in the early morning hours by excruciating pain in the joint, most often 
the metatarsophalangeal joint of the left great toe. The pain increases in 
severity, becoming almost unbearable. Next, morning, the joint is found 
to be swollen, and, during the day, the swelling increases, and the sur­
face of the joint becomes hot and red. The attack lasts several days, 
with nocturnal exacerbations of the pain; then the symptoms subside, 
the skin over the joint sometimes desquamates and the joint remains 
tender for some time. Though usually monarticular, other joints (ankle, 
knee, wrist, elbow), may become similarly involved in two or three days 
after onset.

There is often fever, with anorexia, weakness and marked mental 
irritability or depression.



Fig. 642.—Tophi About the Knee-Joint ; from the Same Cape as Fig. 041. (Med. s rvlce, 
J. II. H. ; Photograph by Dr. Brotherhood.)

beneath the skin elsewhere (finger-tip, alae nasi, eyelid, palm, etc). 
Larger tophi may appear in the connective tissue, usually n< :ir a
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The first attack rarely comes before the thirtieth year of life; most 
often it is in the early forties, in contrast with acute rheumatic fever that

is rare after thirty or 
forty. Occasionally, a 
first attack of gout is 
deferred until late in 
life (seventieth year, 
eightieth year). When 
the uric-acid curve in 
the urine is followed, it 
is found to show a char­
acteristic type ( vide in­
fra). Once such a 
typical attack has oc­
curred, it is likely to lie 
followed by later at­
tacks once or twice a 
year, especially in the 
spring and autumn, af­
ter indiscretions in diet, 
work, or sexual indul­
gence. In many in­
stances, attacks can lie 

prevented altogether, provided, after a correct diagnosis has been made, the 
patient has the will-power to follow a rigid regime. In at least one-third 
of the cases, deposits of mononatrium urate—the so-called tophi 
—sooner or later appear, most often in the ear, and, occasionally,

Fig. 641.—Tophi In Right Far. Uout, In Chronic Nephro­
pathy. (Med. Service, J. II. IL; Photograph by Dr. 
Brotherhood.)
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joint (feet, hands), or on tendons or tendon-sheaths; not infrequently 
they occur as incrustations of bursae (particularly over the olecranon 
and in front of the patella), 
and occasionally they are met 
with in the muscles (M. tra­
pezius) or in the mucous 
membranes. Similar depos­
its may occur in the bones 
themselves, especially in the 
ends of bones near affected 
joints; such deposits are fol­
lowed by absorption of the 
lime salts in localized areas 
and yield characteristic pic­
tures in x-ray plates (clear 
spherical areas, often sur­
rounded by a dark margin).
They are of great diagnostic 
value as they lie in the bones 
themselves, not in enchon- 
(I roses or exostoses as do the 
cysts seen in other chronic 
arthropathies. If a tophus
Ik? needled, particles can bo obtained for microscopic examination. The 
crystals arc characteristic ; they yield the murexid reaction.

This typical gout is usually a true metabolic gout, in which the whole 
metabolism of nucleins and purins is disturbed ; there is slowing of uric- 
acid formation and delay of uric-acid excretion.

ii. The Polyarticular Form of Gout

(Polyarthritis urica acuta seu subacuta)

First described by Lecorcho, this rarer form of gout has gradually 
attained to general recognition. It is characterized by involvement of 
many joints with fever, the attacks lasting longer than the typical acute 
gouty attacks, so that the true nature may bo easily overlooked, and an 
infectious arthritis be suspected. The large joints (ankle, knee, shoul­
der) are often involved, with swelling of the joint capsules and effusion 
into the joints. According to Brugsch, the output of endogenous uric 
acid in the urine is exceedingly high (0.5-0.6 g.) in these cases, and at 
the same time the uric-acid content of the blood serum is also exceed­
ingly high (10-12 mg. mononatrium urate in 100 c.c.) ; ho therefore 
suggests that in this form of gout, we have to deal with (1) a hyperuri­
cemia and (2) a so-called uric-acid diabetes.

Fig. ($43.—Sodium Hluriilp Crystals from a Tophus 
In (lout. (After II. Snhll, "Lehrb. d. kiln. 
Vntersucb.," published by F. Deutlcke, Leipzig.)
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Tlio gout that occurs in leukemia shows similar conditions in the 
blood and urine; in leukemic gout, there is an over-production of uric 
acid owing to the disintegration of the nucleins of the leukocytes, not 
unlike the over-production following upon the crisis in pneumonia.

iii. Renal Gout

In this disease, the symptoms of genuine contracted kidney (with 
heart hypertrophy and arterial hypertension) stand in the foreground. 
In some cases, lead is the etiological agent. The kidneys fail to excrete 
uric acid normally, and a “retention uricemia” results, so that the en­
dogenous-uric-acid output in the urine is low, the uric-acid content of 
the blood serum high. The patient may suffer from acute gouty attacks; 
more often, there is slow development of tophi and of a chronic deform­
ing arthritis. This “renal gout” is not to ho confused with the late 
changes often occurring in the kidneys in long-standing “metabolic 
gout.” The post mortem statistics of English observers (Ord, Green­
field, Norman Moore, Luff) in renal gout are very striking.

iv. “Irregular” Forms of Gout

Of these, two forms have been differentiated: (1) chronic gouty 
arthritis, and (2) abarticular gout.

1. Chronic Gouty Arthritis 
(Arthritis urica chronica)

This may follow upon acute gouty arthritis, but typical acute attacks 
arc often missing in the anamnesis. In such cases, there may he diffi­
culty in differentiating the disease from other chronic arthropathies, 
though, in the majority of cases, a search for tophi, and x-ray examina­
tions, will furnish the necessary diagnostic criteria. In the absence of 
tophi and of typical gouty lesions in x-ray plates, the diagnosis can lie 
helped out by determinations of the content of the blood scrum in endo­
genous uric acid, and by tests for the rapidity of excretion of exogenous 
purins in the urine.

Interest in the relation of gout to hypertrophic osteo-arthiitis 
(arthritis deformans of the German writers) is increasing. I was much 
struck by specimens recently shown me by Dr. Strangeways of the ( 'am- 
bridge Research Hospital, in which urate deposits were clearly present 
in joints showing hypertrophic osteo-arthritic lesions. It is conceivable 
that even degrees of uricemia insufficient to cause crystalline deposi'- in 
the joints may suffice to initiate the degenerative and hyperplastic 
lesions of “hypertrophic osteo-arthritis.” Careful studies of the purin 
metabolism arc, accordingly, urgently indicated in this group of vases.
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2. Abarticular Gout

Patients with faulty metabolism of purins may, with or without 
arthritic attacks, suffer from other symptoms. Tims in the “gouty di­
athesis,” it is not uncommon to meet with paroxysmal disturbance* of 
digestion (gastric, intestinal), iritis, episcleritis, pharyngitis, parotitis, 
eczemas, cyclothymic depression, neuralgias, neuritis, cardiac arhythalias, 
phlebitis, or bronchitis. Great care should, however, he exercised before 
attributing such conditions to faulty purin metabolism ; in doubtful cases, 
other possible causes should bo thoroughly can­
vassed, and before arriving at a positive conclu­
sion, the support of actual anomalies in the 
metabolism of purins, based upon quantitative 
tests by modern methods, should be required.
At many of the spas, the diagnosis of gout is 
made in an almost frivolous manner !

(c) Investigations of the Metabolism of 
Purins in Gout

i. Introduction

Since Kosscl showed that uric acid can come from 
the purin bases, and since Emil Fischer cleared 
up the relationships of the various purin bodies to 
one another, the metabolic study of gout has become 
intensely interesting.

The origin of the uric acid of the blood and of 
the urine, the differences between plant nucleic acid 
and animal nucleic acid, the ferments concerned in 
the metabolism of nucleins and purins, have already 
been thoroughly discussed (See Part XIII, Sec. i).

About 50 per cent of the purin bases taken 
in as nucleo-proteids and other purin-containing 
substances in the food (exogenous purins) arc, 
normally, eliminated within 48 hours in the 
urine as uric acid (exogenous uric acid of the 
urine). The other half is rather difficult to ac­
count for. As fur as we know, the human body 
does not possess the power of oxidizing uric acid, 
since the ferment, uricase, which changes uric acid to allantoin in many 
animals, is absent from human beings.

The uric acid of the urine derived from the metabolism of the nucleic 
acid of the nuclei of the body itself, from extra nuclear mononucleotides, 
and from the hypoxanthin of the muscles is known as the “endogenous uric

m
Pig. (544.—A, Vrlc Arid Out­

put Following Ingi-stion of 
Thymus Claud In Normal 
Person. It. Vrlc-Avld out­
put Following Ingestion 
of Thymus <5land In (Jonty 
Person. (After F. I’m- 
ber, '‘Lehrb. d. F.rnlllining 
u. d. Stoffwechsrlkrankb.," 
published by I'rlmn & 
Schwa rzvnbovg, Dull In.)
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acid of the urine”it varies in amount for each person hut is almost 
constant for the same person, even at intervals of several years. Thus, 
if a healthy man be placed upon a purin-free diet (q. v.) for several 
days, the uric-acid content of his urine will soon assume a constant value, 
the amount in each 24 hours varying, according to the person, between 
0.3 and 0.6 g. (in females between 0.3 and 0.5 g.). Once this endogenous- 
uric-acid value for the urine of a given person has been determined, 
the study of his exogenous purin metabolism becomes possible. One has 
only to add a known amount of purin-containing food, preferably the 
sodium salt of one of the nucleic acids, to the otherwise purin-free diet, 
and to follow the excretion of exogenous purins in the urine, i. e., the 
uric acid in the urine in excess of the constant “endogenous-uric-acid 
value.” Here, two things are important: (1) the absolute amount of 
exogenous purin eliminated in the urine (normally 50 per cent of tlm 
purin intake) and (2) the time taken to eliminate it (normally 24 to 
48 hours).

ii. The Endogenous-uric-acid Content of the Urine in Gout

In periods between attacks, the endogenous output is constant for 
each person, though it varies in different gouty patients. Brugsch and 
Schittenhelm have classified endogenous outputs as follows :

1. 0.0-0.3 g., =5 abnormally low.
2. 0.3-0.4 g. = lower limit of normal.
3. 0.4-0.6 g. = upper limit of normal.
4. 0.6 or more = abnormally high.

In gouty patients, they found the endogenous output (1) abnormally 
low in 43 per cent of the cases, (2) at the lower limit of normal in 36 
per cent, (3) at the upper limit of normal in 21 per cent and (4) abnor­
mally high in none of the cases. For the behavior of the endogenous 
output just before, during, and just after a gouty attack (vide infra).

iii. The Exogenous-uric-acid Content of the Urine in Gout and the Time Taken 
to Excrete Uric Acid of Exogenous Origin

Exact studies have shown that the important deviation from the 
normal in gout, as regards the metabolism of exogenous purins, is the 
delay in the excretion. If a definite amount of purins be added to a 
purin-free diet, the resulting exogenous uric acid of the urine in lead 
of being excreted in 24 to 48 hours as normally, requires four, five or
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more days for its elimination ; and, in the end, the absolute amount ex­
creted is less than normal (t. e., less than 50 per cent of the purin 
intake).1 As yet we do not know how uric acid is destroyed in the human 
body, if indeed it can bo destroyed at all. We are much better informed 
about the destruction of uric acid in animals, since in them the uricolytic 
ferment, uricase, is active. Why is the exogenous purin metabolism so 
delayed in gout? We do not certainly know. It might depend upon 
imperfect action of the ferments, cither of those of the intestine that 
split the nucleic acids and prepare them for absorption, or of those of 
the intestinal wall and of the liver that convert one purin into another ; 
the possibility of delay in mobilization from the hepatic depot (vegeta­
tive nqrvous system ?) must also be kept in mind, and the possibility of 
slowed passage of uric acid through the renal filter must not bo lost sight 
of. The single fact at present available is the demonstration by Miller 
and Jones of a normal distribution of the ferments in the organs of the 
gouty.

iv. The Uric-acid Content of the Blood in Gout

In 1848, Garrod devised his “thread test” to demonstrate the presence 
of uric acid in the blood serum in gout. By more delicate chemical 
methods, introduced later, it has been shown that uric acid is always 
present in the blood of the gouty patient, even on a pur in-free diet; 
indeed, this constant “endogenous uriccmia” is of real diagnostic value 
in gout, and it is a pity that the methods as yet devised for demonstrat­
ing it are so difficult. Every effort should be made to work out a simpler 
method that is reliable. Fortunately, the colorimetric method of Folin 
and Denis is now available; since it is comparatively easy of applica­
tion there may be hope that l>cforc long wo may have many more accurate 
studies of uric-acid metabolism in human beings than were formerly 
possible.

Tn healthy persons, the content of the blood in endogenous uric acid 
(after three days of purin-free diet) does not exceed 1-1.5 or, at most, 
2 mg. in 100 c.c. ; in the gouty, values varying between 0 and 10 mg. of 
mononatrium urate are found ; indeed, in a gouty attack, or just before 
one, the endogenous values may be ns high as 10-12 mg. of mononatrium 
uralo (Brugsch), the content then exceeding that of the blood in the 
intervals between attacks. In gout associated with contracted kidneys

1 Rince the amounts of urea and ammonia excreted are increased, it has been 
suggested that this diminution in the absolute amount of uric acid excreted depends 
either on increased destruction of uric, acid (owing to the prolongation of the whole 
proecss) or to a displacement (in the liver T) of other forerunners of urea and 
Nil, with retention of purin bases (Brugsch).
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the content may bo very high (10-20 mg.) even in the intervals between 
attacks.1

The endogenous uric acid in the blood in gout has recently been 
studied by R. A. Kocher and also by J. II. Pratt by means of the colori­
metric method of Folin and Denis. Kocher found on the average in 17 
gouty patients 4.04 mg. per 100 g. blood; the highest amount found was 
7.2 mg., the lowest amount 1.01 mg. Pratt found amounts varying be­
tween 8.1 and 5.5 mg.; after atophan, the amount fell to normal.

It is probable that the uric acid in the blood may exist in more than one form. 
The matter is not yet settled, but two hypotheses have been formed regarding it.

According to one, that of Gudzent, uric acid forms two series of primary sails, 
distinguishable by their solubility. The Hrst series (a-salts or lactim-iirales) 
are unstable and are quickly changed into the more stable second scries (b-salts 
or lactim-urale8). If the uric acid in the blood exists in the lactim-i'onn, then, 
in gout, the blood is approximately a saturated solution of lactiin-urate on a purin- 
free diet, so that, on a purin-containing diet, it becomes supersaturated.

According to a second view, that of Beehold and Ziegler, uric acid may exist 
in the blood in colloiilal solution, and some believe that such a colloidal phase 
may bo responsible for the différences between the blood in gout and in normal 
states. The topic is being actively investigated, and, ere long, we shall bo better 
informed concerning it.

Why docs uric acid accumulate in the blood in gout? This is a 
vexed question, to which no wholly satisfactory answer can, as yet, ho 
made. The older view that in gout we have always to do with a retention- 
uricemia due to an anatomical, or to at least a functional, change in the 
kidneys has, of late, been challenged. Since most gouty patients are 
able, especially at times of acute attacks, to excrete large quantities of 
uric acid in the urine; since the endogenous uricemia in gout has a con­
stant, relatively low value in contrast with the variable value (sometimes 
high, sometimes low) met with in severe nephropathies; since purin bases 
fed to gouty patients who have no signs of renal disease are excreted 
either as exogenous uric acid or as urea in the urine; and since, in exog- 
cuous-uric-acid formation in gouty patients with healthy kidneys, there 
is no real stasis of uric acid behind the kidneys, for, though the uric-acid 
content of the blood is higher than normal for a little longer period than 
in the non-gouty, the normal amount is ultimately excreted—it is main­
tained that, in true ‘‘metabolic gout,” as contrasted and with “renal gout,” 
the primary cause of the accumulation of uric acid in the blood docs not 
lie in the kidneys (Brugsch and Schitteuhelm).

1 It should be kept in mind that, in the absence of true metabolic gout, a 
high value for endogenous uricemia may be met with in chronic nephropathies 
(retention-uricemia), in leukemia, and after the crisis iu pneumonia (distal irai- 
tug leukocytes), and, temporarily, after exposure of the skin to x-rays.
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Two other hypotheses have been raised to explain the aceuinulation in true 
metabolic gout : (1) that destruction of uric acid (urieolysis) is less than normal, 
a hypothesis that has us yet no basis, since we know nothing of urieolysis in 
human beings, uricase being absent from human organs, and (2) that a certain 
relation exists between the rate at which the liver works (in purin metabolism) 
and the rate at which the kidney excretes uric acid, in other words, that when 
the metabolic changes in the purins in the liver (and intestine?) are disturbed, 
the threshold for uric-acid excretion by the kidneys is reflex ly altered. According 
to this latter hypothesis the primary change in “true metabolic gout” is in 
uric-acid formation, the secondary change in the increased threshold for uric- 
acid excretion by the kidneys; and with these changes are contrasted the changes 
in “renal gout,” in which the primary change is in the kidneys, and it is responsible 
for a secondary uricemia (by retention).

v. The Uric-acid Excretion in the Acute Gouty Attack

Whether on a pttrin-free diet, or on a mixed diet with constant purin 
content, the gouty patient just before, during, and after an acute attack 
excretes urine that is peculiar and characteristic. If the quantities 
of uric acid excreted each day bo determined and charted, the curve is 
divisible into three stages; (1) a stage in which the amounts excreted

Fig. (14 fi.—Curve of Vrlr-arld Output In flout. The Output Is Always Low Between At larks. 
Sinking Markedly Just Before an Attnek. During the Attack, the Output Is tirently In- 
erensed. Falling Again In a Few Days. (After F. Umber, “Lehrb. d. Krnllhrung u. d. 
StofTwcehselkraukh.,” published by Urban & Schwarzenberg, Berlin.)

are small (anacritical stage of depression), this stage lasting from one 
to four days; (2) a stage in which excessive amounts are excreted (stage 
of increased excretion), this stage beginning with the onset of the attack



850 DIAGNOSIS OF THE DISORDERS OF METABOLISM

and reaching its acme on the first, second, or, occasionally, on the third 
day; and (3) a stage in which the amounts excreted are again small, 
even smaller than the normal endogenous output of the person (post- 
critical stage of depression). In stages (1) and (2), the uric-acid con­
tent of the blood is increased. If the total N (intake and output) bo 
followed in an attack, positive N-balances are usually found in stages 
(1) and (3). A study of the feces at the time of an acute attack reveals 
an excessive N-output in the stools (as much as 8 per cent of the intake).

The total metabolism (calories) in gout seems to undergo no change, either in 
attacks, or between them.

vi. The Effect of Atophan upon Purin Excretion

Atophan, 2-phenylchinolin-4-carbonic acid and the chemically closely 
allied (but tasteless) isatophan, when given in 0.5 g. doses four to six 
times a day, for a couple of days, will lead to a marked increase in the 
output of uric acid in the urine. This is true in gouty as well as in healthy 
persons, and it holds when they are on a purin-free diet (endogenous uric 
acid) or on a purin-containing diet (exogenous uric acid), the only excej>- 
tion being cases of “renal gout.”

The mode of action of atophan is now being studied. Some think 
that it acts directly on the kidneys, causing an elective increase in uric- 
acid excretion ; others look upon the renal excretion as secondary, ami 
think that the primary effect of atophan is to “mobilize” uric acid from 
a reserve depot (liver?), much as epinephrin is supposed to “mobilize” 
glucose from the glycogen-containing liver. To obtain the optimal effect 
in gout, it is given between attacks, every two weeks, for two days at a 
time. If an attack be threatened, it may sometimes be aborted by the 
immediate administration of atophan (in the “anaeritical depression 
stage”). Atophan should not be given during an actual attack, for, as 
we have seen, at such times the kidneys are already excreting an excess 
of uric acid. In the polyarticular form of gout (with marked hyperuri­
cemia), atophan may with advantage he given continuously (1-2 g. 
daily), rather than intermittently as in ordinary gout.

(d) The Diagnosis of Gout
The main points have been referred to under the symptoms. The 

disease is much more common in America than is generally supposed, 
and many cases go unrecognized. When typical attacks, tophi, or char­
acteristic x-ray changes, are lacking, the recognition may be very diffi­
cult, since it then depends upon the making of metabolic tests that 
require exact chemical analyses. Of such metabolic tests, the demon­
stration of (1) endogenous urieemia and of (2) delayed excretion of 
exogenous purins are the most important. Examinations of the uric-m id
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conlcnt of the urine, in the absence of rigid dietetic control (with known 
purin intake) are, of course, worthless. It is distressing to think of the

Fig. 040.—Rontgcnogram of the Hand In Gout. (After F. Umber, "Letarb. d. F.rnillmmg u. d. 
Stoffwechselkrankb.," published by Urban & Schwareenberg, Uerlin.)

waste of time and money, and of the clinical illusions, to which such 
examinations have given rise, and alas, continue to give rise!

(e) The Purin Content'of Foodstuffs
The percentage of purins in common foodstuffs has already been given in a 

table. The following lists may, in addition, he helpful to the practitioner in dealing 
with cases of gout.

A. Purin-free foods, containing no purins or only traces.
Bread, cereals (oatmeal, rice, sago, tapioca, etc.) ; fruits (bananas, pine­
apples, peaches, grapes, pears, plums, cranberries, oranges, apricots, 
huckleberries, apples) ; nuts (walnuts, hazelnuts, almonds) ; certain 
vegetables (cucumbers, cabbage, turnips, onions, tomatoes) ; milk, cream, 
butter, certain cheeses (Edam, Swiss, Gervais, Roquefort) ; eggs.

B. Purin-poor foods, containing only small amounts.
Certain cheeses (cream cheese ; ordinary American cheese) ; caviar; cer­
tain vegetables (lettuce, radishes, cauliflower, celery, asparagus, string 
beans, potatoes, carrots).
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C. Purin-containing foods.
Monts (beef, veal, mutton, pork, tongue, brain, chicken, goose, venison, 
fish, oysters, crabs, lobsters) ; certain vegetables (spinach, kohlrabi, pens, 
beans).

D. Foods extremely rich in purins.
Sweetbreads, liver, kidney, herring, sardines, anchovies. Bouillon is rich 
in purins; beer contains considerable nucleic acid from yeast ; coffee, 
tea, chocolate and cocoa contain methylpurins, but they do not give rise 
to uric acid. For the exact content of the various foodstuffs in purins, 
consult the table already given (See Part XIII, Sec. i).

When making tests requiring a purin-free diet, a sample diet has already been 
given (see Determinations of Purin Metabolism). In addition, the following meals 
may be found convenient:

Breakfast: Coffee (decaffcinizcd) with cream, toast, butter, marmalade, eggs,

Dinner: Vegetable or cream soup (no meat or meat extract), potato, vegetable 
from list A with butter ; stewed fruit, rice, sago, or tapioca pudding.

Supper: Omelette, or scrambled eggs, cheese, bread and butter, fruit, milk 
(hot or cold). ,
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Part XIV

Diagnosis of Diseases of the Glands 
of Internal Secretion 

(The Endocrinopathies)

A. Introduction
The “physiological law” of Treviranus asserted that the excreta of 

one organ are necessary foodstuffs of other organs. Modern studies have 
shown us that certain organs—so-called glands of internal secretion, or 
endocrine glands—produce substances that are of extreme importance 
for the function of other organs distant from them. Since these sub­
stances are carried from the gland that produces them through the blood 
to the organs that they affect, they have been called by Starling “chemical 
messengers” or “hormones.”

Clinicians, applying these physiological studies, have come to recog­
nize definite syndromes that appear to bo duo to hyperfunction, hypo- 
function and dysfunction of these glands. These syndromes, while 
usually easily recognizable, exhibit manifold variations, owing to three 
complicating facts: (1) the hormones act on organs partly through the 
vegetative or autonomic nervous systems that innervate them, partly 
directly upon the cells of the organs themselves, (2) an over-function, or 
an under-function, of one endocrine gland leads, sooner or later, to disturb­
ances of function in other endocrine glands, for these glands, taken to­
gether, form a united system—the so-called “hormonopoietic system* 
(Falta), and (3) the original make-up of the organs is unique for each 
human being. In the sense of Treviranus, every tissue of the body would 
be included among the makers of internal secretions, but it is customary 
to restrict the system to a special group of glands, viz:—(1 ) the thyroid 
gland, (2) the hypophysis cerebri or pituitary body, (3) the chromaffin 
tissues, including the medulla of the supra renais, (4) the interrenal sys­
tem, represented in man by the cortex of the suprarcnals, (5) the para-
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thyroid glands, (6) the genital glands or gonads (testes and ovaries), (7) 
the thymus glatul, (8) the epiphysis cerebri or pineal gland, and (9) cer­
tain portions of the pancreas.
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B. Diseases of the Thyroid Gland
(The Thyropathies)

Conceptions of the internal secretions and their disturbances have 
grown largely out of studies of the thyroid gland and its functions ; for this 
reason wo can scarcely do better than to begin the study of anomalies of 
internal secretion with a consideration of the thyropathies.
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1. Normal Functions of the Thyroid Gland
(a) Relations of the Thyroid to Iodin Metabolism

The thyroid gland seems to he the central organ for iodin metabolism. 
The iodin of the food is normally converted in this gland into an organic 
substance, called iodoth yrorjlobuUn, a body from which, on treatment with 
acids, a chemical substance, very rich in iodin, the so-called iodolhyrin, 
can 1)0 split off. The colloid of the follicles of the thyroid contains the 
specific iodin-containing secretion, and this is, normally, given off into 
the blood (probably by way of the lymph channels of the gland) as required 
for the functions of the rest of the body.

This organic compound of iodin of the thyroid secretion is n “masked iodin,” 
that is to say, it differs in action from inorganic iodin, perhaps because it enters 
into function in places in the body not entirely identical with those accessible to 
inorganic iodin or for other reasons still to he discovered.

Normally, the body appears to maintain an “iodin equilibrium.” If 
an excess of iodin be taken in, the surplus is, within limits, promptly
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excreted. In abnormal states, the iodin ........uin may bo disturbed,
with iodin deficit on the one hand, or iodin retention on the other. Iodin 
retention seems to bo favored by the administration of phosphates.

Many believe that iodothyroglobulin possesses all the properties of desiccated 
thyroid gland, and assume that the functions of the thyroid are limited to the 
production and distribution of this iodothyroglobulin. Others, while admitting 
the central position of the iodin body, maintain that a whole series of other sub­
stances are produced by the gland, and that a full understanding of the func­
tions of the thyroid must await their recognition and an examination of their physi­
ological actions.

Tho iodin comjiound, onco in the blood, appears to have an especial 
affinity for certain tissues, particularly for (1) the neurons of tho vege­
tative nervous systems, and (2) tho cells concerned in combustion processes 
(oxidations)-; in addition, it seems to influence profoundly, cither directly 
or indirectly, tho cerebrum (psychic processes), tho muscles (voluntary, 
cardiac), the lymphocytogenous organs (thymus, lymphatic glands), and 
tho other glands of internal secretion.

(b) Relations of the Thyroid to the Autonomic Nervous System

Botli vegetative nervous systems (the sympathetic and tho autonomic 
proper) arc stimulated by the internal secretion of the thyroid gland. Tho 
tonus of tho two systems is closely related to tho thyroid function. The 
relations are strikingly illustrated in abnormal cases (See hyperthyroidism 
and myxedema).

(c) Relations of the Thyroid to the Processes of Metabolism

Tho combustion processes of the body appear to lie in part regulated by 
the thyroid secretion, which acts like a ‘‘fan to the fire”; when the secretion 
is excessive, tho total metabolism (calories) is increased, as seen in tho 
emaciation of Graves’ disease; when tin? secretion is defective, as in 
beginning myxedema, the total combustion is diminished, and obesity 
easily develops. Tho protein metabolism is also specifically affected by 
tho thyroid secretion (Sec cachexias). Tho mineral metabolism is also 
markedly influenced (Sec below).

(d) Variations in the Functions of the Thyroid

Indeed, all the functions of the thyroid arc most easily studied in path­
ological cases in which wo believe there is an over-function or an under- 
function of tho gland. It, must, however, bo kept firmly in mind that in­
stead of pure over-function and pure under-function, wo may in the

2712
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pathological cases ho dealing with the complication of perverted function 
(dys-function), in which ease the deductions drawn regarding normal 
thyroid function will require revision later.
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2. States of Over-function of the Thyroid Gland
( 111) per 111 yreosis ; lli/pcrlh yroidism us)

(a) Nature of Hyperthyroidism
For nearly a century, clinicians linvo been interested in patients suf­

fering from tachycardia, nervous symptoms, enlargement of the thyroid 
gland, and, often, though not always, with over-prominent eyes—a syn­
drome known in Groat Britain as Graves’ disease, in Germany as Morbus 
llasedowii, in Italy as Morbo di Flajano, and in France as (loitre exoph 
Hud mi que. At first classed with the neuroses allied to hysteria, the symp­
tom-complex was, in 1880, ascribed by Moebius to a pathologically in- 
nrased activity of ihe thyroid qland, a view that, though since extended 
to include the action of ti.c excessive thyroid secretion upon the autonomic 
nervous system and the oth r endocrine glands, prevails at present. Some­
thing starts the thyroid gland into increased activity; it becomes enlarged 
through hyperplasia (struma\ is very vascular and often pulsating 
(struma pul sans); the enlargement may cause local symptoms, but the 
phenomena of the disease dc]>cnd, it. is believed, chiefly upon the excessive



862 GLANDS OF INTERNAL SECRETION

secretion causing (1) heightened excitability of the vegetative nervous 
systems, (2) secondary changes in the other endocrine glands, and (3) pro­
found disturbances of metabolism.
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Fig. 048.—Curves Compiled from the Average Iodln- 
contents per Gram of Dried Ci land of the Nor­
mal Series of Hyperplasias. The Solid Lino 
Represents the Curve for the Ox. the Dotted Line 
the Curve for the Dog, the Line Composed of 
Short and Long Dashes the Curve for the Sheep, 
the Line with Short Dashes the Curve for Man, 
and the Line Composed of Long Dashes and 
Circles the Curve for the Dig. (After D. Marine 
and C. 11. Leuhart, Arch. lut. Med.)

Sattler (II.). Die Basrdow’sche 
Krankheit. I. 

Theil: Symptom­
atologie. II. 
Theil. Die rer- 
schiedenen For- 
men. Leipzig, 
1909 10, W.Eng- 
clmann. GG7 p. 8°:

Thompson (IF. G.). Exophthal­
mic goitre; a clin­
ical study of eighty 
cases. Tr. .Ins. 
vim. Physicians, 
Philadel ph i a 
1906, xxi, 60.1- 
612.

(b) Symptoms of Hyper­
thyroidism

Asido from (1) tlio 
struma or goiter, the princi­
pal symptoms aro referable 
to (2) the several domains of 
autonomic innervation, (.'») 
the metabolic processes, ( 1) 
the functions of endocrine 
glands other than the thyroid, 
and (5) the cerebrum.

i. The Struma
The thyroid gland is 

nearly always enlarged, 
though often not perceptibly 
so in the early stages. The 
enlargement may involve uni­
formly the whole gland and 
give rise to a horseshoe- 
shaped goiter; or one lobe, 
especially the right, may lie 
more enlarged than the other. 
The struma often shows ex*
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pansile pulsation (struma vasculosa) ; bruits arc audible over the thyroid 
arteries at the four poles of the gland; and a thrill is sometimes pal­
pable. The surface feels granular; late in the disease the consistence is 
increased. The struma is tender on pressure, in contrast with colloid 
goiter. Exact measurements of the circumference of the neck, made at 
intervals, reveal frequent altera­
tions in the size of the gland.
The adjacent lymph glands are 
often slightly enlarged.

If a portion of the gland lie re­
moved by a surgeon, histological 
examination reveals characteristic 
alterations. The tissues derived 
from llalsted’s operations in .the 
Johns Hopkins Hospital have been 
carefully studied by W. G. Mac- 
4'aHum. Wilson lias made cxliuus 
live reports from the Mayo clinic.
To I). Marine of Cleveland we uro 
also indebted for extensive studies 
of the pathological histology of the

The lmsedowian struma is a 
struma hgperplastica parcnchgma- 
tosa teleangiccUnlea (Koclier). The 
tissues are extremely vascular. The 
normal colloid is absent or greatly 
reduced in amount. The epithelial 
cells of the follicles undergo 
atypical proliferation; the cells as­
sume the columnar type, arrange 
themselves in several superimposed 
layers, and often form papillalike 
projections, at lirst sight suggesting 
malignancy. Mitotic ligures are 
common. The histological pictures 
resemble (1) those of the laetating 
breast (Greenfield), (2) those of 
compensatory hypertrophy of the 
gland following partial excision 
(MacCnllum), (3) those commonly 
met with in the thyroids of dogs in 
Cleveland (I). Marine). The 
cytology of the thyroid with espe­
cial reference to the secretion
granules has been carefully studied by R. R. Hensley. The lymphadenoid tissue of 
the gland is increased. In later stages, and especially after x-ray treatments, the 
interstitial connective tissue is increased, the capsule is thickened, and there may be 
firm extracapsular adhesions.

MacCnllum made the important observation that these changes may, in some
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coses, be limited to islands of the gland tissue. Areas of such hyperplasia are also 
met with in the glands of patients who, suffering from colloid goiter, eventually 
present signs of Graves’ disease* (struma basedowifieata).

Recently, Emil Goetscli has made a careful study of the mitochondria in toxic 
thyroid adenomata.

When symptoms of Graves’ disease are present and the thyroid dons 
not seem to lie enlarged, the explanation may lie in (1) a struma not 
recognizable before operation, (2) an insular change in the gland, or (3) 
an intrathoracic struma (x-ray).

Fig. (150.—Hiintgvnogrnm of Hubstcrnnl Adenoma of the Thyroid. (After C. II. Mayo, 
Collected Papers by the Stuff of St. Mary's Hospital, Mayo Clinic.)

The struma may cause local symptoms of compression, but much less 
commonly than docs colloid struma; indeed if tracheal stenosis complicate 
Graves’ disease, the case is usually one of colloid struma that has become 
“basedowified.”
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ii. The Symptoms Referable to Disturbances of the Autonomic Innervations

These include nil the symptoms referable to abnormal innervations of 
the smooth muscle, cardiac muscle, and secreting glands of the body ; they 
may also include some of the disturbances of metabolism, but these will 
be considered under a separate heading.
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The abnormal autonomic innervations may most conveniently he con­
sidered by regions, (1) eyes, (2) cardiovascular system, (3) skin (4) 
digestive system, (5) respiratory system, (0) urogenital system.

In hyperthyroidism, the abnormal autonomic innervations concern 
both the sympathetic and the craniosacral (or so-called vagal) systems. 
In some patients (sympathicotonic) symptoms referable to the sympa 
thetic system predominate; in other patients (vagotonic) symptoms refer­
able to the craniosacral autonomic system arc most prominent; in still 
other patients, the symptoms may almost equally concern the two systems 
(mixed cases), ami it would seem that in this third gwmp, mental symp­
toms arc prone to be more scx'crc (Eppingcr; v. Noordcn, Jr.; Barker 
and Sladen).

(7) The Eye Signs of (1 raves’ Disease

Most of these arc autonomic in origin; a few have other sources. The 
most important eye signs arc (!) protrusion of the eyeballs, (2) widened 
lid-slits or Dalrvni pie’s sign, (3) the dissociation between the movement 
of the eyeball and the upper-lid or v. Gracfe’s sign, (4) the insufficiency 
of convergence or Moebius’ sign, and (5) the infrequency ami incomplete­
ness of involuntary winking or Stcll wag’s sign. Among the minor eve 
signs may be included (6 ) swollen lids or Gifford’s sign, (7 ) the glistening 
eye, (8) anisocoria, (0) cpinephrin-mvdriasis or Loewi’s sign, (10) epiph­
ora, (11) dry eyes, (12) pigmented eyelids or Jellinck’s sign. (13) tremor 
of the closed eyelids or Rosenbach's sign, (14) subjective feelings of heat 
or pain in the eyeballs.

Protrusion of the Eyeballs (protrusio hulborum), best seen on examin­
ing a patient in profile, may or may not be accompanied by widened lid- 
slits. Usually symmetrical, the protrusion may be unilateral, or, at least 
more marked on one side than on the other, and then most often, though not 
always, on the side that corresponds to the more enlarged lobe of the 
thyroid gland. Protrusio bulbi is not a constant sign in Graves’ syn­
drome; probably not over 1/3 of the patients manifest it. When it docs 
occur, it is usually a late manifestation, though iu some instances, espc- 
cially in “hyperthyroid families,” it may exist for years, even from child­
hood, before any other symptoms of the complex become manifest. It may 
develop suddenly; I saw a man in Chicago who 24 hours after a heavy loss 
in the stock market suffered sudden and severe protrusio hulborum. to­
gether with other severe manifestations (hyperthyroid is mus pcracuUm- 
mus).

For a time after its appearance, the protrusion is variable in intensity; 
the eyeball can be pushed back by gentle pressure. Later on, fat tissue in 
the orbit may fix the eves in their protruded positions.

Protrusio bulbi should be sharply distinguished from the appearance 
due simply to widened lid-slits; the two conditions are often confused.
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The term exophthalmos lias been loosely used to mean one or the other, 
and it is best avoided. There is still much dispute as to the mechanism of 
protrusio bulbi; despite the objections raised to the view, 1 still lean to 
the explanation that assujnes an increased tonus of the smooth muscle 
of the septum orbitale (Landstrom), innervated by the sympathetic.

Widened Lid-slits ( Dalnjmplcs Sign).—This may be obvious when 
the eyes are at rest; it is often exquisitely demonstrable by asking the 
patient suddenly to fix the eyes on an object held before them, the up|>cr 
lid undergoing a pronounced retraction with exposure of the sclera above 
the cornea on fixation. This sign is independent of protrusio bulbi ; when 
present with slight protrusion it may lead to an exaggerated estimate of 
the degree of protrusion. Widened lid-slits appear to be due to an abnor­
mally high tonus in the M. levator palpebrarum, maintained by fibers of 
the craniosacral autonomic system running in the N. oculomotorius. Some 
reserve the term "Ilalrymplo’s Sign” to designate the sudden widening of 
the lid-slit in fixation.

Dissociation of the Movement of the Eyeball and of the Upper Eye­
lid (v. (iraefr’s Sign).—In Graves’ disease, a very common sign is a 
disturbance of the associated movement of the upper lid with the eyeball 
on looking downward, so that the lid does not follow the eyeball down as 
normally, but is held back, owing to an abnormal tonus in the M. levator. 
It is surprising how often this sign will be found positive if it be system­
atically looked for, even in eases without other symptoms of hyperthyroid­
ism. In the absence of other symptoms, too much stress should not be 
laid upon it.

Insufficiency of Convergence (Moebius’ Sign).—Many hyperthyroid 
patients manifest this sign. When the patient is looking straight before 
him at the examiner’s finger, if this be gradually moved toward his eyes, 
instead of maintaining the eyes in the convergence-position, one or the 
other eve will soon move latcralward, leaving only one eve looking at the 
linger, strange to say, without diplopia.

One must make sure that the patient is not myopic, for, in n myopia of more 
than 10 diopters, one always meets witli this sign. Moebius’ sign is also some­
times seen in neurasthenic states other than those uceompnnying hyperthyroidism. 
It does not appear to have an autonomic origin.

Infrequency and Incompleteness of Involuntary Winking (Stellwag’s
Symptom).—Normally, involuntary winking occurs from three to ten 
times per minute. In Graves’ syndrome, it may occur much less fre­
quently, sometimes only once in several minutes. The sign is positive in 
30 to 50 per cent of the eases.

Stellwag’s name has also been applied to widened lid-slits, but to 
avoid confusion this is better avoided.
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Explanation of the Minor Eye-signs.—The glistening eye and epiphora
are due to increased lachrymal secretion (vagotonic signs), the dry eye,
to lessened secretion, and the epinephrin-mydriasis to heightened tonus in 
the M. dilator pu pi line (both sympathicotonic signs). Anisocoria indi­
cates a disturbance of balance between sympathetic and craniosacral auto­
nomic innervation of the pupillary muscles on one side. The pigmentation 
of the eyelids is probably due to a disturbance in the chromaffin system.

References
Barker (L. F.) & Hanes (F. M.). Exophthalmos and other eye signs in chronic nephritis. 

Tr. vtx*. Am. Physicians, Philadelphia, 1909, xxir, 140-100.
Basedow {('art Adolph). Exophthalmos durch Ily/Hrtrophie des Zrllgewehcs in dcr Augen- 

hu...,/,. f .1 n. ni- in in ... i or* 9» ihi>litc. Wchnsc.hr. f. d. yes. llcilk., Berlin, 1840, vi, 197; 220. 
Exophthalmos dure1, **•—-»—l;- ... .t..~ Augenhithlc.
Wchnschr. f. d. ges

Grade (A. v.). Vetter Basedow'sc he Krankhcit. [Zuriickbleiben des olteren Augenlides hei 
Ilebung and Scnkung dcr Visircbcnc.] Deutsche Klin., Berlin, 1864, xvi,

Bemerkungen iiber Exophthalmus mil Struma und Hcrzlciden. Arch. f. 
Ophlh., Leipzig, 1857, Hi, 278.

Mtlbius (P. J.). Über Insufliricnz dcr Konvergenz bci Morbus Basedowii. Ccntralbl. f. 
Nervenhk., ijcipzig, 1886, xii, 350.

Stellwag (C. p.). Über gewisse Inncrrationsstfirungen bci dcr Basedow'schen Krankhcit. 
Wien. med. Jahrb., 1869, xvii, 26.

Trocll (A.). IFar die Erkldrung Landstrôms iilwr die Entstchung dcr A ugensymplowe hei
Morbus Basedowii richtigY Klinisehe und experimcntcllc Simien. Mitt, 
a. d. Grenzgeb. d. Med. u. Chir., Jena, 1914, xxini, 418-485.
Some altempts to protluce exophthalmos experimentally. Arch. Int. Med., 
Chicago, 1916, xvii, 382-395.

(2) The Cardiovascular Symptoms of Craves’ Disease

Tachycardia.—Of all the signs of Graves’ disease, tachycardia is the 
most constant. When the hyperthyroid syndrome is well-developed, the 
pulse rate may vary between 100 and 180 per minute. Emotional excite­
ment increases the rate, even more than physical exertion. A persistent 
tachycardia is often the first symptom to call the attention of the physician 
to a developing Graves’ disease. T have learned to regard with suspi­
cion, in the absence of acute and chronic infections, all pulse rates that 
persistently remain above 80-85 per minute. In “rest cure” patients, it 
is not uncommon to see an initial bradycardia (00-05) go over, on rest 
in bed and over-feeding, into a tachycardia (80-100), thus unmasking a 
thyropathy often partly responsible for the “nervous breakdown.” The 
tachycardia is due to stimulation of the N. accelerator. It is more marked 
in sympathicotonic cases, less marked in vagotonic patients. The elec­
trocardiogram shows a curve precisely like that obtained during physical 
exercise.
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Palpitation.—The subjective feeling of palpitation may bo very dis­
tressing. It is largely independent of the pulse rate, being often less 
marked in eases with very rapid pulse 
than in those with slight tachycardia.

Other Vascular Signs.—The heart is 
often moderately dilated (orthodiagram); 
accidental murmurs may be audible, espe­
cially over the bases. The carotids and 
brachials may pulsate violently, almost us 
in aortic insufficiency. The blood pres­
sure is usually low, though the Graves* 
syndrome may occur also in patients with 
arterial hypertension.

A pulsus irregularis respiratorius is 
often met with. Vasomotor abnormali­
ties arc frequent; they include temporary 
erythemas, especially of the neck and 
upper thorax, dermographism, urticaria, 
pruritus, and subjective feelings of heat.

While the above symptoms are largely 
autonomic in origin (cardiac nerves; 
vasomotor nerves), the heart muscle also 
suffers in prolonged thyreo-intoxieation. obi.—nyperthyroidiam, Terminal 

Late in the disease, myocardial tnsuffi- bllt l<eavlng Mymar<iiai ami n.rui
cienry may develop and lead to exitus. I ls-generative (iiangea. <Afu-r v. ii 

* i « / • Mn.vo, Collated l'iipora liy the Staffvo often observed a pulsus trreyu- „f m. Mary* iioapiui. Ma,„ ciiok i 
laris perpetuus, with auricular fibrilla­
tion, in the electro-cardiogrum in long-standing eases of thyreo-iutoxica- 
tion.
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(8) The Cutaneous Symptoms of Craves’ Disease

In hyperthyroidism, the skin is usually thin, delicate, soft and moist 
(contrast with myxedema). Resides the vasomotor phenomena already re­
ferred to, profuse sweating is a common and troublesome symptom. It. is 
usually general, hut may he unilateral or localized. The increased secre­
tion of sweat is responsible for tho lessened resistance of the skin to the 
electric current ( Vigouroux’s sign).

The skin is often abnormally pigmented, owing probably to an associ­
ated disturbance of the chromaffin system. The pigmentation may be gen­
eral, but is more often localized, especially about the eyelids, nipples, 
axillae, and genitals.

In some eases localized myxedemalike swellings of the skin occur. 
The hair sometimes falls out (scalp, eyebrows, beard, axillae, genitals). 
The nails are usually long and tapering; occasionally they show trophic 
disturbances.
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(//) Symptoms Referable to the Digestive Apparatus in Craves’ Disease

Tho saliva may bo over-abundant (vagotony), or scanty (sympatbin.t- 
ony). Far more important are (1) the vomiting, and (2) tho unmotired 
attacks of watery, painless diarrhea ( 4-R-.‘>0 stools per day), symptoms 
often very intraetable, and leading to rapid emaciation.

These symptoms may appear suddenly and stop just ns suddenly, without 
apparent reason for either onset or cessation. The diarrhea often alternates with 
spastic constipation. Independent of the linsedowinn diarrhea, failli stools may 
lie met with; they depend upon a disturbance of absorption, not upon faulty fat- 
splitting. Icterus is rare.

(5) Symptoms Referable to the Respiratory System in Craves* Disease

The symptoms in the respiratory system depend upon stimulation of 
the visceral nerves; they include: (1) shallow breathing (Bryson’s sign), 
(2) tachypnea, (.1) subjective feelings of dyspnea, and (4) asthmatic 
attacks. It must be kept in mind that dyspnea and cough may sometimes 
depend upon local pressure due to the struma ( tracheal stenosis, recurrriis 
paralysis), though such pressure is more common in colloid goiter.
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((]) Symptoms in the Urogenital System in Graves’ Disease

The close relation of the thyroid to the female genitalia has long been 
recognized through the swelling of the thyroid at puberty and in preg­
nancy. Graves’ disease is much more frequent in women than in men.

In hyperthyroidism, menstrual disturbances are frequent. Thus there 
may l>o amenorrhea, or scanty flow, or, less often, menorrhagia. The 
breasts may early hypertrophy, or they may, in Graves’ disease, look 
virginal in middle life.

In men, there may be disturbances of libido and of potenlia. In both 
texes, genital hypoplasia is not infrequently associated with Graves’ dis­
ease ; wo have then to think of a general involvement of the endocrine 
glands (hyperthyrosis, hypogenitalismus, hypopituitarism, status thymi- 
cus, etc.).

Polyuria is a frequent symptom ; occasionally, there is oliguria. Pol- 
lial'iuria may ho a troublesome phenomenon at times in the course of the 
disease.

iii. Disturbances of Metabolism in Graves’ Syndrome

Rapid emaciation despite a largo food intake and, often, without ob­
vious disturbance of digestion was long a puzzling phenomenon in Graves* 
disease until Er. v. Midler (1893) demonstrated the great acceleration of 
the metabolic processes accompanying the condition. Many studies have 
since been made, and we know now that the disturbances involve the total 
combustion, and the protein, carbohydrate, fat and mineral metabolism.

Total Metabolism.—The total combust inn (COj.-product.ion and (X- 
eonsumption), in the fasting-resting state may he 50 per cent to 70 per 
cent greater than normal. Instead of the 3.5-4.0 e.e. of 0L, per kg., the 
values may rise to 4.5-G-7 e.e. ( Magnus-Levy ). The fires of the body are, 
as it were, fanned into an intense flame. A patient with hyperthyroidism 
may, at rest, use as much oxygen in his combustion as a normal man at. 
hard lalior. This acceleration of the oxidative processes may over-tax the
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heat-regulatory mechanism ; thus slight elevations of tho body temperature 
frequently accompany tho syndrome.

Protein Metabolism.—The protein metabolism is distinctly accelerated and 
N-equilibrium is maintained only with difficulty ; in the severer cases, the toxic 
destruction of protein becomes very obvious (see Cachexia).

Carbohydrate Metabolism—The carbohydrate metabolism also may show ab­
normalities. Spontaneous glycosuria occasionally occurs, though it is not common. 
In many cases, however, an alimentary glycosuria is demonstrable, disappearing 
when the disease is cured.

A combination of Graves’ disease with true diabetes mellitus occasionally

Mineral Metabolism.—Attention has been directed to certain possible disturb­
ances of mineral metabolism in the thyro-intoxications. There is often a lors of 
phosphorus, especially through the intestine (W. Scholtz) ; this appears to be 
related to an increased excretion of calcium by way of tho feces (Falta). For 
a study of the calcium and magnesium in some of tho cases under my care, t!io 
work of Caroline Towles may be eonsulted.

The observation tlmt only small amounts of creatinin, both endogenous n:.d 
exogenous, are excreted in the urine in Graves’ disease (Forschbach) awaits ex­
planation.
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iv. Symptoms in Graves’ Disease Due to Disturbances of Endocrine Glands 
Other than the Thyroid

Tho interrelations of the various endocrine glands of the great bornio- 
nopoietie system have recently been the object of serious studies, and a 
mass of facts has been accumulated, though it must bo admitted that 
theories as yet almost outnumber facts.

Brief reference only to the topic is permissible here. It is to the younger 
school of clinicians in Vienna (Eppinger, Falta, Kiidinger, v. Noorden, jr.) that 
we owe many of the facts and hypotheses relating to this field. Their experiments 
were undertaken to ascertain, if possible, in how far given hormones act, directly, 
upon the visceral nervous system, and in how far, indirectly, through the intemw - 
dialion of other endocrine glands. Since objective measurements could most easily
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be applied to changes in metabolic processes, it was to these processes that their 
experiments were directed. Their results are best illustrated by the accompanying 
diagram :

Thyroid

Pancreas .Chromullln System

Inhibition

As far as metabolic experiments go, the thyroid and pancreas on the one side, 
and the pancreas and the chromaffin system on the other, mutually inhibit one 
another’s activities. Reversely, the thyroid and the chromallin system reciprocally 
favor each other’s activities, an under- or an over-function of the one gland leading 
to an under- or an over-function of the other. If this view be correct, then hyper­
thyroidism must lead to an insufficiency of the internal secretion of the pancreas 
and to increased activity of the adrenals, while hypothyroidism must lead to over­
function of the pancreas and to diminution of adrenal activity.

These investigators think that the glycosuria of (1 raves’ disease is an indirect 
effect through the chromaffin system, and that the hyperexcitability of the sym­
pathetic nervous system in the syndrome as shown by epinephrin-mydriasis is to be 
similarly explained. Indeed, the sympathicotonic cases of Graves’ disease, with 
the symptoms of protrusio bulbi, negative von Graefe, positive Loewi, positive 
Moebius, dry eyeballs, great tachycardia, dry skin, constipation, falling hair, 
slight fever, cosinopenia, and alimentary glycosuria, they attribute to thyrogenic 
over-activity of the chromaffin system; and to explain the vagotonic cases with 
the symptoms of relatively slight tachycardia, marked subjective feelings of pal­
pitation, outspokenly positive von Graefe, wide lid-slits, negative Moebius, slight 
or absent protrusio bulbi, epiphora, sweats, diarrheas, gastric hyperacidity, cosino- 
pliilia, lymphocytosis, pulsus irregularis respiratorius, and unlessened carbohydrate 
tolerance, they assume the existence, in the thyroid secretion, of a component 
(pharmacologically resembling the vagotropic drugs pilocarpin and muscarin) 
that has an especial affinity for the craniosacral autonomie nervous system, and 
which can be neutralized in part at least by an antagonistic vagotropic drug; viz., 
atropin.

So speculative arc these views that many workers arc violently opposed 
to their consideration. Meltzer and others have opposed especially the 
use of diagrams such as the above, since they fear that those unfamiliar 
with the subject will take for fact what is as yet merely hypothesis.

It is well worth while, however, as my own studies have convinced me, 
in every case of Graves’ disease to analyze the symptoms with reference 
not only to the endocrine functions of the thyroid gland, hut also with 
reference to the functions of the pancreas, the adrenals, the genitals, the 
thymus, the hypophysis, etc. Though such analyses may not permit of 
other than a suspended judgment in many of the cases, they are always



876 GLANDS OF INTERNAL SECRETION

instructive, and often lead to the discovery of anomalies and relations 
that might otherwise he entirely overlooked.

Remitly, attention Ims been repeatedly drawn to the fart that many of the 
patients suffering from Uraves’ disease are also thymus carriers. In some cases 
of (1 raves’ disease, thymectomy without thyroidectomy may ho followed by marked 
subjective and objective improvement.

The Basedow thymus has hern carefully studied histologically. Investigators 
have fourni marked hyperplasia of the medulla of the gland, the presence of many 
Ilassall's corpuscles, and accumulations of eosinophils along the septa of the gland 
and along the blood vessels.

Cnpeilc and Bayer believe that both the thyroid gland and the thymus gland 
produce an internal secretion that has two components, one sympathicotropic 
and one vagotropic. They suggest that in the Basedow thymus the eosinophilic 
accumulations in the gland correspond to a vagotropic secretion, while marked 
hyperplasia of the epithelioid elements of the gland corresponds to a sympathico­
tropic secretion. Similarly, histological differences corresponding to sympathico­
tropic and vagotropic secretions they think can lie made out in the thyroid. They 
believe that variations in the proliferation in both the thyroid and in the thymus 
will account for the manifold types of Graves’ disease met with clinically. Tim 
thyroid effect is on the whole predominantly sympathicotropic, whereas the thymus 
effect is predominantly vagotropic.

Some observers believe in the possibility of a Graves’ disease due to primary 
disdise of the thymus. It is said that a thyro-intoxieation leads to hyperplasia of 
the thymus, and a thymus intoxication lends to enlargement of the thyroid. The 
effects of the thymus and of the thyroid on other endocrine glands may he ant eg 
onistie; thus, in the development of the tadpole Gudcrnatsch has shown that thyroid 
feeding causes dwarfism with greatly accelerated differentiation, while thymus feed­
ing causes gigantism with slow differentiation.
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v. Cerebral Symptoms in Graves’ Disease
Nervous and mental symptoms are very common in this syndrome; 

indeed, in neurasthenic slates and in mild mental disturbance the physi­
cian should always think of the possibility of hyperthyroidism as a factor.

There is a kind of apprehensiveness and anxiety that is especially 
common, and phobias and obsessions are also frequently present. Many 
patients complain of insomnia.

Aside from these milder symptoms, outspoken psychoses are some­
times met with (manic-depressive type, dementia precox, paranoid states).

Whether the tremor, so characteristic of the disease ns to l>e classed 
by Charcot as a fourth cardinal symptom (along with the tachycardia, the 
struma and the exophthalmos = Mersenburyer Trias), is to he regarded as 
a cerebral symptom or not is uncertain. A largo percentage of the cases 
exhibit tremor, though it is not present in all. The tremor is fine and 
rapid (7 to 10 oscillations per second), though this tine tremor is some­
times accompanied by coarser oscillations, especially on excitement. It is 
best, visible in the lingers when the upper ext remity is oust retched rigidly 
from the shoulder and the lingers held wide apart. It is sometimes present 
in the toes. The patient may have been unaware of the tremor before 
examination.

Other symptoms referable to the cerebrum (epileptiform convulsions, 
paralyses) are probably to lie regarded as complications rather than as 
direct symptoms. I have, however, studied several cases of epilepsy in 
which thyro-intoxication seemed to he an important etiological factor.

The pronounced myasthenia occasionally met with may also 1m> cere­
bral in origin; it may, on the other hand, be, like myasthenia gravis, asso­
ciated with the thymus by * * commonly present in Graves* disease.
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vi. The Blood Picture in Graves* Disease
The red count may be normal and the absolute white count may be 

unchanged except for a slight leukopenia. The differential couni, hoxv-
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ever, often shows characteristic alterations in the form of an outspoken 
lymphocytosis (35-00 per vent), with corresponding neutrophilic leuko­
penia. Occasionally there is also eosinophilia. Recent studies support 
the view that the lymphocytosis may he due to status thymicolymphaticus, 
which so frequently accompanies the Basedow syndrome. Klose believes 
that the thyro-intoxication leads to liypogenitnligmus, and that this in turn 
causes the status thymicolymphaticus with lymphocytosis.
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(c) Etiology of Craves* Disease
This is far from clear. My own studies indicate that hyperthyroidism 

has no unitary origin but may lie the result of changes in different parts 
of the body, especially of changes that cause irritation in some domain of 
the vegetative nervous system (sinus infections, tonsillar infections, pul 
monary infections, infections of the digestive tract, infections in the uro­
genital organs). In some cases, fright, extreme emotional excitement, or 
a physical trauma may suddenly precipitate the syndrome. In other 
cases, the onset is insidious. Certain infections (influenza, polyarthritis 
rheumatics) seem especially to predispose. Iodin therapy and thyroid 
extract therapy have called forth the symptoms in some patients. Infec­
tions involving the thyroid gland itself ( thyroiditis) and tumors in the 
thyroid may lie followed by the signs of Graves* disease.

I have been struck with the frequent occurrence of Graves* disease in 
families. Women are more often affected than men, in the proportion of 
4 or 5 to 1. The syndrome develops as a rule in early life. (15th to 35th 
year), but. may be met with in childhood, or in later life. T have seen 
it. in women over sixty, though, often, when the syndrome has l»een present 
before the menopause, the symptoms l>oeomc less marked afterward.
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(d) Typical and Atypical Cases of Graves* Disease
When throe or four of the cardinal symptoms (tachycardia, struma 

vasculosa, protrusio bulborum, tremor) are present tlio cases are desig­
nated as typical; in less complete forms, in which only one or two of the 
chief symptoms are manifested, the cases are classed as atypical or formes 
frustes.

Now that our knowledge of the autonomic nervous system has been so 
greatly increased, wo must be more cautious than formerly in deciding 
that a given case with incomplete symptoms is really duo to hyperthy­
roidism, for wo now know that many of the symptoms met with in Graves* 
disease may bo due to disturbances in other endocrine glands, or to irrita­
tions in local domains of the autonomic system. Thus, tachycardia and 
adrenalin-glycosuria, on the ono hand, and sweats, diarrheas, pigmenta­
tions, lymphocytosis, cosinophilia, on the other, may occur in the entire 
absence of thyropathy. Unless there is struma and increased vasculariza­
tion of the thyroid gland ( bruits), one should bo cautious in assuming that 
the symptoms are duo to hyperthyroidism.

The so-called goiter heart (cardiopathia thyroto.riea)f though as a 
rule duo to thyro-intoxieation, may sometimes depend upon pressure upon 
the vagi in the neck. In the latter cases, it is known as Dose's goiter 
heart, or the dyspneic form of goiter heart.
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(e) Diagnosis of Graves’ Disease
In the typical eases (ride supra), no difficulty will Ikj encountered. 

The vascular struma, the tachycardia, the tremor, the disturbances in the 
vegetative nervous system, including the eye-signs, the nervous and mental 
state, the metabolic disturbances, and the blood picture, leave no room for 
doubt. In the atypical eases (formes frustes) great difficulty may In­
experienced in forming a judgment. Cases of undoubted Graves* disease 
are very frequently overlooked by the general practitioner, and mistakes 
are sometimes made even by the liest diagnosticians with a large experience 
in the syndrome. Wo can scarcely do lietter than to urge the practitioner 
to think of the jMissihility of hyperthyroidism in every ease in which lie 
meets with (1) tachycardia, (2) rapid emaciation, (!$) excessive sweating, 
(4) persistent watery diarrhea without apparent cause, (fi) neurasthenic 
state, (0) outspoken lymptiocytosis, (7) one or more of the eye-signs, and 
(8) fine tremor.

At the same time, a word of caution is necessary lest a diagnosis he 
made upon insufficient grounds, since any one, or even several, of these 
manifestations may lie due to conditions other than hyperthyroidism.

When there is difficulty in diagnosis, Reid Hunt’s arelonitril test may 
lie helpful, since, in definite hy|>ertliyroidism, a white mouse fed with the 
blood of the patient acquires an increased resistance against ncetonitril 
intoxication.

A determination of the cpincghrin-nmtcnt of the btood by the method 
of A. l-’raenkel, or by the method of Folin, may also lie helpful, since in 
the outspoken syndrome, the adrenalin content is said to lie high. ITiifm- 
tunatcly, in the atypical cases, neither the ncetonitril test, nor the epi- 
nephrin test is often positive. These tests are, therefore, of hut. little 
practical help as yet in différentiation.

Plummer, who has Imd a large experienee at the Mayo elude, reserves the term 
“exophthalmic goiter" for eases running a certain definite course, associated with 
parenchymatous hyperplasia of the thyroid gland.
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(/) Complications of Graves* Disease
The synod mine is frequently coin plicated by other disturbances, ( 1) of 

certain endocrine glands (diabetes mellitus, myxedema, tetany, acromeg­
aly, Addison’s disease, osteomalacia ) ; (2) of the nervous system ( hysteria, 
epilepsy, chorea, paralysis agitans, psychoses) ; and ( .'{) bv severe cardiop­
athies (especially auricular fibrillation), or nephropathies.

(g) Diagnosis of Indications for Operation in Graves’ Disease
The physician has often to decide whether or not si ruiner loin g is to be 

performed.
In cases in which the mechanical compression from the struma (usu­

ally cases of struma basedowificata) is doing harm, there would be no hesi­
tation in recommending operation. Again, in the typical syndrome, when 
there is no favorable response to a few weeks of good medical treatment, 
operation should lie advised unless the state of the heart or kidneys contra­
indicates it. The doubtful cases are (1) those that improve on medical 
treatment without getting well, and (2) the so-called atypical cases. Here 
the judgment of the internist will often be severely taxed. We need 
Ix-tter criteria than we have at present for making a decision. Our sur 
gical colleagues should certainly be permitted to see the cases early, before 
thym-intoxication has gone on for a long time.
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3. States of Under-function of the Thyroid Gland
( A thyreosis, IIypothyreosis, IIypothyroidism )

(a) Introduction
Til states of under-function of tho thyroid, wo have to deal either with 

complete loss of the thyroid substance (atli yreosis), or partial loss of the 
saine (hypothyreosis), both of which lead to hypothyroidism. The best 
example is tho state following removal of tho thyroid gland by operation, 
the so-called operative myxedema or each ex ia strumipriva. A similar 
condition may arise in adult life, due to retrogressive changes in tho 
thyroid gland (idiopathic myxedema), or in childhood and youth, from 
failure of the thyroid gland to develop (thyro-aplasia, congenital myx­
edema). Closely related to these cases are the cases of (1) endemic cre­
tinism, and tildes <>f slight hypothyroidism (Kocher’s thyropenia)9 
which, not pvesewfchg the outspoken signs of myxedema, are often over­
looked by physicians.
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(6) Hint or y of Myxedema
Myxedema is tlu* main symptom in the following forms of hypothyreosis: (1) 

operative myxedema, (2) idiopathic myxedema of adults or (lull's Disease, and 
(3) congenital and infantile myxedema.

Our knowledge of myxedema dates from 1873 when Sir William Gull pointed 
to the idiopathic condition in adults, calling attention to the peculiar leatherlike

-Myxcdema, In font Ile, Agi- 20. (nt Front View; (fcl Profile View.
(Med. Service, J. II. II.)

skin and the mental stupidity. Two years later Win. Ord reported several similar 
eases, to which, later on, lie gave the name myxedema on account of the munislike 
edema of the skin found at autopsy. Ord observed changes in the thyroid ylasd 
in one of his eases at the post mortem, but emphasis upon the small thyroid in myx­
edema was first laid by Hadden (1882). In 1881 ('liareot recognized the identity 
of myxedema with cases described earlier by him ns cachexia paehydermiipic. The 
important report made by Kocher (1883) first called attention to the cachexia 
strumipriva following operations for goiter in which the whole thyroid had42
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boon removed, and in the same year was published the important paper by Hover- 
din on myxedème postopératoire.

In 1888, the Myxedema Commission of the Clinical Society of London made 
its report, in which it was asserted that the thyroid gland has an unexplained 
chemical function hearing upon normal growth ami the normal function of other 
organs. In the report it was maintained that genuine myxedema and so-called 
sporadic cretinism are identical with one another and essentially the same as the 
cachexia strumipriva due to loss of the physiological function of ti e thyroid 
gland resulting from thyroidectomy. The inconstancy of the appearance of 
myxedema after total extirpation was shown to he due to the frequent occur­
rence of accessory thyroid glands, and the occasional occurrence of outspoken 
myxedema after partial extirpation was interpreted as due to defective function 
of the part of the thyroid gland not removed.

Scliiff, Victor llorsley and von Kiselsherg showed the possibility of preventing 
myxedema by transplanting the thyroid gland in animals, a fact continued for 
human beings, later on, by Kocher and I$irelier.

A further advance in our knowledge of the subject was scored when Murray 
showed that operative myxedema cun be prevented by the administration of extract 
of thyroid gland subcutaneously. Later, Hector Mackenzie (London) and llowitz 
(Copenhagen) showed that tile same result can be attained by administration of 
the thyroid gland by mouth. Soon after this, the benellcial effects of thyroid- 
administration in myxedema and in cretinism were demonstrated.

The difference between ordinary endemic cretinism associated with goiter and 
with family cretinism and so-called sporadic cretinism due to congenital tliyro- 
aplasia was clearly shown by Pinoles (1902), since when the term sporadic cre­
tinism has given way to a better designation—congenital myxedema. Compara­
tively recently, too, infantile myxedema, responding favorably to thyroid therapy, 
has been separated from congenital myxedema with which it was formerly classed. 
At present, clinical studies are largely directed toward (1) the differentiation of 
tlie growth disturbances due to the thyroid from other growth disturbances inde­
pendent of the thyroid (clmndrodystrophia fetalis; Mongolismus; dwnrlism with 
idiocy), and (2) the atypical and latent forms of hypothyreosis, the so-called 
myxedème frus!e or thyropenia of Kucher.

Reference8
Conclusions of the Myxovdema Committee, read by Dr. Ord. Itril. M.J., London, 

1888, i, 1102.

Curling (Thomas Blizard). Two cases of absence, of the thyroid body and symmetrical 
swellings of fat tissue at the sides of the neck, connected with defective cere­
bral development. [M i/xot:dcma.\ MedA'hir. Tr.t London, 1850, xxxiii, 
303.

Gull (Sir William Wit hey). On a cretinoid state sujwrvcniug in adult life in women 
Tr. Clin. Soc., London, 1873-74, xii, 180-185.

Hadden (IC. B.). Da myxœdhnc. Progrès méd., Paris, 1880, viii, (HU; 025.
llorsley (Sir Victor). A recent siwrimcn of artificial myxovdema in a monkey. Lancet, 

Lonilon, 1884, ii, 827.
Functional nervous disorders due to loss of thyroid gland and pituitary 
body. lAincet, London, 1886, i, 5.
Sole, on a jmssible means of arresting the progress of myxoedema, cachexia 
strumipriva and allied diseases. Brit. M. J., London, 1890, i, 2S7.
On the function of the thyroid gland. Proc. Boy. Soc., hnulon, 1884 85, 
xrxriii, 5; 1885 86, xl, 0.

Koeher {Theodor). Vcbcr Kropfexstirjtation and ihre Folgcn. Arch. f. klin. Chir., 
Berlin, 1883, xxix, 254-337.



880 GLANDS OF INTERNAL SECRETION

Mackenzie (II. W. G.). Clinical lecture on myxoedema and the recent advances in its treat­
ment. Lancet, ljondon, IH93, i, 123-146.
A case of myxoedema treated with great benefit by feeding with fresh thyroid 
glands. Brit. M. J., London, 1892, ii, O/,0.

Murray (G. R.). Remarks on the treatment of myxoedema with thyroid juice. Brit. M. J., 
London, 1892, ii, MO; 1895, i, 33/,.

Ord (W. M.). On myxoedema, a term proposed to be applied to an essential condition in the
affection occasionally in middle-aged women. Med.-Chir. Tr.,“cretinoid" aj

London, 1878. Ixi, 67-78.
Pinelea (F.). Uelter das congénitale und infantile Myrodcm: Vcrhandl. d. Versamml. -/.

Gesellsch. f. Kinderh. . . . deutsch. Naturf. u. Aerztc, 1002, Wiesbudi n, 
1903, 107-1811. I

Reverdin (J. L.). [Myxadbme cons/cut if à Vert ir/talion totale ou jtarticlle du corps thy-_i u..............!.. "v.it  toot :s kao ■ luitv u!n.rtnde.] Rev. mid. de la Suisse Rom., Geneve, 1882, ii, 530; 1883, Hi, 169; 
233; 300; 1887, Hi, 275; 318.

(c) Symptoms in the Myxedematous States
The symptom myxedema is common, ns we have scon, to three different 

forms of hypothyreosis: idiopathic myxedema, operative myxedema, and 
congenital myxedema.

L Changes in the Common Integument in Myxedematous States

The condition of the skin is characteristic. It is thickened, dry, 
rough and often thrown up into folds.

The color is pale and waxy, though in later stages it may he pigmented,
especially on the upper arms, on 
the legs, and about the eyes and 
mouth.oco The most marked changes 
are met with in the skin of the 
head and of the hands. The 
scalp is easily movable. The 
face looks edematous, but does 
not pit on pressure; the sacs be-

Fig. AM.—Oneral Contour of the Fare In: 
1. Myxedema : 2, Acromegaly: 3, l‘uget'8 Ias- 
cane. ( After lierre Marie In A. Leri's 
article In “Hand. d. Neurol.,” published by J. 
Springer, Berlin.)

glance, the edema of nephritis. 
Similar swellings occur beneath
the chin, and about the li|>

checks and eyebrows. The little folds of the skin arc not obliterated as in
genuine edema. The wrinkles of llie forehead are exaggerated, and may 
call attention to the condition. The double chin and the pads of fitI above 
the clavicles are very characteristic. Similar masses in the subcutaneous 
tissue may occur in different parts of the body.

The hands arc short and plump, and suggest the appearance of mittens 
(Ewald). The dorsum of the foot is similarly swollen. The skin may 
l>e thrown up into thick folds on the anterior abdominal wall, and about
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the hips the fatty deposits often assume an angular shape, disagreeable to 
look at. The normal contour of the ankles is often obscured.

The hair is short and tends to 
fall out. The nails break easily 
and show longitudinal grooves.
The teeth arc often various.

Subjectively, the patients 
complain of a feeling of weight in 
the limbs and of a tight feeling in 
the hands. They nearly always 
feel cold, even in warm weather; 
though their hands and cheeks 
may look red, they arc cold and 
dry to the touch.

ii. The Thyroid Gland in Myxedema

On palpation, this gland can 
rarely bo felt, or, if felt, it is 
found to be small. There is no 
tenderness on pressure.

iii. Nervous Symptoms in 
Myxedematous States

The patients arc slow of 
speech and the voice is indistinct 
ami monotonous, due less to thick­
ening of the tongue than to the mental state. The patients complain of 
feeble memory and slowness of thought. They lack energy and initiative 
nnd find it hard to dress, undress, and perform the ordinary movements of 

| life. In the severest forms, the slow, clumsy movements, the monotonous 
speech and the stupid appearance of the face, with sleepy looking eyes, 
make one think almost of idiocy.

The reflexes are unchanged. Many patients " * of dimness of 
vision, though it is rare to find objective changes in the eye-grounds.

In experimental animals, removal of the thyroid gland prevents regeneration 
of medullntcd nerves, but if thyroid gland he fed to sueli animals the regeneration 
goes on promptly (Walter).

iv. Metabolic Disturbances in Myxedema

As might 1)0 expected, mctalsdism is affected in a way exactly opposite 
to that of Graves* disease. All the metabolic processes are slowed.

The total metabolism (calories) is much less than normal. The oxygen

Fig. 054.—Lobs of Contour of Ankle In Myxedema 
Following (loiter. (Med. Service, J. II. H.)

8101
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consumption is reduced by 50 or GO per cent, so that a patient with a food 
intake small in calories can maintain a normal weight.

The protein metabolism is also slowed, and the amounts of total nitro­
gen, urea and uric acid excreted are less than normal. The output of 
these substances can lie rapidly increased by administering thyroid extract 
(without change in the diet).

The mineral metabolism has been studied, but with, as yet, conflicting 
results.

The carbohydrate tolerance is markedly heightened, no alimentary 
glycosuria appearing after the ingestion of 200-300 g. of d-glucose. The 
occasional glycosuria met with in myxedema is not explained

The amount of water given off by the skin and by the breath (per- 
spiratio insensihilis) is markedly reduced, and there may ho moderate 
oliguria. It is said that the excretion of methylene blue is slowed in 
myxedema and that its excretion in such cases can ho markedly heightened 
by feeding thyroid tablets (Garnier and Lcbrct).

v. Growth Disturbances in Myxedema

In myxedema of young people, the growth of bone is markedly inter­
fered with. The phenomena in the bony system, in a given case, depend 
upon the time of life when the thyroid function began to fail. In congen­
ital and in infantile myxedema, there is a delayed growth of the bones, 
especially of growth in the longitudinal direction. The ossification centcis 
at the wrist and ankle fail to appear. By consulting Dicteric’s table, one 
can tell, by x-ray examinations, at what stage the growth of bone became 
inhibited from failure of the thyroid function.

It is the endochondral bone formation, rather than the membranous 
bone formation, that is affected. This accounts for the macrocephalic 
shill of juvenile myxedema.

vi. Other Symptoms in Myxedematous States

The pulse, ns a rule, shows no marked changes; it may be either 
slightly slowed or slightly accelerated. Arterial thickening tends to occur 
early. The blood pressure is usually low. Vasomotor reactions arc 
sluggish.

The temperature is often subnormal, though when myxedema is com­
plicated by infection, the temperature rises as usual.

In the digestive system, the large tongue and the dry mouth are strik­
ing features. Intractable constipation is an important symptom.

Amenorrhea in the female, and impotence in the male, are common 
symptoms. If the thyroid bo deficient during the developmental period, 
the genitalia fail to develop properly.
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In the blood there is often leukopenia and a moderato eosinophilia, 
sometimes a lymphocytosis. The coagulation-time is accelerated (in con­
trast with the retardation in Graves’ disease) and the fibrin-content of 
the blood is increased. Albuminuria is common when the myxedema has 
lasted for a long time.

vii. Complications of Myxedema

It is not uncommon to find myxedema associated with diseases of other 
endocrine glands (acromegaly, pigmentations) ; occasionally myxedema 
and Graves’ disease occur together.
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(d) Idiopathic Myxedema {Gull's Disease)
This condition, appearing most frequently in tlio third decade of life, 

and more often in females than in males (113 :32, Pruddcn), usually 
begins with thickening of the sit-in of the face, sometimes associated with 
neuralgic pains. Later, the skin of the arms and legs becomes affected. 
The onset is, as a rule, insidious, over a period of years, though in some 
cases the changes may occur rapidly; in certain instances, full-blown 
myxedema may develop within a few weeks. In the cases of insidious 
onset the patients arc often treated for neurasthenic states before the 
underlying malady is discovered. Vague pains in the muscles are common.

(e) Operative Myxedema
( Cachexia th yropriva)

If the thyroid ho removed in tolo, an operation performed very rarely 
by surgeons nowadays, though it was not infrequently done a few years 
ago, cachexia strumipriva quickly develops. The patients become ex­
tremely dull; they complain of tiring easily, and say that their hands and 
feet feel cold. Speech and thought are slowed in marked contrast with 
the former powers of the person. The skin begins to swell, the changes 
being more marked on waking in the morning than later in the day. The 
swellings arc transitory at first. The hair begins to fall out, and cachexia, 
with pallor and oligocythemia, develops. The occurrence of tetany as a 
complication is due not to the lack of thyroid, but to the simultaneous 
removal of the parathyroid glands.

If the thyroid he incompletely removed in operations for Graves’ dis­
ease, the symptoms of myxedema rarely develop; occasionally, however, 
insufficient, thyroid is left and some of the symptoms of cachexia strmni- 
priva may appear.

(/) Congenital Myxedema
( Thyro-a plasia )

This condition is often wrongly designated sporadic cretinism. Chil­
dren born with aplasia of the thyroid may look normal at birth and may
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do well for four or five months (or until after they have been weaned). 
Apparently the fetus in utero or the suckling infant may receive enough 
thyroid substance from the maternal organism for the body needs, even 
when it has no thyroid gland of its own.

A few months after birth, however, severe symptoms rapidly develop. 
The child becomes abnormally sleepy, swallows badly, the body grows fat 
and plump, the skin of the forehead and elsewhere is thrown up into folds, 
the nose is broad and thick, the nostrils stand wide open, the eyes look 
sunken in the head, the tonyue is larger than normal, the mouth is kept 
open most of the time, the lips are cyanotic and the child drools. The 
facial expression may be that of an old and careworn person. The hair is 
thin, lacks luster, and may grow low down upon the forehead. The skin 
may have a bluish tint.

As the child grows older the head may increase in size, but the rest of 
the bony skeleton remains dwarfed ; at the same time the soft parts in­
crease in size; a short, thick lump of a child results. Many of the 
ossification centers fail to develop. In the following table, compiled by 
Dieterlc, the time of appearance of the various ossification centers of the 
bones of the wrist are given. In x-ray pictures of the myxedematous 
hand, one can decide whether or not we are dealing with a congenital myr- 
edema (thvro-aplasia), or an infantile idiopathic myxedema, and the exact 
time of onset of the latter.

Dieteri.e'h Table of the Normal Appearance of the Ossification Centers

B<xly HeightAge

Newborn.. 
4-8 mo... 
1-2 yre... 
212 yre... 
2*4 yre...

SÎHyrë.

10 yre___
13 yre___
16-17 yre,

20 yre...

Appearance of Bony Shadow

Diaphyais of phalanges, of metacarpus, of radius, and of ulna,
Os capitatum; os hemntum.............................................................
Kpiphysis of radius.............................................................................
Basal epiphyses of proximal phalanges........................................
Basal epiphyses of terminal phalanges........................................
Other basal epiphyses........................................................................
Os lunatum............... ................. ......................................... .................
Os multangulum majus and minus; os naviculare; distal ulnar

epiphyses.......................................................................................
Os pisiforme............................................. .....................................
Sesamoid bones; hamulus ossis lunati.....................................
Disappearance of epiphyseal lines of fingers and metacarpal

Disappearance of all opiphyseai lines.......................................

50 cm.
60 cm.
75 cm.

1(H) cm.
108 cm.

110-117 cm.
135 cm.
150 cm.

166 cm. 
170-180 cm.

The fontanelles may not close until very late (15th year). The teeth 
come late. The child at puberty may have only one or two molars, and 
even they may not fully emerge from the gum.

The bowels are usually markedly constipated and the abdomen tym­
panitic. Romo of the children are distinctly pot-bellied or frog-bellied, 
and many of them suffer from umbilical hernia. Prolapse of the rectum 
is not uncommon.
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The children arc anemic and arc mentally retarded. The apathy may 

be so marked that it is difficult to decide at first whether the patients are 
both deaf and dumb, or only dumb. The children do not learn to walk,

(a) (»)

Pig. 055.—Myxedema tone Girl Before and After Treatment with Kendall's Alpha Constituent 
of the Thyroid Gland. Eight Months Elapsed Between the Two Pictures, (a) and (b). 
The Child Grew Four Inches and lier General Appearance and Mentality Markedly 
Improved. (By Courtesy of Dr. E. C. Kendall of the Mayo Clinic.)

though they may creep. As a rule they lio all day in bed heavily covered 
on account of the cold, the fingers in the mouth, exhibiting little or no 
interest in the surroundings.
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Nearly all the eases described in the literature ns sporadic cretinism are to be 
regarded not as cases of true cretinism at all, but as instances of thyro-aplasia, and 
congenital myxedema. Along with the absence of the thyroid gland, other devel­
opmental anomalies may occur (heart, palate, etc.).

In children in whom the symptoms of myxedema do not occur before the third 
or fourth year, we do not deal with congenital myxedema (thyro-aplasia), but rather 
with infantile idiopathic myxedema due to some postnatal disease of the thyroid 
gland.

Reference
Dieterle (T.). Die Athyreosis, unter besonderer Berûcksirhtignng tier dabei anftrelenden 

BhleUveninder ungen, Howie der diffcrcntial-diagnoslisch rornehmlich in 
Betrachl kommenden Storungen des KnocheniiHichstums; Unlersuchungen 
über Thi/rco/dmic, Chnndrodystrophia foetalis und Usteogenesis imper- 
fccta. Virchow's Arch.f. path. Anal., Berlin, 1906, clxxxiv, 56-122. pi.

(g) Diagnosis of the Myxedematous States and of Hypothyroidism
Easy as the diagnosis is in the typical cases of idiopathic myxedema, 

much difficulty may he experienced in atypical cases.
Scleroderma and the edema of nephritis are easy to rule out. There 

may bo more difficulty in distinguishing true myxedema from fugacious 
edemas at the menopause (ovarian pseudomyxedema), and in syphilis 
(syphilitic pseudomyxedema'). Whether or not the family trophœdème 
of Mcige or the idiopathic edema of Stachelin are related to myxedema is 
not clear.

Some cases of hypophyseal tumor may closely suggest myxedema, hut 
attention to the hypophyseal signs (headaches, limitation of visual fields, 
dystrophia adiposogenital is, x-ray of sella) will suffice to differentiate.

The different forms of obesity can also, ns a rule, he readily excluded ; 
for in myxedema the hands arc greatly thickened, whereas, in obesity, 
except in the thyrogenous form, the hands and feet usually remain thin. 
The appearance of the face in obesity differs from that of true myxedema. 
Though there may he thyroid insufficiency in some of the endogenous 
obesities, it is usually of a far lower grade than that required for the 
development of myxedema.

Congenital myxedema (thyro-aplasia) must lie differentiated clinically 
(1) from chondrodystrophia (micromelia, normal intelligence, x-ray of 
ossification centers; premature ossification of epiphyseal lines) ; (2) from 
genuine cretinism (endemic occurrence, presence of thyroid gland, often 
goitrous, skin not myxedematous, sweats often present, heredity) ; (3) 
from Mongolism (oblique eye-slits, microecphalie skull, red checks, comical 
appearance, small tongue, fontanelle closed before the 4th year, height 
normal, absence of myxedema in the skin ; thyroid feeding fails to l>enetit 
the psyche, the facial expression, the joint relaxations or the obesity, but 
may help the constipation, the umbilical hernia and the meteor ism) ; (4) 
from rickets (softening of bones from poverty of lime and osteoporosis,
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swollen epiphyses, bone development not markedly retarded, no delay in 
ossification at the epiphyseal lines).

The greatest difficulty of all may he experienced in the diagnosis of the 
forme fruste of myxedema or Kocher’s thyropenia. It may be suspected 
in children of hackivard growth, in children who are dull at school, and in 
both children and adults who are habitually constipated without apparent 
cause. It should also bo thought of in the endogenous obesities and in 
women who present neurasthenic symptoms suggesting premature meno­
pause. When latent, a thyropenia may manifest itself during pregnancy, 
or after a severe hemorrhage, or as old ago approaches, though by no means 
all cases of marasmus senilis are attributable to thyropenia.

The therapeutic test may be useful in diagnosis. Thus, in adults, 
tablets of dried thyroid substance, and in children, fluid thyroid elixir may 
be tried. If the symptoms arc duo to deficiency of the thyroid function, 
favorable results follow promptly. The swelling of the skin diminishes, 
the patients feel warm again, the apathy disappears, and mental alertness 
and bodily liveliness return. The hair stops falling out, the amenorrhea 
disappears, and the metal>olism becomes accelerated. These changes will 
appear within a month if two to four tablets l>o given per day, and the 
symptoms will reappear again by the end of three months if the therapy 
bo stopped. Once the symptoms have disappeared, it is surprising what 
small quantities of thyroid substance, continuously administered, will suf­
fice to prevent the reappearance of symptoms. In true endemic cretinism, 
on the other hand, thyroid tablets as a rule do not benefit; in many in­
stances symptoms of thyro-intoxication appear (emaciation, diarrhea, 
tachycardia, sweats).

Kocher has tabulated a comparison of the symptoms in myxedema and 
in Graves’ disease, as follows:

MYXEDEMA.

1. Absence or atrophy of thyroid

2. Slow, small, regular pulse.

3. Vftsomotors negative.
4. Apathetic, quiet look; expression­

less.

5. Narrow liil-slits.
0. Slow digestion and excretion; ano-

7. Slowed metabolism.
8. Thick, non-transparent, wrinkled,

dry and desquamating skin.
0. Short, thick fingers, often broad at; 

the ends.

graves’ disease.

1. Enlargement of thyroid, usually dif­
fuse; increased vascularity.

2. Frequent accelerated pulse, often
irregular.

3. Very excitable vasomotors.
4. Anxious look; on fixation of eyes,

suggestion of anger in facial ap­
pearance.

5. Wide lid-slits; protrusio bulbonun. 
0. Abundant excretions; appetite usu­

ally abnormally great.
7. Accelerated metabolism.
8. Thin, transparent, vascular, moist

9. Long, slender fingers with tapering
terminal phalanges.
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MYXEDEMA.

10. Drowsiness and sound sleep.
11. Dulled sensation, apperception ami

action.
12. Poverty of thought; apathy; lack

of feeling.

13. Clumsiness.
14. Stiffness of the extremities.

15. Retardation of bony growth ; bones
short, thick or deformed.

10. Constant feeling of cold.
17. Slow, deep breathing.

18. Increase of body weight ; obesity.
19. Senile appearance, even in young.

graves’ disease.

10. Insomnia and restless sleep.
11. Hypersensitiveness ; lively apper­

ception and action.
12. Flight of ideas; mental excitations;

sometimes hallucinations, mania 
or melancholia.

13. Restless haste.
14. Tremor of the extremities; in­

creased mobility of joints.
15. Delicate bony structure; now and

then soft, thin bones.
Hi. Unbearable feelings of heat.
17. Superficial breathing with faulty

inspiratory expansion of thorax ; 
often tachypnea.

18. Loss of weight ; emaciation.
19. Youthful appearance, especially at

the beginning.

4. Cretinism
(a) Conception of the Disease

For the reasons mentioned under myxedema, we do not regard so-called 
sporadic cretinism as true cretinism. We may define true cretinism as an 
endemic disease, associated with certain special regions of the earth, and 
characterized by certain physical signs (thyroid, hones, skin, genitals), 
mental changes ( fccblc-m i tided ness, indolence), and defects in the organs 
of special sense (deafness, etc.).

(6) Geographical Distribution of Cretinism
Cretinism, in the sense defined above, is a widespread disease, occur­

ring in many different countries, where its prevalence is a matter of great 
social significance for the peoples of those countries. The cases arc rela­
tively most numerous in Switzerland, in certain valleys of which nearly 
all the population are more or less affected. The criminal rate and the 
insane rate are said to ho very high in Switzerland ; some assert that this is 
largely owing to the prevalence of cretinism. In certain parts of Austria 
(Steiermark), and of Italy (Piedmont, Lombardy, Vcnctia), there are a 
great many cretins. The general distribution in Europe is well shown 
in the map in Vogt’s article (See references).

In America hut little has been written about true cretinism. We see 
cases among immigrants, but most of the cases referred to in the bibliog­
raphy as cretins are instances of myxedema.
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(c) Forma of Cretinism

It is customary to group together (1) endemic cretinism in its out­
spoken form, which is tho so-called typical cretinism, and (2) certain par­
tial forms of cretinism, including (a) endemic goiter, (b) endemic deaf- 
mutism, and (c) endemic strumous imbecility. The symptoms of typical 
endemic cretinism will first bo described, and subsequently those of the 
partial forms will ho taken up.

i. Symptoms of Typical Cretinism

Every traveller through Switzerland must have become familiar with 
tho appearance of the typical cretin. Tho prognathic face, as broad or 
broader than its length, is characteristic, with its low forehead, broad nose 
and deep grooves. Tho nostrils project forward, tho malar bones are 
prominent, and tho mouth looks large. Tho tongue is large and juicy, tho 
lips thick. The body is short and looks especially small when contrasted 
with the large quadrangular head.

Tho patients are flat-chested and often pot-bellied. The upper and 
lower extremities arc short and plump, as are tho fingers and toes. Those 
affected walk slowly with a broad base. The movements of cretins, 
whether of hands or feet, arc slow and clumsy.

The skeletal changes have been carefully studied. Ossification is re­
tarded and the growth in length of the hones is markedly interfered with.

The skin shows peculiar changes. It is thick and loose, looks wrinkled 
and faded, and may be pale white in color or slightly yellowish in tint. 
Tho hair is scanty, dry, breaks easily, and tends to fall out. The nails are 
dry and fragile. The subcutaneous tissue may be thickened in varions 
regions, especially on the neck and on the hacks of tho hands and the feet. 
The visible mucous membranes may also he relaxed and thrown up into 
folds. Through all these changes the patients look older than their years.

While a few cretins are developed sexually, in the majority the ex­
ternal genitals remain infantile. Many of the girls never menstruate. 
Occasionally a cretin hears children, when the disease is mild, hut the 
children are usually still-horn, or die soon after birth, and, frequently, 
they show malformations. The secondary sexual characters are often 
lacking; tho crines pubis and tho hirci are scanty ; the breasts remain 
small, the voice continues infantile.

Many of tho patients suffer from colloid goiter, though some have 
thyroid glands of normal size. According to Ewald, 03 per cent of all 
cretins suffer from struma.

The metabolic processes aro slowed. Obstinate constipation is a com­
mon symptom.
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The psychic manifestations are very important. The majority of out­
spoken cases are mentally deficient. One sees every grade, from outspoken 
idiocy, through imbecility, to slight debility. The majority are apathetic, 
dull and indolent ; indeed, the slowing of all the mental reactions and the 
slow, clumsy movements are very characteristic of the disease. Some 
cretins arc able to do a little work. In Switzerland, cretins are utilized 
for various lowly duties requiring little or no head-work. Many of them 
become beggars. Foitunately the great apathy in the majority of the 
severer forms diminishes criminality, but in the less severe forms and in 
some outspoken cretins there is extraordinary irritability, and in such 
instances violent outbreaks arc not uncommon.

Disturbances of hearing (deafness), and of the other special senses, 
are very common. Though without discriminating taste, many cretins are 
(jlutluns. The pain sense seems dulled, though no complete anesthesia for 
any modality of sensation in the skin is found.

In regions in which these outspoken or typical cases described above 
arc met with, there also occur large numbers with the partial manifesta­
tions to be mentioned below.

ii. Symptoms cf Partial Cretinism

Endemic Goiter.—The pedestrian in the valleys of Switzerland and 
of the Tyrol will remember the large number of deforming goiters met with 
in a day’s tramp. The whole gland may bo affected, or only a part of it. 
The right lobe is more often involved than the left. The volume of the 
goiter varies from time to time. The mechanical effects of the goiter may 
he serious (venous obstruction, dyspnea, tachycardia, dysphagia). Many 
typical cretins suffer from goiter, but in the same regions, there are many 
people who have goiter who do not present the other symptoms of cretinism. 
Between these two groups arc many patients who have goiter and who 
present mild signs of cretinistic degeneration (mental dullness, clumsy 
behavior, laziness, etc.). The latter have been designated by Wcygandt 
as cases of endemic strumous feeble-minded ness. In other instances, the 
feeble-mindedness may occur without struma, the only other signs being 
small stature or mild cutaneous manifestations.

Endemic Cretinistic Deaf-mutism.—Deaf-mutism is very common in 
cretinistic regions; thus, in the Province of Stciermark alone, there are 
over 2,000 deaf-mutes, and in Switzerland, the percentage of deaf-mutes 
among the population exceeds that of any other civilized country. The 
«leafness appears to be due to a direct injury to the labyrinth, probably an 
involvement of the growth of the bones during the development, of the base 
of the skull. About f>0 per cent of these deaf-mutes have goiter, but the 
labyrinthine change appears to be independent of the thyroid injury.
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(d) Anatomical Changea in Cretinism
The changes in the bones, the cretinoid dgsplasiu of Klebs, depend upon alter­

ations in the cartilage cells. Both long and short hones are affected. Ossification is 
retarded ; this is proven, not only by autopsies, but by x-ray examinations made 
during life. The internal organs and the muscles are small, and the sexual organs 
are infantile. Various alterations in the nervous system have been described, but 
nothing specific or constant 1ms been found.

(e) Etiology and Pathogenesis of Cretinism
The cause of cretinism is unknown, though its endemic distribution 

makes it seem certain that either the water or the soil is responsible. 
According to Birelier, certain geological formations in Switzerland (Trias, 
Mccrmolasse, Eocan) arc responsible, while regions with other formations 
(Lava, sediments of the Jura and of the Chalk Sea, of the Quaternary Sea 
and all fresh water deposits) are free from cretinism. It must he admitted 
that the maps showing the distribution of cretinism accord very well with 
this view.

What the exogenous factor is that is derived from the water or soil we do not 
know. It is certain that persons who come into cretinistic regions from the 
outside often develop goiter. Many of the inhabitants forbid water drinking, 
even the children being required to drink wine. In an acute outbreak of goiter 
in Nancy, it is asserted that army olïieers who drank wine were not affected. Dogs 
and rats drinking the “goiter water” develop struma. Most believe that the noxa 
is an organic substance, some assuming the existence of a specific microorganism; 
others blame some organic chemical substance, though there are also adherents 
of the view that mineral constituents (Mg, S, Ca) are responsible. The tendency 
of the Swiss and Austrian investigators is to regard the disease as a water-borne 
infection, the germ being harbored by certain marine deposits on the earth’s crust.

Formerly it was thought that the noxa caused injury wholly through 
its action upon the thyroid gland. Undoubtedly, the thyroid is diseased in 
the majority of cretins, though perhaps not in all, and doubtless, the 
hypothyroidism occurring in early life is an important factor in the 
growth disturbances and other alterations of the disease ; hut the thvmp- 
athy will not account for the whole clinical picture. The total pathogene­
sis of cretinism is as yet far from clear.
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C. Diseases of the Parathyroid Glands
( 1'h e Paralhyropalhies)

Concerning no other gland of internal secretion are wo as well in­
formed regarding the signs that follow total removal and insufficient 
function as in the ease of the parathyroids. Concerning over-activity of 
the parathyroid gland, we know as yet little or nothing, though many 
hypotheses have ben advanced.

1. States ' to Loss of Function or to Insufficiency 
of unction of the Parathyroid Glands

(Tetany and Tetanoid States)

(a) Conception of Tetany
Tetany is a clinical syndrome due to insufficient function of the para­

thyroid glands, characterized in its outspoken form hv (1) paroxysmal 
tonic contractions, often painful, usually confined to certain definite groups 
of muscles, and unaccompanied, as a rule, by loss of consciousness; (2) 
paresthesias in the extremities ; (.‘1) certain trophic disturbances (hair, 
teeth, nails, lens) ; and (4) certain signs that can ho experimentally 
elicited, dependent upon over-excitability of the nerves, including (a)
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the Trousseau phenomenon, (b) the Chvostek phenomenon, nml (c) Erl’s
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(b) Historical Notes Concerning Tetany
Rome of the symptoms of tetany were described in 1830 by Steinheim nml in 

1831 by Dnnee. About the middle of the Inst century, the disease occurred in 
epidemic form in Paris and stimulated the important studies of Corvisnrt nnd of 
Trousseau. The former introduced the name tetany in 1852 and the latter studied
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the disease in 1851, and, nine years later, discovered the possibility of artificially
producing the typical contracture-position of the hand by placing a ligature on the
upper anu, even when the disease was latent.

Viennese physicians, later, made important contributions. Thus, in Billroth’s 
clinic, in 1880, the occurrence of tetany after removal of the whole thyroid for 
goiter was observed and reported (Weiss). This observation stimulated much 
experimental work on animals in various countries (Schiff, Sir Victor Horsley, 
von Eiselsberg, W. S. Halstcd, T. Koclier). The discovery that the parathyroid 
glands are anatomically independent of the thyroid gland (Sandstrüm, Uley,
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Fig. 656.—Possible Itvlallons of Thyroid and Parathyroid (Hands to Different Disease 
t'ondlllons. (After A. Itlcdl, “Ionere Nokrotlon," published hy Vrhnn & Helnva rzenberg.

Holm), and the investigations of the physiological functions of the parathyroids 
(Vassale and Generali, 189(1) soon showed that the tetany following thyroidectomy 
is due, not to the loss of the thyroid-function, but to the loss of function of the 
parathyroid glands simultaneously removed.

The identity of experimental tetany in animals with human tetany, and the 
recognition that all the various forms of tetany clinically described have a common 
basis in parathyroid insufficiency, followed from a long series of experimental 
and clinical observations (Jenndclize, 1902; Pineles, 1004-1907; Erdheim, 19(11 
1911; von Fraenkel-Hochwart; W. G. MacCallum; 0. Voegtlin).

As a crown to the edifice, thus laboriously constructed, came the astounding 
discovery that, in cases of parathyroid insullieiency, living parathyroid glands 
can be transplanted, and will grow and functionate, at least for a number of 
years, thus completely curing the tetany. The animal experiments of Cristiani 
and others brought proof of this. Leischner suggested its practical significance in 
the treatment of human disease, and von Eiselsberg first successfully transplanted 
the human parathyroid to cure tetany. At least nine human transplantations have
been reported; in three, the tetany was cured; in three more, the symptoms were
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markedly lessened; in two of the eases, no benefit followed. In the United States, 
W. S. lialsted and C. H. Mayo have contributed to our knowledge of the surgery 
of the parathyroids.

References
Chvostek (F.). Beitrûge zurLehre von der Tetanic. 1. Die mechanische Ucbercrreabarkt it 

dvr motorischen Nerven ltd Tetanic und Hire Beziehung zu den Ejrithi l- 
kôrpem. Wien. klin. W dinar hr., 1907, xx, 487-498.

Cristiani (//.). De la thyroïdectomie chez le rat jntur servir à la physiologic de la glande 
thyroïde. Arch, de physiol, norm, cl path., Baris, 1893, 5e s., v, 89-40.

Dance {J. B. II.). Observations sur une es/itce de tétanos intermittent. Arch. gén. de mid., 
Paris, 1831, xxri, 190-806.

von Eiselsberg (A.). Uehir erfolgreichr Einheilung dcr Katzcnschilddritse in die Bauch- 
decke and Auftrcten con Tetanic nach dcren Exstirpation. Wien. klin. 
Wchnschr., 1892, v, 81 -86.
Ueber Vorkommcn und Bchandlutig dcr Tetania ]Hirathyreoprira bum 

z. Physiol, u. Path. Festschr. Stuttgart, 1908, 1-21.Mcnschcn. Beilr.
L. Hermann.

Erdheim (J.). Tetania parathyreopriva. Mitt. a. d. Grcnzgcb. d. Med. u. Chir., Jma, 
1906, in, 082-744• 1 !*■

lialsted (IF. S.). Hyjmparathyreosis, status paralhyreopritms and transplantation of the 
■parathyroid glands. Am. J. M. Sc., Philadelphia it New York, 19(i7, 
cxxxiv, 1-12.
licjmrt of a dog maintained in good health by a juirathyroid autograph 
approximately one-fourth of a millimeter in diameter, anil comments upon 
the development of the operation for Graves’ disease as influenced bp the 
results of experiments on animds. J. Expcr. M., Lancaster, Pa., 1912, 
xv, 206-216. 2 pi.
Auto- and isot runs plantai ion in dogs, of the parathyroid glandules. ,/. 
Expcr. M., Lancaster, Pa., 1909, xi, 175-199. 2 pi.

Leischner (//.). U citer Epithelkôrjtcrchen-T ransplantationen und dcren practischc Hr-
deutung in dcr Chirurgie. Arch. f. klin. Chir., Berlin, 1907, Ixxxir, 208-
222.

Stcinhcim. Zuri seltene Formen des hitzigen Iihcumatismus. Lilt. Ann. d. ges. Ilrill;., 
Berlin, 1830, xvii, 22-80.

Trousseau (A.). Des difficultés diagnostiques de la névrose successivement désignée sous la 
nom de tétanos intermittent, de spasmes musculaires idiopathiques île, 
lètanillr, de contractures rhumatismales des nourrices et de contracture 
rhumatismale intermittente. Gaz. mcd. de Par., 1860, xxxiii, 173.

Vassale (G.) & Generali (F.), Sugli effeti delV estirpazione délie ghiandole paraiiroidee. 
Hiv. di patol. nerv., Firenze, 1896, i, 95-99.
Also: Arch. ital. biol., Turin, 1896, xxv, 469-464.

Wei88 (AT.). Ueber einen lethal abgclaufencn Fall von Tetanic. Wicn. mcd. Presse, 1X80, 
xxi, 246-247.

(c) Symptoms of Tetany
These consist of (1) certain peculiar tonic contractions of the volun­

tary muscles, (2) certain subjective and objective sensory disturbances, 
(3) vasomotor, trophic and secretory disturbances, (4) the so-called latent 
symptoms, and (5) certain other symptoms.

i. The Tonic Contractions of Tetany
Tn attacks of tetany, tonic spasm occurs in certain muscles, especially 

in the upper extremities, resulting in a characteristic position of the lmnd
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{obstetrical hand). The proximal phalanges are flexed, while the middle 
and distal phalanges are extended. The thumb is turned into the palm 
and firmly held against the other fingers. The wrist is only slightly lient 
backward or forward, the elbow is held midway between flexion and exten 
don, with the upper arm adducted.

Similar spasms occur in the lower extremities with extension of the 
hip and knee, and strong plantar flexion of the foot and toes, with supina 
lion of the ankle, and adduction of the thighs.

The so-called carpopedal spasm of children is a tetanic spasm, involving 
the distal parts of both upper and lower extremities. This spasm, or at 
least one that resembles it closely, is sometimes referred to as arthrogry­
posis. The convulsions of childhood (eclampsia) are often due to tetany.

Spasm of the muscles of the face and trunk are rare, though the facial 
expression is sometimes characteristic (angles of the mouth drawn down, 
deep nasolabial folds, forehead wrinkled, wide lid-slits). This is known as 
the “tetany-face” of Effcnheimcr. In children, the lips may lie protruded 
and slightly pointed (“carp-mouth).”

The laryngospasm of children is nearly always a symptom of tetany. 
It may also occur in adults. Laryngospasm is not free from danger. 
After a long noisy inspiration, the respiratory muscles, including the dia­
phragm, become rigid in the inspiration-position, more rarely in the expira­
tion-position. Death may occur in the attack. Fascicular muscle twitch 
ing is not uncommon in the parts subject to spasm in tetany.

The spasm of tetany may be painful or may be associated only with a 
feeling of tightness in the parts and paresthesia. Though usually bilateral, 
au attack may bo unilateral in distribution. The spasm lasts from a few 
seconds to several hours or days. In some children, wo sometimes observe 
the contractions of tetany persisting continuously for days or weeks 
( tetania persistens).

In tetany, an attack of the spasm may be brought on by physical or mental 
shock, or by overuse of the muscles concerned. In addition to the tonic spasms, 
clonic contractions resembling those of eclampsia are occasionally met with. In 
the tetany following removal of the parathyroids at strumectmny, true epileptiform 
s('i.:ures sometimes occur. The attacks differ from ordinary idiopathic epilepsy 
through the predominance of the tonic contractions in the attack, the non-response 
to hromid treatment, and the presence of the latent signs of tetany.

ii. Certain Subjective and Objective Sensory disturbances in Tetany

Among these, the paresthesias of the distal portions of the upper ex­
tremities, and the feelings of tension in the arms and legs are the more 
important. Occasionally, objective anesthesias, including analgesias, are 
met with, but they are rare. Tinnitus anrium may lie present, but hearing, 
smell and taste are not involved.
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iii. Vasomotor, Trophic and Secretory Disturbances in Tetany

Some patients present pallor of the skin, dermatographia, angioneu­
rotic edema, or erythemas. The trophic disturbances in the nails, hair 
and teeth are especially worthy of mention and may often cull the attention 
of the physician to the existence of a chronic or latent tetany. The nails 
may be fragile or transversely ridged. The hair often falls out and, in 
the chronic cases, is usually thin and short. When tetany occurs in child­
hood, the enamel of the teeth docs not develop properly; it shows trans­
verse furrows and small holelike defects. The teeth may be marked by 
several horizontal grooves of enamel defect, which make sets of parallel 
lines running along the teeth. The incisors and canine teeth are most 
often affected, the molars more rarely (Meisclnuann). Similar trophic

disturbances occur in the 
teeth of rats in experimental 
tetany (Erdhcim).

One of the most interest­
ing trophic disturbances in 
tetany is a peculiar form of 
cataract formation (Peters). 
It is a perinuclear cataract, 
which usually causes no sub­
jective disturbances of vision. 
To discover the cataract the 
pupils should bo dilated and 
the examiner’s eve helped by 
a strong plus glass when the 
turbidity will bo discovered 
in typical perinuclear ar­
rangement,. It may be the 

only sign remaining of an earlier tetany, though, when present, the latent 
signs of parathyroid insufficiency (see below) may bo clicitable. The 
cataract is usually bilateral.

In the domain of the secretory nerves symptoms arc rare, though occa­
sionally salivation, sweating or polyuria have been met with.

The disturbances in calcium metaholism and of the growth of hones in tetany, 
and the relation of tetany to rickets require further, study.

,.v
' ? l-’Â.y*'

>V; < .'X

Mr. 657.—Trophic Disturbances (Dystrophy?) of the 
Teeth In n Case of Chronic Recurrent Tetany 
with no Traces of Rachitic Bone Changes. 
(After B. I’holps, In “llandh. <1. Neurol.," pub­
lished by J. Springer, Berlin.)

iv. The Latent Signs oi Tetany

Between attacks of tetany, and, in some patients, even years after any 
spontaneous attack has been observed, certain signs peculiar to tetany can 
be artificially provoked. Among these will be mentioned, (1) Trousseau’s 
phenomenon, (2) Chvostek’s phenomenon, and (3) Erb’s phenomenon.
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Trousseau's Phenomenon. -This is certainly one of the most impor­
tant signs of latent tetany (Trousseau, 1804). If a blood-pressure appa­
ratus he to the upper arm, and the pressure in the cuff he raised
to a point above that necessary to obliterate the radial pulse (thus avoiding 
venous stasis), in a short period, varying from a few seconds to a few 
minutes, the typical obstetrical-hand attitude ap|>eurs.

In mild cases of latent tetany, this may lie preceded by fascicular twitching 
in the small muscles of the hand, especially between the metacarpal bones of the 
thumb and index finger, and in the muscles of the forearm. Now and then, the

Fig. 0fi8.—Typical Position of the Hand In an Attack of Tetany. TIjIh Is the So-called 
"Obstetrical Hand." The Same Appearance. Hue to Fressure Upon the Upper Arm, Is 
Known as Trousseau’s Phenomenon. (After E. Phelps, In "Handb. d. Neurol.," published 
by J. Springer, Merlin.)

typical contracture does not appear and one sees nothing but these fascicular twitch- 
ings, the patients complaining of a tight feeling in the arm and hand and of 
peculiar paresthesias.

The phenomenon is due to the pressure upon the nerves in the medial bicipital 
groove. Instead of the blood-pressure apparatus, one may apply a rubber band­
age around the upper arm, inserting, finally, a small roll of the bandage beneath 
the last turn in the medial bicipital sulcus so as to increase the pressure on the 
nerve trunks.

Trousseau’s phenomenon can be elicited in the majority of cases of tetany, 
hut sometimes it is not demonstrable even when the tetany is pronounced. A 
negative result, therefore, docs not rule out tetany.

Ice and hot water applied to the medial bicipital groove will also elicit Trous­
seau’s phenomenon (Kasehidn).

Similar contractures can sometimes be elicited in the lower extremities (II. 
Scldesinger). If the lower extremity be extended at the knee, and strongly flexed 
at the hip, a tonic spasm appears in the extensors of the leg and supinators of 
the foot, usually within a couple of minutes.

Chvostek’s Phenomenon.—This depends upon increased mechanical 
excitability of the motor nerves in tetany ((-hvostek, Sr., 1878). Thus, if

15
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the trunk of the facial nerve, in front of the ear, be tapped with a percus­
sion hammer, a quick contraction of the facial muscles follows (facial 
phenomenon). Sometimes a contraction is obtained on tapping a spot just 
below the anterior part of the zygoma. The contraction is usually most 
easily seen at the angle of the mouth.

Three degrees of the facial phenomenon are distinguished by von Fraenkl- 
Hochwart, as follows:

Chvohtek I. Contraction in the whole domain of facial innervation on tap­
ping the trunk of the facial.

Chvohtek II. Contraction at the ala nasi and angle of the mouth on percus­
sion below the zygoma.

Ciivohtek III. Contraction at the angle of the mouth only on tapping tlie 
zygoma.

This facial phenomenon may occur in conditions other than tetany, 
though Chvostek I is rare except in tetany. The lesser degrees of it have 
been met with in incipient pulmonary tuberculosis, in neurasthenia, in 
epilepsy, and, occasionally, in apparently healthy persons. Undoubted 
cases of tetany have been observed in which Chvostek’s sign could never 
be elicited. On the other hand, this facial phenomenon is often present as 
a latent sign when other signs have disappeared.

The direct mechanical excitability of muscles seems also to be increased in 
tetany. This accounts for the tongue phenomenon of Sehultzc, a depression 
appearing in the tongue if it be tapped. If a spot on each side of the tongue 
be tapped in quick succession, the contraction leads to a constriction of the whole 
tongue opposite the two points tapped.

Erb’s Phenomenon.—This sign depends upon the increased electrical 
excitability of the motor nerves in tetany (Erb, 1878To demonstrate 
its presence, it is necessary to determine, in each case, the threshold values 
on electrical stimulation and to compare them with the normal values in 
Stintzing’s tables, keeping in mind the fact that the variations within 
normal limits are considerable. In addition to the lowered threshold, cer­
tain changes in the contraction-formula arc characteristic of tetany; thus, 
even if the cathodal-closure contractions show normal values, (1) an early 
appearance of a cathodal-closure tetany, (2) an early appearance of an 
anodal-closure contraction followed quickly by an anodal-opening con­
traction, and, especially, (3) the appearance of a cathodal-opening con­
traction, indicate a heightened electrical excitability.

The test is best carried out on the N. ulnaris, which innervates the muscles 
usually attacked by the spasm of tetany, but other nerves should also be examined 
on both sides of the body. One should not be satisfied with a single examination, 
hut should make tests on successive days, and especially, should opportunity arise, 
just after an attack (Stewart).
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In some cases, the electrical excitability increases during the examination 
(excitation-reaction of Bechterew).

Erb’s sign is especially valuable in the studies of tetany in children, 
being, according to Esclierich, more constant in them than either the Trous­
seau phenomenon or the Chvostek phenomenon. In children, it is best to 
test the N. peroneus at the head of the fibula. The normal threshold in 
children is higher than in adults. For a careful study of the condition in 
children, the reports of von Pirquet should be consulted.

Aside from the above galvanic tests, it has been shown by Chvostek, 
Jr., that fnradic stimulation of nerves in tetany often calls forth a fibril­
lary wavelike contraction in the muscle, to be followed quickly by tetanic 
contraction (facial nerve, ulnar nerve).

v. Other Signs of Tetany

The sensory nerves are also over-excitable in tetany (Ilollinann). 
Thus, tapping the supra-orbital nerve causes pain and paresthesia and the 
electrical-stimulus-threshold is low. The latter is true also for the acoustic 
nerve, a galvanic current of 2.5 milliampères causing, on cathodal closure, 
a distinct sound in the ear.

The reflexes in tetany show no constant alterations; they may be 
slightly increased, they may be diminished, or they may be absent. The 
voluntary muscles fatigue easily on exertion. In some instances, the pel­
vic and lumbar muscles are especially weak, the weakness giving rise to a 
peculiar waddling gait, suggesting progressive muscular dystrophy. Occa­
sionally, actual pareses and atrophies of muscle have been observed.

Certain asthmatic attacks seem to be due to tetanic spasm of the dia­
phragm. The hod y temperature is usually normal, though, sometimes, 
slight remittent fever is present. Some patients show a subnormal tem­
perature.

In both acute and chronic tetany, disturbed mental states are common. In 
the acute forms, irritability, mental apprehension, and anxiety states are not infre­
quent. In the chronic forms, the patients may present general neurasthenic, symp­
toms, or even signs that make one suspect mental deterioration (injured recording 
faculty; feeble memory; lack of concentration).

Outspoken psychoses are rare, but they may occur. They may take the form 
of hallucinatory confusion (von Fraenkl-IIochwart). The rigidity of catatonic 
states must not be confused with the cramps of tetany.

(d) The Etiology and Pathogenesis of Tetany
The disease is especially prevalent during certain months of the year; 

thus, January, February and March are often spoken of as tetany months. 
Tetany oectirs in epidemics during these months.
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The endemic character of tetany is also well established. In certain 
cities like Vienna, Paris and Heidelberg the disease is especially prevalent, 
while many cities remain almost free from the disease.

Several members of one family may be simultaneously affected. 
Whether this depends upon heredity or upon environmental conditions is 
nut certain. Since several generations in the one family have been known 
to suffer from the disease, it seems probable that in some cases inheritance 
is important. Males are more often attacked than females. Men engaged 
in certain special occupations (shoemakers, tailors, metal workers) seem 
peculiarly liable to the disease. Crowded quarters and had hygienic sur­
roundings certainly predispose.

The tetany of childhood is most common in the second half of the first 
year of life. It rarely appears for the first time before the third month, 
or after the third year (Potpeschnigg). Another period of life in which 
tetany is common is late adolescence ( 17th to 20th year). In later life, 
tetany is sometimes associated with (1) maternity, (2) gastro-intestinal 
diseases, (3) infections and intoxications, and (4) sfrumcctomy.

The tetany of young adults is often deseribed as idiopathic tetany. It begins 
as a rule with paresthesias in the distal parts of the extremities, and these are 
followed later by the typical cramps in the arms or legs. Some of the patients 
affected give a history of tetany in early childhood; in a few of them, the residues 
of an earlier tetany are visible in the form of perinuclear cataract or of the tetany 
teeth.

The so-called maternity tetany may occur at any period of pregnancy or lac­
tation, but, like all forms of tetany, it is most common in the so-called tetany 
months. Some women suffer from tetany every time they have a child. In chronic 
tetany, uterine contractions may set up the tetanic spasms (Gross). Epileptiform 
convulsions sometimes accompany maternity tetany.

Maternity tetany has been observed in animals. In a bitch, operated upon by 
Halsted, from which half the thyroid had been removed, pregnancy occurred 
later and was accompanied by pronounced tetany shortly before the birth of the 
litter. In an animal operated upon by Vassale, the partial parathyroidectomy was 
followed by typical tetany, during lactation, after two successive pregnancies. 
Similar phenomena have been observed in rats by Erdheim and his pupils.

It seems obvious that in pregnancy and lactation greater demands are made 
upon the parathyroid functions than at other times. Whether this is related to 
the hypertrophy of the adrenals, which arc believed to be antagonistic to the 
parathyroid bodies, is not yet certain.

The tetany accompanying gastric dilatation long since attracted the interest of 
clinicians. Other disturbances of the digestive organs (cholelithiasis, pyloric ste­
nosis, carcinoma ventrieuli, helminthiasis) have been accompanied also by tetany, 
sometimes in mild form, sometimes of the more severe and chronic types.

In the case of gastroduodenal dilatation studied by Estes and myself, spasms 
resembling those of tetany occurred.

Tetany is an occasional complication of typhoid fever, influenza, pneumonia, 
tonsillitis and other infectious diseases. It is also occasionally observed in vari­
ous intoxications (saturnism, ergotism, alcoholism, morphinism, etc.).

The tetany following strumectomy is of great historical interest, since it was the
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studies of this form that led to the experimental investigations that made clear 
its relation to parathyroid insulliciency. Such postoperative tetanies may set in 
within twenty-four hours after the operation, or at any time during several weeks 
thereafter. The spasms arc usually severe and sometimes have a fatal termina­
tion, especially when laryngospasin occurs. Epileptiform convulsions are frequent 
in this form of tetany. The latent signs of tetany can lie elicited. Psychic dis­
turbances are common and trophic changes in the nails, hair, teeth and lens may 
develop.

Outspoken tetany following strumectomy (tetania thyropriva) has become very 
uncommon, since surgeons have learned how to remove a goiter without at the 
same time excising the parathyroids. Still, one or more parathyroids are often 
removed or injured at the operation, or the parathyroids left may become involved 
in inflammatory processes, with resulting parathyroid insulliciency. Accordingly, 
mild forms of tetany are still not infrequently met with in surgical practice. Most 
of the pnticnts recover, though they may later on have recurrences, especially in the 
tetany months.

The unity of all forms of tetany postulated by Schultze (1895), and 
Pinelea (1000), depending upon the common factor of parathyroid insuffi­
ciency, ought, it seems to me, to meet with general acceptance by clinicians. 
The clinical and experimental evidence in favor of this view is now over­
whelmingly convincing.

The four parathyroid glands are not always equal in size or equivalent 
in function. One of these glands may apparently always he removed with­
out injury, provided the others arc functioning normally. In the forms 
of tetanv independent of thyroidectomy, a functional insufficiency of the 
parathyroids probably exists.

Post-mortem examinations of parathyroid glands have shown that hemorrhages, 
inflammations, cysts and neoplasms occur in them, hut, strange to say, tetany has 
not been common in association with the eases that have been studied patho­
logically. In cases of tetany studied post mortem, positive pathological findings 
in the parathyroids have been met with in many cases, but in just as many other 
cases no anatomical lesions of the parathyroids were found. We must assume 
for the present that functional insufficiencies can be responsible for tetany in 
the absence of demonstrable anatomical lesions.

Just why and just how the body suffers in parathyroid insufficiency is not yet 
clear, though metabolic studies in experimental animals have already yielded cer­
tain clues that may prove to be important. The diminished carbohydrate toler­
ance, the increased calcium excretion (MacCallum and Voegtlin), the inereased 
excretion of chlorids, the eosinopenia, and the increased ammonia-content of the 
blood ((^arisen and Jacobson) may be mentioned in this connection. MacCallum 
suggests that the increased excitability of the nervous system may be related to 
the loss of calcium. Some of the symptoms may depend upon the interference 
with the general balance of the endocrine organs that results from the para­
thyroid insufficiency; thus, there is some evidence that over-activity of the chromaf 
tin-system and of the thyroid gland accompany tetany.

Some authors regard the parathyroid secretion as antitoxic in function; others 
think, rather, that the glands produce one or more hormones that are important 
for the function of the rest of the body.

The similarity of tetany to convulsive ergotism has been emphasized by A.
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Fuchs. Signs of tetany were produced in men with intestinal disturbance by 
Eppinger on administration of 5.0 g. of histidin hydrochlorate. Biedl suggests 
that the 0-imidazolylethylarain of Barger and Dale is the most active substance 
of ergot and may also be the tetany poison. There are many objections, however, 
to identifying the phenomena of ergotism with those of tetany.

The hormone-doctrine of tetany seems steadily to gain adherents, and 
evidence favors the view that the hormone acts chiefly upon certain 
higher reflex neurons in the central nervous system (Horsley, MacOallum ). 
The clinical symptoms of tetany point to an action upon the neurons of the 
medulla oblongata (innervation of respiration and circulation, glycosuria, 
polyuria), and upon the cervical and lumbar enlargements of the spinal 
cord (bilateral tonic spasm, fascicular twitchings, paresthesias).

(e) The Prognosis in Tetany
This should ho guarded, especially in postoperative cases, for these not 

infrequently terminate fatally. The majority of cases of all forms of 
tetany recover, though the possibility of recurrences in the tetany months, 
at different periods of life, must he kept in mind. The great frequency of 
latent tetany is at present largely overlooked by practicing physicians. 
The importance of keeping chronic tetany in mind in patients presenting 
psychoneurotic symptoms is well shown by the ease recognized and reported 
by J. P. Munroe of Charlotte, N. C. The tetany of childhood may not be 
billowed in later life by any other signs, though sometimes trophic residues 
(vide supra) arc observable, and not infrequently, in later life, acute or 
chronic tetany occurs.

(f) The Diagnosis of Tetany
The diagnosis of tetany is easy in the eases with typical tonic spasms 

without loss of consciousness. The demonstration of the latency-signs 
corroborates the diagnosis. Tetany would be less often overlooked if cer­
tain predisposing factors (pregnancy, gastro-intestinal diseases, strumec­
tomies, specific occupations, time of year) were not lost sight of.

A positive diagnosis does not require the demonstration of all three 
main latency-signs; any one may be absent. The finding of trophic resi­
dues of childhood tetany may be helpful.

It may be necessary to differentiate tetany (1) from epilepsy, ( :2) 
from hysteria, (ÎÎ) from catatonia, (4) from tetanus, and (5) from cramps 
in muscles due to other causes.
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D. Diseases of the Hypophysis Cerebri or 
Pituitary Gland (The Hypophysopathies)

1. The Structure of the Hypophysis Cerebri
The hypophysis cerebri consists of an anterior glandular part (hints anteriorI 

and a posterior nervous part (lobus posterior or pars nervosa), closely connected 
with which is the so-called pars intermedia. Kacli of these three divisions of the 
gland possesses special functions.

The hypophysis lies in the sella turcica of the base of the skull. The posterior 
lobe is connected directly, through the infundibulum, with the brain; a small process 
of the anterior lobe runs up into the pedicle of the hypophysis.

Fig. or»». Sagittal Section Through the Hypophysis of a Vat. C.m. = Corpus mam. : ll.p.n. 
Ant. Lobe of Hypophysis ; ll.p.p. - Cost. Lobe of Hypophysis; II.s. - Hypophyseal 
Stalk ; R.I. = Rccessua Infumllhularls ; IM. = Pars Intermedins; L.c. = Lobulus eld- 
aamatlcua ; L.p. = Lobulua prema mini I laris. (After A. Blodl, "Innere Sekretlon," pub­
lished by Urban & Schwarzvnberg, Berlin.)

The anterior lobe, or pars glandularis, consists chiefly of epithelial columns 
lined by the so-called chief cells (chromophobe or neutroplrlic cells). Toward the 
posterior part of the anterior lobe are situated certain cliromojthile cells that are 
subdivisible, by special staining methods, into (1) eosinophilic or acidoph lie cells, 
and (2) cyanophilic or basophilic cells. In the same region lies the so-called 
Rathke's cyst.

Embrvologically, the anterior lobe is derived from the mouth cavity at its 
junction with the head gut.
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The posterior lobe, including the pars nervosa or neurnhypophysis and its 
epithelial envelopment (the pars intermedia of Herring), is embryologieslly de­
rived from the nervous system. The pars nervosa is made up, histologieally, chiefly 
of neuroglia. The origin of the substance upon which the physiologieal activity 
of this portion of the gland depends is not clear. The pars intermedia is a thin 
epithelial covering, thickest at the anterior part of the pedicle, where the pars 
intermedia joins the anterior lobe.

The lobus anterior is very vascular and apparently secretes a ,stamable colloidal 
substance as an internal secretion that passes into the blood. The relatively 
non-vascular pars nervosa contains in its meshes colloidal or hyaline masses that 
may represent an internal secretion that is discharged into the cerebrospinal fluid 
(Cushing and Uoetsch). It has been hinted that this colloidal substance found in 
the pars nervosa may be a secretion from the cells of the pars intermedia. The 
parahypophysis (Dandy and Uoetsch), present in the floor of the sella turcica in 
cats and dogs, has not been described in man.
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2. The Functions of the Hypophysis Cerebri
As with the thyroid gland, diseases of the hypophysis are accompanied some­

times by symptoms that appear to be due to over-function of the gland (hyper- 
lypophysism), sometimes by symptoms due to under-function (hypohypophysism). 
In many cases, however, the function is so perverted (dyshypophysism) that symp-
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toms usually attributed to over-function may be combined with symptoms usually 
attributed to under-function. It may be that in every case of hypophyseal disease 
we deal with such a dyshypophysism or dyspituitarism; but for clinical analysis, 
it will be easiest if we consider, first, the states due predominantly to over-function 
and afterward the states due predominantly to under-function.

Since P. Marie (188G) described acromegaly, and later, with Marinesco, showed 
that the disease is due to a pathological change in the hypophysis, the functions 
of this body have been the subject of much physiological experimentation.

Intravenous injections of extracts of the whole gland raise the blood pressure 
(Oliver and Schafer, 1895). These effects are due in reality to extract of the 
posterior lobe or pars nervosa (Howell, 1898). The rise in blood pressure is due 
to arteriospasm of all the vessels except the renal arteries, which, after a brief 
period of constriction, dilate. This dilatation of the renal vessels, together with 
the specific stimulation of the renal epithelium, gives rise to diuresis. The active 
principle of posterior-lobe extracts, or so-called infundibulin, also stimulates con­
traction of the smooth muscle of the uterus, bladder, intestine and dilator of the 
pupil, and tends to cause glycosuria, thus resembling closely in its effects the action 
of cptnephrin, though the effects are not identical. Extracts of the pars nervosa 
exert a galaetogogue effect. The normal cerebrospinal fluid probably contains 
infundibulin, since injection (after slight concentration) produces physiological 
reactions similar to those following injections of infundibulin itself (Cushing and 
Goetsch).

The active principle of the posterior lobe is not destroyed by boiling. It is 
dialyzable through parchment paper; it is not injured by digestion with gastric 
juice or trypsin; it cannot be a protein and differs from epinephrin; it contains 
no iodin.

Repented injections of posterior-lobe extract may be followed by emaciation, 
due to accelerated metabolism. The aorta undergoes atheromatous change and his­
tological alterations are produced in other ductless glands.

Injections of extracts of the anterior lobe (free from pars intermedin) pro­
duce no recognizable effects.

We are remarkably ignorant regarding the internal secretion of the anterior 
lobe. It probably has to do with (1) the growth of bone and (2) the stimulation 
of the endocrine functions of the gonads that arc concerned in the development of 
the secondary sex characters (q. v.).

The feeding of extracts of the hypophysis have led, in the main, to negative 
results, even in young animals.

Transplantations of the hgpophgsis certainly do not survive and remain active 
unless hypophyseal insufficiency be present, ami, even then, survival is doubtful.

Complete removal or destruction of the hgpophgsis (Paulesco; Cushing and 
his associates) is uniformly fatal, being followed in a few days by tremor, fibril­
lary twitching, arching of the back, slowing of the pulse and respiration, hypo­
thermia, apathy, coma and death—the so-called cachexia hypophysopriva acuta. 
Partial hgpophgsectomg in animals is followed by adiposity, increased carbohy­
drate tolerance, hypothermia, nutritional changes in the skin and its appendages, 
sexual inactivity or hypoplasia, retardation of body growtli, mental dullness, tran­
sient polyuria and histological changes in other ductless glands (Cushing and his 
associates ; Aschner and Ricdl).
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3. Slates Due to Over-function of the Hypophysis
Il y peril y po pli y ni am ; II yperpiluilarittm; Acromegaly ; (jigantwn

(a) Conception of Acromegaly
Acromegaly is a disease that develops slowly, usually at the end of 

adolescence. It is due to a hyperfunctiou of the glandular anterior lobe 
of the hypophysis cerebri. It causes (1) an increase in the size of the 
acra (nose, lips, tongue, inaudible, hands, feet), (2) hyperplastic changes 
in the osseous system, (3) certain cerebral and genital symptoms, and (4) 
certain changes in the other glands of internal secretion (thyroid, genital 
glands), with corresponding symptoms referable to the autonomic nervous 
system.
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(6) Symptoms of Acromegaly

Onset.—The onset of the disease may occur in one of two ways. The 
patient or his friends notice either (1) an enlargement of the hands, feet 
and face, and a need of larger gloves, hats or shoes than formerly, or (2)

certain symptoms like headache, sleepi­
ness, apathy, epileptiform convulsions 
that bring the person to the physician 
and lead the latter to suspect the exist­
ence of some intracranial lesion. Cer­
tain genital disturbances are usually 
met with at onset also—in females, 
amenorrhea or other menstrual irregu­
larities, in males diminished libido and 
potentia. Such cerebral and genital 
symptoms may gradually increase over 
a period of years before skeletal 
changes arc noticed. When the disease 
is fully developed the bony changes are 
very marked and the cerebral and geni­
tal symptoms arc more pronounced.

Changes in the Skeleton and its 
Coverings.—These consist chiefly of 
hypertrophic changes of a peculiar kind 
in the bones ; they lead to characteristic 
appearances, so characteristic that 
when one has once seen a typical 

case of acromegaly, the condition will scarcely bo overlooked sub- 
quently.

In the head, the facial skull is involved more than the cranial skull, 
with the resulting ugly distortion known as the acromegalic face (Fig. 
GOO). The face is on the whole oval, or hexagonal, and markedly elon­
gated; it is widened somewhat in the transverse direction, all the bones 
becoming more prominent. The forehead looks relatively narrow above 
the projecting eyebrows and the enlarged orbits. The bones, cartilages 
and soft parts of the nose are enlarged ; the nose is often greatly thickened 
and is usually enlarged in all dimensions. The distance between tlio 
malar hones is markedly increased and these bones form striking promi­
nences in the acromegalic face. The eyes lie deep in the orbits as a rule, 
though there may sometimes be a protrusion of the eyeballs. The project­
ing chin is characteristic, the bone being thickened and turned upward, as 
the French say, en galoche. The whole face is of the type of the classical 
profile of the nut-cracker face of Punch (Leri). The margin of the upper 
lip is thickened and turned upward. The teeth in the lower jaw are shoved

I-'lg. 000.—Acromegaly. (After P.
Marie, "Travaux Hvicntlflques," pub­
lished by Masson et Cle, Paris.)
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forward in front of those in the upper jaw. The teeth do not change in 
size, but the spaces between them become widened (“hag teeth”), owing 
to the enlargement of the jaw, an important and often early sign. Be­
tween the malar hones and the chin there are hollows in the cheeks.

The ears are enlarged. The skin, though thickened, dry and sallow, 
looks loose and wrinkled; all the natural wrinkles are exaggerated. The 
hair, heard and eyehroivs are usually heavy and coarse.

The enlargement of the tongue may make speech and mastication diffi­
cult. The larynx becomes enlarged and the voice lower pitched and hoarse. 
Women, when affected, owing to the 
marked wrinkling of the skin and low- 
pitched voice, come to take on a masculine 
appearance.

The so-called spadelike hands arc very 
characteristic. They are broad and thick 
rather than elongated ; the soft parts are 
greatly enlarged and the folds and sulci 
arc markedly exaggerated (“stuffed” or 
“pudgy” looking hands). The fingers do 
not taper toward the tips, but are as thick 
distal ward as proximal ward, quadrangu­
lar at the tips—the so-called sausage-fin­
gers. The size of rings and thimbles has 
progressively to he increased. The nails 
are short and broad ; the lunulae at the 
bases of the nails arc often absent; there 
is sometimes longitudinal grooving. Devi­
ations from these typical spade hands are 
sometimes met with, though the common 
form is that described. The wrists, fore­
arms and arms show relatively little 
change.

In the lower extremities the feet un­
dergo modifications similar to those de­
scribed for the hands, while the legs and 
thighs arc relatively little altered.

In the thorax, the clavicles become en­
larged and there is usually an outspoken 
kyphosis of the lower cervical and upper 
thoracic spine. There may be some lum­
bar lordosis or a variable grade of scoliosis. The neck looks short and 
thick, as though sunken between the shoulders. The thorax is thick through 
from behind forward, but narrowed from side to side. The ribs and 
sirnunn also show hypertrophic changes. Thoracic respiration is inter­

ne. (Mil.—Acromegaly. Note the Her- 
agonal Skull, the Growth of Hair 
Low In (he Middle of the Forehead, 
(he Kxnggerallon of the Wrinkles, 
the Spadelike Hands and the Large 
Feet» (Med. Service, J. H. H.)
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fered with. The abdomen projects and the hips are broad. The external 
genitalia are usually increased in size in both sexes.

The Cerebral Symptoms.—-The headaches may ho very frequent ami 
very severe. They are most often occipital, but they may ho frontal, 
bitemporal or diffuse.

The mental symptoms may be pronounced. There is dullness, apathy 
and general slowing of the mental functions. The patients talk very 
little, and the speech is heavy and slow; they usually grow sad and 
irritable. Outspoken psychoses, with melancholic or persecutory ideas, 
may develop.

In the cases with epileptiform convulsions, the attacks may be those of 
grand mal or of petit mal. Kollcston reports the death of an acromegalic, 
during an epileptiform attack, and a. similar exitus has been described by 
other authors.

If a bitemporal hemi-anopsia exist, it is most helpful in diagnosis, 
since it points to a lesion of tho middle part of the optic chiasm, a lesion 
most often duo to hypophyseal tumor. Optic atrophy and choked disk, 
when diffuse, are duo to the general increase of intracranial pressure. 
Careful studies of the visual fields by the perimeter are important for 
diagnosis in the early stages of the disease.

The Genital Symptoms.— In men, the external genitalia, with llio 
exception of the scrotum and testes, arc often hypertrophied, but there is 
diminution of libido and potentia. In women, amenorrhea is often an 
early symptom, and it is usually persistent. The external genitalia are 
hypertrophied, but tho uterus is small and the breasts flabby and pendu­
lous.

Other Symptoms of Acromegaly.—In the respiratory system, emphy­
sema and chronic bronchitis are not uncommon. In the cardio-rascular 
apparatus, tho heart is often found hypertrophied, apparently as part of a 
general splanehnomegaly. Examinations of the urine have shown the fre­
quency of glycosuria (30-50 per cent of the cases), which may or may not 
be accompanied by other signs of diabetes mellitus (polydipsia, poly­
phagia, etc.). A number of acromegalics have died in diabetic coma 
(Hinsdale). Albuminuria is rare. There appears to lie a retention of 
phosphates and of lime salts (Edsall and Hiller), possibly associated with 
the overgrowth of bone.

In an acromegalic, in .Tanoway’s clinic, ITamman lias recently demonstrated a 
blood-sugar curve after the ingestion iff 100 g. glucose that differs from the curve 
in a normal person by its greater height and longer duration.

As Cushing 1ms emphasized, a primary hyperpituitarism with acromegaly or 
gigantism may be followed later on by a term uni hypopituitarism, the change 
appearing to depend upon a cystic retrogression of the primary glandular hyper­
plasia.
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Examinations of tlio blood often reveal a mononucleosis and an eosi­
nophil ia.

The Other Glands of Internal Secretion in Acromegaly.—Tlie thyroid 
usually shows certain abnormalities (struma, atrophy). The thymus may 
lie enlarged and a complicating status lym- 
phaticus has been observed. In the diabetic 
eases the functions of the internal secretion 
of the “pancreas are probably involved.

Symptoms in Acromegaly Referable to 
the Autonomic Nervous System.—The tonus 
in both the sympathetic and the craniosacral 
autonomic systems may be altered, cither in 
the direction of increase or of decrease. It 
seems probable that the internal secretion of 
the hypophysis has a direct effect upon the 
vegetative nervous system (sec above under 
physiology), but doubtless some of the symp­
toms in the domain of the vegetative nervous 
system in acromegaly are duo to the second­
ary disturbances of other endocrine glands, 
especially the thyroid.

X-rays of the Sella Turcica in Acromega­
ly.—The sella turcica is usually enlarged.
Sometimes, the partition between the sella and the sphenoidal cavity is 
broken through. In other cases, the clinoid processes arc destroyed. 
Now and then an acromegalic yields a normal rontgonogram of the sella. 
For a further description, sec below under Diagnosis.
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Thayer (W. S.). Hypertrophic pulmonary osteoarthropathy and acromegaly: a clinical lec­
ture, with the histories and photographs of four eases. N. York M. J 
1S96, Lriii, 87-41.

Wilson (S. A. K.). A typical case of acromegaly, with signs of regression. Proc. Roy. Soc. 
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(c) Special Clinical Forms of Acromegaly
Leri, reviewing the bibliography, distinguishes several special forms : 

(1) a painful form ; (2) an amyotrophie form; (3) a form associated 
with gigantism ; (4) a form associated with obesity ; (5) a form associated 
with trophedema or with myxedema ; and (G) a form accompanied by 
severe nervous or mental symptoms.

The painful form of acromegaly.—In this form, pains dominate the clinical 
picture. All acromegalics have headache, hut at least half of them suffer from 
other pains in the trunk or limbs. Two sub-types are recognized, (a) the rheu­
matic painful type, involving the joints, and (b) the neuralgic or hyperalgic type, 
involving the nerve trunks (acromegalic pseudo-tabes).

The Amyotrophic Form of Acromegaly (Duchesnau).—In this form, an 
extensive amyotrophia occurs in all four extremities, without DcR, and with no 
change, or only slight diminution, in the reflexes.

Acromegaly with Gigantism.—Most acromegalics are taller than normal. 
Nearly half of all giants become acromegalic. It is probable that gigantism is 
due to hyperpituitarism in childhood ; that acromegaly without gigantism is due 
to hyperpituitarism after youth ; and that acromegaly with gigantism is due to 
a hyperpituitarism beginning in childhood and continuing into adult life. Thus 
a giant may become an acromegalic, but an acromegalic of small stature can never 
be changed into a giant.

Acromegaly with Obesity.—Here, the obesity is probably the result of a 
terminal hypopituitarism, superimposed upon a preceding hyperfunction of the 
gland.

Acromegaly with Chronic Trophedema or with True Myxedema—In this 
form, ws see a combination of the symptoms of acromegaly with those of tro- 
phedeme, or with those of myxedema.

Acromegaly with Outspoken Nervous or Mental Disease—In this form, the 
acromegaly is accompanied by profound nervous symptoms (epilepsy, brain 
tumor), or severe mental symptoms (mania, melancholia, delusions, etc.).
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(d) The Course of the Disease
Acromegaly is a slow but a progressive process, beginning usually in 

the early twenties. Those affected may live from ten to thirty years. In 
very severe cases, death may occur in three or four years; in the more 
benign cases, a patient may live fifty years after the onset. Even cen­
tenarian acromegalics have been recorded. Toward the end, a progressive 
cachexia develops; the patients lose weight and grow ever weaker. Death 
may occur in an epileptiform attack, in diabetic coma, from cardiac fail­
ure, or from some complication, especially pulmonary tuberculosis.

(e) Etiology and Pathogenesis of Acromegaly
Though the disease is undoubtedly due to a disturbance of the function 

of the hypophysis cerebri, the causes of the hypophyseal disease arc not 
fully known.

Women are affected more often than men. The disease begins between youtli 
and middle life (20th to 40th year) ; rarely, the disease may set in earlier, or 
very late in life. It seems to run in families, though since the disease begins 
in youth and, once developed, almost invariably causes sterility, acromegalics have 
hut few descendants. The occurrence of gigantism in families in which acro­
megaly exists has often been noted.

An analysis of the previous history of acromegalics reveals the frequency of 
disturbances of metabolism (gout, diabetes), of certain infections (polyarthritis, 
typhoid, scarlet fever, etc.), and of certain intoxications (potatorium, lead 
poisoning).

Post mortem studies have revealed hypophyseal lesions almost constantly in the 
form of a tumor. This was formerly believed to be sarcoma, but more recent 
studies indicate that the neoplasm is nearly always an epithelioma. The cells 
formerly taken to be the round cells of sarcoma have been found to be deformed 
epithelial cells of the hypophysis. The epithelium has its origin in the glandular
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cells of the anterior lobe. The flat celled epithelial tumors of the hypophysis do 
not cause acromegaly. It has been asserted that acromegalic phenomena arc, 
however, not always due to tumor, but may be associated with (1) cysts, (2) hem­
orrhages, (3) cirrhotic processes, etc., but, in such cases, there is sometimes a 
neoplasm in an accessory hypophysis (in the pharyngeal wall or in-the sphenoidal 
bone) ; or the case may have been one of syringomyelia with cheiromegaly, of 
so-called pseudo-acromegaly, or of mere gigantism. Cantani lias collected 30 cases 
in which there was neither tumor nor histological change in the hypophysis.

Some changes arc always present in other glands of internal secretion (thy­
roid adrenals).

The splanchnomegaly involves the heart, the liver, the spleen, the pancreas 
and the kidneys, but the brain does not become enlarged and the genital organs 
atrophy. The ossification of the spinal meninges, sometimes found, may be the 
cause of the neuralgic pains in the “painful type” of acromegaly.

Mario’s theory that acromegaly is a systemic dystrophy of hypophyseal 
origin is tho view generally adopted. There is much to he said in favor of 
a hypothesis, according to which, at the beginning of the disease, we have 
to deal with a hyper function of the hypophysis, and, later on, a hypof unc­
tion appears as a result of tho degenerative and destructive character of the 
later lesions (Tamburini; Bed ere). Recently, writers have rallied to the 
support of Roussv’s doctrine, according to which tho disease is due, neither 
to an increase nor to a diminution of the secretion, hut to a perversion 
thereof—a dyspituilarism or a dyshypopliysism.

Whether the abnormal secretion causes acromegalic changes by acting directly 
upon the bony and cartilaginous tissues, or indirectly through their trophic cen­
ters in the nervous system, is not known. The amenorrhea and other genital 
disturbances, and the glycosuria of acromegalics, are probably due to excess of 
the secretion of the posterior lobe. The experiments of Goetsch, Cushing and 
Jacobson upon the relations of the functions of the posterior lobe to carbohydrate 
tolerance are very convincing. The obesity sometimes met with in acromegaly, 
especially in its later stages, appears to be due to hypohypophysisinus, and espe­
cially to secretory insufficiency of the posterior lobe.
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(f) The Diagnosis of Acromegaly

Tlio outspoken cases of acromegaly arc easily recognizable, but tbo 
beginning cases are often overlooked. Complaints of severe headache, of 
veurah/ic pains in the limbs, of genital disturbances in tbo early twenties, 
should always excite suspicion, particularly in families of tall people.
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Prominent supra orbital ridges, thick lips, widened spaces between the 
incisor teeth, large pawlike hands, should lead one to investigate carefully 
the hypophyseal functions.

In doubtful cases, rontgenograms of the skull should always be made, 
when one or more of the following important changes may be observed : 
(1) enlargement of the anteroposterior, or of the vertical, diameter of the 
sella turcica; (2) enlargement of the frontal sinuses; (3) irregularity in 
thickness of the calvarium ; (4) exaggeration of the external occipital pro­
tuberance.

This so-called radiographic formula is at present the most certain 
proof of the existence of acromegaly (Leri).

(0) Differential Diagnosis of Acromegaly
Acromegaly affects l>otli the head and the extremities, and may he 

confused (1) with diseases that affect all these, (2) with others that 
affect the head alone, and (3) with still others that affect the extremities 
only.

L From other Diseases that Modify the Form of the Head as well as of the 
Extremities

We must differentiate acromegaly: 1. From myxedema (soft parts infiltrated, 
arrest of development of bones; often dwarfism, absence of enlargement of the 
bones, full-moon face).

2. From I'aget’s disease (cranial skull rather than facial bones affected; bitem­
poral diameter of skull broadened rather than bimalar diameter; face triangular, 
with base above, rather than hexagonal; enlargement of shafts of bones rather than 
of acra; characteristic cotton-batting appearance in x-ray pictures; calcification 
of arteries; advanced life).

3. From rickets (enlargement of skull due to projecting frontal and parietal 
bones; late closure of fontanelles; small senile face; shortening and curving of 
long bones of extremities; enlargement of distal extremities of long bones; absence 
of changes in acra; rickety rosary; frequent dwarfism; disease of childhood).

ii. From other Diseases Affecting the Head but not the Extremities
Of these diseases we must differentiate acromegaly: 1. From oxycephahi or 

so-called tower skull (head lengthened in vertical direction, but flattened dors,illy; 
no contraction of visual fields; beginning in childhood; characteristic radiographic 
formula).

2. From leontiasis ossea (complete integrity of soft parts; nose sunken between 
hypertrophic bony masses, giving the appearance of a lion’s face; hypertrophic 
changes in bones of face and skull occur rapidly; disease of youth; tongue not 
enlarged ).

iiL From Diseases Resembling Acromegaly, but Affecting as a Rule the 
Extremities Only

Of these diseases, we must differentiate acromegaly: 1. From the hypertrophic 
pulmonary osteoarthropathy of P. Marie (hones of hands enlarged, especially
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at tips of fingers, with incurved nails, but soft parts not hypertrophied; enlarge­
ment of wrist-joint; similar changes in the toes and ankles; dorsolumbar rather 
than cervicodorsul kyphosis; margin of upper jaw hypertrophied but mandible 
unaffected; absence of genital and cerebral symptoms; association with intra- 
thoracic diseases.

2. From syringomyelic cheiromegaly (characteristic objective sensory symp­
toms; trophic and vasomotor changes; absence of alterations in the skull).

Wherever possible the diagnosis of the size and exact position of the 
tumor of the hypophysis should ho made, inasmuch as this may decide 
whether or not the treatment shall consist of an attempt at hypophysectomy 
either by the intracranial or extracranial route, or must ho limited to radio­
therapy, opotherapy, or symptomatic treatment.
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4. States Due to Under-function of the Hypophysis
{Caclicxia hypophysopriva, Hypo-hypophysismus, Hypopituitarism, 

Hypophyseal Dystrophia adiposogenitalis)

The phenomena of cachexia hypophysopriva have been referred to 
in the introductory paragraph. We shall deal here especially with the 
condition first clearly characterized in 1901 by A. Frohlich, and since 
known in the literature as typus Frohlich (quickly developing obesity; 
infantilism of the genitals; myxedemalike changes in the skin), now 
usually described as hypophyseal dystrophia adiposogenitalis.

(a) Conception of Dystrophia adiposogenitalis 
of Hypophyseal Origin

This is a well-characterized clinical syndrome, not infrequently met 
with in human beings, and corresponding to the typus Frohlich men-
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tioncd above. It is due, as a rule, to a tumor or other disease of the 
hypophysis, resulting in a decrease of the functional activity of that gland, 

especially in its posterior lobe. The disease 
has been produced experimentally by partial 
extirpation of the hypophysis in young ani­
mals (Cushing, Aschner).

(6) Symptoms of Dystrophia 
adiposogen ital is

When the syndrome is due to tumor of the 
hypophysis the following phenomena are usu­
ally met with :

Symptoms directly dub to the brain 
tumor:

(a) General symptoms duo to increased
intracranial pressure (headache, 
mental disturbances, vomiting, 
etc.).

(b) Neighborhood symptoms due to
local pressure (optic atrophy, bi­
temporal hemi-anopsia, contrac­
tions of visual fields, changes in 
sella turcica, lesions in body of 
sphenoid bone.

Symptoms due to loss of function of 
the hypophysis (obesity, fall­
ing out of hair, faulty skeletal 
development, polyuria, trophic 
changes in the skin, etc.).

Fig. (tfi.'i.—Von Frilhlieh's Case of 
Hypophyseal Obesity after Op­
eration. (After A. Bledl, "In- 
nere Sekretlon," published by 
Urban & Schwarzenburg, Ber­
lin.)

i. Symptoms Directly Due to the Brain Tumor 

General Symptoms Due to Increased Intracranial Pressure.—IInul- 
ache is often a prominent symptom, occurring in at least one-third of tlio 
cases. It varies in intensity and in localization, but is often bitemporal 
or frontal, sometimes dilfuse. Vomiting and dizziness are not uncommon, 
and may accompany the headache. Mental symptoms of variable char­
acter occur. The patients impress one as being below par mentally. Tln-vo 
may be outspoken signs of mental disturbances (excitement, depression, 
psychoneurotic phenomena, or even hallucinations). As a rule, however, 
the patients are remarkably quiet and resigned, bear pain well, and co".p- 
erate easily with the physician (von Frankl-I loch wart). A tendency to 
narcolepsy has been observed in several cases. Epileptiform attacks may
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be due either to the general increase in pressure, or they may bo neighbor­
hood symptoms. In the latter ease, especially if the gyrus hippocampi bo 
irritated, hallucinations of taste and smell may characterize the aura at 
the beginning of an attack.

Neighborhood Symptoms Due to Local Pressure.—These arc refer­
able partly to the cerebrum, partly to the base of the skull and the naso­
pharynx.

Among the cerebral nerves that may be injured arc (1) the N. opticus, 
(2) the eye muscle nerves (111, IV, VI), more rarely (Î3) the Nn. olfac- 
loriij (4) thoN. tnyeminus and (5) the N. facialis.

S’

V- X ■'

Fig. 004.—Teratoma of the IlypopliyHla cerebri. Note also the Dilated Lateral Klims, and
the Open Sutures. The +'s Mark Internal Hydrocephalus. (X-ray Dept., J. 11. 11.i

The commonest and most serious neighborhood symptoms arc the 
visual disturbances, depending nerve lesions, especially lesions
of the chiasm. The visual disturbance is usually bilateral. Primary optic 
atrophy is present in over half the cases; this is associated with choked 
disk in about one-third of the cases. Bitemporal hemi-anopsia is com­
mon, homonomous hemi-anopsia rare.

The injury to the eye-muscle nerves may be evident as diplopia. The 
X. oculomotorius is much more often affected than the N. abduccns. 
Nystagmus is not uncommon.

Disturbances of smell, taste and sensation on the face are rare, and 
facial palsy is uncommon.

A-5A



930 GLANDS OF INTERNAL SECRETION

Of the symptoms referable to other portions of the base of the brain 
may be mentioned : (1) spastic paralysis with positive Babinski, due to 
involvement (often bilateral) of the cerebral peduncles ; (2) polyuria ; 
and (3) disturbances of temperature regulation (hyper- or hypothermia), 
the latter symptoms being referable perhaps to injury to the tuber cine- 
reum or adjacent parts.

Of the signs referable to changes at the base of the skull and in the 
nasopharynx may he mentioned:

1. Alterations in the x-ray picture of the sella turcica due to the 
hypophyseal tumor. When the tumor is intrasellar in origin there is even 
enlargement of the sella, its floor becomes deeper and thinner and seems 
to be nearer the floor of the middle fossa of the skull. The back of the 
saddle is thinned, reclined and lengthened. There is an acute-angled 
projection at the point where the contour of the sellar fossa goes over into 
the planum sphenoidale. The anterior clinoid process may look normal

Fig. 005.—(a) Shows the Outline of a Riintgenogram of a Normal Sella Turcica, (b) Shows 
a Large Tumor of the Hypophysis, Accompanied by a Dystrophia adiposogenital Is, and 
Causing Flattening of the Sella Turcica. The Floor of the Sella (B) Presents a Double 
Contour, Indicating an Asymmetrical Pressure of the Tumor Against the Base of the 
Skull. B = Floor of Sella; M = Planum sphenoidale; Iv = Sphenoidal Sinus; I, = Pom­
mel ; O = Itoof of Orbit; P = Processus cllnoldeus anterior; I’p = Processus cllnoldeiis 
posterior : S.c. = Sulcus chiasmatls ; T.s. = Tuberculuin sellac. (After A. SchUller, 
"Handb. d. Neurol.," published by J. Springer, Berlin.)

or it may be very “plump” ; sometimes it is pressed upward and hollowed 
out on its lower surface. In tumors of extrasellar origin there is a flat, 
bowl-like expansion of the sella, with thinning and shortening of the back 
of the saddle, sharpening, or shortening, of the anterior clinoid process, 
and erosion of the tuberculuin sellae so that the floor of the sella, though 
looking thin, does not seem to bo much nearer the floor of the middle fossa 
of the skull, and it forms an oblique angle at its junction with the planum 
sphenoidale. If the tumor lie very large it may cause such widespread 
destruction of the body of the sphenoid bone that one can no longer decide 
whether it has been intrasellar or extrasellar in the beginning (Erdheim, 
Schiiller).

Owing to the increased intracranial pressure the impressiones digitalae
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of the skull may be deepened and the general wall of the skull thinned. 
Occasionally, calcified or ossified nodules in the tumor itself are visible in 
the x-ray plate.

2. Nasopharyngeal symptoms may include (a) épistaxis, (b) rhinor- 
rliea nasal is, (c) suppurative sphenoidal sinusitis with polyp formation, 
(d ) extension of tumor into nasopharynx, recognizable by inspection and 
palpation.

ii. Symptoms Due to Lessened Internal Secretion of the Hypophysis

(Hypopituitarism)

Obesity.—Accumulations of fat may lie enormous, the body weight 
in adults reaching 200 or 300 pounds. The fat is most abundant as a 
rule on the abdomen and thighs, but may lie generally distributed. As a 
rule the fat is not tender.

Changes in the Hair.—When the disease occurs in the young, the 
hairs of the axilla (hirci) and those of the irions veneris (critics pubis) 
are scanty or absent. In males, the hairs of the beard may also be scanty 
and the distribution of the hairs of the IxhIv may resemble that met with 
in the female (lypus femininus). In the female, on the contrary, the 
distribution of hair may approach the masculine type.

These peculiarities of the secondary sexual character go along with a 
hypoplastic or infantile state of the genitalia in cases in which the disease 
sets in before puberty. If the disease appear after puberty, the secondary 
sex features may undergo retrogressive changes (falling out of eyebrows, 
hirci and crines pubis).

Faulty Skeletal Development.—In some cases of early hypopituitar­
ism, dwarfism is met with (Aschner), due to faulty function of the 
anterior lobe.

If the disease develop before puberty, the skeleton in males assumes 
the feminine type (broad pelvis, genu valgum, sometimes with coxa vara 
and pes valgus).

The extremities are often gracile, the fingers tapering.
Polydipsia and Polyuria (Diabetes insipidus).—This is present in 

many of the cases (see Part XTIT). On the other hand, glycosuria is 
very rare, the patients often exhibiting a very high grade of carbohydrate 
tolerance (Cushing).

Trophic Changes in the Skin.—The skin is pale, usually thin, soft 
and smooth. Sometimes it is wrinkled. In a few cases it may resemble 
that in myxedema or in scleroderma.

Symptoms Referable to Other Endocrine Glands.—Tachycardia, 
asthenia, arterial hypotension, abnormal pigmentations, and myxedema, 
when present in association with dystrophia adiposogenital is, are probably
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duo not directly to the hypopituitarism hut indirectly to disturbances of 
the other endocrine glands (thyroid, chromaffin system).

The evidence at present favors the view that the growth disturbances, 
the genital infantilism and the temperature anomalies arc related to loss of 
function of the anterior lobe, and that the obesity, increased carbohydrate 
tolerance, the polyuria and the arterial hypotension depend upon loss of 
function of the posterior lobe and the pars intermedia,

(c) Diagnosis of Dystrophia udiposogenitalis
In typical cases with (1) trophic disturbances (obesity and genital 

atrophy, (2) visual disturbances (bitemporal hemi-anopsia), and (3) 
excavation of the sella turcica in the x-ray picture, the diagnosis is easy.

In atypical cases (formes frustes), and at the beginning of the disease, 
great difficulty may be experienced. Any one of the following symptoms 
by itself should excite suspicion: (1) limitation of the visual fields on the 
temporal side, (2) menstrual disturbances, (3) rapidly appearing obesity, 
(4) signs of increased intracranial pressure, (5) diabetes insipidus. In 
such cases an x-ray examination of the sella turcica should not be omitted. 
Excavation of the sella, when demonstrable, is most often due to hypophy­
seal tumor, but may be caused by aneurism, or by tumors of the adjacent 
dura or brain.

Though bitemporal hemi-anopsia is most often due to hypophyseal 
tumor, it occurs sometimes in tabes and in lues cerebri.

It must not be forgotten that tumor of the hypophysis, though usually 
associated with obesity and genital atrophy, sometimes occurs without 
these symptoms.

Sudden remissions of the symptoms suggest a cystic lesion or a luetie 
lesion of the hypophysis.

In differential diagnosis, brain tumors other than those originating 
in the hypophysis, hydrocephalus interims, epilepsy, and diseases of tlio 
base of the skull should be considered. Among the endocrinopathies that 
sometimes resemble dystrophia adiposogenital is, one should keep in mind 
Dercum’s disease, chlorosis, myxedema, cretinism, status thymicolym­
phaticus, the various forms of dwarfism, and the so-called polyglandular 
syndromes.
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E. Diseases of the Corpus pineale, or Epiphy­
sis cerebri, and Its Neighborhood

( Th e E pi pli y sc o path ies)

1. Anatomical and Physiological Notes
Tho epiphysis cerebri, or corpus pineale, if evidence recently brought 

is to bo believed, manufactures an internal secretion that is related to 
the maturation of the body, influencing apparently the whole bodily and 
mental development. Over 00 cases of diseases of this structure have been 
published. In many instances it is possible to make the diagnosis of 
disease of the pineal body intra vilain.

The histological structure of the organ is well described in Marburg’s 
paper (1913). Physiologists, despite numerous experiments, seem to have 
liecn unable to throw light upon the functions of the epiphysis. Our 
knowledge of its importance has been derived from the studies of clinicians 
and pathologists.

Tho corpus pineale is often the site of cyst formation and of tumor
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formation. In the latter instance, teratoma is most common, though 
glioma is not infrequent. Cysts and tumors of the epiphysis lead to com­
pression of the vena magna Caleni and of the aqueduct of Sylvius, fre­
quently giving rise to a high grade of hydrocephalus internus of the third 
ventricle and of the lateral ventricles.

My own opinion is that the pineal body need not produce an internal secretion, 
but that tumors of this structure may exert neighborhood influences that lead to 
abnormal functioning of distant endocrine glands, especially of the gonads.
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2. Clinical Studies of Disease of the Pineal Body
(a) Symptoms of Cysts and Tumors of the Pineal Body 

and Its Neighborhood
Theso include (1) symptoms of increased intracranial pressure, (2) 

certain focal symptoms, and (3) certain signs of disturbed internal serno­
tion of the epiphysis.

The signs of increased intracranial pressure depend upon the internal
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hydrocephalus that develops, rather than directly upon the tumor. They 
include headache, vertigo, vomiting, choked disk, drowsiness and certain 
mental changes. It is unusual to have bradycardia.

The focal symptoms usually refer to the region of the midbrain. They 
include paralyses of the N. oculomotorius, the N. trochlearis and the N. 
abducens; these are usually accompanied by diplopia. Nystagmus and 
exophthalmos are occasionally observable. Optic atrophy is not uncom­
mon, due to compression of the optic chiasm from dilatation of the third 
ventricle. Other cerebral nerves, including the N. facialis, the N. acus- 
ticus, and the N. glossopharyngeus, may be involved.

Wlicn polyuria and polydipsia are present they are probably due to 
pressure upon the hypophyseal region. Polyphagia may be a marked 
symptom.

The symptoms depending upon disturbance of the internal secretion 
of the epiphysis include (1) premature puberty (pubertas precox), and 
(2) changes in the carbohydrate tolerance.

A child of four or of six years of age may exhibit fully developed 
genitals with pubic and axillary hair like those of an adult, and with 
emotional and intellectual states corresponding. In boys, the penis may 
reach an unusual size, especially in teratoma cases.

Marburg is of the opinion that the function of the internal secretion of the 
pineal body is to inhibit the ripening of the organism, and that in glandular 
insufficiency this inhibition is taken off and premature puberty results. Munzer 
suggests that the epiphysis inhibits the hypophysis, and that, normally, an epiphys­
eal insufficiency develops at puberty, leaving the hypophysis free to bring about 
the maturation of the organism. The close relations of the hypophysis, the epiph­
ysis and the gonads is certain, but requires further study.

To me it is conceivable that lesions of the epiphysis may act upon distant 
endocrin glands through the excitation of nerve paths near it. Such a view need 
not postulate the existence of an internal secretion formed by the epiphysis itself.

The carbohydrate tolerance and the body weight may be markedly 
affected. In some of the cases there has been extreme obesity; in others, 
marked general cachexia with emaciation. Some have thought that the 
obesity is due to a hyperpinealism and that the cachexia with emaciation 
depends upon a-pinealism. It would seem to be possible that, in both 
instances, we may be dealing, not with a primary epiphyseal defect, but 
rather with a secondary hypophyseal influence.

A majority of the cases of disease of the pineal body have occurred in 
early life (before 30) and have run an unfavorable course, death usually 
occurring within a few months or years after the appearance of symptoms.

(6) Diagnosis of Involvement of the Pineal Body in Disease
If a young person present (1) signs of increased intracranial pressure, 

(2) focal symptoms pointing to the midbrain region, and (3) abnormal
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height, unusual growth of hair, obesity, drowsiness, and premature sexual 
development (bodily and psychic), a tumor of the pineal gland is probably 
the cause of it (von F rankl-1 loch wart ).

In differential diagnosis we must distinguish disease of the pineal 
body (1) from hypophyseal tumors (bitemporal hemi-anopsia, rontgeno- 
gram of sella turcica), and (2) from other causes of precocious puberty 
(neoplasms of the genital glands and of the interrenals).

Symptoms not unlike those due to pineal body tumor may he due to 
tumors in the neighborhood (midbrain, cerebellum), or to chronic internal 
hydrocephalus.
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F. Diseases of the Chromaffin System and 
of the Interrenal System

(The Chroma ffî no politics and the I ntcrrcnopalhics)

1. Anatomical-Physiological Introduction
The chromaffin system includes the medulla of the suprarenal glands, Hie 

paraganglia, and certain microscopic accumulations of similar tissue in the sym­
pathetic ganglia. The chromaffin system includes also the carotid gland, the large 
chromaHin body of the plexus ganglia, and the so-called accessory body
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(Nebenknrper of Zuckcrkand). All this tissue is derived originally from sym­
pathetic nerve cells. The tissue is called chromaffin on account of its affinity for 
the chrome salts of fixing fluids. Physiologically, the chromaffin tissue produces 
epinephrin or adrenalin and gives it to the blood.

The cortex of the suprarenal glands and certain similar tissues elsewhere do 
not belong to the chromaffin system, but to the so-called interrenal system (See 
below). In lower animals, the interrenal organs remain permanently separated 
from the suprarenal organs, or chromaffin system, but in higher vertebrates and 
in man a group of the suprarenal and interrenal bodies unite to form the supra­
renal gland, though certain isolated interrenals and certain isolated chromaffin 
masses also persist, these being more abundant before puberty than afterward. 
In human livings, the interrenal system largely disappears, except for the cortex 
of the suprarenal glands. Minute masses, however, the size of a pin’s head, may 
be found in the sj ; ganglia in the hilus of the kidney, in the prostate, in
the broad ligament, in the inguinal canal, in the epididymis, and along the sper­
matic veins.

The chief function of the chromaffin system appears to be the production of 
epinephrin and the continuous supply of this substance to the blood, through 
which it acts upon the sympathetic nervous system, helping to maintain blood-

chr.Z. SB.

Fig. UUU.—Anlngp of Adrc-nnl in Human Kmbryo 95 mm. Long. 150 x. R. = Cortical Veils. 
8.R. = Colls from Sympathetic Nervous System. ehr.Z. - Chromaffin Cells. (After Wlesl 
in A. llledl'H “Inhere Sekretlou," published by Vrban & Schwarzvuborg, Itvrlln.)

pressure and sympathicotonus in general (Elliot). The epinephrin seems to act 
upon a structure intermediate between the nerve ending and the smooth muscle ; 
it is often described as a “sympathetic hormone.”

The cpinephrin-production of Zuckerkamil’s accessory body, and in the dog of 
the large abdominal paraganglion, seems to be precisely similar to that of the 
medulla of the suprarenal gland itself.

On account of the pigmentation, the digestive disturbances and the asthenia 
that occur in Addison’s disease, the best-known malady involving the suprarenal 
gland, it is assumed that, in some way or another, this chromaffin system controls 
the distribution of pigment in the skin, the feelings of muscular weakness, etc.

The cortex of the suprarenal glands is of epithelial origin and belongs to the 
interrenal system. This interrenal system is necessary to life, though its functions 
are as yet but poorly understood. The tissue is known to produce cliulin, a sub-

3218



938 GLANDS OF INTERNAL SECRETION

stance that lowers blood pressure, but cholin is also produced by the thymus 
gland. Over-activity of the interrenals seems to be the cause of the remarkable

.
-

'Iw

Fig. 007.—Adrenal of a Hog Transplanted 78 Days in the Varenehyma of the Kidney. 8 x. 
The Chief Mass is Regenerative Hypertrophy of the Vortex : in the Center Is the Medulla 
Stained Brown with Chromic Add. Below, at the Left. Is the Glandular Structure. 
(After v. I laborer in A. Blcdl’B "Inncrc Sckrctlon," published by Urban & Schwarzvii- 
berg, Berlin.)

sexual disturbances (pseudohermaphroditism, premature sexual maturity, viril- 
ismus), that occur in connection with hyperplasias and tumors of the cortex 
of the suprarenal glands.

References
Abel (J. J.). Further obsermtions on the chemical nature of the active ■principle of the supra­

renal capsule. Johns Hopkins Hasp. Bull., Baltimore, 1898, ix, 216-21s. 
On epinephrin aiul its compounds, with special reference to epinephrin 
hydrate. Am. J. Pharm., Philadelphia, 1903, Ixxv, 301-325.

Abelous (J. E.) & Langlois (P.). Des rapports dr la fatigue avec les fonctions des capsules 
surrénales. Arch, de physiol, norm, et /Hith., Paris, 1893, 5c s., v, 720- 
728.

Bayer (G.). Die normale and juithologischc Physiologie des chromaffin en Gewebes der Nehru» 
nieren. In: Ergelm. d aligna. Pathol. (cfc.J (Lubarsch & Ottering), 
Wiesbaden, 1911, xiv, Abt. ii, 1-132.



DISEASES OF THE CHROMAFFIN SYSTEM 939

Beitzke (//.)• Die Biologie (1er Ncbcnnierensystème; zummmcnfassetuler Berichl. Bcrl. 
klin. Wchnschr., 1909, xlvi, 1709-1772.

ltiedl (A.). Die Nebcnnicrensysterne. In: I mure Sckrction. 2. Aufl. Berlin A Wien. 
1913, i, 313-6.14; ii, 1-70.

Brown-Sequard (('. E.). Recherches expérimentales sur la physiologie des capsules 
surrénales. Compt. rcrul. Acad. d. sc., Paris, 185S, xliii, pt. 2, 422;

Busch (F. C.), Leonard (T. M.) & Wright (T.). Further results in suprarenal trans­
plantation. J. Am. M. Ass., Chicago, 1908, li, 640-01,2.

Cannon (W. B.). The emergency-function of the adrenal medulla in pain and the major 
emotions. Am. J. Physiol., Boston, 1914, xxxiii, 350-872.

Cannon (W7. B.) & Lyman (II.). The depressor effect of adrenalin on blood-pressure. 
Am. J. Physiol., Boston, 1913, xxxii, 44-00.

Corbett (J. F.). The suprarenal gland in shock. Med. Press A Circ., London, 1915, n. s.. 
c, 257-259.
The suprarenal gland. Ft. Paul M. J., 1915, xvii, 655-061.

Crowe (S. J.) & Wislockl (G. B.). Experimental observations on the suprarenal glands, 
with especial reference to the functions of their inlerrenal portions. Johns 
Ilopkins Hasp. Bull., Baltimore, 1914, x.rr, 287-301,.

Exverimcntellc Untcrsuchungen an Ncbcnnieren mil besonderer Bcriick- 
sichtigung der Funktion des intcrrenalen Teiles. Beitr. z. klin. Chir., 
Tubingen, 1914, xcv, 8-1,6. 2 pi.

Elliott (T. R.). The adrenal glands. Brit. M. J., London, 1914, i, 1393-1397.
The adrenal glands. Practitioner, London, 1915, xcir, 123-135.
Some results of excision of the adrenal glands. J. Physiol., London, 1915, 
xlix, 38-53.

Elliott (T. R.) & Tuckett (I.). Cortex and medulla in the suprarenal glands. J. Physiol., 
London, 1906, xxxiv, 332-369. 1 pi.

Folin (O.), Cannon (W. B.) & Denis (it7.). A new colorimétrie method for the determina­
tion of epinephrine. J. Biol. Chem., 1913, 1,77-1,83.

Goldzieher (M.). Die Ncbcnnieren. Wiesbaden, 1911, J. F. Bergmann. 161, p. 1,°-
Gottlieb (R.) & O'Collor (J. M.). Ueber den Nachweis und dieBestimmung des Adrena­

lins im Blute, llandb. d. Biochem. Arbcitsm. (Abderhalden), 1912, vi, 
585-603.

von Haberer (ID. Experimentelle Verlagerung dir Nehcnniere in die Niere. Arch.f. 
klin. Chir., Berlin, 1908, Ixxxvi, 899-1,76. 1 pi
Dir geslicUe Nebennicrcntransplantation und Hire Endresultatc. Ibid., 
1911, xciv, 606-656.

Hirsch (R.). Die Ncbcnnieren. In: llandb. d. Biochem. (Opjtcnhcimcr). Jena, 1910, 
iii, 1. lllflc, 308-331.

Hoskins (R. G.). The effect of jxirtial adrenal deficiency upon symjxithctie irritability. Am.
J. Physiol., Baltimore, 1914-15, xxxvi, 423-429.

Josuê (O.). A thrrome aortique expérimentale par injections répétées d'adrénaline dans les 
veines. Compt. rend. Soc. de trial., Paris, 1903, le, 1374-1376.

Kleimer (i. S.) «£• Meltzer (S. J.). The relation of the rate of absorption of adrenalin to its 
glycosurie and diuretic effects. J. Ex/xr. M., Lancaster, Pa., 1913, xvui, 
190-209.

Kohn (A.). Die Paraganglicn. Arch. f. mikr. Anat., Bonn, 1903, Ixii, 263-365. 1, pi-
Marchand (F.). Beitrâge zur Kenntniss der normalcn und jxithologischcn Anatomic der 

Cdandula. earotica and der Ncbcnnieren. Internat. Beitr. z. wisscnsch. 
Med. Festschr. It. Virchow, Berlin, 1891, i, 535-5S1. 1, pi-

Oliver (G.) & Schafer (E. A.). The physiological action of extract of the suprarenal cap­
sules. Proc. Physiol. Six:., London, 1894, I ; 1895, 9.

Baton (D. N.). The physiology of the chromaffin system. Practitioner, Ixmdon, 1915, xciv, 
112-122.



940 GLANDS OF INTERNAL SECRETION

Plecnik (J.). Zur Histologie. der Nebennicre des Menschcn. Arch. f. rnilcr. Anat., Bonn,
m2, ix, 414-427.

Reich & Beresnegowski (JV.). Unlersuchungcn iilnr den Adrctuilingefuilt der Nchcunicrcn 
bei akulen Infeklioncn, Itesonders Peritonitis, lieitr. z. klin. Chirury., 
Tubingen, 1914, xci, 403-434.

Rolleston (II. Ü.). The Goulstonian lectures on the suprarenal bodies. Brit. M. J., London, 
1895, i, 029; 087; 745.

Rothschild (M. A.). The importance of lipoids for the adrenal gland. Proc. N. York 
Path.Soc., 1914-15,n. s., xiv, 159-171.

Sergent (E.) & Cottenot (P.). Virradiation des glandes surrénales dans la thcrapeutiipic 
de Vhypertension artérielle. Bull, et mém. Soc. méd. d. hôp. de Par., 1911, 
xxxvii, 385-392.

Sternberg (II.). Die Xebenniere bei phgsiologischer (Scluvangcrschaft-) und artificieller 
Iiypercholesterindmic. Leilr. ?.. jHilh. Anal. u. z. ally. Path., Jena, 1911, 
lx, 91-123. 1 pi.

Stewart (G. N.). The alleged existence of adrenalin (epinephrin) in pathological sera. 
J. Exper. M., Lancaster, Pu., 1912, xv, 547-577.

Stewart (II. A.)- On certain relations between lipoid substances and the adrenals. Tr.
Internal. Cong. Med., 1913, London, 1914, Sect. Ill, tun. Path, it* Path. 
Anal., pt. 2, 173-181.

Sydenstricker (V. P. IF.). Delatour (II. J.) it- Whipple (G. II.). The adrenalin-index 
of the suprarenal glands in health and disease. J. Exper. M., Lancaster, 
Pa., 1914, xix, 530-551.

Takamine (J.). The. blood-pres su re-raising principle of the suprarenal glands; a prelimi­
nary report. Therap. Gaz., Detroit, 1301, 3d s., xci, 221-224.

Vincent (S.). The chromaphil Issues and adrenal medulla. Proc. Roy. Soc. Land., 1910, 
s. B., Ixxxii, 502-515. 1 pi.

Vovgtlin (C.) & Machl (D. /.). Isolation of a new vaso-constrictor substance from the 
blood anil the adrenal cortex; prest nee of the substance in the blood ami its 
action on the cnrdio-vasculnr apparatus. J. Am. M. Ass., 1913, Ixi, 2130 - 
2138.

Zuckerkandl (E.). Ueher accesaorische Nebennieren bei Torpedo marmorata. Anal. 
Ileftc, Wiesbaden, 1906, xxx, 219-231. ‘2 pi.

2. Anomalies of the Chromaffin System and of the 
Interrenal System

Wo arc beginning clinically to recognize ( 1) the phenomena of un<! r- 
function of the chromaffin system, associated with hypoepineplirimania, 
and (2 ) the phenomena of over-function of the chromajjin system, assori- 
ated with hyperepinephrinemia.

The states of under-fnnation have, however, been much more carefully 
studied thus far than the «Antes of over-function. The under-fund ii 
depends, in some cases, chiefly upon a conyrnilal inferiority of the chi >- 
maflin system, a fault of the constitution. A very high grade of congeni­
tal inferiority is incompatible with life. Loss severe grades, however, am 
compati hie with life, but lead to the development of characteristic symp­
toms (primary insufficiency of the chromaffin system), usually associa I 
with status hypoplasticus, or status thvmi< " * * i (q. v.). In otlcr
instances the congenital inferiority of the chromaffin system, perhaps in-41545
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sufficient to cause marked symptoms in itself, predisposes to the localiza­
tion of certain diseases in the chromaffin organs, especially tuberculosis 
(88 per cent of the eases), syphilis, and various acute infections; when 
these injuries arc superimposed upon the congenital inferiority of the 
system, the symptoms of under-function appear (so-called secondary insuf­
ficiency of the chromaffin system).

The cases of outspoken congenital inferiority of the chromaffin system 
will bo described under the caption Flatus thymicolymphaticus (see be­
low). The eases of combined congenital inferiority with acquired injuries 
to the chromaffin system are best described under the caption Addison’s 
disease.

(a) Addison’s Disease

i. Historical Note

Addison, in his publication of 1855, gave a masterly description of 
the disease now known hv his name, lie described it as an c
anemia related to disease of the suprarenal bodies, characterized by a 
bronzing of the skin, digestive disturbances, and nervous disturbances, 
leading to chronic cachexia, and ending fatally.

ii. Etiology of Addison’s Disease

The disease is rare. Men arc more often affected than women. As 
to aye, it. occurs most often between 20 and -10, being rare before 15 and 
after (10. Among predisposing factors may he mentioned : depressing con­
ditions of life, alcoholism, infections, intoxications, trauma and heredity. 
In all eases, probably, there is a congénital anomaly of the chromaffin 
system, consisting of an anatomical and functional inferiority of the 
chromaffin tissues, usually associated with some hypoplasia of other organs 
(vascular system, genitalia), and with some signs of status thymicolym­
phaticus (persistent thymus ; largo tonsils; peculiarities in distribution of 
the body hair). In most of the cases examined, tuberculosis of the supra­
renal glands has been found at autopsy. In other eases, syphilis or atro­
phy of these glands has been observed ; in a few cases, no anatomical lesion 
of the chromaffin system has lieen demonstrable, and a pure functional 
disturbance had to ho assumed.

iii. Symptoms of Addison’s Disease

Onset.—The onset is insidious, beginning with fatigability, muscular 
weakness (adynamia, asthenia), and disinclination for exertion. Sooner 
or later pigmentation of the skin (melanoderma) and of the mucous mem­
branes appears. About the same time digestive disturbances may also set 
in (gastralgies, hyperacidity, nausea, disturbances of appetite and of
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bowel movement). Certain nervous disturbances may also appear (neu­
ralgic pains, headache, dizziness, fainting spells, insomnia, mental depres­
sion or excitation). Outspoken arterial hypotension is a common finding. 
The patients are often dyspneic without apparent cause. Menstrual dis­
turbances occur in women and sometimes impotence in men.

Course.—The coarse of the disease is, as a rule, exceedingly chronic, 
extending over several years, the symptoms being mild at first, with inter­
missions, but toward the end severe (extreme asthenia, anorexia, uncon­
trollable vomiting, diarrhea, delirium, coma, death).

Asthenia.—The adynamia or asthenia of the disease is striking. When out­
spoken, the patients lie almost in a stupor, apparently unable to move, to speak 
or to eat. It is both a physical and a psychic adynamia. The patients as a rule 
lack energy and lose interest in everything. The memory is enfeebled. Less 
often, one sees states of excitation; then the patients may be irritable, egocentric, 
and quarrelsome. Insomnia is a troublesome symptom, though it may alternate 
with periods of great drowsiness. The tendency to fainting seems to be a part 
of the general adynamia.

Digestive Symptoms.—The digestive disturbances are usually a prominent 
feature, though in a few cases they have been entirely absent. They include 
meteorism, abdominal tenderness, abdominal pains (diffuse, epigastric, or peri­
renal), anorexia, nausea, vomiting, hyperacidity, and constipation or diarrhea. 
In some cases there is abnormal hunger, at the beginning, often associated with 
polydipsia and polyuria.

Pigmentation.—The melanoderma comes on gradually. It may be the first 
symptom. The skin assumes a dirty yellow tint, later changing to light brown, 
to deep dark brown, and, finally, to a deep black color. The pigmentation may 
show a bluish or a greenish tint (Wicsel). The pigmentation may be diffuse, 
though certain special areas of the skin are darker than others (axillae, nipples, 
genitals, extensor surfaces of joints, and parts exposed to pressure, like the 
neck, the waist and the shoulders). Especially important is the pigmentation of 
the folds of the palms of the hands and of the flexor surfaces of the small joints 
of the fingers, and the appearance of spots of pigmentation on the mucous mem­
brane of the mouth, lips and palate. In rare cases of Addison’s disease, there 
is no abnormal pigmentation whatever. The conjunctiva and the linger nails are 
rarely pigmented, and the hair itself does not undergo pigmentary change. Blondes 
as wfll as brunettes may suffer from Addison’s disease.

Other Symptoms.—Among the other symptoms of importance may be men­
tioned : (1) peculiar pains in the lumbar region (perirenal), (2) sometimes steno- 
cardiac attacks (coronary hypoplasia), (3) low blood pressure (hypocpinepli- 
rinemia), (4) marked subjective feelings of dyspnea, (5) often eosinophilia, and 
sometimes lymphocytosis (von Neusser), (6) sometimes the appearance of amino- 
acids and of an increase of the volatile fatty acids in the urine.

iv. Diagnosis of Addison’s Disease

This is easy when the typical triad of symptoms (asthenia, digestive 
disturbances, melanoderma) is present, but it may be exceedingly difficult 
in the atypical cases (formes frustes).

In doubtful cases, attention to the following points should l>e helpful:
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(1) the presence of constitutional anomalies corresponding to the status 
thymicolymphaticus, (2) exact studies of the pigmentation of the body, 
(3) a careful analysis of any digestive disturbances present.

Cases of Addison’s disease without pigmentation are very apt to be 
overlooked. On the other hand, there are many diseases that have noth­
ing to do with Addison’s disease, hut which lead to pigmentation that may 
ho mistaken for that of Addison’s disease. Among these, we must differ­
entiate Addison’s disease (1) from hemochromatosis or bronzed diabetes,
(2) arsenical pigmentations, (3) argyria, (4) pellagra, (5) Graves’ dis­
ease, (0) cachexias accompanying malaria, lues, tulærculosis or carcinoma, 
(7) certain skin diseases (vagabond’s disease, xeroderma pigmentosum, 
mclanosarcoma of the skin, chronic eczema).

v. Pathogenesis of Addison’s Disease

It is generally believed that Addison’s disease is definitely dependent upon 
disease of the chromaffin system, especially that of the suprarenal glands, but cases 
are known in which, at autopsy, there was extreme disease of the suprarenal cap­
sules though Addison’s disease had not been present clinically, and there are 
other cases in which, clinically, Addison’s disease has been pronounced, though 
no disease of the suprarenal glands could be found at autopsy. In one of the 
latter cases, Wicsel was able to demonstrate entire absence of certain other 
parts of the chroma din system, and in one of the cases of severe tuberculosis of 
the suprarenal glands not accompanied by Addison’s disease, he demonstrated 
excessive development of the chromaffin system outside the adrenals. It is Wiesel’s 
belief that, for the development of Addison’s disease, there must be disease of the 
chromaffin system and also of the suprarenal cortex (belonging to the interrenal 
system), but it is not necessary that the chromaffin system shall be diseased in its 
chief part (that is the suprarenal medulla), since destruction of portions of the 
chromaffin system outside the suprarenal glands will suffice. He believes that 
disease of the chromaffin system alone is insufficient to account for the phenomena 
of Addison’s disease ; participation of the suprarenal cortex in the disease is also 
necessary, especially to account for the most threatening symptoms of the disease. 
Studies of the lipoid granules of the suprarenal cortex and of the relations of 
the suprarenal cortex to the cholestcrin-estcr metabolism may later throw light 
upon this subject. Since the chromaffin system is under the dominion of the 
N. splnnchnicus and the solar plexus, von Neusser believed that the site of the 
disease may be either in the chromaffin system itself or in the sympathetic nervous 
system innervating it.

One of the most interesting of the recent findings is the common association 
of hypoplasia of the chromaffin system with the so-ealled status thymicolymphat­
icus and the frequency of endocrinopathies of various sorts in persons pre­
senting the status thymicolymphaticus is becoming well known. The merit of first 
calling attention to a persistent thymus in Addison’s disease of the adult belongs 
to Star (1895), and the frequency of the relation has been established by Wiesel. 
It seems probable that the cpinephrin secreted by the chromaffin cells exerts a 
depressive influence upon the thymus. If insufficient epinephrin be produced, the 
thymus does not undergo its normal involution.

It would seem that the pigmentation of Addison’s disease may be due not to 
the chromaffin system directly, but to en abnormal disturbance of sympathetic
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innervation, dependent possibly upon an auto-intoxication due to insufficiency of 
the suprarenal cortex, or more probably to a constitutional weakness of the 
sympathetic nervous system itself (Wiesel).

An attempt has been made by Wiesel to divide the symptoms of Addison's 
disease into two groups, (1) those due to insufficiency of the chromaffin system 
proper (adynamia, asthenia, arterial hypo-tension, stenocardia, mental depression, 
hypo-adrenalinemia, hypoglycemia), and (2) those due to disturbance of the 
function of the suprarenal cortex (gastro-intestinal symptoms, severe nervous 
symptoms, cachexia, exitus).

vi. Prognosis in Addison’s Disease
Addison’s disease is nearly always progressive, ending fatally after 

several months or years. The average duration is two or three years. In 
very acute cases death may occur within three weeks after the first appear­
ance of symptoms; in exceedingly protracted cases, with remissions and 
intermissions, a patient may live as long as thirteen years.

Thus far, no effective therapy has been devised other than purely 
symptomatic treatment and general upbuilding measures.
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(b) Over-function of the Chromaffin System
(// y perch roma/Ji no path y, II yperepineph rincmia)

Knowledge concerning functional over-activity of the chromaffin sys­
tem is only at its beginning.

Tumors arising in the chromaffin tissues are rare (Klister, Schilder, 
Wiesel).

States of over-function of the chromaffin system are believed to occur 
in contracted kidney, in general atherosclerosis of the finer arteries, in 
Graves* disease, and sometimes, in diabetes mellilus. T11 most instances 
this over-activity appears to ho called forth through nervous influences, 
either reflexly or through a state of over-excitability of the nerve centers.

In chronic arterial hypertension, hyperplasia of the chromaffin system has been 
observed (Wiesel). Attempts to demonstrate a hyperepinephrinemia in cases 
of arterial hypertension have yielded conflicting results, sometimes positive, some­
times negative. It seems certain that the blood scrum sometimes contains con­
strictor substances other than epinephrin. In addition to the hyperplasia of the 
chromaffin system observed in chronic arterial hypertension, there are certain 
other points (polyuria, hyperglycemia, hypcrglobulia) that, it has been thought, 
point to hyperchromaffinopathy.

Though it seems possible that over-activity of the chromaffin system is intimately 
related to sclerosis of the tine arterioles such as occurs in genuine contracted kid­
ney, it does not seem likely that it has anything to do with the form of ordinary 
atherosclerosis of the large vessels that may be accompanied by hypertension. The 
relation of over-activity of the chromaffin system to diabetes mellitus and to the
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premature atherosclerosis so often occurring in that disease, has begun to attract 
attention (Falta, Newburgh and Nobel).
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(c) Remarkable Sexual Syndromes Dependent Upon Hyperplasia, 
or Upon Tumors, of the Cortex of the Suprarenal Gland

We are indebted to the French school (see Gallais’ interesting mono­
graph) for descriptions of certain very remarkable syndromes dependent 
upon over-function of the interrenal system, this over-function leading lo 
changes in the sexual glands (gonads) and consequently to striking altera­
tions in the secondary sexual characters. The French have grouped the 
clinical pictures under the designation syndrome génito-surrênalc. In the 
cases that have been studied, tumors starting from the cortex of the 
suprarenals have been found. Females are much more often affected than 
males, though a few males exhibit the syndrome.

This suprarenal genital syndrome assumes three forms according to the 
age in which the disease begins, (1) the congenital form (beginning before 
birth), (2) the early acquired form (beginning before adolescence), (3) 
the late form (beginning in adult life).

[ i. The Congenital Form of Hyperinterrenopathy (Pseudohermaphroditism^

Here belong certain females whoso internal sexual organs resemble 
those of the normal female, hut whose external genitals resemble the male 
type (enlarged clitoris, urethra of male type, prostate, slitliko vulva n re 
or less closed, so as to resemble a scrotum).
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In one such case, described by Marchand, there was extensive hyperplasia of 
the adrenal cortex and also a large interrenal body in the broad ligament. In 
another case, described by Meixner, the child seemed to be a male, but at autopsy 
the internal genitals were found to be of the female type, and two large inter­
renal bodies were present.

Recently I have had opportunity, through the courtesy of Dr. W. C. Quinby, of 
examining such a pseudohermaphrodite. The patient came to the Brady Clinic

Fig. 008.—Pscuduhermaphrodltc. Inter­
nal Genital Organs Female. External 
Genital Organs, General Configuration 
of the Body and Psyche Suggestive 
of the Male. (By Courtesy of Dr. 
W. C. Quinby.)

Fig. 000.—External Genitals in I'scudohermaphro- 
dlte of Preceding Figure. The Patient Was at 
First Supposed to Be a Male with IJnde- 
svended Testicles, but Operation Revealed the 
Absence of Testicles and the Presence of the 
Internal Genitals of a Female. (By Courtesy 
of Dr. W. C. Quinby.)

(service of Prof. II. II. Young) for treatment of a supposed hypospadias. There 
were no testicles present and search was made for the undescended testicles, but on 
laparotomy the internal genitals of a female were found.

The opposite condition, in which the external appearance of the body and the 
external genitalia resemble those of a female, the internal genitalia being male, 
also occurs. The sex of the person is of course determined by the character of the 
internal genitals.
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ii. The Early Postnatal Form of Hyperinterrenopathy (Pubertas precox)

(Pubertas precox)
Hero belong a part, at least, of the cases of premature puberty. Cliil 

dren appearing normal at birtli and during tho first few years of life, 
soon begin to show an excessive fat development (hips, buttocks, abdomen, 
mons veneris), an abnormally rapid growth, an alteration in character 
(excessive liveliness and unusual physical strength, which has led tlm 
French to designate them “Herculean infants”), and a premature devel­
opment of hair on the external genitals, in tho axillae, and, in males, cm 
the face. The» external genitals undergo tho changes that correspond to 
those of puber , (enlargement of the penis or clitoris, increase in the size 
of the labia, closure of tho vulva, turgescence, mammary gland develop­
ment, menstruation ; in boys, change of voice, with erections and pollu­
tions).

These appearances, which may come as early as the fifth or sixth year 
of life or even earlier, are most startling. Tho condition is usually duo to 
malignant new growth in tho cortex of tho suprarcnals, ending fatally in 
one or two years, death being preceded by emaciation, cachexia, vomiting 
and diarrhea.

For full reference to the cases in tho literature belonging to this group, 
tho collective review of Ncurath should be consulted.

That premature puberty may lie due to a more benign cause sometimes 
is certain. In Charlotte, N. O., T saw a little girl about eight years old 
who had menstruated since infancy ; she looked sexually mature, and 
seemed a healthy child otherwise. Recently, I saw, in Prof. II. A. Kelly's 
clinic, a girl of 7 years with pubertas precox associated with a largo ovarian 
tumor.

iii. The Late, or Adult, Form of Postnatal Hyperinterrenopathy

(Suprarenal Virilismus, llirsutismus)
When the interrenal tumor develops after tho ordinary age of puberty, 

that is a fier the secondary sexual characters have already developed nor­
mally, another clinical picture may appear, namely, virilismus or hirsulis- 
mus.

Females between 15 and 20 are most often affected, though the condi­
tion may set in at any time before the menopause. At the beginning, the 
patient complains of disturbances of menstruation (irregularity, amenor­
rhea), nausea and vomiting, and obesity, though it is often stated that she 
is unusually well and strong physically, the muscular power being exces­
sively developed (“masculine women”) and making the girl capable f 
performing physical tasks of which ordinary women arc incapable. This 
hypersthenia of the suprarenal genital syndrome is in marked conh st. 
with the asthenia of Addison’s disease. A curious menial change, may
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also appear (egotism, overbearing tendency, irritability), a kind of mental 
hypersthenia. Some of tlio patients show an abnormally strong sexual 
excitability.

The hair on the body undergoes a remarkable change. Thus women, 
when affected by the disease, grow moustaches or beards; instead of the 
upper transverse limitation of the crines pubis characteristic of woman, 
the triangular form of crines characteristic of the male appears. Long 
hairs may grow on the abdomen, the chest, the shoulders, the back and the 
extremities; lienee the name hirsulismus given by Guthrie and Emery 
(1907).

Aside from the hypertrophy of the clitoris and the change in the crines 
pubis, the external genitalia remain normal. General pigmentation of the 
skin has been noticed in some cases; in others, local patches of dirty gray 
pigmentation have appeared.

The changes above described characterize the early stage of the disease. 
After a few months, however, more serious symptoms set in (emaciation, 
adynamia, melancholia, frigidity), not unlike those of Addison’s disease. 
Albuminuria appears, the blood pressure falls, and drawing and shooting 
pains in the trunk are complained of. Often, at this stage, a retroperi­
toneal tumor becomes palpable, and death soon follows. Tubal pregnancy 
seems to have been common in connection with interrenal tumors.

The diagnosis of interrenal tumor (hypernephroma) is easy in typical 
cases when a retroperitoneal tumor is demonstrable. The tumor may bo 
very large. In one case I saw, the mass reminded me at first of a largo 
leukemic spleen. If no tumor be ' , a probability-diagnosis may
be made from the other symptoms, or from signs pointing to métastasés in 
the lungs, the occipital bone, or the clavicles. Paroxysmal pains and 
paresthesias in the domain of distribution of the lumbar plexus, with 
fever, and hematuria in the absence of nephrolithiasis arc suggestive.

In the differential diagnosis, one must distinguish the condition (1) 
from dystrophia adiposoyenitalis due to hypophyseal tumor (congenital 
hypoplasia, loss of secondary sexual hair, x-ray of sella turcica), and (2) 
from tumor of the corpus pineale (choked disk, x-ray, signs of increased 
intracranial pressure).
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G. Diseases of the Thymus
1. Introduction

Formerly recognized ns a part of the lymphatic apparatus, clinicians have 
recently come to recognize that the thymus belongs also to the great group of 
glands of internal secretion, and is therefore to be viewed as one of the hormono- 
poietie organs.

The functions of the thymus are as yet but poorly understood. If the thymus 
be extirpated in very young animals serious symptoms develop. Thus, in dogs, 
thymeetonized a few days after birth, the skin soon becomes spongy and soft, llm 
growth of the animal is retarded, especially the longitudinal growth of the ex­
tremities, the bones soften and bend, ossification is slowed, there is little or no 
callus-building after fracture, lime-deficit develops, and dentition is slowed. The 
animals put on fat at first, but, later, become cachectic, in spite of a good appetite.
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Muscular tremor develops ; the animals become anemic and sluggish ; and, finally, 
they enter a comatose state before death. If thymus gland be fed to them, or 
if thymus extracts be injected, they do not improve. The studies of Howland and 
his associates, however, make the validity of the preceding observations seem 
doubtful.

Thymectomy in older animals causes only temporary symptoms, unless the 
spleen be simultaneously removed, in which event the animals develop serious 
symptoms and die.

Normally, in human beings, at puberty, the thymus ceases to be as active as 
formerly; and its tissue gradually atrophies, becoming in large part replaced by 
adipose tissue, though some thymus tissue remains throughout life.

If young animais be castrated, the normal involution of the thymus is markedly 
delayed. In human eunuchs, the thymus is known to persist. Excessive sexual 
activity in early life is said to accelerate the involution of the thymus.

Clinicians are now attempting to set up syndromes dependent upon 
states of under-fund ion and states of over-function of the thymus (hypo- 
thymismus, hypertliym ismus).
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2. States of Under-function of the Thymus Gland 
(Hypofhymismus and Athymlsmus)

Totnl extirpation of the thymus has been performed on account of tracheal 
stenosis in young children (Helm), but wo are not told what the results have

Congenital defect of the thymus has been reported (von Sury), but the con­
dition can scarcely be recognized during life. Now that the thymus is being 
extirpated in certain cases of 0raves’ disease where the thyroid is small, it seems 
probable that our knowledge of hypotiiymismus may rapidly increase.
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3. States of Over-function of the Thymus Gland
(Hypcrthymismus, Status thymicolymphaticus, Asthma th y mi eus, M r* 

thy mica)

(a) Conception of Status thymicus
Since Txopp called attention in 1855 to instances of sudden death in 

childhood following cyanosis and stridor, in which, at autopsy, nothing 
abnormal except a hyperplastic thymus could be found, clinicians liavo 
paid much attention to hyperplasia of the thymus and to faulty involution
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thereof, sometimes, though inadequately, designated as persistence or 
revivcscence of the thymus.

The fundamental studies of A. Paltauf in 1889 established the fre­
quent combination of hyperplasia of the thymus with status lymphaticus

and with aplasia of the cardio­
vascular system, and it was he who 
called attention to the necessity 
of considering causes other than 
mechanical in the sudden deaths 
(mors thy mica) among such pa­
tients. Paltauf believed that the 
cxitus depends rather upon some 
vegetative disturbance connected 
with what he designated the lym­
ph a I i c-ch 1 orol i r con si i hit ion.

As the condition became more 
carefully studied, it was found 
that, in certain families, a num­
ber of sudden deaths from this 
cause occur (llcdinger). For a 
time, it was thought that an ab­
normally large thymus was always 
accompanied by a status lymphati­

cus, hut it is now believed that a status thy miens can occur independently 
of a status lymphaticus, though the combination—status thymicolym­
phaticus—is very common.

In status lymphaticus, there is always hypoplasia of the chromaffin system 
(Wiesvl and llcdinger) ; indeed the status lymphaticus may apparently be secon­
dary to the hypochromallinopathy. In pure hyperplasia of the thymus (status 
thymicus), the ehromaflin system may sometimes he entirely normal (llcdinger). 
In thymic, death of the new-born, it is asserted by some that the chromaffin sys­
tem is well developed, and that it is only later on, when the status lymphaticus 
develops, that hypoplasia of the ehromallin system is found (von Sury). The 
whole subject is at present in n state of uncertainty and we must await further 
investigation before a definite decision can be reached. Should the current view 
be true, cases of pure hyperplasia of the thymus without status lymphaticus should 
not exhibit a lymphocytosis, for in pure status thymicus, the hyperplasia is said 
to concern chiefly the epithelial part of the organ (Hassell's corpuscles and the 
cells on the reticulum), while in status lymphaticus it is the small mononuclear ele­
ments that are markedly increased in numbers.

In cases of sudden death, great care should be taken before asserting that the 
thymus is abnormally large. The thymus varies greatly in size under physiological 
circumstances, llammar has attempted to determine the normal weight, at dif­
ferent ages, so as to make reliable comparisons possible, but unless a histological 
study be made and the relative amounts of lymphatic tissue, epithelial tissue, fat 
and connective tissue determined, the results may be very misleading.

Fig. 071.—Very Large Thymus from u Boy Hy­
ing Four Hours after Birth. The Thymus 
Filled the Larger Part of Both Sides of the 
Thorax. (After II. Klose, “Chlrurg. d. Thy- 
musdvUse, published by F. Luke, Stuttgart.)
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(6) Symptoms of Status thymicolymphaticus

The slalus thymicolymphaticus is a constitutional anomaly (Paltauf, 
Hart, Bartel, vou Neusscr, Wiesel). There are many transitions from it 
to the hypoplastic constitution of Bartel and to the eunuchoid type of 
Tand 1er and Grosz.

In the United States, wo arc much indebted to I)r. Haven Emerson, of 
New York, for his careful descriptions of status thymicolymphaticus. 
The external appearance of patients is often characteristic. They may ho 
either abnormally tall or abnormally short, and they usually have long 
arms and legs. The head may he small or large, and anomalies of the 
skull are common.

Males often exhibit a feminine configuration (typus femininus) of 
their extremities. Thus they may exhibit rounded arms and thighs, gyne­
comastia, broad hips, excessive development of the middle incisor teeth, 
low position of the umbilicus approaching the symphysis pubis, delicate 
clavicles, over-extensibility of the elbow, and the feminine relation of 
upper length to lower length of the body.

The skin looks pasty. The distribution of the hairs is often hetero­
sexual. Thus, in males, the beard is feebly developed, the hair over the 
sternum is scanty or absent, the same being true of the hair on the abdo­
men, the extremities, and the perineum. The liirci are also scanty; the 
critics pubis are limited by a horizontal line above and the hairs arc rela­
tively scanty, as in woman. Fine down may also be present on the checks, 
as in woman.

In females, the distribution of the hairs may assume a masculine 
type, coarse hairs being abundant on the trunk and extremities. The 
crines pubis may extend as a triangle up toward the umbilicus, as in the 
male, and hairs may appear on the perineum and around the anus. Occa­
sionally, the hair of the head is abundant, while the crines pubis and the 
liirci are scanty.

The distribution of the fat is often abnormal, males having a distribu­
tion like that of females and rice versa. The whole skeleton may be either 
Unger or shorter than normal. The epiphyseal lines may remain open to 
a late date.

The thyroid is usually, though not always, enlarged. The lymphatic 
apparatus of the body is usually hypertrophied, though thymus liyjicr- 
jilasia may exist without hyperplasia of the lymphatic apparatus. It would 
scorn, however, that the status thymicolymphaticus of Paltauf may bo 
tiikcn as a principal type from which the status thvmicus, the status lym- 
phaticus, the infantile arthritismus (Comby), the exudative diathesis 
(Czerny), the so-called lymphatismus (Heubner), and the lipomatous typo 
(Krylolt) are deviations.
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In outspoken eases of stall us thymicolymphaticus, there is always hyperplasia 
of the lymphatic system (Virchow, Ortner). The intestine is often abnormally 
long. Congenital anomalies of the kidney are not uncommon. Hypoplasia of the 
suprarenals and of the chromaffin system is usually present (Wiesel).

Genital anomalies are common; thus, in the male, the external genitalia may he 
small, and cryptorchismus is common. In some coses, the scrotum is absent. In 
the female, the vagina may Ik* narrow, the uterus infantile, the fallopian tubes 
long and twisted and the ovaries large and smooth.

Hypertrophy of the brain may co-exist and juvenile osteomalacia may be met

Thymus hy|>crplasia is never accompanied by all the conditions mentioned, 
a variable number being present in each case.

In children, especially, it may not be possible to determine the presence or 
absence of many of the anatomical peculiarities mentioned, but the clinician's 
attention will be drawn to the condition by the so-called pasty habitus, a com­
bination of (1) pallor of the skin, (2) excessive watery, sulx-utaneous adipose 
tissue, and (3) a relaxed muscular system. Among the clinical manifestations asso­

ciated with status thymicolymphaticus may lie 
mentioned paroxysmal palpitation of the In-art, 
dyspnea, cyanosis, insomnia, rapid changes in 
body weight, and variable temperature.

The sudden dentil of young children 
and even of adults in status thymieolym- 
pliutieus—the so-called mors thymica 
has lieen variously explained. Many of the 
patients have died suddenly while taking 
a hath, others under punishment, adidts 
occasionally in coitus, after an injection 
of antitoxin, or during narcosis. In some 
of these cases, the death may be mechan- 

lidÉWi ically caused through compression of the
trachea hy the enlarged thymus. A child 

mibiV\ put to sleep upon its face may die from 
Æwflki suffocation, but many of the deaths arc

,m probably not mechanical in origin, but due
Iff w to heart shock or to infection, to which

the thymus-hyperplasia seems to prédis* 
]H)se. Many of the sudden deaths in ecze­
matous children arc thus to lie explained.

Undoubtedly, an enlarged thymus can 
cause symptoms of stenosis of the trachea 
(tracheostenosis thymica). Many young 

children have attacks in which they stop breathing, become cyanotic, and 
lose consciousness for a moment or two and then recover. A child may 
die in such an attack, but this is unusual. It is not uncommon to observe 
attacks in several children of the same family. Anything that causes over­
extension of the head may bring on an attack; similarly, anything that

Fig. <17*2.—Showing l'remtiirc of the 
Thymue on thu Trachea when the 
Head I* lient Backward*. (After 
Ehrhardt-Hcnckc In II. Klose, 
“(’hlrurg. d. Thymuadrilae," pub­
lished by F. Enke, Stuttgart.)
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causes venous stasis in the thymus gland may cause an attack (coughing, 
crying, infection, intoxication, narcosis). In some children, signs of 
chronic tracheostenosis are 
visible—the so-called stridor 
thymicu8 infantum of Iloch- 
ainger. They exhibit noisy 
breathing, especially at the 
end of inspiration, or when 
excited. The children are a 
little cyanotic and polypneic.

The attacks of suffocation 
above referred to arc most 
common in infants between 
the Oth and the 12th month 
of life. They are usually 
preceded by restlessness. In 
the attack itself, the child 
throws its head backward 
and attempts to inspire, the 
eyes turn upward, the pupils 
dilate, the lips and tongue 
become blue and swollen, 
the veins of the neck are 
engorged, the hands are 
clenched, the body is bent 
backward, a few convulsive 
movements appear in the 
face, and the child becomes 
unconscious. The lividity 
soon gives way to pallor. If
the attack is fatal, death occurs in a minute or two. Many children 
recover, lying limp and pallid for a few minutes, or even for an hour or 
two, and then become normal again.

The recognition of enlargement of the thymus by physical signs is 
not, always easy. Occasionally, on expiration, the upper end of the thymus 
can be seen rising in the jugulum and can be palpated there. If there be 
absolute dullness behind the manubrium sterni, extending to the left 
beyond the sternal margin, and fusing with the heart dullness, it is an 
important sign of enlargement of the thymus (Marfan and Klose). Of 
course aneurism of the aorta or substernal struma could give a similar 
dullness. Boggs has emphasized the movable dullness in the thymus re­
gion (2nd left intercostal space) on flexion and on over-extension of the 
head.

On rontyenoseopic examination, an enlarged thymus can be seen to

Pig. 07.1.—Asphyxia In Hyperplasia of tin- Thymus. 
Sinking In of the Anterior Neck Region, Contraction 
of the Auxiliary Muscles of Respiration, Drawing 
In of the Lower Thorax on Inspiration. (After II. 
Klose, “f'hlrurg. d. Thynmsdrllse,*’ published by F. 
Knke, Stuttgart.)
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descend on inspiration and to rise on expiration (Helm). In rontgcno- 
grams, a normal thymus is seen as a median shadow sitting on top of the 
heart shadow like the narrow neck of a thisk. If the thymus ho hyper­
trophic, the nock of the il ask is enlarged ( Iloehsingcr).

The diagnosis of stenosis of the trachea. duo to compression from en­
largement of the thymus must often he made in the absence of physical 
signs and of positive x-ray findings. Localise of the danger from it, and

on account of the desirability 
in some cases of surgical 
interference, the condition 
should not he overlooked.

An enlarged thymus may 
cause dysphagia■ through com­
pression of the esophagus 
(thymogenous stenosis of the 
esophagus). It may cause 
compression of the N. vagus ; 
or it may lead to compression 
of the large vessels and of 
the atria of the heart in the 
upper thorax.

Though the thymus does 
not seem to bo one of the main 
hematopoietic organs, active­
ly participating in blood for­
mation, it is probable that 
the internal secretion of the 
thymus may exert an impor­
tant. influence upon the blood­
building apparatus. Thus, 
experimental thymectomy is 
followed by a progressive 

diminution in the number of the lymphocytes ; intravenous injections of 
thymus juice or implantation of thymus gland will, on the other hand, 
cause an outspoken lymphocytosis.

The high lymphocyte count in children as compared with the count in 
adults may upon the fact that the thymus is larger and more active
in early life than later. In leukemic lymphadenosis, there is always a 
marked proliferation of the thymus, whereas in leukemic myelosis, the 
thymus gland is not involved or, if at all, only slightly.

In children with hyperplastic thymus there may bo an excessive lym­
phocytosis (80 per cent to 85 per cent), while children with insufficient, 
thymus may show a lymphocytopenia (reduction to fl per cent or to 10 per 
cent).

Fig. 074.—(o) Normal Thymus I fullness. (After 
Unset), Marfan and Rhine.) (b) Enlarged Thy­
mus Dullness. (After Marfan and Rinse In II. 
Rhise, “Chlrurg. d. TliymusdrUse," published by 
F. Knke, Stuttgart.)

B4A
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After operative removal of the thymus in human beings the lympho­
cytes quickly diminish in number. A high percentage of lymphocytes in 
Basedow’s disease suggests hyperplasia of the thymus (Basedow-lliy mus).
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H. Diseases of the Sex Glands or Gonads
{The Gonadopalhies)

1. Introduction
Hero we shall deal only with the diseases of the sex glands or gonads 

depending upon distnrhanees of their internal secretions (endocrine func•
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Fig. 07f>.—Part of the Testicle of an Adult Itabldt. Advanced Spermatogenesis and Scanty 
Interstitial Cells. MngiillieatIon x ISO. (After Itnuln el Aneel In A. llledl's “Inacre 
SekretIon," published by Vrhan & Sellwurzenberg, llerlin.)

tions) ; the diseases of their specific generative parts are discussed in 
Part X.

In the male, the endocrine part of the testicle consists of the so-
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called interstitial cells of Leydig. These are aggregations of epithelioid 
cells containing both acidophile and basophile granules, the cells resem­
bling somewhat those of the suprarenal cortex, and being, like the latter, 
mcsoblastie in origin.

In the female, it is the interstitial cells of the ovary and, perhaps, 
the cells of the corpora lutca that arc responsible for the endocrine func­
tion.

There seems to be no doubt that the secretion from these interstitial 
cells of the gonads is important for the development of the secondary 
sexual characters in both the male and the female, at puberty. Before 
puberty, the bodies of boys and girls resemble one another closely ; in both

Fig. (170.—l’art of the Testicle of a Rahhlt Some Months After Unilateral Vasectomy and 
Simultaneous Extirpation of the Testicle on the other Side. No Spermatogenesis ; Only 
the Syncytium of Sertoli Appears In the Seminiferous Ttlhules. The Interstitial Tissue 
Is Markedly Proliferated. (After Itouln et Ancel In A. lllcdl's “lunere Sckrctlon," pub­
lished by Urban & Schwarzenlx-rg, Berlin.)

sexes, the type is infantile, but at puberty, along with the marked hyper­
trophy of the gonads, those changes take place in each sex that charac­
terize the masculine and the feminine type respectively.

Thus the growth of the whole body is very rapid at puberty. In the 
hoy, the larynx enlarges, the voice changes, and the beard and the mous­
tache begin to grow. In girls, the breasts enlarge, the pelvis expands, and 
fat is deposited about the hips. In hath sexes, hairs appear in the axillae 
—the so-called hirei, and alsive the symphysis pubis—the so-called crines 
pubis. The hair above the pubis in the male assumes a triangular dispo-
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sition, tlio apex of tlio triangle extending towards tlie umbilicus ; in the 
female, tlio hair on tlio nions veneris is limited alwive by a horizontal line.

Though the endocrine functions and the generative functions of the sex glands 
possess a certain independence of one another, these functions are also definitely 
related to one another; they reciprocally influence one another. In pregnancy, 
the generative function is for the time held up. It has been assumed by some 
that the endocrine function is also inhibited by pregnancy, but Falta and others 
dispute this view, especially as the interstitial cells of the ovary proliferate 
markedly in the late months of pregnancy, and because during pregnancy, as in the 
premenstrual period, signs of increased vitality of the whole organism arc ob­
servable (thyroid enlargement, hypertrophy of suprarenal cortex, and signs of 
increased function of the chromallin system, including cpincphrin-glycosuria, 
arterial hypertension, slight hyperglobuliu, elevation of the body temperature,

V, X
.• » xt-

Fig. <177.—Breast «if n Itnbbit. <fl) Virgin Animal; (b) Five hays Aflcr Flrnt Fecundation; 
(«•) Nino Days Afler Fvcundatloh. (After Starling in A. Blcdl's “Innoro Sekretlon," 
published by Urban & Hi'hwarzi-nlierg, Berlin.)

slight neutrophilic leukocytosis, and acceleration of the coagulation of the blood). 
Moreover, during pregnancy wo sec also hypertrophy of the nasal conehae, en­
largement of the breasts, unusual pigmentations, unusual development of hair, 
osteophyte formation, and slight enlargement of the acra; some of these changes 
are presumably due to an increased function of the glandular portion of the hypo­
physis cerebri. It is the activity of the follicular apparatus of the ovary, alone, 
that stops during pregnancy and leads to the lipoidemia of pregnancy similar 
to that which occurs at the climacteric or after spaying (Neumann and Hermann). 
After the birth of the child, all of the above signs disappear, the whole vegetative 
nervous system becomes less excitable, the pulse becomes slower, and the blood 
shows a leukopenia with mononucleosis.

Everyone is familiar with the increased irritability of women just preceding 
menstruation. There is some evidence that all the metabolic processes are accel-
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era ted in the pre-menstninl period. In women with psychopathic tendency, psy­
chotic symptoms often appear during the puerpérium, or after menstruation has

Clinicians arc beginning" to recognize states of the body depending 
upon over-function and other states depending upon under-function of the 
endocrine part of the sexual glands. These are known respectively as 
hypergenitalism and hypogenitalism.
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2, States of Over-function of the Gonads
(IIy per gen i tal ism )

(a) Primary and Secondary Hyper genital ism

When discussing diseases of the epiphysis cerebri and diseases of the 
intcrrcnal system, examples of hypcrgcnitalismus were given (q. r.), hut 
in addition to this hypergenital ism secondary to diseases of other endo­
crine glands, there are cases that at present must lie regarded as primary 
disturbances in the gonads that lead to hvpcrgen i tal ism. In some of 
these cases malignant tumors of the ovaries or testicles have l>een found. 
In other cases simple hypertrophy of the sex glands was observable. Falta 
calls attention to the coincidence of hydrocephalus with hypcrgcnitalismus 
in two of the cases reported.

(6) Symptoms of Hypergenitalism

In the collective review by Ncurath of 41$ cases of premature sexual 
development in Ihivs, the clinical signs include (1) premature and excess­
ive development of the external genitals and of the secondary sexual char­
acters, (2) premature change of voice, and (3) excessive development of 
the liody as a whole.

In male children who manifest such a pubertas precox, the sexual 
impulse may develop in early childhood with erections and ejaculations. 
Many of these Ikivs show n partial gigantism, hut owing to the tendency 
to early closure of the epiphyseal lines in hypergenitalism, the height may 
finally lie less than normal (dwarfism), despite the fact that the bov has 
lieen relatively tall in his early childhood. The mentality may remain 
infantile, though it is markedly modified by the premature sexual devel­
opment.

A remarkable instance is the case reported by Saeelii in which the signs of 
hypergenitalism liegan at the 5th year of life in association with a tumor of the 
left testicle. This Imv was operated on in his Oth year, the tumor licing removed. 
A month Inter, the hairs of the Itcnrd and of the extremities, which had develop'd 
prematurely, fell out, though the crim*s pubis persisted; the external genitals 
grew smaller, the erections and pollutions censed, and the voice, which had changed, 
again become infantile.

Many instances of hypergenitalism in the female are to bo found in 
the bibliography, described as precocious menstruation or menstruatio 
precox. No less than 83 cases have lieen collected by Ncurath. As a 
rule, the change takes places in the second year of life. The external 
genitals liegin to enlarge and grow faster than the internal genitals, the
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breasts develop and the hirci and the critics pubis appear abnormally 
early. The skeleton grows too rapidly. Both sets of teeth come prema­
turely. The ossification centers appear more early than normal, and the 
epiphyseal lines are closed at an early date.

In a case described by Klein, a little girl began to menstruate at two 
and a half years, her vulva being the size of that of a fourteen-year-old girl. 
In von Haller's case menstruation appeared at two years. She became 
pregnant at eight, and, shortly after, the excessive growth of the skeleton 
ceased. She grew to bo a woman and lived to bo seventy-five years old. 
In a patient described by Kiedl, menstruation apjieared in the 6th year, 
when the uterus was as large as that of a seven teen-year-old girl. After 
removal of a sarcoma of the ovary, menstruation ceased. Since becoming 
interested in these cases, 1 have had several reports from American physi­
cians of similar observations, and in Charlotte, N. C., I was given the 
opportunity of carefully examining a girl of eight who had begun to men­
struate in infancy.

Dr. Margaret Maekellar, of Neemuch, Central India, has recently written me of 
a child under her observation that menstruated from birth on 1
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3. States of Under-function of the Gonads
(Agcnilalittm, IIypogcnilnUsm )

At least three groups of oases arc distinguishable in males : (1) true 
eunuchs, or ]arsons in whom the sex glands have lioen destroyed by o|>era- 
tion, (2) eunuchoids, or persons in whom there is insufficiency of the 
gonads at an early period of life, and (3) late eunuchoids, in whom the 
gonads have Irecn sufficient up to the period of full development, hut later
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on have hen une insufficient. In females, we have the opportunity of study­
ing agcnitalism after double oophorectomy ; and at the natural menopause, 
symptoms of hypogenitalism often develop.

(a) True Eunuchs
(Agcnitalism)

Castration.—In ancient times, castration of males was a common prac­
tice. It is not so very long since certain males in Italy were castrated for 
“musical purposes.” Even today, there is a religious sect in Russia and in 
Roumanie—the so-called Skopzi—among whom castration is practised 
as a religious rite. The hitter have recently been made the subject of a 
careful study by Tandler and Grosz (see references).

Concerning the spaying of females in early life, we have but little information. 
In the gynecological literature, there are some studies of the symptoms of the 
“artificial menopause” that follows double oophorectomy. When the latter opera­
tion first became popular at the end of the last century, many young women suf­
fered from the wave of surgical enthusiasm that spread over the country. Un­
fortunately, oidy a meager literature regarding the effects of the operation in 
early life exists.

Symptoms.—The symptoms in the male vary greatly according ns the 
castration is done before or after puberty. When castration is done early, 
the penis, the prostate and the seminal vesicles remain small, the sexual 
impulse does not develop, and the person never has erections. If the 
operation be done in later life, there is less change in the penis, though 
the prostate atrophies markedly, a fact that led surgeons at one time to 
perform castration to relieve prostatic hypertrophy. In these cases, how­
ever, sexual impulse need not change, at any rate for a long time ; coitus 
may still be practised, with ejaculation of prostatic secretion.

That the psyche of eunuchs differs materially from that of normal 
men, there can be no doubt. Eunuchs lack the courage, and the capacity 
for passion and for struggle that is normal in man. Some of them, 
however, attain to high intellectual powers. It has even been asserted 
that eunuchs possess superior artistic ability, but this is doubted by others. 
Castrated animals (ox, horse, capon) show alterations of the emotions and 
of the will similar to those observed in lmman beings.

The average height of eunuchs exceeds the normal. This has been 
observed among most races, though the height of Chinese eunuchs is not 
so striking as that of eunuchs of other races. Among the Skopzi, studied 
by Tandler and Grosz, two principal types are distinguishable. In one, 
the eunuchs arc tall and relatively thin; in the other they a*3 strikingly 
fat and pudgy looking, having broad hips and accumulations of fat in the
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buttocks and breasts and over the trochanters and the crests of the ilia. 
Even the thin eunuchs (first type) exhibit unusual fat deposits (lower 
abdomen, nions veneris, buttocks). In 
both instances the distribution of the fat 
is practically the same as in the dys­
trophia adiposogenital is of hypophyseal 
origin {q. v.). Oil account of the long 
legs, the lower half of the body is longer 
than the upper half. These eunuchs have 
abnormally long arms also, and in one in­
stance when the arms were outstretched 
the distance from finger-tips to finger-tips 
measured 204 cm.

The head of the eunuch is small, the 
back of the head is flattened, the upper 
edge of the orbit is prominent, and the 
sella turcica is large. The pelvis is broad.
Genu valgum is common. The epiphyses 
remain long ununited.

The pale or sallow skin is often thrown 
up into folds ; it looks waxy, and contains 
less pigment than normal. A eunuch may 
have a good head of hair, but the beard is 
absent, except for a slight lanugolike 
growth on the upper lip. In advanced life 
a few hairs may appear on the face, simi­
lar in distribution to that seen in old 
women. The hirci are scanty. The crines 
pubis arc feebly developed and arc femi­
nine in type (horizontal limit above), and 
hairs do not develop in the normal way 
upon the perineum, the trunk and the 
extremities.

The neck remains infantile, not under­
going the normal modelling at puberty.
The larynx remains small, accounting for 
the high-pitched voice (retention of the 
childlike soprano). The thyroid is always 
small.

Eunuchs are usually dull looking per­
sons, partly owing to the psychic anomaly, 
partly to the sleepy appearance given to the face by little masses of fat 
in the lateral half of the upper eyelids. The general attitude of the 
eunuch is relaxed, the gait heavy and clumsy.

Fig. <178.—Mnn, not. 24. ('aslralvd at 
5 Years. Note the Disproportion 
nto Length of the Extremities. 
Total Length. 184 cm. : Span. 204 
cm. : Lower Length. 10S cm. 
(After J. Tandler u. H. Grosz, 
“Die blnl. Grimdlng. d. sekund. 
Oesehleehtsehar.," published by J. 
Springer, Berlin.)
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Fig. 070—Man. aot. OB, Castrated 
when 8 Years old. Note the 
Heardless, Fat Fare, with Mass of 
Fat in the Upper Eyelid. (After 
J. Tandlcr u. 8. (Irosz, “Die blol. 
(inmdlag. d. sekund. Oesehlechts- 
ehar.," published by J. Springer. 
Berlin.)

Concerning the results of early spay ini) 
of females, our information is less accurate. 
According to Roberts, who has studied the 
condition in India, the girls grow tall, the 
genitals remain infantile, the secondary sex 
characters and the breasts fail to develop.

In double oophorectomy after puberty, 
menstruation ceases and the uterus and the 
vagina atrophy. The skin loses much of 
its pigment and the women tend to become 
obese. In animals that have been spayed, 
the total (calorie) metabolism may be re­
duced as much as 20 per cent (Loewy and 
Richter), but it is said to become normal 
again on feeding ovarian substance.

Following double oophorectomy, the 
acute loss of the gonads gives rise to a set 
of symptoms known as those of the artificial 
menopause ; these symptoms include various 
signs of excitation in the autonomic nervous 
system, pains in the extremities, hot flushes, 
feelings of anxiety and apprehension, faint­
ing spells, hot and cold sensations, digestive 
(disturbances, etc.
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(6) The Eunuchoids
(Hypogenitalism, Eunuchoidism)

Nature.—The conception of eunuchoid persons, that is to say, persons 
with hypoplastic sex organs and hodily configuration similar to that 
of eunuchs though eunuchoids have not heen castrated, wo owe to the Eng­
lish school (J. Griffiths, 1894; W. L. II. Duckworth, 1907). When the

Fig. <180.—Eunuchoid, act. 51. Fat Accu­
mulations Over the Lower Abdomen and 
lilac <'rests ; (lenltnl Hypoplasia. (After 
,!. Tandler u. H. Grosz, "Die biol. 
(irundlng. d. sekund. Geschlechtschar.," 
published by J. Springer, ltcrlln.)

Fig. 081.—Eunuchoid, act. 20. Fat Accumu­
lations In the Breasts and Lower Abdo­
men. (After J. Tandler u. S. Grosz, 
“Die blol. Grundlag. d. sekund. Ge­
schlechtschar.," published by J. Springer, 
Berlin.)

condition is recognizable at puberty, it is known as early eunuchoidism, 
but when it appears after puberty, during the active period of sexual life 
(before the climacteric period), it is known as late eunuchoidism (Falta).

Though the eunuchoid condition depends mainly upon a bvpogenitalis- 
mus, the other glands of internal secretion arc simultaneously involved to 
a greater or less extent, so that some authors include eunuchoidism among 
the so-called multiglandular syndromes. In the bibliography, instances of 
eunuchoidism will be found among cases designated under various cap-
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tious (dysyenitalismus, dystrophia adiposoyenitalis, infantilism with 
yiyantism, obesity of yenital oriyin, infantilisme tardif or rever sif, yero 
derma distrofico} etc.).

Fig US2—Eunuchoid Infantilism pig. «S3.—Kunuchold. Med. Service. J. II. II » 
with Acromegaly. Age 45.
I Med. Service, J II. II.)

Symptoms. The symptoms observable in eunuchoids resemble tlm-e 
met with in eiiniichs on the one hand ( though the patients have not lieen 
castrated or spayed), and those of persons suffering from hypophyseal 
dystrophia adiposogenital is, on tlio other (though disturbances of vision 
and changes in the sella turcica are not demonstrable). Most of tin* pa 
tients arc taller than normal. Falta believes that we have, in these cases, 

to deal with a primary disturbance of the. yonads ( primary hypogenital 
ism) ; others maintain that we have to deal with a mid Hyland alar syn­
drome, not with a disease necessarily limited to the sex-glands.

Two types, similar to the two types of eunuchs, are descrilxsl : ( 1 i the 
tall eunuchoid, and (2) the fat eunuchoid. Even the fat eunuchoid set" s
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never to lto below nornml height. The skeletal form, the distribution of 
fat, and the defective development of the secondary sexual characters re­
semble those of eunuchs. Psychically, the patients are quiet, taciturn, and

Klg. 084. IlyiHigi'ultnllMUiUH. «. Uracil.- I land In Hypogenitalism Coin in si.-«I with Normal 
11 a ml h. Long Narrow Foot In Patient with Hypogi'nltnllHiu and Infantilism. I M-d 
Service, .1 II II.»

lack independence (Tandler and Grosz). The genitals are hypoplastic. 
In males, one testicle may he undescended (eryptorchism).

In Imtli sexes, those affected are sterile and usually lacking in sexual 
desire. In some cases the development may have been normal for a time, 
the symptoms later setting in suddenly. In some cases, the disturbances 
may he temporary, normal development going on later.

According to Falta, eases of dystrophia adiposogenitnlis arc divisible, 
clinically, into two groups : (a) the hypophyseal group, depending upon 
primary insufficiency of the glandular hypophysis, and (b) the eunuchoid
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group, depending upon primary hypoplasia of the gonads. When the 
patients are as tall or taller than normal, hypogenitalism is more probable 
than hypopituitarism.

The changes in the skin and hair in eunuchoids are very interesting. 
The skin of the face is pale and delicate, but innumerable wrinkles and 
folds soon appear; later on, the color becomes sallow or gray. About the 
lower jaw and chin, small, horseshoe-shaped wrinkles appear, and linear 
wrinkles radiate from the angles of the mouth. The patients look pre­
maturely old.

When the disease develops early, the secondary sexual hair fails to 
develop at all or, at least, is scanty. In older persons, the hair falls 
out. The total change in the hair closely resembles that described as 
oligotrichosis lanuginis terminalis (Fricdcnthal).

In the late eunuchoidism of Falta, the organism has undergone full 
development with normal function of the gonads, but, later on, regressive 
changes have involved the external genitalia, the secondary sex characters, 
and the psyche, owing to disease of the sex glands and diminution of their 
endocrine functions. Traumatism, syphilis, or gonorrhea have been 
thought to be responsible in some of the eases. According to Falta, tlm 
patients described by Leri, Gandy, Claude and Gougcrot, and Cordicr and 
Rebattu, belong in this group.

The cases hitherto described have nearly all been in males. The few 
cases described in females are not pure cases, but are instances of “mul­
tiple sclerosis of the endocrine glands” (Falta).

The diminution in the size of the testicles, scrotum and penis is often 
striking. Libido and potentia diminish. The cremaster reflexes are en­
feebled. The skin of the face is pale and delicate. The hair of the head 
is dry. The secondary sexual hairs fall out. Masses of fat of peculiar 
distribution appear. The voice becomes higher pitched.
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J. Infantilism
The term infantilism lias liecn used in a very loose way. It originated 

with Lorain, who described one form, since known as Lorain's type, char­
acterized by “debility, a gracile and small body, and a kind of arrest of 
development that affects rather 
the total mass of the person than 
any special apparatus” ; in other 
words, in Lorain’s infantilism, the 
person is affected by “a persistent 
juvenility that delays indefinitely 
in him the integral establishment 
of puberty.” Since Lorain’s pa­
per, a whole series of conditions 
have been described as forms of 
infantilism (c. g., infantilism with 
gigantism, or eunuchoid giants ; 
late eunuchoids ; multiglandular 

% syndrome, etc.).
Brissaud regarded Lorain’s 

typo as a dystrophic state, due 
either to a chronic congenital dis­
ease, or to some disease acquired 
during the growth period, lief er­
ring to examples of Lorain’s type, 
he says they arc “small, delicate 
persons, with thin, pale skin, long 
extremities, an infantile pelvis, a 
high-pitched voice, and a long 
neck ; the epiphyses close at the nor­
mal time.” His figurative sentence 
has been much quoted : “the fruit 
is ripe, but it is a small sample.”

In contrast with the Lorain type, Brissaud described another type for 
which ho thinks the term infantilism better suited.

In Brissaud’s myxinfantile type the face is round, the lips thick, the 
nose small, the checks thick, the genitals infantile, the thyroid small, the 
ossification delayed, the second dentition delayed or absent, and the neck 
short ; lumbar lordosis is common ; there is a delay in the appearance of 
the ossification centers, and delayed epiphyseal closure. This condition 
Brissaud believes to bo due to thyroid insufficiency, hut his theory has 
been much disputed.

It is best, perhaps, at present to limit the term infantilism, with Falta,

Fig. 085.—(’am* of Infnntlllimi with Absence 
of the Thyroid and Tumor of the Pituitary. 
(After I. I. Lenin nn and R. M. Van Wart, 
Arch. Int. Med. )
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to cases in which there is un arrest of development at some infantile stage, 
this arrest involving :

1. Faulty development of the genitals and of the vita sexual is, includ­
ing the secondary sexual characters ;

2. Faulty involution of the lymphatic apparatus ;
3. Delayed growth and ossification;
4. Retention in whole, or in part, of the infantile dimensions of the 

body, the lower length remaining equal to the upper length or a little in 
excess of it, and the form of the pelvis remaining infantile, becoming 
neither male nor female in type ; and

5. Retention of the infantile psyche.
The diagnosis of well-developed genuine infantilism should not he 

difficult, hut confusion, with some of the states that closely resemble it, 
is easily possible in non-typical cases.
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K. Multiglandular Syndromes
In the preceding sections, we have dealt with the clinical syndromes in 

which one of the endocrine glands has been primarily, or predominantly, 
diseased. There is a group of cases, however, in which several endocrine 
gland8 seem to be simultaneously involved in a sclerotic or an atrophic 
process. Obviously, very different clinical pictures may result, depending 
upon the varying insufficiency of the several glands. For such conditions 
the term insuffisance plu ri glandulaire has been introduced by Claude and 
Gourgerot, whereas Fait a applies to them the term multiple Blutdriisenskle- 
rose.

As examples of the different pluriglandular syndromes that have been 
described may he mentioned the following: (1 ) acromegalv combined with 
symptoms of Graves’ disease, (2) Graves’ disease combined with out­
spoken symptoms of suprarenal insufficiency, (3) myxedema, or Addison’s 
disease, combined with genital disturbances, and (4) syndromes suggest­
ing simultaneous involvement of the thyroid gland, the gonads and the 
chromaffin system.

Such conditions are prone to occur in certain families, the predisposi­
tion being inherited and the symptoms coining out under the influence of 
some exciting cause such as alcoholism, various forms of intoxication, or 
acute infections, but, especially, in association with syphilis or tubercu­
losis. In other words, these multiglandular syndromes arc pathological 
processes for the development of which a general constitutional inferiority 
is responsible, the actual exciting cause 1 icing some noxa that limits the 
function of the constitutionally feeble glands ( Wiesel ).

The association of multiglandular syndromes with cirrhosis of the liver 
has repeatedly lw*en observed (Sourdel).

One of the commonest of the multiglandular syndromes, judging by the recent 
literature, is the so-called thprotcsticularln/paphyaeal (suprarenal) syndrome. It 
affects most often men between 25 and 30 who have, up to that time, developed 
apparently normally. Many of the patients are married men and the fathers of 
children. After some exciting cause, the patients begin to tire easily and to show 
a boulin, or the hair may fall out early. In other cases, loss of libido or of poten- 
tia is an early sign.

Many patients complain of indigestion, suffering from anorexia and vomiting 
without apparent cause, as in Addison’s disease. These patients emaciate, and the 
skin assumes a sallow tint. Sometimes there is a general thickening of the skin.

In external appearance, most of these patients resemble the eunuchoids (ab­
sence of hair on the face, pallor, dryness, sallowness, abnormal wrinkling). The 
lower lip is often thick and prominent as in myxedema. The skin of the body 
may be translucent and devoid of pigment, in contrast with the yellowish or brown­
ish pigmentation of the face. The external genitals are small. The pigmentation 
about the nipples may disappear. There is no struma, the thyroid being small 
and tough. There is often wasting of the muscles.
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These patients are often classed among the neurasthénies. They tend to Im 
apathetic and weak, especially during the morning hours. They complain of head­
aches and of feeling cold. They may suffer from hypochondriacal or persecutory 
ideas. Sometimes the psyche shows infantile traits (weeping spells, faulty inhibi­
tion, capricious moods). Polyuria, polydipsia or diarrhea may be prominent 
symptoms. Bradycardia and arterial hypotension are common. Vasomotor dis­
turbances, like acroparesthesia, erythromelalgia and symptoms of Raynaud’s dis­
ease are occasionally met with. The blood often shows a mononucleosis with eosino- 
philia. Trophic disturbances of the teeth and nails are not uncommon. The prog­
ress of the disease may be continuous or intermittent.

In the analysis of such multiglnndular syndromes, it is customary to attribute 
the loss of the secondary sexual characters and of the sexual powers to changes 
in the gonads; the falling out of the hair of the scalp, the changes in the teeth, 
the dry skin, and the mental disturbances to the thyroid gland. Whether the 
myxedemalike condition of the skin is thyrogenio or hypopliysogenic is not certain. 
The polyuria and the rapidly advancing cachexia are usually attributed to the 
hypophysis, while marked asthenia, hypotonia and abnormal pigmentations are 
ascribed to the anomaly of the chromajjin system, and the interrenal system.

A second tlinical type, fairly well characterized, is the thyrogenitochromaffin 
syndrome, in which there are marked alterations in the pigmentation of the skin 
combined with symptoms of Graves’ disease and certain eunuchoid traits.

A third type includes cuses that suggest a combination of myxedema with 
hypophyseal insulllciency.

A fourth type includes eases presenting acromegalic changes combined with 
genital and gastro-intestinal disturbances, hypertrophy of the breasts, pigmenta­
tions, asthenia and often distinct signs of hypophyseal tumor.

These eases of multigluudulur syndrome arc separable from myxedema 
proper, since, in the latter, women arc more often affected than men, the 
symptoms develop more quickly, and the mental changes are more marked, 
while the genital disturbances are less severe. Thyroid extract, very 
helpful in myxedema, does hut little good in the mnltiglandular syndromes.

Typical Addison’s disease and hypophyseal tumor can, usually, he 
easily ruled out.

In infantilism, the small body and delicate limbs arc characteristic; 
in the mnltiglandular diseases, the general proportions of the normal lmdy 
arc maintained. The senile look of mnltiglandular discuses is not met 
with in true infantilism according to Falta, who thinks it unfortunate 
that the term late or révérai ve infantilism has sometimes been used to 
designate the multiglandular syndromes.

In cases that have come to autopsy, sclerotic processes have been found involv 
ing, almost equally, the thyroid gland, the ovaries or testicles, the hypophysis, and 
the adrenals. Chronic pancreatitis and hepatic cirrhosis have sometinu-s been asso­
ciated. According to Wiesel, this change in the endocrine glands may Is- regarde d 
as an end-stage of Bartel’s status hypoplasticus. Wiesel prefers to designate tin- 
condition “a connective tissue diathesis of several endocrine glands,” and hints that 
it may be the result of a disease of a single gland that has to do with the regula­
tion of connective tissue growth, a kind of senium precox.
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diagnosis of, 042. 
etiology of, 041. 
historical note on, 041. 
literature on, 044. 
onset of, 041. 
pathogenesis of. 043. 
prognosis in. 011. 
symptoms of, 041.

Adenase, (105.
Adenin, 085.
Adcnosin deaminase, 005.
Adenosin-hydrolase, (504.
Adindochokineaia, 240.
Adiposis dolorosa, 707.
Adolescent psychoses, (530.
Adynamia, in Addison’s disease, 041.
Affective life, disturbances of, 314. 

and tbe emotions, literature on, 315.
1005
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Affective states, disproportion of, to the 
stimuli arousing them, 588. 

Afferent conduction path, examination of, 
126.

Agenesia, cerebral, 480.
Agenitalisin, 005, 006.

symptoms of, 000.
Ageusia, 146.
Agitation, motor, 255, 326.
Agnosia, acoustic, 207. 

auditory, lesions causing, 400. 
general, lesions causing, 407. 
literature on, 472. 
optic, 290.

lesions causing, 406.
sensory, 206. 
tactile, 207. 

lesions causing, 400.
Agnostic disturbances, lesions causing, 

406.
topical diagnosis of, 440.

Agoraphobia, 311, 603.
Agrammatismus, 310.
Agraphia, 254, 200, 321. 

isolated, of Wernicke, 457. 
literature on, 471. 
pure, 457.
pure motor, of Pitres and of Déjerine, 

457.
Ainhuin, 021.
Akataphasia, 310.
Akathisia, 500.
Akinesia algera, 500.
Akinesias, 2IS.
Akonsinata, 205, 448.
Alanin, 065.
Albuminoids, 004.
Albumins, 003.
Albuminuric retinitis, 150.
Alhumoses, 007.
Alcoholic beverages, chemistry of, 750. 
Alcoholic psychoses, 040.
Alcoholism, chronic, the mental anomalies 

of. 040.
paranoid states related to, 042.

Aldoses, 703.
Alexia, 200.

isolated, of Heilhronner, 457. 
literature on, 471. 
pure, 457.
subcortical, of Wernicke, 457. 

Alkaptonuria, 805.
nature of, 805.

Allantoin, 088.
Allocheiria. 133.
Alpine scurvy, 781.
Alzheimer's disease, 480.

literature on, 402.
Amaurosis, 102.

unilateral, simulated, 108.
Amaurotic family idiocy, 100, 632. 
Amblyopia, 102, 300.

unilateral, simulated, 108.
Amentia. 040.
Amino acid diatheses, 805. 

definition of, 805.

Amino acid diatheses, literature on, 805. 
Amino acids, 005.

non-metabolized, excretion of, in path­
ological states, 074.

percentage of, in several proteins, 007. 
Amino sugars, 705.
Amnesia. 230, 301. 

general, 301. 
partial, 301.

Aniusia, 207.
literature on, 472.

Amyotonia congenita, 100, 014. 
definition of. 014. 
etiology of, 015, 
literature on, 015.

Amyotrophic lateral sclerosis of Charcot, 
601.

differential diagnosis of, 502.
Anacousia, 150.
Analgesia, 137.
Anamnesia, in cases of disease of the 

muscles, 2.
Anamnesis, in cases of disease of the 

bones, 0.
in cases of disease of the joints, 12. 

Anamnestic vestibular data, 170. 
Anarthria, 254.
Anemic retinitis, 150.
Anemias, grave, cachexia of, 791. 
Anesthesia, 130, 

hysterical, 588. 
mental, 200.
segmental, in disease, 405.

Aneurisms, of bone, 01. 
intracranial, literature on, 492. 
in the neck. 22, 23.

Angioma, of muscle, 58.
Angioncuroses, til7.

laterature on, 021.
Angioneurotic edema, 017.

definition of, 017.
Anidrosis, 275.
Animal metabolism, 052.
Animal nucleic acid, 070. 

structure of. OKI.
Animal parasites, diseases of the nervous 

system due to, 501.
Anisocoria, 154, 208, 870.
Ankle, examination of, 44.
Ankle cleans, false, 105.

true, 195.
Ankle-jerk, 194. 

literature on, 200.
Ankle-joint, trauma, inflammations, de­

formities and neoplasms of, 44. 
Ankylosis, of the knee joint. 43.
Anomalies, of form and gait, 191.

of the vestibular senses, 109.
Anorexia nervosa, 589.
Anosmia, 147, 305.
Anosmia gu stator la, 305.
Anosmia respiratoria, 305.
Anterior-horn lesions, 390. 
Anthropophobia, 593.
Anxiety, feelings of, in psychasthénie 

states 693.
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Apathy, 315.
Apo hand, 101.
Apliagia algcra, 500.
Aphasia, amnestic, 4ti4.

Broca’s motor, 458. 
cortical motor, of Wcrnickv, 458. 
cortical sensory, of Wernicke, 450. 
argon, 310. 
itvrature on, 400. 

tlie more complex forms of, 458. 
motor, 254, 200. 
optic, 290.
optic ami tactile, 454. 
pure motor, of Dejerine, 450. 
sensory, 200.

the area involved in, 404. 
of Dejerine, 450. 

the simpler forms of. 455. 
so-called transcortical motor, 401. 
so-called transcortical sensory, 401. 
so-called conduction, 401. 
subcortical, of Wernicke, 450. 
subcortical motor, of Wernicke, 450. 
table of symptoms in the different forms 

of, 402. 
tactile. 207. 
total, 400.
true cortical motor, of Dejerine, 458. 
Wernicke's sensory, 450.

Aphasie disturbances, lesions causing, 403.
topical diagnosis of, 440.

Aphasie region of the brain, 404.
Aphasie syndromes actually met with clin­

ically, 455.
A-| lineal ism. 035.
Apoplexy, 483.

differential diagnosis of, 480.
Appetite, excessive, 700.
Apraxia, 255, 200, 322.

confusions of movements in, 324. 
cortical, 407. 
idealory, 407. 
literature on, 473. 
transcortical, 407.

Apraxic disturbances. 255. 
lesions causing. 407. 
topical diagnosis of, 440.

Apraxic extremities, distortion of the 
movements in, 323.

Aprosexia, 200.
Apselaphesin, 133.
Aran-Duchenne type of muscular atrophy, 

Arginin. 005.
Argyll-llobertson pupil, 207, ‘270. 

doulde. 270. 
unilateral, 270.

Arterial hypotension in («raves' disease, 
871.

Arteries, intrncraniuj. aneurisms of, 487. 
symptoms of. 487.

Arteriosclerosis, mental disturbances due
to. 1*7.

Windscheid’s nervous form of, 487.
See also Atherosclerosis.

Arteritis, luetic, 487.

Arthritidcs, 00.
Arthritis, 00, 07.

atrophic, 107. 
chronic, 08.

clinical classification of, 100. 
etiological classification of, 00. 
pathological anatomical classification 

of. 08.
secondary to infectious processes, 10‘2. 

chronic infectious, 102.
diagnosis of, 104. 

classifications of, 00. 
gouty chronic, 844. 
literature on. 07, 08, 111, 117. 
pauperum, 841. 
urica acuta, 840, 841. 
m ica chronica, 844. 
villous, 04. 
villous, chronic, 105.

Arthrogryposis, 003.
Arthropathies, of circulatory origin, 05. 

literature on, 05. 
congenital, 03.

literature on, 03. 
inflammatory, 06. 
neuropathic,' 116. 

diagnosis of, 117. 
literature on. 117. 

of tlm spine, 100. 
static and toxic degenerative, 01.

literature on, 05. 
true chronic gouty, 100.

Arthrotomy, exploratory, 16.
Aschner’s phenomenon, 27 I.
Aspartic acid, «165.
Asphyxia, local, symmetrical, «US.
Assimilation, tests for, 755. 

literature on, 756.
Association, tests of, 308. 

velocity of, 310.
Astasia-abasia, 590.
Asthenia, in Addison’s disease. Oil, 942.
Asthenopia, accommodation, 272. 

muscular, 272.
Asthma, t by miens, 952.

Asturian leprosy, 781.
Asymoblia, motor, 896. 

sensory, 206.
Asynergy, cerebellar, 248.
Antiketogenous substances, 720.
Ataxia, 218. 

cerebellar, 247. 
cerebral, 250. 
dynamic, 245.
familial spinocerebellar. 512. 

differential diagnosis of, 513. 
literature on, 513. 
pnthological anatomy of, 513. 

frontal, 250. 
hereditary, 512. 
hereditary cerebellar, 513. 

literature on, 515. 
pnthological anatomy of, 614.

' symptoms of, 513.
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A tux in, literature on, 251. 
locomotor, 2 Hi, 508.
due to Iosh of centripetal impulses, 240.
peripheral, 240.
radicular, 240.
spinal, 240.
static, 245.
vestibular, 247.

Ataxias, 245.
Ataxic gait, 252.
Atherosclerosis, cerebral, mental disturb- 

• ances in, literature on, 402. 
severer progressive forms of, 487. 

of the nervous system, literature on, 
400.

See also Arteriosclerosis.
Athetoid or athetotic movements, 202. 
Athetosis, and the athetotic disturbances 

of motility, 202. 
causes of, 234. 
contrasted with chorea, 233. 
double congenital, 531. 
literature on, 234. 
so-called double, 2211.

Athymismus, 1152.
Athvrcosis, 883.
Atony, 187, 181».
Atoplian, effect of, upon purin excretion, 

85».
Atremia, 51)1).
Atrophy, I SU. 

degenerative, 187. 
of inactivity, 18», 220. 
muscular, Aran Dueheime type of, 41)1). 
due to degenerations of the lower motor 

neurons, till), 
deutoropnthic, 41)1). 
literature on, 503.
progressive, Charcot-Marie type of, 

502.
Duebeime’s infantile, 40». 
of infants, 40».
neural (neurotic) form of, 502. 
peroneal type of, 502.

Tooth’s type of, 502. 
progressive, central, bulbar form of, 

600.
spastic form of, 501. 
the spinal form of, 400.

differential diagnosis of, 500. 
progressive neuropathic and myel­

opathic, 400. 
protopat hie, 404.
Werdnig Hoffmann typo of, 500. 

optic. 150, 3»».
primary, myopathies due to, 50. 
retinal* 100. 
simple. 187.

Attention, disorders of, 208.
literature of, 200.

Attitude, cerebellar, of the head, 240.
testing the sense of, 1 10.

Attitudes, forced, 234. 
passionate, 588, 580. 
stereotyp'd, 255, 035.

Auditory acuity, 148.

Auditory canal, external, effects of com­
pression or rarefaction of air 
in, 173.

Auditory nerve, 378. 
literature on, 380.

Auditory sense area, lesions of, 447. 
literature on, 448.

Aura, in epilepsy, 507.
Automatic habits, 23».
Automatism, ambulatory, 500. 

command, 327, 035.
Autonomic nerves, diseases of, 385. 

literature on, 380.
Autonomic nervous system, relations of 

the thyroid gland to, 850.
Autonomic neuron systems, 257. 

anatomical-physiological notes on, 257. 
bulbar, 258. 
literature on, 202. 
mesencephalic, 258. 
spinal, 251).

Autonomie symptoms and signs, 204. 
literature on, 205.

Autonomic systems, centripelally conduct­
ing neurons of, 143.

Autonomic or vegetative nervous system, 
diagram of, 200.

11

Itabinski’s phenomenon of the toes, 202.
Hack, paralysis of muscles of, 351).
Balance, in metabolic study, 754.
Bamberger-Marie disease, 74. 

definition of, 74. 
diagnosis of, 70. 
literature on, 70. 
pathogenesis of, 70. 
symptoms of, 75.

Hanti’s disease, cachexia of, 702.
IMrfiny, tuning-fork tests of, 141).
Harlow’s disease, 70.
Hnsedow’s disease, 801.
Hastian’s law, 11)4.
Hatbyesthesia, 130, 142.
I tech t ere w-M cndcl’s rellex, 11)0.
Bcchtcrcw type of spondylitis deformans,

111).
Behavior, disturbances in the domain of, 

255.
Bell’s palsy, 374.
Bniedikt’s syndrome, 430.
Beriberi, 735, 77». 

acute pernicious, 770. 
definition of, 770. 
diagnosis of, 770. 
dry or atrophic, 778. 
etiology of, 770. 
fulminating type of, 770. 
infantile, 770. 
literature on, 770. 
occurrence of, 770. 
rudimentary types of, 770. 
symptoms of. 778. 
wet or dropsical, 778.
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Bcta-oxybutyric acid, 719.
Biceps jerk, 197.
Bile acids, 729.
Binet-8imon tests of intelligence, 902. 
Binswanger dementia pracscnilis, 489.
Bird arm, 191.
Bird leg, 191.
Birth palsies, 50(5.
Biuret reaction, (5(59.
Bladder, urinary, disturbances of innerva­

tion of, 277.
Bleeder’s joint, 95. 

diagnosis of, 95. 
etiology of, 95. 
symptoms of, 95.

Blindness, sudden, of one eye, 1(52. 
Bloch-Stenger’s test for simulated deaf­

ness, iso.
Blood vessels, disturbances of innervation

of, ITS.
of the nervous system, clinical syn­

dromes due to arteriosclerosis 
of, 481.

Bodily disturbances, psychogenic, 589. 
Body, measurements „f.‘ 928, 990.

literature on, 992.
Body weight, during fasting, 779. 

formulas for calculating, 794. 
normal, or ideal, determination of, 

794.
Bomb-calorimeter, 7fi4.
Bone, congenital absence of, (50. 

multiphMiiyeloma of, 92.

Bone a flections, luetic, 89.
Bone aneurisms, 91.
Bone atrophy, acute, 15.
Bone cysts, 91.
Bone defect, (50.
Bone lesions, influence of, on neighlior- 

ing parts, 12.
Bones, abnormal fragility of, (5, 10. 

deformities of, (I.
diagnosis of diseases of, 1, 49, 59. 

literature on, 59.
examination of, literature on, 8, 10, 11. 
inspection of, (5.
of the lower extremity, examination of,

37.
measurement* of, 7. 
metastatic carcinoma in, 92. 
methods of examination of, 1, (5. 
pains in, 0. 
palpation of, 9.
of the pelvis, examination of, 2(5, 
regional examination of, 18.

literature on, 18. 
rontgenology of, II. 
in secondary lues, 89. 
of the skull, inflammations of. 19. 
of the spine, examination of, 2(5. 
spontaneous fracture of, (5. 
syphilis of, 89. 

diagnosis of, 84. 
literature, on, 84. 
occurrence of, 83.

Bones, in tertiary lues, 93.
of the thorax, examination of, 25. 
tuberculosis, actinomycosis and sporo­

trichosis of, 85. 
literature on, 8(1.

of the upper extremity, examination of, 
32.

Bouchard’s comptodactylie, 111.
Bow-legs, (5.
Brachial plexus, lesions in the domain of,

158.
lesions of, literature on, 350. 
lower lesion of, 354. 
motor and sensory phenomena ac­

companying lesion of single 
branches of, 357. 

total lesion of, 354. 
upper lesion of, 353.

Bradycardia, 273.
Brain, abscess of, 528. 

aphasie region of, 4(54. 
conglomerate tubercle of, 548. 
isolated gumma of, 550. 
trauma of, due to fracture of skull, 

gunshot wounds, etc., 557. 
Brain atrophy, circumscribed senile, 489. 
Brain syphilis, meningeal type of, 550.

vascular type of, 549.
Brain tumor, neighborhood symptoms due 

to local pressure "in, 929. 
symptoms due to, 5(55, 928.

Brain tumors, literature on, 572.
Broca’s ares, lesions of, 4(53.
Broca’s motor aphasia, 458.
Bromidrosis, 275.
Brown-Seipiard's syndrome, 393. 
Brudzynski's sign, 22(5.

in epidemic cerebrospinal meningitis,
644.

Bulbar paralysis, without anatomical find­
ings, ($10. 

asthenic, (510. 
progressive, 500.

diflerenlial diagnosis in, 501.
Bunion, 45.
Bursae, diseases of, 49, 58.
Bursitis, 58. 

subdeltoid, 32.

C

Cachexia, of Banti’s disease, 792. 
of carcinoma, 791. 
of grave anemias, 791. 
of hyperthyroidism, 792. 
hypopliysopriva, 927. 
hypophysopriva acuta, 914. 
sfrumipriva, 890. 
thyropriva, 890.

Cachexias, 790. 
definition of, 790. 
endogenous, 790. 
exogenous, 790. 
literature on, 792. 
pathogenesis of, 790.
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Cachexias, studies of metabolism in,
791.

symptoms of, 700.
Caisson disease, 400.
Calcium, excretion of, during fasting, 773. 
Caloric equilibrium and disequilibrium, 

658.
Calorie, 655.
Calorimeters, 763.
Calorimetry, clinical, 763. 

direct, 763. 
indirect, 764.

Camel's walk, 616.
Caput obstipum, 24.
Carbohydrate metabolism, determinations 

of, 750.
during fasting and in the under­

nourished, 772. 
literature on. 712.

Carbohydrate tolerance, determination of, 
825.

studies of. 750.
Carbohydrates, chemistry of, 702. 

digestion and absorption of, in the hu­
man bosy, 707.

of interest for human metabolism, 706. 
literature on, 712. 
metabolism of, 702

in diabetes mellitus, 816.
Carcinoma, cachexia of, 701. 

metastatic, in the bones, 02. 
of the skull, 20. 

of muscle, 58.
secondary, of the spine, 564. 

Cnrdiomotilitv, nervous disturbances of, 
27*3.

Cardiopathia thyrotoxica, 870. 
Cardiovascular symptoms of Craves’ dis­

ease, 870.
Caries of the spine, 28.
( 'arphologia, 202.
Cartilaginous exostoses, 01.
Casein, 670, 671.
Castration, 066.
Cataleptic rigidity, 100, 202, 310. 
Cntaleptoid slate, 240.
Catatonia, 635.

diagnosis of, 636.
Catatonic excitation, 635.
Catatonic rigidity, 100, 202, 310.
Catatonic stupor, 635.
Cauda equina, differential diagnosis of. 

lesions of, 415. 
literature on, 417.

’Cellist's cramp, 605.
Cellulose, 707.
Centrum semi-ovale, lesions of, 474.

lesions of the motor projection libers in, 
441.

Cephalodynia, 51.
Cephalometry, 329.
Cereliellar asynergy, 248.
Cerebellar ataxia, occurrence of. 250. 
Cerebellar attitude of the head, 240. 
Cerebellar lits, 240. 

literature on, 241,

Cerebellar fits, supposedly due to irrita- 
tation of the vermis, 241. 

supposedly due to unilateral lesions, 
241.

Cerebellar hemiplegia, 219.
Cerebellar lesions, pressure symptoms 

from, 476.
Cerebellar peduncle, inferior, lesions of, 

475.
middle, lesions of, 475. 
superior, lesions of, 475.

Cerebellar titubation, 247.
Cerebellum large lesions of, 475. 
Cerebellum ami its peduncles, literature 

on, 476.
symptoms due to injury of, 475. 
topical diagnosis of lesions of, 474. 

Cerebral abscess, 52S.
Cerebral agenesia, 4SI).
Cerebral arteries, gas cmliolism of, 490. 
Cerebral ataxia, 251).
Cerebral cortex, lesions of the motor are

of. 436.
motor areas in, and the centrifugal path 

arising in them, 435.
Cerebral diabetes insipidus, 813.
Cerebral embolism, 486.
Cerebral tits, 237. 

literature on, 240. 
psychogenic, 237.

Cerebral hemispheres, distribution of 
functions between the, 450. 

Cerebral hemorrhage, 483.
literature on, 491.

Cerebral malaria, 563.
Cerebral nerves, diseases of 365.

literature on, 305.
Cerebral palsies of children, 506. 

differential diagnosis of, 532. 
symptoms of, 531.

Cerebral peduncles, lesions of, 430. 
Cerebral puncture through the skull, 334.

literature on, 335.
Cerebral softening, 486.

differential diagnosis of, 486. 
symptoms of, 486.

Cerebral symptoms, focal, 426. 
general, 425.

Cerebral thrombosis, 486.
( 'erebrosids, 722.
Cerebrum, topical diagnosis of lesions of,

4M.
literature on. 427. 430, 433, 437, 415. 

446, 448. 449, 469. 
Cerebrospinal cysticercus, 501. 
Cerebrospinal fever, 544.
Cerebrospinal fluid, escape of, conditions 

causing, 18. 
examination of, 334. 

literature on, 334.
Cerebrospinal meningitis, epidemic, 544. 
Cerebrospinal nerves, diseases of, 350. 
Cerebrospinal syphilis, 549.
Cervical tistula, 22.
Cervical plexus, lesions of the domain of, 

352.
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Cervical rib, 22, til. 
literature on, 350. 
occurrence of, til. 
symptoms of, til.

Cervical sympathetic nerVe, lesions of, 
385.

Charcot's joint, 110.
Chariie-horse, in athletes, 58. 
Cheirnrthritis, 34.
Chemical messengers, 855.
Chiasm, lesions of, 433.
Chinsma opticum, lesions of, 440. 
Chiragra, 840.
Cliitin, 700.
Chlorid content of foods, 750.
Chlorids, excretion of. during fasting, 773. 
Choked disk. 158, 107, 300.

in hrain tumor, 505.
Cholesteatoma. 00.
Cholesten, 723.
Cholesterins, 723.
Cholin, 723.
Chondrodystrophia fetalis, 08.
Chondroitin sulpliuric acid, 700. 
Chondromata, 01. 

multiple, of toes, 40.
Chorea, and the choreatic disturbances of 

motility, 230. 
chronic hereditary. 007.

literature on, 008. 
chronica progressiva, 007. 
hereditaria, 007.
Huntington’s hereditary, 232. 
literature on, 232. 
minor, 000.

dilièrent ini diagnosis of, 000. 
literature on, 007. 
prognosis of, 000. 
symptoms of, 000. 

mollis, 000. 
nocturna, 000. 
paralytica, 000. 
posthemiplegic, 232.
Sydenham’s 232, 000.

Chrocatic disturbances, finer analysis of, 
231.

forms of, 232.
Choreiform movements, recognition of.

Choroid, changes in, 100.
miliary tuberculosis of, 100.

Choroiditis disseminata, 100. 
Chorioretinitis, luetic, retinal atrophy 

after, 100.
Chromaffin system, anomalies of, 040. 

congenital inferiority of, 040. 
diseases of, 030.

anatomical-physiological introduction 
to, 936.

liyj ua of, in status Ivmphnticus,
054.

literature on, 038, 044. 040, 040. 
over-function of, 040, 045. 
primary insufficiency of, 010. 
secondary insufficiency of, 041. 
under-function of, 040.

Chromaffinopathies, 930.
Chromoproteids, 004.
Chvostek's phenomenon, 347, 905. 
Cigarette-roller's cramp, 244.
Cigarmaker’s cramp, 005.
Ciliospinal reflex, 207.
Circular insanity, 027.
Circulatory system, autonomic symptoms 

and signs in, 264.
Claudication intermittent, in gangrene of 

the foot and toes, 78. 
Claustrophobia, 603.
Clavus, 587.
( law hand, 101, 570.
Cleavage of fats, 710.
Clitoris, 281.
Clonus, ankle, 105.

patellar, 104.
Clownism, 588.
Club foot, 45, 101. 

congenital forms of, 93. 
paralytic, 45.

Cocain habit, 044.
Cocain psychoses, 044.
Coccygeal nerves, lesions of. 301. 
Coccygeal plexus, branches of. 304. 
Cochlear nerve disease, galvanic test for, 

150.
Cold points, 138.
Coloboma, 153.
Color-blindness, 103.
Color vision, tests for, 103.
Coma, 201. 

diabetic, 824. 
literature on, 201.

Coma casts, 824.
Command-automatism, 250, 327, 035. 
Comptodactylie, Bouchard’s, 111.
Conative functions, disturbances of, 317.

literature on, 320,
Concretions, formation of, 720.
Condensor discharge, examination by 

means of, 330.
Conduct, disturbances of, 255, 317. 
Conduction path, alferent, examinations 

of, 126.
within the nervous system, distribution 

of, 348.
literature on, 340.

Confabulation, 302.
Confusion, 204. 

acute hallucinatory, 040.
differential diagnosis of, 040. 

maniacal, 028.
Congenital arthropathies, 03.
Congenital feeble-minded ness, 045. 
Congenital myopathies, 60.
Congenital osteopathies, 00.
Conjugate deviations, 234. 

literature on, 230.
Consciousness as a whole, disturbances of, 

287.
literature on, 288.

Conservation of energy, law of, 054. 
Constitutional inferiority, 045. 
Contractions, clonic, 237.

9
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Contractions, hysterical, 588. 
tonic, 237. 

of tetany, 902.
Contractures, 187, 220. 

active, 190. 
passive, 190.

Conus-formation, in myopia, 100.
Conus mctlulluris, differential diagnosis of 

lesions ot, 415. 
literature on, 417.

Convalescence, delirium of, 039.
(,'onvalescence-polyuria, 812.
Convergence, insufficiency of, 809. 

testing the contraction of the pupil on, 
866.

Convulsion, epileptic, general, 238.
Convulsions, 230. 

epileptic, 697.
Coprosterin, 723.
Cornea, focal lateral illumination of, 153.
Corpora quadrigemina, lesions of, 429.
Coprolalia, 593, 003.
Corpus callosum, lesions of, 474.
Corpus striatum. 432.
Cost of living, 059.
Coxa vara, 39.
Coxitis, acute, 40. 

chronic, 40.
non-tubereulous, 41. 

chronica ankylopoietica, 41. 
deformans. 41. 
tuberculous, 40.

Cramp, accessory, 384. 
occupation. 005. 
writer’s, 005.

Cramps, 230. 
local reflex, 243. 
localized muscle, 243. 
occupation, 244.
or spasms due to direct, irritation of 

lower motor neurons, 243.
Crnnio-tahes, 05.
Creatin, <100.

meta holism of, 702. 
literature on, 702.

Creatinin, 000.
metabolism of, 702. 

literature on. 702.
Cremaster reflex, 204.
Cretinism. 895.

anatomical changes in, 898.
conception of, 895.
endemic, 885, 890.
etiology and pathogenesis of. 898.
fetal. 68.
forms of, 890.
geographical distribution of, 895. 
partial, 890.

symptoms of, 897. 
sporadic, 885, 890. 
typical, 890.

psychic manifestations of, 897. 
symptoms of. 890.

Cretinoid dysplasia, 898.
Cryptorchism, 971.
Curvatures of the spine, 29.

Cutaneous symptoms, in Graves* disease, 
872.

Cutaneous system, autonomic symptoms 
and signs in, 204.

Cyclothymia, 027.
Cystin, 000.

endogenous, 809. 
exogenous, 809.
infiltrations of the organs with, 809. 

Cystin diatheses, 808.
literature on, 810.

Cystin stones. 808.
Cystins, chemistry of, 808.
Cystinuria, 805, 809. 

diagnosis of, 810. 
occurrence of, 809.

Cystoma, multilocular, of jaw, 02. 
CystospHsm. 279.
Cysts, qf bone, 91. 

dental, 02. 
in the head, 19. 
in the neck, 23.

Cytosin, ($90.
Cysticercua, cerebrospinal, 501. 

cerebrospinal and ocular.
differential diagnosis of, 502. 
symptoms of, 502. 

meningitis, 602. 
ocular, 501.

1)

Dnlrymple’s sigh, 272, 809.
Dancer’s cramp, 005.
Deaf-inutism, endemic cretinistic, 800,

Deafness, simulated, test for, 150.
total, in one ear, tests for, by the noise 

apparatus of ltflrfmy, 149. 
Deaminases, 094.
Deformity, Sprengel's, 00.
Degeneration, reaction of, 343. 

stigmata of, 331.
rine’s pure motor agraphia, 457. 
critic’s pure motor aphasia, 450.

Dejerine's pure word-blindness, 457.
critic's pure word-deafness, 450. 
erine’s sensory aphasia, 459. 
erine’s true cortical motor aphasia, 

458.
Dfilire de touche, 593.
Deliria, 293.

initial and febrile, 039. 
literature on, 293.

Delirium, acute, 039. 
collapse, 039. 
of convalescence, 039. 
muttering, 292.

Delirium tremens, 293, fill, 
differential diagnosis of, 041.

Delusions, 312.
hypochondriacal, true, 595.

Dementia myocIonien, 094. 
paralytica, 515.

differential diagnosis of, 517. 
etiology of, 510.
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Dementia paralytica, literature mi, 517. 
pathological anatomy of, 515. 
Hymptoms of, 5!H. 

paranoides, 636.
dilferential diagnosis of, 637. 

pruesenilis, of llinswangcr, 481). 
senile, 488.

atypical forms of, 481).
Dementia precox group, 630. 

literature on. 637.
Dental cysts, 62.
Depression, 315, 628. 

differential diagnosis of, 621).
Dercum’s disease, 707.
Dermatomes, 401. 

overlap of innervation of, 405. 
relation of, to certain direction lines, 

404.
Dermatomyositis, 53. 

chronic, 53. 
definition of, 53. 
diagnosis of, 53. 
symptoms of. 53.

Deutcronopes, 163.
Dextrins, 707.
Dextrose-nitrogen ratio, 760.
Diabetes alternons, 824. 

insipidus, 733, 812. 
of cerebral origin, 813. 
classification of. 812. 
diagnosis of, 815. 
as a family disease, 814. 
idiopathic, 813. 
literature on, 815.
8} . 813.
symptoms of. 814. 

intermittens. 825. 
mellitus, 760, 816. 

conception of, 810. 
course of, 824. 
diagnosis of, 825. 
diet in. 826. 
emaciation in. 822, 823. 
etiology of, 822. 
fat metabolism in, 811). 
literature on. 835. 
metabolism in, 816. 
metabolism of carbohydrates in, 816. 
mineral metabolism in, 821. 
ordinary clinical studies of, 822. 
protein metabolism in, 810. 
starvation method in, 828. 
symptoms of, 823. 
total metabolism in, 821. 

pancreatic, 816. 
phlorizin, 711. 
renal, 816.

Diabetic coma, 824.
Diabetic gangrene, 823.
Diabetic lipemia, 823.
Diabetic pseudotabes. 824.
Diabetic retinitis, 150.
Diahetagenous organs, 816.
Diacetic acid, 716.
Diaeeturia, 82».
Diadochokinesis, 240.

Diagnosis, localizing, 348. 
topical, 348.

Diamino acid diathesis, 811.
Diamino acid diathesis, literature on, 811.
Diamino-trioxydo-decanic acid, 666. 
Diaminuria, 811. 

alimentary, 80». 
so-called, 805. 
spontaneous, 800.

Diarrhea, unmotived, in Graves* disease, 
872.

Diaschisis symptoms, 426.
Diencephalon, 431.
Diet, arrangement of, 744. 

ash-free, effects of, 726. 
in diabetes mellitus, 826. 
habits of, 658. 
in obesity, 802. 
salt-free, effects of. 726. 
for tests of assimilation, 756.
Volt's standard, 658.

Dietetics, applications of metabolism to, 
656.

Digestion, 755. 
of carbohydrates, 707. 
of fats, 717.

Digestive apparatus, autonomic symptoms 
and signs in, 264.

disturbances of innervation of the mus­
culature and the glands of, 
276.

literature on, 276.
Dinucleotides, 671).
Dioptric anomalies, testing for, 153.
Dioscs, 7»3.
Diplegia, 221. 

infantile spastic, 531. 
spastic, in infants, 506.* 

i, 217.
Dipsomania, 256, 641.
Direction lines, relation of the derma­

tomes to, 404.
Disaccharids, 706.
Disk, choked, 366.

in brain tumor, 565.
Disorientation, 202, 203, 204. 

amnestic, 204. 
apathetic, 204. 
delusional, 204.

Disseminated sclerosis, 530.
Divers disease, 400.
Dolores ostcocopi, 83.
Dorsodvnia, 51.
Doubting mania, 311.
Dreams, analysis of, 287. 

myths, special complexes, literature on, 
317.

Dromedary gait, 100, 616.
Dropsy, epidemic, with fever. 778.
Drug habits, psychoses related to, 644.
Drum-stick lingers, 76.
Dura mater and extradural tissues, tuber­

culosis of, 548. 
hematoma of, 541.

Dwarfism, 77. 
literature on, 77.

5414

B4C
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Dysarthria, 254, 610.
Dysbasia lordotic» progressiva of Oppen- 

licit». 616.
Dysgenit»lisions, 070.
Dyshypopliysisin, 014, 024.
Dyamusesia, 610.
Dyaopsia algera, 500.
Dyaorexia, 706.
Dysostosis, hereditary cranloclavicular,

00.
Dysphagia, 610.
Dyspituitarism, 024.
Dysplasia, cretinoid, 808.
Dyspraxia, 322.
Dysthymia, 315.
Dystonia deformans progressiva, 616. 

definition of, 616. 
literature on, 617.

Dystonia musculorum deformans, 100. 
Dystrophia ndiposogenitalia, 070. 

conception of, 027. 
diagnosis of, 032. 
differential diagnosis of, 032. 
symptoms of, 028.

Dystrophies, muscular, 50.
Dystrophy, muscular, progressive. 404. 

progressive pseiidohypertrophic in­
fantile, 407.

K

Echokinesis. 256, 327. 603.
Echolalia, 256. 327, 503. 603, 635.
Kchopraxia, 256. 327, 635.
Edema, acute circumscribed cutaneous, 

617.
angioneurotic, 617.

Efferent paths which influence striped mus­
cle, examination of. 183.

Ejaculation, disturbances of the mechan­
ism of, 280.

Ejaculatio praeeox, 281.
Elbow, examination of, 33.
Elbow joint, arthritis of, 33.
Electrical examination, hints for prog­

nosis from, 345. 
normal findings on, 336.

Electrical excitability, diminution of, 343. 
disturbances of, 341. 
increased, 342.
of the motor nerves, increased, in tetany, 

906.
quantitative changes in. 311.

Electrical reaction, abnormal, certain so­
cial types of, 345.

Electrical reactions, qualitative changes 
in, 343.

Electrical-stimulus-threshold, low, in tet­
any, 907.

Electrodiagnosis, 335. 
literature on. 346.

Electrolytes, 725.
Electroprognosis, 335. 

literature on. 346.
Elephantiasis congenita, 564.

Elephantiasis neuromatosa, 584. 
Emaciation, in diabetes inellitus, 822, 

823.
Embolism, cerebral, 486.

gas, of the cerebral arteries, 400. 
Emission, nocturnal, 281.
Einmetropia, 155.

as distinguished from a hyperopia, 155, 
Emotional excitability, pathological in­

crease of, 315.
Emotions, disturbances of, 314. 
Encephalitis, acute hemorrhagic, 530. 

acute hemorrhagic, differential diag­
nosis of, 530. 

symptoms of. 530. 
acute non-purulent, 530. 
different forms of, 528. 
infantum, 531. 
non-purulent forms of, 530.

literature on, 532. 
purulent, 528.

differential diagnosis of, 529. 
literature on, 529. 

symptoms of, 528. 
subcorticalis chronica, 487. 
subeorticalis of Binswanger, 488. 
StrUmpell-Leichtenstern type of, 530. 
Wernicke-Thomsen type of, 630. 

Encephaloinalacia, 486. 
Encephalomeningocele, 19. 
Encephalomyelitis, acute infiltrative, 637. 
Enchondromata, 91.
End brain, lesions of, causing disturbances 

of common sensibility and of 
the special senses, 443. 

causing disturbances of motility, 137. 
causing motor and sensory dislurb­

involving the higher association cen­
ters or the paths connecting 
them, 449.

motor functions of, 435. 
summary of focal lesions of the hem­

ispheres of, 473.
Endocrine glands, 855.

literature on. 856.
Endocrinopathies. 855. 

literature on, 856.
Endocrine organs, autonomic symptoms 

and signs referable to. 265. 
Endothelioma, of the nervous system, 564. 
Enophthalmog, 272.
Enuresis, 698.

nocturna, 279.
Epilepsia tarda, 488, 597.
Epilepsy, 597.

psychic complications of, 598. 
cortical. 239.
differential diagnosis of, 599. 
idiopathic, 238, 597. 
jacksonian, 239, 439. 
late. 597.
literature on, 600. 
senile, 597. 
serial, 598.
symptomatic, 238, 597.
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Epileptic attacks, equivalents of, 239. 
Epileptic character, 599.
Epileptic and epileptiform attacks, 23S. 
Epileptic lit, typical, 597.
Epileptoid signs, 598.
Epiphora, 275, 870.
Epiphysis cerebri, diseases of, 933.

See also Pineal Body, 
lesions of, 433.

Epiphyseoputhics, 933.
Epulis, 91.
Equilibrium, vestibular disturbances of, 

173.
Equino varus, 191.
Erb-Charcot disease, 505.
Erb-tioldllam symptom-complex, 010.
Erb’s infantile form of pseudohyper­

trophie progressive muscular 
dystrophy, 497.

Erb’s juvenile form of primary mvopathv, 
497.

Erb’s phenomenon, 900.
Erb’s type of brachial plexus lesion, 353.

literature on, 350.
Ergotismus, 511.
Erichsen's disease, 558.
Erythromelalgia, 019.
Esophageal diverticulum, 22.
Eye, anterior chamber of, focal lateral il­

lumination of, 153.
Eyeball, anteroposterior illumination of, 

through the pupil, 151. 
protrusion of. 808.

Eye-conditions in Basedow’s disease, 191. 
Eye-grounds, normal. 157. 

ophthalmoscopic study of the details of, 
160.

pathological, 158.
Eyelid and eyeball, tests for associated 

movements of, 272.
Eyelids, over-function of the smooth mus­

cle of, 272. 
pigmentation of. 879.

Eye-muscles, paralysis of, rules for detect-

Eye signs of tlraves’ disease, 80S.
Eyes, dry, 879. 

glistening, 899.
rolling of, opposite to the lateral flexion 

of the head, 177.
Eunuchoidism, 969. 

early, 999. 
late. 999, 972.

Eunuchoids, 999.
Eunuchs, true, 999.
Eupraxia, 322.
Exaltation, 315.
Excitation, catatonic, 635.
• maniacal, 255.
Ex ci tation- reaction of Bechterew, 907. 
Excitement, maniacal. 329.
Excretions, analysis of. 753.

collection of. 753.
Exhibitionism, 259.
Exophthalmic goiter, 891.
Exophthalmos, 272, 899.

Exophthalmos, conditions causing, 18. 
Exostoses, cartilaginous, 91.

multiple cartilaginous, 92.
Exploratory arthrotomy, 19.
Exploratory puncture, of brain, 334. 

of joints, 19.
Extramedullary growths, 579.
Extremities, flexion of, on passive flexion 

of the neck in meningitis, 229.

F

Facial hemi-atrophy, progressive, 620. 
definition of, 920.

Facial hemibypertrophy, progressive, 620. 
Facial nerve. 374.

causes of peripheral lesions of, 376. 
exact localization of a lesion involving 

the lieriplierai part of, 375. 
literature on, 377.

Facial paralysis, 374.
Facial spasm, 374.
Factors of safety, 659.
Falling sickness, 597.
Fan-sign, 203.
F»radie current, testing with, 335.
Fa radie excitability of muscles, 335. 
Fascia, special diagnosis of diseases of, 49. 
Fascicular twitching, 222.
Fasting. See Starvation.
Fat metabolism, determinations of, 759. 

in diabetes mellitus, 819. 
in healthy persons that eat and exer­

cise normally, 793.
in starvation and in under-nutrition, 

772.
Fats, of the body, sources of, 718. 

catabolism of, 717. 
chemistry of, 715.

literature on, 720. 
cleavage of, 719. 
criteria for recognition of, 719. 
digestion and absorption of, 717. 
metabolism of, 715.

literature on, 720. 
saponification of, 719. 
storage of, in the body, 718.

Fatty tissues, in healthy persons that eut 
and exercise normally, 793. 

Feeble-mindedness, congenital, 645.
endemic strumous, 897.

Feces, analysis of, 754. 
collection of, 753. 
incontinence of, 276. 
loss of food in, 752. 
retention of. 276.

Feelings, disturbances of, 314.
Festination, in paralysis agitans, 608. 
Fetal cretinism, 08.
Fetal rickets, 98.
Fetiehism, 259.
Fever, acute rheumatic, 97. 

cerebrospinal, 544. 
trypanosome. 592.

Fibrillary twitching, 222.
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Fibroma molluscum multiplex, 604, 583. 
of muscle, 58.

Fibrosis, 61.
Fibulur defect, ($0.
Finger-nose test. 208.
Fingers, demi, 018.
Fistula, cervical, 22.
Fit. the typical epileptic, 507.
Fits, 236.* 

ccreliellnr, 240. 
cerebral, 237. 
psychasthenic, 238. 
uncinate gyrus, 440.

Flat foot, 101. 
congenital forms of, 03. 
typical, 45.

Flatau-Sterling’s progressive torsion spasm 
in children, 616.

Flexibilitas cerea. 180, 202.
Flight of ideas, 310.
Flightimpulse, 250.
Focal symptoms, 420.
Folie de doute, 503.
Food, and its analysis, 744, 740. 

literature on, 747. 
chemical nature of, 055. 
in Childs* Restaurants, 001. 
cost of, 000,
and governmental regulation, 001. 
loss of, in feces, 752. 
potential energy or fuel value of, 005. 
purins of, 700, 751, 851.

Food deficiencies, partial, disturbances of 
nutrition due to, 775.

Food requirement, normal, determination 
of, in calorhs, 705.

Foods, chemistry of, literature on, 752. 
chemistry of uncooked, 748. 
chlorid content of, 750. 
purin content of, 751, 851. 
ready for the table, 740.

Foot, examination of, 44. 
deformities of, 45. 
gangrene of, 78. 
pain in, 44. 
tumors of, 40.

Forearm, examination of, 33.
Form, anomalies of, 101.
Fortification scotoma, 107. 

in migraine, 002.
Friedreich's disease, 512.
Frontal lois» lesions of, 473.
Fugues, epileptic, 600.

0

Gait, anomalies of. 101. 
ataxic. 252.
in cerebellar ataxia, 247. 
dromedary, 100. 
high-stepping, 252. 
paretic or paralytic, 252. 
Parkinsonian, 253. 
reeling or titubating, 253. 
rooster, 252.

Gait, scissors, 252. 
spastic, 252.
HtipiHujc, 252. 
test for, 200. 
waddling, in tetany, 907.

Gaits, abnormal, 245. 
pathological, 251. 

literature on, 253.
Galvanic current, testing with, 330. 
Galvanic excitability of muscles, 330. 
Galvanic test for cochlear nerve disease, 

150.
Ganglia, basal, lesions of, 432. 

sympathetic, and the viscera innervated 
by them, segmental representa­
tion of, 407.

Ganglion carpi, 04.
Ganglioneuroma, of the nervous system,

664.
Gangrene, diabetic, 823. 

of the foot and toes, 78. 
definition of, 78. 
etiology of, 78. 
symptoms of, 78. 

local, 018. 
symmetrical, 018.

differential diagnosis of, 010.
Ganzer's symptom-complex, 580.
Gas embolism of the cerebral arteries. 400. 
Geniculate body, lateral, lesions of, 433.

medial, lesions of, 433.
Genital apparatus, disturbances of the 

motilty and of the vasonmtility 
of, 270.

Genital reflexes in the female, 281. 
Gerlier’s disease, 370.
Gesticulatory movements, 255.
Gihbus, 7, 28.
Gigantism, 77, 017. 

in acromegaly, 022. 
literature on," 77.

Gilles de la Tourette's disease, 003. 
Glands, of internal secretion, diagnosis of 

diseases of, 855.
secreting, examination of the functions 

of the efferent paths that in­
fluence, 257.

Glaucoma, 107.
Glioma, of the nervous system, 603.

of retina, 100.
Glioinatosis, 670.
Gliosis spinalis, 504, 570.
Globulins, 004.
Globus hystericus, 587.
Glossina palpalis, ns carriers of trypano­

somes, 502.
Glossopharyngeal nerve, 380. 

literature on, 380.
d-Glucose, conversion of glycogen into, 

708.
sources of, within the body, other than 

the food ingested, 700. 
Glutamic acid, 005.
Glycocholic acid, 723.
Glycogen, 707.

conversion of, into d-glucose, 708.
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Glycogen, formation of, 708. 
sources of, within the body, other than 

the food ingested, 700. 
Glycocoll, 005.
Glycoproteids, 004.
Glucosnmin, 705.
Glycosuria, 711, 825. 

alimentary, 759. 
transient, 825.

Glycuronic acid, 705, 711, 702. 
Glycuronates, 702.
Goiter, 804. 

endemic, 800, 807. 
exophthalmic, 801.

Goiter heart, 870.
dyspneic form of, 879.

Gonauopathics, 000.
introduction to, 000.

Gonads, diseases of, 000.
literature on. 003. 005, 008. 072. 

states of over-function of, 001. 
states of under-function of, 000. 

Gonagra, 840.
Gonitis, acute, 41, 42. 

chronic, 43. 
fungous, 43. 
gonococcal, 42.

Gordon's paradoxical tlcxor reflex, 2-1. 
Gout, 45, 00, 840. 

aharticular, 845.
arthritic, typical acute attack of, 811. 
clinical forms of, 841. 
clinical studies of, 841. 
conception of, 840. 
diagnosis of, 850.
endogenous uric content of the urine in, 

840.
etiology of, 841.
exogenous uric acid content of the urine 

in. 840. 
history of 840. 
irregular, 840, 844. 
leukemic, 844. 
literature on, 852. 
metabolic, 844. 
polyarthritic form of, 843. 
poor man’s, 842.
purin metabolism in, investigations of. 

845.
regular, 840. 
renal, 844.
time taken to excrete exogenous uric 

acid in, 840.
uric acid content of the blood in, 847. 
uric acid excretion in the acute attack 

of, 840.
Gouty arthritis, chronic, 844.
Gouty deposits, 840. 
von Grnefe’s sign, 272, 809.
Grand mal, 288, 697.
Grnnulomatn, infectious, of the central 

nervous system and its menin­
ges, 540.

Graphospasm. 005.
Grasset and Gaussel’s phenomenon, 228. 
Graves’ disease, 801.

Graves' disease, the blood picture in, 877. 
cardiovascular symptoms of, 870. 
cerebral symptoms in, 877. 
complications of, 881. 
cutaneous svmptoms in, 872. 
diagnosis of, 880.
disturbances of metabolism in, 873. 
etiology of, 878. 
eye signs of, 808. 
indications for operation in. 881. 
sympathicotonic cases of. 875. 
symptoms in, duo to disturbances of 

endocrine glands other than the 
thyroid, 784.

symptoms referable to the digestive ap­
paratus in, 872.

symptoms referable to the respiratory 
system in, 872.

symptoms referable to the urogenital 
system in, 873. 

tremor in, 877.
typical and atypical cases of, 870. 
vagotonic cases of, 875.

Green-blind people, 103.
Guanase, <i95.
Guanin, 080.
Guanosin deaminase, 005. 
Gunnosin-hydrolase, 004.
Guanylic acid, 082.
Gull’s disease, 800.
Gummata, of the scalp, 19.
Gustatory hallucinations. 1 10.
Gustatory, sense area, lesions of, 448. 
Gyri, central, lesions of, 473.

II
Habit spasms, 242.
Habits, automatic, 230.
Hair, changes in, in hypopituitarism, 931. 
Hallucinations, 205.

gustatory, 140.
Hallucinosis, acute, 040.
Hallux valgus, 45.
Hammer toe, 45.
Hand, examination of, 34.
Head, examination of, 18. 

literature on. 21. 332. 
external examination of. 328. 
measurements of, 328, 320. 
and neck, autonomic symptoms and 

signs in, 203. 
steeple, 78.
tumors and other masses in, 10.
See also Skull.

Headache, sick, 001.
Healy tests of intelligence, 305.
Hearing, anomalies of the sense of, 150. 

Rhine's test for, 148. 
sense of, 148.

Heart, disturbances of innervation of, 273. 
literature on, 274.

Heart muscle, examination of the func­
tions of the efferent paths that 
influence, 257.
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lient production, 656. 
basal, 657.

Heat value of food, 655.
Heberden’s nodes, 34, 111.
Hebephrenia, 634. 

differential diagnosis of, 635.
Heel-knee test, 208.
Heel phenomenon, 104.
Ileilbronner's isolated alexia, 457.
Heine-Medin disease, spinal localization 

of, 537.
Hemarthros, 43, 95.
Hematoma of the dura muter, 641.
Hematomyelia, 558. 

literature on, 661.
Hemeralopia, 167.
Hemianesthesia, total contralateral, 444.
llemianestliesia cruciata, 422, 444.
Hemianopsia, 166, 306. 

heteronymous, 166. 
homonymous, 106. 
quadrantic, 100.

Hemi atrophy, facial, progressive, 020.
Ilemiballismus, 224.
llemichorea, 230, 000.
llemichromatopsia, 100.
Hcmicrania, 001. 

ophthalmica, 602. 
sympathieoparalytien, 602. 
sympathicotonica, 002.

Hemiparalysis, 304.
Hemiplegia, 221. 

alternans, 420.
Foville’s type of, 421. 

alternans superior, 430. 
bilateral, 631. 
capsular, 441. 
cerebellar, 249. 
complete, 430. 
cruciata, 420. 
infantile spastic, 631. 
partial, 439. 
spastic, in infants, 500. 
spinalis, 394.

Hemitony, 233.
Hemitremor, 224.
Homolateral light-reaction, 200.
Hemophilic joint, 05.
Hemopoietic organs, autonomic symptoms 

and signs referable to, 205.
Hemorrhage, cerebral, 483. 

after head injury, 18.
Hernia, 50.
Hereditary ataxia, 612.
Hereditary cerebellar ataxia, 513.
Heterolateral or consensual reaction, 266.
Hexoses, 704, 706.
Hip, congenital dislocations of, 30, 93. 

examination of, 37, 38. 
neoplasms of, 41.

Hippocratic fingers, 76.
Hirsutismus, 948.
Histidin, 000.
1 listons, 664.
Hoffmann’s symptom, 347.

Holmgren’s colored wools, for testing color 
vision, 103.

Homogentisic acid, methods of influencing 
the amount formed, 807. 

sources of, 800,
Homogentisic acid diathesis, 805. 

literature on. 807. 
nature of 805. 
symptom of, 800.

Hoover’s sign for the detection of mal­
ingering and functional par- 
alvsis of the lower extremities, 
228.

Hopkins and Cole’s reaction, 600. 
Hormone-doctrine of tetany, 010.
Hormones, 855.
Hormonopoietic system, 855.
Housemaid’s knee, 50.
Hunger diabetes, 772.
Hunger metabolism, 770.
Huntington’s chorea, 607.
Hydrocephalus, 555. 

acquired, 550. 
congenital, 555. 

differential diagnosis of, 650. 
symptoms of, 550. 

externus, 542. 
internus, 542, 555. 
literature on, 557.
primary idiopathic, of Oppenhcim, 542. 

llydromyelia, 555, 657.
Hydrophobia, 241.
Hydrops articulorum interinittens, 010. 

definition of, 610, 
astlunatieuH, 776. 
liypostrophos, 017, 610.

Hypacousia, 150.
Hypalgesia, 137.
Hyperacousia, 150.
Hyperalgesia, 137.
IlyperchromaHinopathy, 045. 
Hyperepinephrinemia, 040.
Hyperesthesia, 130. 

acoustics, 150.
. Hyperesthesias, hysterical, 588. 

Hypergenitalisni, 004. 
primary and secondary, 004. 
symptoms of, 004.

Hypergeusia, 140.
Hyperglycemia, 711, 817. 
Hyperhypophysism, 013, 017. 
Ilyperidrosis, 275.
Hyperinterrcnopathy, congenital form of, 

010.
early postnatal form of, 048. 
late, or adult, form of postnatal, 948. 

Hyperkinesia, 218, 222, 230. 
psychogenic, 222. 
rellex, 222.

Hypermctropia, 155.
Hypermnesia, 301.
Hypernephroma, 049.
Hyperopia, 155.
Hyperosinia, 147.

I Hyperostosis, 77.
I literature on, 77.
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Hyperpinealiem, 9.15.
Hyperpincphrincmia. 945.
I lyperpituîtarism, 917.
Hyperplasia faseialis ossilicana progrcs-

Hyperproaexia, 299.
Hyperpselaphesiu, 132. 
llypersensitivencss, personal, ideas of ref- 

erence and lack of considera­
tion due to, 589.

Hyperathenia, 948.
mental, 949.

IIy|M>rtliymia, 315.
1 lyperthymiamua, 952. 
llyperthyreosis, 891.
Hyperthyroidiam, 859, 8(11. 

cachexia of, 792.
literature on, 862, 866, 870, 871, 872. 

873, 874, 876, 877, 878, 879, 
880, 881. 

nature of, 861. 
symptoms of, 864.

Ilypertony, 187, 189.
Hypertrophic pulmonary osteo-arthropa- 

thy, 74.
Hypertrophy, 186.
Hyperuricemia, 843.
Hypeatheaia, 130.
Hypnotic state. 256.
Hypnotism, 289. 

literature on. 290. 
technic of, 289.

Hypochondriasis, 595. 
llypoopinephrinemia, 940.
Hypogenitalism, 965, 969. 

nature of, 969. 
symptoms of, 970. 

llypogeusia, 146.
Hypoglossal nerve, 384. 

literature on, 385. 
unilateral lesions of, 385. 

llypohypophysism, 913, 927. 
llypoiilrosis, 275.
Hypokinesias, 218.
Ilypomania, 627.
Hypomnesia, 301.
llvpophvseal dystrophia adiposogenitalis, 

927.
Hypophysis cerebri, diseases of, 912.

literature on. 913, 914, 917, 921, 922, 
924, 927, 932. 

functions of, 914. 
lesions of 433.
states due to over-function of. 917. 
states due to under-function of, 927. 
structure of, 912.
symptoms due to lessened internal secre­

tion of, 931.
Hypophysopathics, 912.
Hypopituitarism, 931. 

ehanges in the hair in, 931. 
faulty skeletal development in. 931. 
obesity in, 931.
polydipsia and polyuria in, 931. 
trophic changes in the skin in, 931. 

Ilypopaelaphesia, 132.

Ilyposmia, 147.
Hypotension, in Addison's disease, 942.
Hypothymismus, 952.
Hypothyreosis, 883.
Hypothyroidism, 883. 

diagnosis of, 893.
Hypotony, 189.
Ilypoxanthin, 686.
Hypoyon, 163.
Hysteria, 587. 

definition of, 577. 
diagnosis of, 590. 
etiology of, 587. 
literature on, 692. 
mental disturbances in, 589. 
symptoms of, 687.

Hysterical attacks, 237. 
grand, 688. 
rudimentary, 588.

I

Ideas, autochthonous, 312.
exaggerated or hyperdynamic, 311. 
expansive, 313. 
hypochondriacal, 311. 
imperative, 311.
intensity, duration and content of, 311. 
melancholic, 313.
pathological, tests for the presence of, 

313.
pathological dissociation of, 311. 
of persecution, 313. 
of reference, 313.
of reference and lack of consideration, 

due to personal hypersensitive­
ness, 589.

Ideation, disorders of, 308. 
literature on, 313.

Identification, disturbances of, 295. 
literature on, 298.

Idiocies dependent upon faulty develop­
ment of the brain, 645. 

literature on, 645.
Idiocy, 648.

amaurotic family, 160, 532. 
diagnosis of, 648. 
literature on, 649. 
mongoloid, 649. 
pathology of, 648.

Illusions, 295.
Imbeciles, apathetic type of, 646. 

excitable type of, 647. 
high grade, 646.

Imbecilities dependent upon faulty de­
velopment of the brain, 645. 

literature on, 645.
Imbecility, 645. 

diagnosis of, 647. 
endemic strumous, 896. 
literature on, 649.

Imperative acts, 236. 256.
Impotence, dissociated, 281. 

true, 281.
Impotcntia cocundi, 281.
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Imprégnions, old. testing the reproduction 
of. 30ft.

recent, testing the reproduction of, 
301.

Impulse, Might, 250.
Impulsive acts or deeds, 327.
Impulsive emotional acts, 250. 
Incoherence, 311.
Incoordination, phenomena of, 2-15. 
Indecision, 311.

in psychasthenic states, 5»3.
Infantile osteomalacia, 73.
Infantile scurvy, 7D.
Infantilism, 77, 973.

Jirissaud’s myxinfantile type of, 073. 
with gigantism, 970, 973. 
late or reversive, 970. 
literature on, 77, 974.
Lorain's type of, 973.

Infmulihulin, 914.
Inorganic substances, metabolism of, 724. 
Inosin-hydrolase, 094.
Inosinic acid, 082.
Insane, progressive general paralysis of,

SIS.
Insanities, Ü23.

literature on, 023.
Insanity, acute confusional, 010. 

acute jealousy, 030, 042. 
circular, 027. 
moral, 047.

Insomnia, 288.
Intellectual functions, disturbances of, 

298.
Intelligence, disorders of, 308. 

tests of, 302.
Interbrain, lesions of. 431.
Internal capsule, lesions of the motor 

fillers in, 441.
Internal secretion, glands of, diagnosis of 

diseases of, 855.
Interrcnal system, anomalies of, 940. 

diseases of, 930.
anatomical-physiological introduction 

to, 930.
literature on, 938, 944, 940, 949. 
over-activity of, causing remarkable 

sexual disturbances, 940. 
Interrenal tumor, 949.
Intcrrenjopathics, 930.
Intracranial growths, literature on, 572. 

symptoms of, 605. 
focal, 508. 
general, 505. 

table of, 509.
Intracranial pressure, symptoms due to, 

928.
Intramedullary growths, 570. 
lodin metabolism, relations of the thyroid 

gland to, 858. 
lodin number, 717. 
lodothyrin, 858.
1 odothyroglobulin, 858.
Ions, functions of, 725.
Iris, focal lateral illumination of, 153. 
lschiagra, 840.

Ischuria, 279. 
paradoxa, 279.

Island of Heil, lesions of, 405, 474. 
Isodynamie law, 050.
Isolcucin, 005.

J

Jacksonian epilepsy, 239, 439.
Jurgon-a jihasia, 319.
Jaw, actinomycosis of, 20. 

multilocular cystoma of, 02. 
phosphorus necrosis of, 21, 04. 
tuberculosis of, 20.

Jaw jerk, 198.
Jaws, inllammatory affections of, 20. 
Jealousy insanity, acute, 030, 042.
Joint, bleeder’s, 95.

Charcot's, 110. 
hemophilic, 95.

Joint disease, general state of the body in,
17.

Joint-mouse, 13.
Joints, abolition or limitation of move­

ment in, 13. 
absence of, 93.
congenital dislocations of, 93. 
diagnosis of diseases of, 1. 
diseased, examination of, with rOntgen

inspection and palpation of, 13. 
distortion of, 13. 
enlargement of, 13. 
examination of, literature on, 17. 
exploratory puncture of, 10. 
fluid in, 13.
irregularity in contour of, 13.
of the lower extremity, examination of,

17.
methods of examination of, 1, 12. 
of the pelvis, examination of, 20. 
regional examination of, 18. 

literature on, 18.
• special diagnosis of diseases of, 93. 

of the spine, examination of. 20. 
syphilis of, literature on. 110. 
of the thorax, examination of, 25. 
tuberculosis of, literature on, 115. 
of the upper extremity, examination of, 

32.
Judgment, disorders of, 308.

K

Kahler’s svndrome, 92.
Kakke, 770.
Kcrnig’s sign, 142.

in epidemic cerebrospinal meningitis, 
544.

Keto-acids, in acidosis, 701.
Ketogenous substances, 720.
Ketones, in acidosis, 701. 
lxetonuria, 820.
Ketoses, 703.
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Kleptomania, 25(1.
Klumpke’a type of brachial plexus lesion, 

354.
^ literature on, 350.

Knee, examination of, 41.
neoplasms ami other swellings of, 43. 

Knee-jerk, 103.
literature on, 100.

Knee-joint, ankylosis of, 43. 
effusion into, 41.

Knox scale for testing intelligence, 300. 
Korsakoff’s psychosis, 621, 042. 
Kuhisagara, 370.
Kyphosis, 7, 20, 101.

L

Lactose, 700.
Lactosuria, alimentary, 750. 
Lagophthalmos, 010.
Lnndouzy-Déjerine type of progressive 

atrophic myopathy, 400. 
Landry’s paralysis, 535.
Laryngeal nerve, inferior, lesions of, 381.

superior, lesions of, 382.
Lead sulphide reaction, 000.
Ix-cithin, 722.
Leg, tumors and inflammations of the 

muscles and hones of, 44.
Leg phenomenon, of Oppenheim, 203.
Lens, focal lateral illumination of, 153. 
Leontiasis ossiuin, 77.

literature on, 77.
Leprosy, Asturian, 781.

of the nervous system, 652. 
Leptomeningitis, 512.

chronic, 545.
Leucin, 005.
Leukemic gout, 814.
Leukemic retinitis, 100.
Levulinic acid, 002, 712.
Levulosuria, alimentary, 750.
Lid-slits, widened, in Graves* disease, 800. 
Lies, pathological, 302.
Limps, 37.
Lipase, 717.
Lipases. 710.
Lipectomy, in obesity, 803.
Lipemin, dialtetic, 823.
Lipoehromes, 722.
Lipoids, metabolism of, 722.

literature on, 723.
Lipoma, of muscle, 57.
Lipoma arlsirescens, 04.
Lipomatosis, localized, 707.
Literal paraphasia. 310.
Little’s disease, 500, 531.
Living, cost of, 050.
Lnhstcin’s disease, 70.
Lohulus paracentral is, lesions of, 473. 
Localizing diagnosis, 348.
Localizing sense, 133.
Locomotor ataxia, 608.
Iziekjaw, 20, 241.
Logorrhea, 250, 310.

Lordosis, 7, 20, 191.
Lower extremity, examination of the mus­

cles, hones and joints of, 37. 
literature on, 40. 

sciatica and other pains in, 43.
Lues. Sec also Syphilis.
Lumbago, 27, 51.
Lumber enlargement, differential diag­

nosis of lesions of, 415. 
literature on, 417.

Lumbar nerves, lesions of, 301.
Lumbar plexus, branches of, 302.
Lumbar puncture, .334. 

literature on, 334.
Lumbosacral region, congenital tumors of, 

27.
Lymph glands of the neck, enlargement of,

22.
Lymphatic-chlorotic constitution, 054.

M
Magnesium, excretion of, during fasting, 

773.
Maidismus, 781.
Maintenance requirement. 057.
Malmlic tira tirs conrulnif», 003.
Malaria, cerebral, 503.
Malingering, Hoover's sign for the detec­

tion of, 228.
Maltose, 700.
Malum coxae senile, 41, 102.
Mandible, fractures and dislocations of,

20.
tumors of, 21.

Mania, 027.
differential diagnosis of, 028. 
doubting, 311. 
furiosa, 028. 
of interrogation, 311.

Maniacal confusion, 028.
Maniacal excitation, 255.
Maniacal excitement, 320.
Manic-depressive group of psychoses, 027. 
Marasmus, 770.
Marie-StrUmpell type of spondylitis de­

formans, 110.
Mask, Parkinsonian, 101, 253, 009. 
Masochism, 250.
Masturbation, 250.
Maternity tetany, 908.
Maxilla, fractures of, 20. 

tumors of. 21.
Medulla oblongata, bilateral lesions of, 

423.
topical diagnosis of lesions of. 418. 

Medulla and pons, anatomy and physiology 
of, 418.

literature on. 422, 424.
Medulla spinalis, lesions of, 387. 
Megalocephaly, 77.

literature on. 77.
Melancholia, 028. 

agitata, 028.
psyehomotor retardation of. 255.
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Melancholia, simplex, (128.
Melanoderma, 041, 942.
Memory, disorders of, 200. 

literature on, 300. 
fallacies of, 680.

Meniëre’s disease, 370.
Meningeal tumors, 670.

differential diagnosis of, 680.
Meninges, diffuse sareomatosis of, 504. 

new growths involving, symptoms of, 
670.

tumors of, 20.
Meningitis, circumscribed, in cerebello- 

pontile angle, 643. 
cystlcercus, 602. 
different forma of, 641. 
epidemic cerebrospinal, 544.

Brudzinski’s signs in, 544. 
complications of, 644. 
course of, 544. 
differential diagnosis of, 545.
Kernig’s sign in, 644. 

symptoms of, 644. 
literature on, 546. 
meningococcal, 644. 
purulent, non-epidemic, 544. 
serous, 542.

differential diagnosis of, 543. 
syphilitic, 550.
tuberculous, definition of, 547. 

differential diagnosis of, 647. 
literature on, 548. 
symptoms of, 547. 

tuberculous basilar, 547.
Meningocele, 19, 23, 2(1.
Meningococcal meningitis, 644. 
Meningoencephalitis, gummatous, 650. 
Meningoencephalocele, 23.
Meningomyelitis, syphilitic, 650. 
Menopause, artificial, 000, 008.
Mental anesthesia. 200.
Mental debility, 045.
Mental disturbances, in hysteria, 680. 
Mental fog, 202.
Mental processes, higher, 452.
Mental state, examination of, 284. 

introduction to, 284. 
literature on, 285.

Mental states, abnormal, peculiarities of 
conduct met with in, 320. 

literature on, 320.
Menstruation, precocious, 004.
Meralgia paresthetica, literature on, 304. 
Mesencephalon, 428. 

anatomy of, 428.
Mesoblastic tissues, the deep sensations 

originating in, 130.
Metabolic diseases of the spine, 20. 
Metabolic gout, 844.
Metabolic organs, autonomic symptoms 

and signs referable to, 205. 
Metabolic processes, the nature of, 052. 
Metabolic studies in animals, 755. 
Metabolic study, balance in, 755. 

literature on, 765. 
organization of, 754.

Metabolic study, period of, 754. 
preparation for, 754.

Metabolism, applications of a knowledge

data required for estimating, 736. 
definition of, 652.
diagnosis of the disorders of, 652. 
disturbances of, in («raves’ disease, 873. 
fat, in starvation and in under-nutrition, 

772.
general introduction to the study of, 

052.
hunger, 770.
intermediary, 741.
literature on, 601.
matter and energy in, 653.
methods of investigating, 662, 740.

literature on, 742. 
partial, investigations of, 740. 
in plants and in animals, 652. 
protein, in starvation, 771. 
of proteins and their derivatives, 063. 
relations of the thyroid gland to, 859. 
special diagnosis of disorders of, 769. 
total, 736.

determinations of, 763.
literature on, 767. 

in diabetes, 821. 
factors influencing, 737. 
in starvation, 770. 
investigations of, 740. 
rough approximative methods of 

studying, 766.
Meta tarsalgia, Morton’s, 45.
Meteorism, hysterical, 689.
Microcephaly, 479.
Microdontia, in rickets, 65.
Micrographie, in paralysis agitons, 608. 
Microgyria, 480.
Micromelia, in achondroplasia, 68, «19. 
Micturition, 277.

imperative, 279.
Midbrain, lesions of, 428.
Migraine, 601.

• differential diagnosis of, 602. 
literature on, 602. 
ophthalmiquc, 602.

Milion’s reaction, 669.
Mimic movements, 255.
Mind-blindness, 296, 466.
Mind-deafness, 297, 466.
Mineral absorption, disturbances of, 728. 
Mineral balance, disturbances of, 729. 
Mineral constituents, absorption of, 727. 

distribution of, in the tissues, 727. 
of foods, 727.

Mineral content of food, 762.
Mineral elimination, disturbances of, 729. 
Mineral excretion, 762.
Mineral matter, significance of, in metab- 

olism, 724.
Mineral metabolism. 724. 

determinations of, 762. 
in dinlietes mellitus, 821. 
factors affecting, 727. 
literature on, 730.
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urinerai metabolism, in pathological 
ulules, 728.

Minerai substance-s, balance of, 728.
excretion of, 728.

Minais, 207.
Modalities, four, of taste, 144. 

of sensation, 127. 
of smell 140.

Moebius’ sign, 809.
Mogigraphia, 605.
Mnlisch's reaction, 009.
Mollifies ossiuni. 72.
Monaminuria, alimeutary, 809.

spontaneous. 809.
Mono-anesthesias, 444.
Monoclonin, 24 I.
Mononeuritis, 520.
Mononucleot ides, 079.
Mono paresthesias, 444.
Monoplegia, 220, 459.
Monosaecliarids. 700.
Mood, pathological liability of, 589.
Moods, disturbances of, 314.
Morbus sneer, 597.
Morphin habit. 014.
Morphin psychoses. 041.
Mors t by mica, 952, 954, 950.
Morton’s nietatarsalgia, 45.
Motility, athetotic disturbances of, 232. 

choreatic disturbances of, 230. 
disturbances of. caused by lesions of the 

end brain. 437. 
literature on, 221.

finer analysis of the choreatic disturb­
ances of, 231.

general, examination of, 183. 
literature on, ISO.

sensibility and reflexes in the spinal 
cord, table showing segmental 
representation of, 411, 412, 413, 
414.

striped muscles, disturbances of, 218. 
Motor agitation, 255, 320.
Motor aphasia, 254. 290.
Motor asymlfolia, 290.
Motor functions, higher, disturbances «if,

254.
literature on, 257. 

segmental representation of, 398. 
literature on, 398.

Motor irritation, phenomena of, 222.
literature on, 222.

Motor perseveration, 250. 327. 
Motor-speech-center, lesions of, 403.
Motor stupor, 255, 320.
Motor ties, 242.

and habit spasms, literature on, 242. 
Movement, spontaneity of. absence or 

diminution of. 323.
Movements, active, preliminary orienting 

examination for. 200. 
scheme for exact investigation of, 210,

til, tit, 113, 114.
systematic analysis of, 210. 
testing. 200.

asMoeiatod, pathological, 220.

Movements, athetoid or athi-totic, 232. 
coordinated, of extremities, t«-sta for, 

208.
expressive, disturbances of, 255. 
forced, 234.
learned, of the extremities, supra- 

pyranmlal disorders «if. 318. 
other than speech and writing, dis- 

orib-rs of. 322. 
simple, test for, 200. 
stereotyped, 255, 320, 035.

Muller’s muscle, function of, 272. 
Miiltiglainlular syndrome», 970, 973, 975.

literature «in, 977.
Multiple selerosis, 539.
Museae volitantes, 107.
Musele, rontgenology of. 5.

smooth, examination of the functions of 
the efferent path that infim-tice,
257.

tumors of, 57. 
literature on, 58.

Muscle balls, 497.
Musele cramps, localised, 243.

literature on, 243.
Muscle-osteoma, 52.
Muselo particles, histological examination 

of, 5.
Muscle proteins, 004.
Muscles, absence of, 3. 

atrophy of. from disuse. 3. 
diagnosis of diseases of, 1. 
enlargement of, 4. 
examination of. literature on, 5. 
functional testing of, 5. 
inspection of, 3.
of the lower extremity, examination of. 

37.
men Rarement of. 3. 
mechanical excitability of. 347. 
im-thoils of examination of, 1, 2. 
palpation of, 4.
of the pelvis, «‘xnmiimtion of, 2». 
regional examination of, 18.

literature on, 18. 
shortening of, 4.
special diagnosis of diseases of, 49.

literature on, 49. 
of the spine, examination of, 29. 
of the thorax, examination of. 25. 
of the trunk, coordination «if. test for, 

299.
of the upper extremity, examination of. 

32.
Muscular atrophy. Sec Atrophy, mus-

Muscular contractions, testing the sense 
of. 14».

Muscular dystrophies, 50.
Muscular rheumatism, 51.
Myalgia. 51. 

alxlominnlis, 51. 
capitis, 51. 
cervical, 51. 
diagnosis of, 52. 
intcrcostalis, 01.
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Myalgia, lumbar, 51. 
occurrence of. 51. 
pectoral is, 61. 
rheumatic, 61. 
symptoms of. 51.

Myasthenia, 610. 
gravis pseudoparulytica, 610. 

definition of, Oh), 
differential diagnosis of, 010. 
literature on. Oil.

Myasthenic reaction of Jolly, 345.
Myatonia congenita, 014.
Mydriasis, 153, 207.
Myelitis, cerviealis, 534.
Myelitis, different forms of, 633. 

diffuse, differential diagnosis of, 635. 
disseminata, 630.
involving both the white and the gray 

matter, 533. 
etiology of, 633. 
symptoms of, 534. 

literature on, 538. 
lumhalis, 534. 
purulente, 537. 
saeralis. 534. 
thoracal is, 634. 
multiple, of bone, 02.

Myelomeningocele, 20.
Myoclonia, 243, 004. 

literature on. 244.
Myodcsopsia, 107.
Myokymia, 222.
Myology, pathology, 1.
Myopia, 155.

conus formation in, Hit).
Myopathic face, 400.
Myopathies, congenital, 60. 

inflammatory, 61.
literature on, 54. 

neoplastic, 57.
literature on, 68. 

neuropathic, 60. 
parasitic, 57.

literature on, 67. 
due to primary atrophy, 50. 
primary. 404.

literature on, 408.
due to rupture of the perimysium, 60.

Myopathy, atrophic, 400.
primary, the facioscapulohumeral type 

of, 400.
juvenile typo of, 407.
Leydcn-Moebius type of, 407.

differential diagnosis of, 407. 
Zimmcrlin type of, 407. 

differential dignosis of, 407. 
progressive atrophic, 404. 
progressive atrophic, Landouzy-Pojerine 

tvpc of, 400.
Myosis, 163.
Myositis, 61, 52. 

chronic, 52. 
definition of, 52. 
fibrosa, 62. 
gonorrheal, 62. 
local, 52.

Myositis, luetic, 52. 
ossificans circumscripta, 62. 
ossificans progressiva multiplex, 64. 
progressive ossifying, 64. 

definition of, 54. 
diagnosis of, 54. 
etiology of, 54. 
symptoms of, 54. 

purulenta, 52. 
rheumatic, 52.

Myospasm impulsiva, 242.
Myotonies, 31)8.
Myotonia congenita, 100, 013. 

definition of, 613. 
literature on, 014.

Myotonic reaction of Erb, 345.
Mysophohia, 311, 593.
Myxedema, 859. 

in acromegaly, 922. 
complications of, 889. 
congenital, 885, 890, 893. 
growth disturbances in, 888. 
history of. 884. 
idiopathic, 890, 893. 
infantile, 885.
metabolic disturbances in, 887.
operative, 890.
the thyroid gland in. 887.

Myxedematous states, changes in the com­
mon integument in, 880. 

diagnosis of, 893. 
nervous symptoms in, 887. 
symptoms of, 880.

N

Neck, abscesses in. 22. 
examination of, 21. 

literature on, 24.
neoplasm and other solid masses in, 22. 
stiff, 23.
tuberculous abscess in, 22. 
wry, 23.

Negativism, 255, 320.
Neighborhood symptoms, 420.

in cerebellar lesions, 470.
Neisser & Poliak’s method of puncture of 

brain. 334.
Neoplasms, of the hip and thigh, 41. 

of tin- knee, i 
in the neck, 22.

Neoplastic myopathies, 57.
Neoplastic osteopathies, 90.
Nerve, ahduceiis, 373. 

accessory, 383. 
auditory, 378.
cervical sympathetic, lesions of, 385. 
facial, 374.
glossonharyngcal, 380.
hypoglossal, 384.
laryngeal, lesions of, 381, 382.
oculomotor, 308.
optic, 305.
pneumogastric, 380.
trigeminal, 309.
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N «T VP. trnrhlonr, 309. 
vagua, 380.

Nervo rcMita, compression of, due to arthro­
pathies of the spine, 559. 

from Pott’s disease, 558. 
duo to tumors involving the spine, 

550.
due to vertebral diseases, 558.

Nerves, autonomic, diseases of, 385. 
cerebral, diseases of, 305. 
cerebrospinal, diseases of, 350. 
coccygeal, lesions of, 301. 
lumliar, lesions of. 301. 
mechanical excitability of, 347. 
olfactory, 305.
peripheral, diagnosis of lesions of, 350. 
sacral, lesions of. 301. 
spinal, diseases of. 350. 
thoracic, lesions of, 359.

Nervous disease, diagnosis of the nature 
of, 478.

Nervous diseases, classifient ion of, 478. 
functional, 479. 
organic, 478. 
special diagnosis of, 478. 
topical diagnosis in, 348.

Nervous functions, accumulation of data 
on, 118.

methods of examining, 118.
introduction to, 118. 
literature on, 122.

Nervous system, actinomycosis of, 552. 
atrophies of, 493.
central, and its meninges, diseases due 

to specific inllammntions of, 
540.

certain special examinations hearing 
upon the condition of, 3‘28. 

clinical syndromes due to arteriosclero­
sis of the blood vessels of, 481. 

degenerations of, 493. 
diagnosis of diseases of, 118. 
diseases of. of circulatory origin, 481. 

due to disturbance of the lumen, 555. 
due to disturbances of its metabolism, 

493.
due to inflammatory processes, 528. 
due to interruptions of continuity, 

657.
due to invasion by animal parasites, 

501.
literature on, 503. 

due to tumors, 503. 
disturbances of development of, 479. 
echinococcus diseases of, 502. 
the larger subdivisions of, 349. 
leprosy of, 552. 
malformations of, 479.

literature on, 480. 
syphilis of, 549. 
trypanosomiasis of, 502. 
tuberculosis of, 647. 
tumors of. rapidity of growth, multi­

plicity and anatomical effects 
of. 504.

x-ray examination of, 332.

Neubauer and Rohde’s reaction, 009. 
Neural paralysis, 220.
Neuralgias, visceral, 380.
Neurasthenic states, 592.
Neurasthenic states, differential diagnosis 

of, 593. 
etiology of, 592. 
literature on, 593. 
symptoms of, 593.

Neuritis, Dejerine Sottas type of, 502. 
literature on, 525. 
multiple, 520.

See also Polyneuritis, 
optic, 158, 300*.
progressive interstitial, of infancy, 502. 
retrobulbar, 158, 300. 
rheumatic, 370. 
vagus, 383.

Neurofibroma, of the nervous system, 504. 
Neurofibromata, of the skull. 1*9. 
Neurofibromatosis, general, 501. 

multiple, 504, 583.
Neurological data, utilization of, for decid­

ing upon the site of the lesion, 
348.

Neuroma, false, of the nervous system, 504, 
racemose, 604, 584. 
true, of the nervous system, 504. 

Neuromyositis, 54.
Neuron systems, afferent receptive, multi­

ple functions of, 120. 
literature on, 127. 

autonomie, 257. 
bulbar autonomic. 258. 
eentripctallv conducting multiple func­

tions of, 120. 
literature on. 127.

degenerations of, or of the muscles they 
innervate, 494. 

distribution of, 348.
literature on, 349. 

mesencephalic autonomic. 258. 
motor and sensory, combined degenera­

tions of, 512.
sensory, primary degenerations of, 508. 
single and multiple in the spinal cord, 

diagnosis of involvement of, 
389.

spinal autonomic, 259.
Neuronal degenerations, 493.
Neurons, of the autonomie systems, cen- 

tripctally conducting. 143. 
lower motor, muscular atrophy due to 

degenerations of. 499. 
motor and sensory, peripheral, degenera­

tion of, in so-called neuritis, 
520.

upper motor, primary degenerations 
affecting, 505.

Neuropathic arthropathies. 110. 
Neuropathic myopathies, 60.
Neuropathic oi s, 90.
Neuroretinitis, 159.
Neuroses. 584. 

literature on. 585. 
occupation, 005.

6697
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Neuroses, traumatic, 595. 
cause of, 695.
differential diagnosis of, 590. 
literature on, 590. 
symptoms of. 690.

Neurosis, vasomotor, of the extremities, of 
Nothnagel, 017. 

of Ziehen, 010.
Neurotonies, 399.
Neurotonic reaction, 343.
Night-blindness, tests for, 107.
Nightmare, epileptic, 698.
Nitrogen, 073.
Nitrogen balance, 073, 750. 

negative, 073. 
positive, 073.

Nitrogen equilibrium, 073.
Nitrogen metabolism, determinations of.

76ft.
Nitrogen retention, 757.
Nodes, on the bones, in tertiary syphilis, 

83.
Nodules, subcutaneous fibroid, 111. 
Non-system diseases, 392.
Nosophobia, 593.
Notlmagel’s syndrome, 430.
Nucleic acid, in animals and plants, 079. 

and its derivatives, including the purins, 
ferments responsible for the 
catabolism of, 093.

manufacture of, by the human body, 082. 
plant, the pentose of, 092. 
thymus, the liexose of, 092.

hypothetical catabolism of, 099. 
yeast, probable mode of catabolism of, 

097.
Nucleic acids, 079.

the carbohydrates of, 092. 
hydrolysis of, 081. 
resume of the catabolism of, 097. 

Nuclein metabolism, determination of, 757. 
Nucleinase, 093.
Nucleins, metabolism of. 078.

literature on, 079. 083, 089, 092, 093, 
096, 7110, 702.

Nudeoproteids, 004.
Nucleosidases, 093.
Nucleosides, 084. 

aminopurin, 084. 
aminopyrimidin, 084.

Nucleotidases, 093.
Nucleotides, 079.

extranuclear, 082.
Nucleus caudatus, 432.
Nucleus lentiformis, 432.
Nut-cracker face, 918.
Nutrition, disturbances of. due to partial 

food deficiencies, 775. 
principles of, 052. 
of striped muscles, 180.

Nymphomania, 250.
Nystagmus, 224. 

caloric. 172.
caused hv quick movements of the head,

171.
galvanic. 173.

Nystagmus, optic, examination for, 178. 
on rotation of the body, 173. 
spontaneous, 170.

O

Obese persons, symptoms manifested by, 
798.

Obesities, 793. 
diagnosis of, 799. 
literature on, 803. 
pathogenesis of, 785.

Obesity, in acromegaly, 922. 
diet in, 802.
endogenous or constitutional, 794. 
exogenous, 793. 
in hypopituitarism, 931. 
of genital origin, 970. 
lipectomy in, 803. 
reduction cures in, 801, 803. 
thyrogcnic, 797.

Obsessions 311.
Obstetrical hand, in tetany, 903, 905.
Occipital lobes, lesions of, 474.
Occupation cramps, 244. 

literature on, 244.
Occupation neuroses, 005.
Ocular cysticercus, 501.
Oculocardiac reflex, 274.
Oculomotor nerve, 308.
Oculomotor nerve, literature on, 308.
Ochronosis, 805, 807.
Olfactory and gustntory sense areas, litera­

ture on. 449.
Olfactory nerves, 305. 

literature on, 305.
Olfactory sense, anomalies of, 147.
Olfactory sense area, lesions of, 448.
Oligotrichosis lanuginis tcrminalis, 972.
Omagra, 840.
Omarthritis, 32.
Oinodynia, 61.
Onomatomania, 311.
Onychophagia, 230. 

literature on, 230.
Ophthalmoplegia, acute, 530. 

externa, 308. 
interna, 208, 271.

Ophthalmoscope, electrical, 150.
Ophthalmoscopy, 150. 

direct, 157. 
indirect, 150. 
literature on, 100.

Opisthotonos, 241.
Oppcnheim’s disease, 014.
Oppenheim’s dyshasia lordotica progres­

siva, 010.
Oppcnheim’s leg phenomenon, 203.
Optic agnosia, 290.
Optic aphasia, 290, 454.
Optic atrophy, 159, 300. 

glaucomatous, 159. 
neuritic, 159. 
primary, 159. 
simple, 159.
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Optic atrophy, in retinal disease, 159.
Optic-dynamic reflex, 205.
Optic nerve, 305.

changea in the papilla of, 158. 
literature on, 305, 300. 
aurvcry of disturbances in the distribu­

tion of, 307.
Optic neuritis, 158, 300.
Optic nystagmus, examination for, 178.
Optic tract, lesions of, 433.
Orientation, literature on, 294. 

normal, 294. 
spatial, 294. 
temporal, 294. 
testa for, 294.

Ornithin, 005.
Orthopedics, literature on, 1.
Osteitis, 80. 

chronic, 81.
literature on, 81. 

deformans, 80. 
syphilitic, 83.

Osteoarthritis alkaptonurica, 807. 
deformans, 101. 
hypertroph leans, 101. 
primary hypertrophic, 101.

< Isteo-arthropathy, hypertrophic pulmo­
nary, 74.

Osteogensis imperfecta, 70, 71. 
literature on, 72.

Osteology, pathological, 1.
Osteoma, of muscle, 58. 

of the skull, 19.
Osteomalacia, 29, 72. 

diagnosis of, 74. 
endemic, 73. 
infantile, 73. 
juvenile, 73. 
literature on, 74. 
occurrence of, 72. 
pathogenesis of, 73. 
puerperal, 72. 
senile, 73. 
symptoms of, 72. 
virile, 73.

Osteomalacic paresis, 73.
Osteomata, 91.
Osteomyelitis, 80. 

acute, 80.
definition of, 80.
diagnosis and differential diagnosis 

of, 81.
literature on, 81. 
symptoms of, 80. 

chronic, 81.
literature on, 81. 

primary, of the jaw, 20. 
of the skull, 19.

Osteopathies, 59. 
congenital, 60.

literature on, (12. 
of circulatory origin, 78. 
degenerative, toxic and endocrinopathie, 

03.
inflammatory, 80. 
neoplastic, 90.

Osteopathies, neoplastic, literature on, 92. 
neuropathic, 90. 
parasitic, 90.

literature on, 90.
Osteoperiostitis ossificans, toxicogenic, of 

Kternlierg, 74.
Osteoporosis, 03, 84.

literature on, 04.
Osteopsathyrosis, 70. 

literature on, 72.
Osteosarcoma, of the nervous system, 504. 
Osteosclerosis, 84.
Otitis interna, 80.
Otitis media, 80.
Over-nutrition, states of, 793.
Oxidative processes, 051.
Oxyacids, in acidosis, 701.
Oxycephaly, 78.

literature on, 78.
Oxyprolin, 000.

P

Pachymeningitis, 541. 
chronic hypertrophic cervical, 542.

symptoms of, 542. 
differential diagnosis of, 541. 
internal hemorrhagic, 541. 
symptoms of, 541. 
tuberculous, 548.

Paget's disease, 80. 
definition of, 80. 
diagnosis of, 89. 
etiology of, 80. 
literature on, 89. 
symptoms of, 80.

Pain, anomalies of the sense of, 137. 
referred, 143. 
sense of, 137.

Pallesthesia, 130, 141.
Palpitation, 871.
Palsies, birth, 500.

cerebral, of children, 500, 631.
Palsy, 218. 

shaking, 008.
Pancreas, in acromegaly, 921.
Pantomimic movements, 255.
Parageusia, 140.
Parakinesias, 222.
Paralyses, atrophic, 220.

classified according to the distribution 
of tin» muscles paralyzed, 220. 

classified according to the gravity of the 
disease, 221.

classified according to the state of nutri­
tion of the muscles paralyzed, 
220.

literature on, 220.
classified according to the tonus of the 

paralyzed muscles, 220. 
flaccid, 220. 
hysterical, 587. 
non atrophic, 220. 
spastic, 220. 
topogruphy of, 220.
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Paralysis, 218.
«•f abdominal muscles, 350. 
acute ascending, 535.

pathogenesis of, 530. 
agi tans, 008.

differential diagnosis of, 000. 
literature on, 009. 
symptoms of, 008.

Bell’s, 374. 
bulbar, asthenic, 010.

without anatomical findings, 010. 
of eye-muscles, rules for detecting, 

215.
facial, 374. 
functional, 221.

of the lower extremities, Iloover’s 
sign for the detection of, 228. 

genuine spastic spinal, 605. 
infantile spinal, 537. 
due to intrapartum meningeal hem­

orrhages, 531.
Landry’s 635. 
of muscles of back, 359. 
myasthenic, 010. 
neural, 220.
oculomotor, partial, 308.

total, 308. 
organic, 221. 
periodic family, 012. 

definition of, 012. 
literature on, 012. 

periodic oculomotor, 012.
definition of, 012. 

plexus, 220.
progressive bulbar, 500.
progressive general, of the insane, 515.
pseudobulbar, 481.
pseudohypertrophio, of Duchennc, 497. 
recurrens, 381. 
segmental or radicular, 220. 
spastic, associated with secondary de­

generation of the pyramidal 
tracts, 500. 

hysterical, 507. 
of infants, 500. 

spinal, Erb’s syphilitis, 607. 
of the tongue, bilateral atrophic, 385. 
unilateral sternocleidomastoid, 383. 

Paramnesia, 301.
Paramyoclonus multiplex, 243, 004. 

differential diagnosis of, 004. 
literature on, 004.

Paramyotonia congenita, 014.
Paranoia acuta, 020. 

chronica, 030.
chronica hallucinatoria, 030.

Paranoid states, 030. 
literature on, 030. 
related to alcoholism, 042.

Paraparesis, senile spastic, 483.
differential diagnosis of, 483. 

Paraphasia, literal, 319, 401.
verbal, 319.

Paraplegia, 221. 
ataxic, 519. 

subacute, 519.

Paraplegia, spastic, family and hereditary 
form of, 605.

Parasitic myopathies, 67.
Parasitic osteopathies, 90.
Parasyphilis, of the spinal cord, 608. 
Parathyroid glands, diseases of, 899. 

diseases of, literature on. 900, 902 910. 
states due to loss of function or to insuf­

ficiency of function of, 899. 
Parathyropathics, 899.
Parchment crackling, in bone tumors, 9. 
Paresis, 218. 

general, 515. 
osteomalacic, 73.

Paresthesia, 130.
Paretic or paralytic gait, 252.
Parietal lobe, lesions of, 473.
Parkinson’s disease, (108.
Parkinsonian gait, 253.
Parkinsonian mask, 253, 009.
Parosmia, 147.
Paroxysms of over-contraction, 230. 
Passive movements, testing the sense of, 

140.
Patellar clonus, 194.
Puvor nocturims, 598.
Pellagra, 511, 781.

without cutaneous manifestations, 780.
definition of, 781.
diagnosis of, 780.
differential diagnosis of, 787.
etiology of, 781.
historical note on, 781.
literature on, 787.
prognosis of, 780.
symptoms of, 783.

Pelvis, examination of the muscles, bones 
and joints of, 20. 

tumors of the muscles of, 20. 
tumors originating in the bones of, 20. 

Penis, disturbances of the mechanism of 
erection of, 280.

Pentoses, 703, 700, 701.
Pentosuria, alimentary, 704.

çhronic, 704.
Peptones, 007.
Perception, disturbances of, 295.

literature on, 298.
Perimetric examination, 104.

defects encountered in, 100.
Perimetry, 104.
Perimysium, rupture of, myopathies due 

to, 60.
Peripachymeningitis, tuberculous. 548. 
Peripheral nerves, diagnosis of lesions of, 

350.
literature on, 350.

Periosteal radical reflex, 190.
Periosteal sensations, 139.

testing, 141.
Periostitis, 80. 

acute, 82. 
diagnosis of, 82. 
definition of, 82.
etiology of. 82. 
of the jaw, 20.
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Periostitis, acute, literature on, 82. 
of the skull. 1». 
symptoms of, 82. 

chronic, 83. 
syphilitic, 83.

Perseveration, 310.
motor, 250, 327.

Pcs valgus, 45.
Pcs varus, 45.
Petit mal, 239, 508.
Phenomenon, of Aschner, 274. 

of Chvostck, 347. 
of (jrusset and Gaussel, 228. 
of Trousseau, 242, 347.

Phenylalanin, 000.
Phlorizin-diabetes, 711.
Phonemes, 205.
Phosphates, excretion of, during fasting, 

773.
Phosphutids, 722.
Plmsphaturia, 720.
Phospho-nuelease, 004.
Phosphoproteids, 004.
Phosphorus necrosis, of jaw, 04.
Phrenic rsis, bilateral, 353.

unilateral, 353.
Pia-araehnoiditis, 542.
Piano-player’s cramp, 244, 0115.
Pick's circumscribed senile brain atrophy, 

480.
Pigmentation, in Addison’s disease, 042. 
Pill-rolling movement in paralysis agi tans, 

008.
Pineal body, anatomical and physiological 

notes on, 033.
clinical study of the diseases of, 034. 
diseases of, 033.
and its neighborhood, cysts and tumors 

of, symptoms of, 034. 
involvement of, in disease, diagnosis of. 

035.
literature on, 034, 03(1.

Pitres’ pure motor agraphia, 457. 
Pituitary gland, diseases of, 012.

literature on, 013, 011, 017, 021, 022, 
024, 027, 032. 

lesions of, 433.
Plant metabolism, (152.
Plant nucleic acid, (170.

structure of, (180.
Plantar reflex, 202.
Pleurodynia, 51.
Plexus, brachial, lesions in the domain of, 

353.
cervical, lesions in the domain of, 352. 
coccygeal, branches of, 304. 
lumbar, branches of, 302. 
lumbosacral, literature on. 304. 
pudendal, branches of, 304. 
sacral, branches of, 302.

Plexus paralysis, 220.
Pneumogastric nerve, 380.
Podagra, 840. 
l'odarthritis, 45.
Pointing error test, 174.
Poisoning, strychnin, 242.

Poker spine, 00, 500.
Polioencephalitis, inferior, 530. 

superior acute hemorrhagic, 530. 
differential diagnosis of, 631. 
etiology of, 630. 
symptoms of, 530.

Polioncephulomyelitis, 531.
Poliomyelitis, acute anterior, 537. 
Pollakiuria nervosa, 270.
Pollutiones, diurnue, 281. 

fern iliac, 281. 
nimiue, 281. 
noeturnae, 281.

Polyarthritis, destruens, 105. 
so-called primary chronic progressive, 

105.
rheumutica acuta, 07. 
urica acuta sen subueuta, 843.

,Polyclonia, 244, 004.
Polydipsia, in diabetes insipidus, 811. 
in hypopituitarism, 031.

Polymyositis, 53. 
with erythema multiforme, 53. 
hemorrhagica, 53.

Polyneuritic psychosis, 024.
Polyneuritis, 520. 

of alcoholic origin, 520. 
due to arsenical poisoning, 623.

symptoms of, 523. 
due to beriberi, 523. 
differential diagnosis of. 524. 
due to lead poisoning, 522. 
endemics, 770. 
complicating diphtheria, 624.

symptoms of. 524. 
of unknown infectious origin, 521. 

Polypeptide, 007.
Polysaccharide, 707.
Polyuria, following copious water drink­

ing, 812.
in diabetes insipidus, 814. 
in hypopituitarism, 031.

Polyurias, 733.
during compensatory process and in eon-

other than diabetes mellitus, 811. 
temporary, 812.

Polls, bilateral lesions of, 423.
topical diagnosis of lesions of, 418. 

Porencephaly, 470, 631.
Poriomania, 500.
Posture, testing the sense of. 140. 
Potassium, excretion of, during fasting, 

773.
Pot-bellv, in rickets, GO.
Pott’s disease, 28.

causing compression of the spinal cord 
and nerve roots, 558.

Power, testing the sense of, 141.

Praxic tests, rough, 200.
Preacher hand, 101.
Preacher’s hand, in cervical pachymen­

ingitis, 642.
Pregnancy, hysterical, 580.
Premonitions, 311.

9
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Presbyopia, 272.
Presbyophrenia, of Wernicke, 489.
Pressure of activity, 310.
Priapism, 280.
Prolin, 000.
Propulsion, 253.

in paralysis «gitans, 008.
ProtnmiiiH, 004.
Protcids, 004.
Protein, amyloid, 074.

Bence-Jones, 074. 
optimal amount of, 059. 
physiological decomposition of, in the 

body metabolism, 072. 
specific dynamic action of, 075.

Protein balance, 073.
Protein equilibrium, 073.
Protein gain, 073.
Protein hydrolysis, 005.
Protein intake, minimal, 073.
Protein loss, 074.
Protein metabolism, the course of, 008. 

determinations of, 750. 
end products of, 073. 
in diabetes mellitus, 819. 
intermediary, 073. 
in starvation, 771.

Protein minimum, 059.
Protein salts, 725.
Proteins, ns colloids, 008. 

color reactions for, 009. 
compound, 004.
constant need of, by the body, 079. 
degradation products of, 004. 
as electrolytes, 008. 
general chemical properties of, 008. 
metabolism of. literature on, 075. 
Osborne and Mendel's researches on, 071. 
pathological, synthesis of, in the body, 

074.
physiological chemistry of, 003. 
precipitation reactions for, 009. 
proper, 003.
significance of, in metabolism, 003. 
sparers of, 073.
superior and inferior, in foods, 070. 
and their derivatives, metabolism of, 

661
Pmtonopes, 103.
Protrusio build. 272, 808.
Psammomata, 504.
Psoas spasm, 14.
Pseudobulbar paralysis, 481.

literature on, 490.
Pseudoeyes is, 589.
Pseudoflex ibilitas, 190. 
Pseudohallucinations, 295. 
Pseudohcrmaphroditismus, 940. 
Pseudohypertrophic muscular paralysis, 

497.
Pseudologia fantasticn, 302. 
Psoudoprllngrn, 780.
Pseudoreminiscences, 302. 
Pseudorheumatisms, 97.
Pseudoriekets, senile, 80.
Pseudotabes, dialivtic, 824.

Psychasthenic fits, 238.
Psychasthenic states, 692. 

differential diagnosis of, 693. 
etiology of, 592. 
literature on, 593. 
symptoms of, 593.

Psychiatric methods of examination, ele­
mentary, 284.

Psychic deliquia, of L. Meyer, 311.
Psychic stigmata, 588.
Psychoanalysis, 315.

literature on, 310, 317.
Psychogenic bodily disturbances, 689. 
Psychomotor retardation, 310.

of melancholia, 255.
Psychoneuroses, 584.

literature on, 585.
Psychoses, 023.

literature on, 023.
Psychoses, adolescent, 630. 

alcoholic, 040.
literature on, 043. 

complicating epilepsy, 699. 
manic-depressive group of, 027. 
manic-depressive group of, literature on, 

029.
related to drug habits, 044. 
infectious, toxic and exhaustion, 038. 

literature on, 6 to.
schizophrenic, 030.

Psychosis, Korsakolf's, 521, 042.
polyneuritic, 521, 042.

Ptosis, 215.
Puberty, 901.

premature, 935, 948, 904.
Pudendal plexus, branches of, 304. 
Puerperal osteomalacia, 72.
Pupil, Argyll-Robertson, 207. 

associated movement of contraction of, 
on convergence and on accom­
modation, 200 .

changes in size and shape of, 207. 
focal lateral illumination of, 153. 
reflex contraction of, to light, 205. 
irregular, 207. 
reflex dilatation of, 207. 

bilateral absolute, 270. 
bilateral amaurotic, 270. 

rigidity of, unilateral absolute, 208. 
unilateral amaurotic, 208.

Pupillary reactions, disturbances of, 207. 
and power of accommodation, literature 

on, 273. 
tests for, 205,
Wernicke’s hemioplc, 270.

Pupillary rigidity, bilateral, 270. 
bilateral reflex, 270. 
pure absolute. 208, 271. 
unilateral, 208. 
unilateral reflex, 270.

Purin bases, of human urine, 701.
syntheses of, 087.

Purin content of foods, 751, 851.
Purin excretion, effect of atopban upon, 

850.
l’urin-free test diet, 758.
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Turin metabolism, determinations of, 757.
in gout, investigations of, 845.

Turin nuclease, 094.
Turin nucleus, 085.
Turins, 085.

endogenous, determination of the metab­
olism of, 758.

exogenous, determination of the metab­
olism of, 758. 

of the food, 700. 
metabolism of, 078.

literature on, 670, 083, 080, 002, 603, 
000, 700, 702. 

methyl, 088. 
structure of, 085. 
of the urine, 700.

Pyramidal-tract lesions, 380.
Tyramidal tracts, primary degenerations 

affecting, 605. 
literature on. 507.

Tyrogocephaly, 78.
Ty rim id in bodies, 000.
Tyrimidins, 000.

free, 001.
Pyromania, 256.

Q
Quincke’s disease, 542, 017.
Quinquaud’s phenomenon, 224.

R

Rachisngra, 840.
Rachischisia posterior, 20.
Rachitis, 04. 

tarda, 00.
Radial phenomenon of von Strilmpell, 227. 
Radicular paralysis, 220.
Radicular topography, 300.
Raynaud’s disease, 018.
Reaction, of degeneration, 343. 

complete, 343. 
mixed, 344. 
partial, 343.

myasthenic, of Jolly. 345. 
myotonic, of Erh, 345.

Reading, disturbances of, 453.
Reading aloud, disturbances of the power 

of, 321.
von Recklinghausen's hone disease, 81. 
von Recklinghausen’s disease, 504, 583. 

definition of, 583. 
literature on, 584. 
symptoms of, 583.

Recording faculty, tests for, 301. 
Recurrens paralysis, 381.
Red-blind people, 103.
Referred pain, 143.
Reflex, Achilles, 104. 

anal, deep or internal, 270.
superficial, 270. 

eiliospinal, 207. 
cremaster, 204. 
crossed adductor, 194.

Reflex, flight, 203. 
light, loss of, 208. 
masseter, 198. 
oculocardiac, 274. 
optic-dynamic, 205. 
paradoxical flexor, of Gordon, 204. 
patellar, 193. 
periosteal radial, 190. 
plantar, 202. 
scrotal, 280. 
shortening, 203. 
tarsophalangeal, 100.

Reflex arc, lesion in the centripetal limb 
of, 208.

lesion between the centripetal limb ami 
the centrifugal limb of, 208. 

Reflexes, abdominal, 204. 
deep, 192. 

literature on, 198. 
table of, 192.

genital, in the female, 281. 
of skin and mucous membranes, 200. 
spinal, segmental representation of the 

more important, 407. 
literature on, 407. 

superficial, 200. 
literature on, 205. 
table of. 201. 

tendon, 192.
Rellexogcnous zones, 200.
Refraction, literature on, 155.
Refractive anomalies, ophthalmoscopic 

control of, 150. 
Reiehert-Meissl number, 717.
Reil, island of, lesions of, 405, 474.
Renal gout, 844.
Renal pelvis, disturbances of motility of,

277.
Renal secretion and renal vasomotility, 

nervous disturbances of, 277. 
Resolution, in depressed states, 310.

in depressive states, 292.
Respiration apparatus, for indirect calor­

imetry, 704.
Respiratory quotient, 737, 700. 
Respiratory system, autonomic symptoms 

and signs in, 204.
disturbances of innervation of the mus­

culature and the glands in, 275. 
literature on, 275.

Rest starvation value, 057.
Retention of urine, hysterical, 6K9. 
Retention uricemia, 844, 848.
Retina, changes in, 159. 

detached, 100. 
tumor of, 100.

Retinal atrophy, 100.
after luetic chorioretinitis, 100.

Retinal disease, optic atrophy in, 159. 
Retinitis, 300. 

acute, 159. 
albuminuric, 159. 
anemic, 159. 
chronic, 100. 
diabetic, 159. 
leukemic, 100.
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Retinitis, pigmentosa, 1(K).
septic, 100.

Rétropulsion, 253.
in paralysis agitmiH, 008.

Rheumatic fever, acute, 07.
Rheumatism, 00. 

acute articular, 07. 
muscular, 61.

Rheumutoid arthritis, 105.
Rheumatoid#, 07.
Rhombenccphalic lesions, 418.
Rib, cervical, 61.

fracture of, 25. 
d Ribose, 002.
Rickets, 20, 04. 

chemical studies in, 07. 
definition of, 04. 
etiology of, 04. 
fetal, 08. 
late, 00.
literature on, 07. 
symptoms of, 05.

Rickety rosary, 05.
Rider's bone, 51.
Rigidity, catatonic or cataleptic, 100, 202, 

310.
muscular, 180. 
in paralysis agitans, 008. 
paraplegic, 531. 
of Parkinson’s disease, 180. 

Ring-scotoma, 107.
Rhine's test for hearing, 148.
Risus sardonicus, 241.
ROntgenography, in cervical rib, 02. 

in chronic infectious arthritis, 105. 
of the skull, 507.
in primary hypertrophic osteo-arthritis,

101,
Romberg's symptom, 200.
Root pains, 20.

in cervical caries, 550.
Rosenbach’s phenomenon, 224.
Rose's goiter heart, 870.

8

Saccharose, 700.
Sacral nerves, lesions of, 301.
Sacral plexus, branches of, 302.
Sacro-ihac joint, relaxation of, 05.
Sadism, 250.
St. Vitus’s dance, 000.
Salt-hunger, 720.
Salts, behavior of, during fasting, 773. 

free soluble, 725. 
functions of, 725.

Saponification of fats, 710.
Saponification number, 710.
Sarcoma, of muscle, 58. 

myeloid, of bone, 01. 
of the nervous system, 604. 
primary, of the skull, 20. 
of retina, 100.

Sarcomatosis, diffuse, of the meninges, 
504.

Satyriasis, 250.
Scalp, guminata of, 10.
Scapula, congenitally high, 00. 

rotation of, 101. 
wing-like projections of, 101. 

Scapulodynie, 51.
Schizophrenia, 030.

accessory symptom# of, 034. 
fundamental symptoms of, 032.

School memories, tests for, 300. 
Schwenckenbecher’a tables, 740.
Sciatica, literature on, 304. 

and other pains in the lower extremity, 
43.

Sclerodnctyly, 021.
Scleroderma, 020. 

definition of, 020. 
differential diagnosis of, 021. 

Seleroproteins, 004.
Sclerosis, amyotrophic lateral, 501.

of cerebral cortex, lobar and tuberous, 
180.

combined, differential diagnosis of, 
610.

etiology of, 51!). 
literature on, 510.
of the posterior and lateral funiculi, 

610.
symptoms of, 510. 

disseminated, 530. 
multiple, 530.

differential diagnosis of, 610. 
etiology of, 630. 
literature on, 510. 
pathological anatomy of, 610. 
symptoms of, 530. 

multiple cerebrospinal, 550. 
nodular, 530. 
posterior, 60S.
primary combined. 51!). 
primary lateral, 505. 

differential diagnosis of, 600. 
symptoms of, 605.

Scoliosis, 7, 20, 101.
Uchindica, 2!).

Scotoma, 104, 100. 
absolute, 100. 
central, 100, 300. 
fortification, 107.

in migraine, 002. 
mobile positive, 107. 
relative, 100. 
ring, 107.

Scotomata, immobile positive, 107.
Scrotal reflex, 280.
Scurvy, 770.

Alpine, 781. 
infantile, 79.

Seamstress’s cramp, 244, 005.
Secretory disturbances in tetany, 904. 
Secretory liability, 688.
Segmental anesthesias in disease, 405. 
Segmental diagnosis, 890.

literature on, 398.
Segmental paralysis, 220.
Sejunction, of Wernicke, 311.
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Sella turcica, x-rays of, in acromegaly, 
Ml.

Senator’s substitution-movements, 227. 
Senile dementia, 488. 

literature on, 4112.
Sensations, of active movements, 130. 

deep, 130.
literature on, 142.

Sensation, disturbances of, literature on,
I IS.

examination of, 120. 
literature on, 131. 
of muscular contractions, 130. 
of passive movements, 139. 
of posture, 130. 
varieties (modalities) of, 127. 
visceral, 143.

Sense, of hearing, and its anomalies, 148. 
literature on, 151. 

localizing, 133.
of pain, and its anomalies, 137.

literature on, 137. 
of power or strength, 130. 
of roughness and smoothness, 134. 
of sight, and its anomalies, 152.

literature on, 152. 
of smell, and its anomalies, 140.

literature on, 147. 
spatial, 133.
of touch, and its anomalies, 131.

literature on, 130. 
of taste ami its anomalies, 114. 
of temperature and its anomalies, 138.

literature on, 138. 
vibration, 130.

Sense deceptions, 205.
tests for the presence «if. 200. 

Sensibility, deep, anomalies «if, 142. 
of the skin, segmental representation «if. 

401.
literature on, 400.

Sensory agnosia, 200.
Sensory aphasia, 200.
Sensory asymbolia, 200.
Sensory disturbances in tetany, 003. 
Sensory examinations, general on the mak­

ing of, 120.
Sensory nerves, over-excitability of, in t«-t 

any, 007.
Septic r«-tinitis, 100.
Serin, 000.
Sex glands, diseases of. 000.

literature on, 003, 005, 008. 072. 
Si'xual characters, secondary, 001.
Sexual disturbances, remarkable, duo to 

over-activity of the interronals, 
838, 848.

Sexual syndromes, remarkable, dependent 
upon hyperplasia, or upon 
tumors, of the cortex of the 
suprarenal gland, 040.

Shaking palsy, 008.
Shoemaker’s cramp, 244.
Shoemaker’s spine, 20.
Shoulder, examination of the region of, 32. 
Shoulder joint, inllammation of, 32.

Sight, sense of. 152.
Simian hand, 101, 570.

in progressive muscular atrophy. 400. 
SimultuneouH-duplicity-threshohl, 134.
Sinus thrombosis, 480. 

literature on, 403. 
symptoms of, 480.

Skeleton, changes in, in nrnimegaly, 018. 
faulty development, in, in hypopitui­

tarism, 031.
Skeletal functions, examination of, 11. 
Skiascopy, 155.
Skin, segmental representation of the sen­

sibility of, 401.
trophic changes in, in hypopituitarism, 

031.
Skull, acute periostitis of, 10. 

auscultation «if, 332. 
cliang«is of, in Paget’s disease, 88.

in rickets, 65. 
fractures of, 18.
inllammations «if tin- bones «if, 10. 
inspection and palpation of, 328. 
metastatic carcinoma of, 20. 
m-urollbromata of, 10. 
osteoma of, 10. 
osteomyelitis of, 10. 
percussion «if, 331. 
primary sarcoma of, 20. 
rüntgrnography of, 567. 
tower, 78.
trauma «if, literature on, 500.
tuberculosis of, lit.
x-ray examination of, 332.
See also Head.

Sleep, ami disorders of sleep, 287.
Sleeping sickness, 602. 

diagnosis «if, 503.
Smell, anomalies of the sense of, 147. 

sense of, 140. 
testing of, 140.

Soaps, 710.
Sodium, excretion «if, «luring fasting, 773. 
Sodomy, 250.
Somatic stigmata, 587.
Somesthetic area, lesions «if, 443. 
Somesthetic irritation in teleneephalic 

lesions, sympt«ims «if, 444. 
Somnambulism, 288.
Somnambulisms, 589.
Somnolence, 202.
Sopor, 202.
Space-threshold, 134.
Spastic gait, 252.
Spasm, 237. 

facial, 374.
Spasmophilc diathesis, association of, with 

rickets, 00.
Spasms, habit, 242.

pure t<inic, 241.
Spatial sense, 133.
Speech, disturbances of coordination of 

the movements of, 254. 
mechanisms of, 451. 
serial, disturbances of, 320. 
spontaneous, disturbances of, 319.
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Speech, test for, 209.
Speech centers, higher, 452.
Speech confusion, 250.
Speech deafness, pure, 450.
Speech movements, disorders of, in the 

upluihias, 318.
memories of the innervations of, 451. 
suprapyrumidal disorders of, 318.

Speech repetition, disturbances of, 320.
Spermatorrhea, 281.
Spina bifida, 00. 

occulta, 20.
and other congenital anomalies of the 

spine, 20.
Spinal cord, abscess of, 537.

combined lesions of the peripheral sen­
sory neurons (posterior funic­
uli) and of the upper motor 
neurons (pyramidal tracts) 
within, 391.

combined lesions of the upper and lower 
motor neurons in, 390. 

combined representation of motility, 
sensibility and reflexes, in the 
single segments of, 409. 

compression of, literature on, 501. 
from Pott’s disease, 558. 
due to tumors involving the spine, 

559.
due to vertebral diseases, 558. 

diagnosis of involvement of single and 
multiple neuron systems in, 
389.

literature on, 392.
diagnosis of diseases of, literature on, 

389.
diagnosis of lesions of, 387.

not limited to specific systems, 392. 
general focal localization, or gross level- 

diagnosis in, 399.
hemilesions. or unilateral lesions of, 393. 
lesions involving only the lower motor 

neurons in, 390.
lesions involving only the medullated 

axons of the upper motor neu­
rons in, 389.

lesions involving only (or chiefly) the 
peripheral sensory neurons in, 
Ml.

multiple focal lesions of, 395. 
new growths involving, symptoms of, 

•76.
parasyphilis of, 508. 
precise level diagnosis of lesions in. 39(1. 
topographical relations of the vertebrae 

to the segments of, 410. 
transverse lesions of, 393. 

incomplete, 393. 
literature on, 395. 
total, 393.

traumatism and compression of, 558.
tumors of, 29.
tumors external to, 579.

literature on, 582. 
tumors within, 57(1. 

literature of, 581.

Spinal localization of the IIcinc-Mcdin dis-

Spinal nerves, diseases of, 350.
topographical relations of the vertebrae 

to the level of emergence of 
the mots of, 410.

Spinal reflexes, segmental representation 
of tin» more important, 407. 

Spine, ankylosis of, Beehtcrcw type of, 
500.

Strllmpell-Marie type of, 6G0. 
arthropathies of, Kill, 

causing compression of nerve roots, 
559.

caries of, 28.
congenital anomalies of, 2(1. 

literature on, 30.
chronic arthropathies of, literature on,

114.
curvature of, 29. 

in acromegaly, 29. 
in Paget's disease, 29. 
paralytic, 29.
caused by retraction of one side of the 

thorax, 29. 
in rickets, (1(1.
spondylitis as a cause of, 29. 

diseases involving the bones and joints 
of, 88.

diseases of, literature on, 30. 
examination of the muscles, hones ami 

joints of, 2(1.
inflammatory diseases of, 28. 
lumbosacral region of, congenital tumors 

of, 27.
metabolic diseases of, 29. 
metastatic carcinoma of, 28. 
neoplasms in the region of, 28. 
poker. 5(10.
secondary carcinoma of, 504. 
shoemaker's, 29.
tumors of, causing compression of the 

spinal cord and nerve roots, 
559.

typhoid, 500.
x-uav examination of, 332.

Spondylitis, ankylopoietiea, 559. 
chronica ankylopoietiea, 109. 
deformans, 102, 109, 559. 
tuberculous, 28, 558.

ditferential diagnosis of, 559. 
symptoms of, 558.

Spondylolisthesis. 72.
Sporotrichosis, of the bones, 85. 
Sprengol’s deformity, 00.
Squint, 215 

convergent, 373.
Staphyloma posticum, 100.
Starch, 707.
Starvation, behavior of salts in, 773. 

laxly weight in, 773. 
carbohydrate metabolism in, 772. 
fat metabolism in, 772. 
protein metabolism in, 771.
total metabolism in, 770.
under-nutrition due to, 770.
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Starvation-method, in diabetes mellitus,

Statua epilcpticus, 598.
Statua hcmi-epilepticus, 240.
Statua lymphaticus, 054.
Statua thymicolymphuticus, 941, 952.
Statua thymicolymphaticus, aymptoiua of,

965,
Statua thymicua, as a cause of sudden 

death in childhood, 052.
Statua thymicua, conception of, 052.
Steatoaia cordia, 700.
Steeple head, 78.
Stellwag’a aymptoma, 800.
Ntvppaye gait, 252.
Stereognostic perception, 139. 

testing, 141.
Stereotyped attitudes, 255, 035.
Stereotyped movements, 255, 320. 035.
Stereotyped poaturea, 320.
Sternocleidomastoid paralysis, unilateral,

Stiff neck, 23.
Stigmata, of degeneration, 331. 

psychic, 588. 
somatic, 587.

Still's disease, 103, 110. 
literature on, 110.

Stilling’s charts, for testing color vision, 
103.

Strabismus, 215.
Strabismus convcrgena, 373.
Strength, testing the sense of. 141.
Stridor thymicua infantum, 057.
Striped muscles, examination of the effer­

ent paths which influence, 183. 
involuntary contractions of, 222. 
so-called tonus of, 187. 
state* of nutrition of, 180.

von Strllmpell’a radial phenomenon, 227.
von StriimpeH’s tibial phenomenon, 227.
Struma, 801, 804. 

baacdowificata, 800. 
circumscribed, 22. 
maligna, 22. 
nodosa, 22. 
pulsans, 801. 
vaaculosa, 805.

Strumectomy, 881.
Strychnin poisoning, 242.
Stupor, 201. 

catatonic, 035. 
literature on. 292. 
motor. 255, 320.

Subcutaneous fibroid nodules, 111.
Subdeltoid bursitis, 32.
Substitution-movements of Senator, 227.
Successive threshold, 134.
Sugars, amino, 705.

catabolism of, in the body, 710. 
complex, 705. 
simple, 703.

Suprarenal gland, hyperplasia of, or tu­
mors of, causing remarkable 
sexual syndromes, 940.

Suprarenal viriliamus, 948.

Sweat glands, disturbances of innervation
of, 875.

and tear glanda, disturbances of inner­
vation of, literature on. 275. 

Sweating, profuse, in hyperthyroidism, 
872.

Sydenham’s chorea, 000.
Symmetrical gangrene, 018.
Sympathetic ganglia and viscera inner­

vated by them, segmental rep­
resentation of, 407. 

literature on, 400.
Sympathicotonia, 201, 387. 
Sympathicotonic cases of Graves* disease, 

875.
Syncope, 291. 

local, 018.
Syndesmology, pathological, 1.
Synkinesias, 220, 200. 

bilateral, 227.
congenital and hereditary, 229. 
contralateral, 220. 
homolateral, 227. 
identical, 220.
involved in separate anil simultaneous 

raising of the legs, 228. 
literature on, 229.

Syphilis, of the bones, 83. 
of the brain, 549. 
cerebrospinal, 549. 
of the nervous system, 549. 

diagnosis of, 551. 
differential diagnosis of, 552. 
literature on, 553. 
symptoms of, 549. 

secondary, bones in, 83. 
tertiary, bones in, 83.

Syringomyelia, 570.
associated with cervical rib, 01. 
differential diagnosis of, 570. 

Syringomyelic dissociation, 578.
System discuses, 380.

T
Tabes, ergotin, 511.
Tubes, dorsalis. 508.

differential diagnosis of, 510. 
etiology of, 508. 
literature on, 511.
pathological anatomy and pathogenesis 

of, 509.
symptoms of, 508. 
theories of, 509.

Tactile agnosia, 207.
Tactile aphasia, 297, 404.
Tactile domains, loss of power of recogni­

tion or identification in, 207. 
Tachycardia, 273, 870.
Talipes, 7.

(spiinovarus, 45. 
valgus, 00. 
varus, 45.

Taon, 779.
Tapir-lips, 191.
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Tapir-lips, in muscular atrophy, 40(1.
Tarsophulangeal rellcx, 10(1.
Taste, anomalies of the sense of, 144, 14(1. 

Senses of, 144.
literature on, 140. 

tests for the senses of, 145.
Taste modalities, 144.
Taurocholic acid. 723.
Tear glands, disturbances of innervation 

of. 275.
Teeth, in rickets, 05.
Telegrapher’s cramp, 244, 000.
Telencephalic lesions, symptoms of goin- 

esthctic irritation in, 444.
Telencephalon, 435.
Teller’s cramp, 005.
Temperature, sense of, 138. 

anomalies of the, 138.
Temporal lobe, lesions of, 474.
Temporo-occipital area, lesions of, 405.
Tendovaginitis, 34.
Tennis player’s cramp, 005.
Tenosynovitis, 58.
Tenovaginitis, 50.
Tetanoid states, 891).
Tetanus, 241. 

cephalic, 241.
Tetany. 242. 890.

certain subjective and objective sensory 
disturbances in, 003. 

conception of, 899. 
diagnosis of, 910. 
etiology and pathogenesis of, 907. 
accompanying gastric dilatation, 908. 
historical notes on. 900. 
hormone-doctrine of, 010. 
idiopathic. 908. 
latent. 904. 010. 
maternity, 907. 
persistens, 903. 
prognosis in, 910. 
following strumectomy, 908. 
symptoms of, 902. 
tonic contract ions of. 902. 
the unity of all forms of, 909. 
vasomotor, trophic and secretory dis- 

turhances in, 904.
Tetanv-fnce, 903.
Tetranuelease, (193.
Tetranucleotides, 079.
Tetraplegia, 420.
Tet roses, 703.
Tic, douloureaux, 370. 

generalized. 003. 
isolated, 003. 
rotatoire, 24.

Tic disease, 003. 
differential diagnosis of, 603. 
literature on, 603.

Ties, motor, 242.
Tibial phenomenon of von StrUmpcll, 227.
Titubation, cerebellar, 247.
Thalamic syndrome, 432.
Thalamus, 432.
Thermanesthesia, 139.
Thermohyperesthesia, 139.

Thermohypesthesia, 139.
Thigh, examination of, 37.

neoplasms of, 41.
Thomas’ test for tuberculous coxitis, 40. 
Thomsen’s disease, 613.
Thoracic nerves, lesions of, 359.

literature on, 301.
Thorax, changes in, in rickets, 65.

examination of the muscles, bones and 
joints of, 25.

inflammations of the muscles and bones 
of the walls of, 25. 

tumors of the muscles and bones of the 
walls of, 25.

Threshold, simultaneous-duplicity, 134. 
space, 134. 
successive, 134.

Thrombosis, cerebral, 480.
and embolism, literature on, 491. 
sinus, 489.

Thyinin, 090.
Thymus, in acromegaly, 921. 

diseases of, 950.
introduction to, 950. 

enlargement of, 957. 
literature on, 951. 
persistence or revivescence of, 954. 

Thvmus gland, states of over-function of, 
952.

literature on, 959. 
states of under-function of, 952. 

literature on, 952.
Thymus nucleic acid, 079.
Thyro-aplasia, 890.
Thyroid gland, in acromegaly, 921. 

diseases of, 858. 
dys-function of, 800. 
enlargement of, 222. 
and iodin metabolism, literature on, 

8110.
normal functions of, 858. 
relations of, to the autonomic nervous 

system, 859.
to iodin metabolism, 858. 
to the processes of mctaltolism, 859. 

states of over-function of, 801.
literature on, 802, 800, 870, 871, 872, 

873, 874, 870, 877, 878, 879, 
880, 881.

states of under-function of, 883.
literature on, 883, 885, 889, 893, 898. 

structure; functions; relations; lit­
erature on, 800.

variations in the functions of, 859. 
Thyropathies, 858.

literature on, 858.
Thyropenia, 894.
Toe phenomenon, of Babinski, 202.
Toes, gangrene of, 78.
Tolerance, carbohydrate, studies of, 759. 
Tone perception, i48.
Tongue, bilateral atrophic paralysis of, 

MS.
movements of, 218.

Tonus, of muscles, literature on, 191. 
so-called, of striped muscles, 187.
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Tonue, testa of, by passive movements, 188.
Tophi, 840. 842.
Topical diagnosis, 348.

of the aphasie, the agnostic and the 
apraxic disturbances, 44.1. 

of lesions of the cerebellum and its 
peduncles, 474. 

literature on, 348.
Torsion, tonic, ($10.
Torsion spasm, progressive, in children of 

Elatnu-Sterling, 010.
Torticollis spastica, 24.
Tortipclvis, 1!)0, 010.
Touch, anomalies of the sense of, 132. 

sense of, 131.
Touch points, 131.
Tower skull, 78.
Tracheostenosis tliymica, 050.
Trances, fist).
Trauma of knee, effect s of, 41.
Tremor, causes of, 224. 

essential, 223. 
line or coarse, 223. 
in Graves* disease, 877. 
intention, 224. 
in paralysis ngitans, 008.

Tremors, 223. 
literature on, 22fi. 
posthemiplegic, 225. 
rapid or slow, 223.

Triceps jerk, 107.
Trident hand, in achondroplasia, 08, 00.
Trigeminal nerve, 300. 

literature on, 372. 
partial lesions of, 372. 
survey of the disturbances in the func­

tional distribution of, 371. 
total lesions of, 370.

Triglvcerids, 715.
Trioses, 703.
Trismus, 241.
Trochlear nerve, 300.
Trophedema, chronic, in acromegaly, 022.
Trophic disturbances in tetany, 004.
Trophic functions, disturbances of, 283.
Trophoneuroses, 283, 017. 

literature on, 283. 022.
Trousseau’s phenomenon, 242, 347, 005.
Trunk-hip flexion synergism, 227.
Trypanosoma gambiense, 502.
Trypanosome fever, 502.
Trypanosomiasis, of the nervious system, 

502.
Tryptophan, 000.
Tubercle, solitary, of brain, 548.
Tuberculosis, of the bones, 85.

of the dura mater ami of the extra­
dural tissues, 548. 

of the jaw, 20. 
of the nervous system, 547. 
of the skull. 19.

Tuberculous spondylitis, 28. 558.
Tumors, of the meninges, 579. 

of muscle, 57. 
in the neck. 22, 23. 
of the nervous system, 503.

Tumors, of the vertebral column, 580. 
Tuning-fork tests of Bfirfiny, 149. 
Typhoid spine, 500.
Tyrosin, 900.
Twitching, fascicular, 222.

fibrillary, 222,
Twilight states, 292. 

epileptic, 599. 
hysterical, 589.

U
l’iicinate gyrus fits, 419.
Under-nutrition, carbohydrate metabolism 

in, 772.
fat metabolism in, 772. 
due to starvation, 770. 
states of, 709. 

literature on, 774.
Upper extremity, examination of the mus­

cles bones and joints of, 32. 
literature on, 30.

Uremia, 074.
Under, disturbances of motility of, 277.
Unease, 088, 090.
Uric acid, 080. 

endogenous, 701, 757. 
exogenous, 700, 757.

in gout, time taken to excrete, 840. 
oxidation products and other transfor­

mations of, 088. 
synthesis of, 087. 
of urine, 700.

Uric acid content of the blood in gout, 
847.

Uric acid content of the urine, endoge­
nous, in gout, 840. 

exogenous, in gout, 840.
Uric acid diathesis, 843.
Uric acid excretion in the acute gouty 

attack, 849.
Uricemia, endogenous, 847. 

retention. 844, 848.
Urinary bladder, disturbances of motility 

Of. 277.
Urine, analysis of. 753. 

collection of, 753. 
incontinence of. 178. 
psychogenic retention of, 279. 
purin bases of, 701. 
purins of, 709. 
retention of, 278. 
uric acid of, 700.

Urogenital apparatus, disturbances of in­
nervation of, 277. 

literature on. 282.
Urogenital system, autonomic symptoms 

and signs in, 204.

V
Vagal attacks, 382.
Vagal irritation, 382.
Vaginae mucosae, diseases of, 49, 58.
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Vaginitis, 58.
Vagotonia, 201, 387.
Vagotonic cages of («raves’ disease, 875. 
Vagus legions, bilateral, symptoms of, 

381.
cervical, 38*2. 
intracranial, 382. 
unilateral, symptoms of, 381.

Vagus nerve, 380.
autonomic libers of, 381. 
cerebrospinal axons of, 381. 
literature on, 383.

Vagus neuritis, 383.
Valin, 005.
Vasomotility, disturbances of, 274. 
Vasomotor disturbances in tetany, 004. 
Vasomotor lability, 688.
Vasomotor neurosis of the extremities of 

Notlinngel, 017.
Vasovagal attacks, 382.
Verbal paraphasia, 310.
Verb'geration, 250, 310.
Vermis, lesions of, 475.
Vertebral column, new growths involving, 

symptoms of, 570. 
trauma involving, 27.

Vertebral tumors, 580.
Vertigo, paralytic, 370.
Vestibular apparatus, clinical testing of 

the functions of, 101). 
literature on, 182.

Vestibular data, anamnestic, 170. 
Vestibular disturbances of e ium.

173.
Vestibular eye-reflexes, examination of, in 

cases with eye-muscle paraly­
sis or conjugate deviation, 177. 

Vestibular reaction-movements in the ex­
tremities, 174.

Vestibular senses, and their anomalies,
leg.

Vestibular signs in paralysis of the supra­
nuclear apparatus for conju­
gate movements of the eyes, 
182.

Vestibular syndromes, table of, 170, 180, 
181.

Vibration sense, 130.
Vigouroux’s sign, 872.
Villous arthritis, 04.
Virilismus, 048.
Visceral neuralgias, 380.
Visceral sensations, anomalies of, 143.

and their anomalies, literature on, 143. 
Vision, central, determination of the type 

of. 103. 
dichromatic, 103.
disturbances of, limited to one eye, 440. 
functional tests of, 101. 
for near objects, 272. 
polychromatic, 103. 
trichromatic, 103.

Visions, 205.
Visual acuity, testing. 101.
Visual disturbances, simulated, tests for, 

108.

Visual domains, loss of power of recogni- 
tion or identification in, 200.

Visual field slit, glaucomatous. 107.
Visual fields, concentric contraction of, 

100, 300.
delimitation of, 104. 
literature on, 108.

Visual sense area, lesions of, 445. 
bilateral, 445. 

literature on, 440. 
unilateral, 445.

Vitamin metabolism, determinations of, 
703.

Vitamin theory of the etiology of pel­
lagra, 782.

Vitamins, 055. 001, 735, 775. 
and metaholism, 724. 

literature on, 730.
Vividillusion, 072.
Voit’s standard diet, 058.
Volta-Brenner’s galvanic test for cochlear 

nerve disease, 150.
Vomiting, in Graves’ disease, 872.

W
Warm points, 138.
Wasp-waist of Marie, 407.
Watchmaker’s cramp, 005.
Water and metals)!ism, 733. 

literature on, 734.
Water-balance, determination of, 703. 
Water output of the body, 734.
Water supply of the body, 733.
Waxy flexibility, 180, 035.
Weber-Gubler syndrome, 430.
Weight of bodv, formulas for calculating,

794.
normal, or ideal, determination of, 704. 

Weir Mitchell’s disease, 010.
Wens, in the head, 10.
Werdnig-llofrmami type of muscular atro­

phy, 500.
Wernicke’s area, lesions of, 404. 
Wernicke’s cortical motor aphasia, 458. 
Wernicke's cortical sensory aphasia, 450. 
Wernicke’s hemiopic pupillary reaction, 

*270.
Wernicke’s isolated agraphia. 457. 
Wernicke’s presbyophrenia, 480. 
Wernicke’s sensory aphasia, 450. 
Wernicke’s subcortical alexia, 457. 
Wernicke’s subcortical aphasia, 450. 
Wernicke’s subcortical motor aphasia, 

450.
Wernicke-Lichtheim schemata, 452. 
Westphal’s sign, 104.
Will, disturbances of, 255, 317.
Winking, involuntary, infrequency and 

incompleteness of, 800. 
Word-amnesia, 310.
Word-blindness, pure, of Déjerine, 457. 
Word-deafness, 07, 450.

pure, of Déjerine, 450.
Word-dumbness, pure, 450.
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Word-salad, 256.
Word-sounds, memories of, 451.
Wrist, exuminution of, 54.
Wrist, drop, HU.
Writer's cramp, 244. 605. 

differential diagnosis of, 005. 
literature on, 005.

Writing, disorders of, 321. 
disturbances of, 454. 
disturbances of coordination of the 

movements of, 254.
Writing, test for, 201).
Writing movements, suprapyramidal dis­

orders of, 318.
Wry neck, 23. 

chronic, without pain, 24. 
muscular, 24.

X

Xanthin, 080. 
Xantliin-oidase, 005.

Xunthoprotein reaction, 000. 
Xanthosin-hydrolasc. 004.
X-ray examination of the nervous system, 

skull and spine, literature on, 
333.

y

Yeast nucleic acid. 070.
Yerkes-Bridges point-scale for testing in­

telligence, 305.

Z

Zeistic doctrine of tin* etiology of pel la 
gra. 781.

Zichcii-Oppcnhcim disease, 010.
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