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Part XI

Diagnosis of Diseases of the
Muscles, Bones and Joints
(Pathological Myology, Osteology and Syndesmology)

Secrion T
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 be able to recognize the
various pathological conditions met with in these structures. In this
book, however, only the features of distinetly medical interest can be
dealt with. For the more definitely surgical features and for the de-
tails of differential surgical diagnosis, text-books of surgery should be
consulted.
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A. Examination of the Muscles

On account of the close relation of the musecles to the funetions of the
motor nerves, the examinalion of molility (active and passive) will be
taken up in connection with the examination of the nervous system (see
Part X11).

As a matter of fact, diseases of the museles arve only rarely
primary.

In the majority of cases, they are secondary to affections of
the hones, of the joints, of the nervons system, or of other parts

1. Anamne

In recording the anamnesis

especial attention should be paid to the
carlier occurrence of conditions that conld lead to secondary involve-
ment of the muscles, such as acute infections diseases (e. g., typhoid fever
and acute rhenmatic fever), syphilis, trichiniasis or nmpl.usm.

The mode of onset of the museular tronble shonld be inquired into;
we should ask whether it began suddenly or gradually, and whether with,
or withont, fever and pain.  If pain was present, its charaeter should
be noted, and we should ask whether it was continuous or intermittent,
and whether it ocenrred only on movement, or also when at reat.

If there has been any trawma, divect or indirect, it should be carefully
described, and we should ask whether the pains or the disability appeared
immeliately after the injury, or only sometime later,

In the parasitic affections, a history of eating raw pork or sansage
may give the clue to trichiniasis; if we suspect echinococcus, we should
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EXAMINATION OF THE MUSCLES 3

inquire into the possibility of infection from dogs, and in cuse an abscess
of the muscles is found, the possibility of infection with Bacillus mallei
from a horse suffering from glanders should be kept in mind, since in
luman beings glanders often gives rise to abscesses of the museles

In eases of “stitf neck” or “lumbago,” we should ascertain whether
or not similar altacks have oceurred before, and, if so, to what cause they
were attributed.

2. Inspection of the Muscles

In the first place, we examine the general musculature of the patient.
In some, the museles have always been of small volume; in others, the
museles are voluminous.  The volume depends partly upon heredity,
but largely upon the exercise the museles have.  The relationship of the
volume of the muscles to the size of the bones should also be noted.

When 2 local trouble is complained of, the skin over the musele shonld
be earefully examined for evidences of acute inflammation  (redness,
edema, heat ), or of hemorrhage from trauma (“*black and blue spots™).

Complete absence of a musele, due to congenital defecet, will some-
times be seen.  Thus the M. pectoralis major, the M. deltoidens, or the
M. latissimus dorsi may be absent on one side, the absence being easily
recognizable from the change in contour of the part.

Inerease or decrease in volwme, or shortening or lengthening of an
individual musele may easily escape notice, unless a careful examination
be made, with comparison of the symmetrical regions of the body.

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

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

Slight atrophy will ocenr whenever museles are not used, though,
for the recognition of this atrophy from disuse, exact measurements may
be required.

3. Muscle Measurements

Tn making comparative measurements of the two sides of the body, the tape
should be applied at exaetly the same level; thus, in measuring the volume of the
thigh, it is well first to draw fransverse lines at distances 10 em. apart above the
upper margin of cach patella, and then to measure the cirenmference 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 em. 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

ative ts are made.

Enlargement of the muscles of a part as a whole may be due either to
true hypertrophy, or to so-called pseudo-hypertrophy (due to fatty in-
filtration). Local enlargements may be due to musele-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 brachii causes
flexion of the forearm, and a shortened M. iliopsoas flexes 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 are 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 musele 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 eause. 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 be the result of a contusion that has cansed an injury
of the periosteum and dislocation of periosteal tissue into the musecle,
with formation of a traumatic muscle osteoma, or it may be part of a
myositis ossificans.

Normally, the consistence of a muscle is even thronghout. If firmer
foci be felt, they are pathological and are due to scars, gummata, tumors,
or other cause. Partial contracture of a muscle may be responsible for
local increase of comsistence 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 are
applied in a line at right angles to the long axis of the muscle, fluctuation
can often be felt in normal museular tissue; to make sure that a patho-
logical fluctuation exists, we should avoid applying the fingers in the
direction mentioned.

After palpating the relaxed muscle, the same muscle should also
be carefully palpated in the contracted state; ruptures of the muscle sub-
stance, or of the fascia, and vesulting muscular hernias can often thus
be made out.
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EXAMINATION OF THE MUSCLES 5

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 fenderness of a muscle to pressure, portions of the
muscle should be 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 calei-
fication be 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 calei-
fied mass.

6. Histological Examination of Muscle Particles

In some cases, it is desirable to examine bits of musecle mieroscopieally.
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 be so easily obtained, it is customary to excise a small
bit of muscle with the knife. T have several times arrived at a positive
diagnosis in trichiniasis, and, occasionally, in myasthenia gravis, by
histological examination of such excised museular particles. In tumor,
in lues, in tuberculosis and in glanders, such histological examination may
also be helpful for diagnosis.

7. Functional Testing of the Muscles

We test both the active movements and the passive motility. The
active movements may be tested with or without resistance. For testing
the strength of the grip of the hand, the dynamometer may be used.

Such examinations give us information regarding paralysis, paresis
and contracture.  We observe also any hyperkinetic phenonema (tremor,
twitching, spasm, ete.). For an exact analysis of the muscle functions
in all parts of the body see Part X11I.
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6 DISEASES OF THE MUSCLES, BONES AND JOINTS

B. Examination of the Bones

1. Anamnesis

In taking the anamnesis, we inquire especially regarding (rauma, so

important as a forerunner of osteomyelitis, of tuberculosis, 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 specific 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 outstretehed
hands, he is likely to fracture the radins. When he injures his forearm in erank-

ing the gasoline engine of an automobile or of a motor boat, he is likely to incur
a Colles' fracture.

Some persons are particularly prone to fractures, even when the
trauma is slight.  Such patients suffer from abnormal fragility of the
hones; this may be general, as in osteopsathyrosis, or local (tumor,
gumina, osteomyelitis, tuberculosis, ete.).  When fracture ocenrs without
a history of trauma it is ealled a spontaneous fracture. This is not un
common in tabes, in tumor, and in osleopsathyrosis.  In the latter condi-
tion, a history of numerous fractures earlier in life is common.

If the patient complain of pain in the bones, its character (boring,
pulsating, tearing, dull, aching, ete.) should be inquired into. We should
ask whether it oceurs only on movement, or also when the parts are at
rest, and, especially, whether the pains are worse at night after retirving,
sinee dolores nocturniy or so-called dolores osteocopi,

e very character-
istic of syphilitic periostitis.

The pain in gout is pr
bed during the early morning hours,
acter are called dolores terebrantes.

ne to come on in
The pains when boring in char

The age of the patient may give a clue as to the nature of a hone disease:
thus, acute osteomyelitis is common in children, but is rare in adults. Separa
tion of the epiphyses oeeurs 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 eatehing his toe in the bedelothes, or by other very slight
injury.

The occupation of the patient may also be important; thus, phosphorus neero
sis of the jaw was formerly common in mateh factories, and still oceurs, 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 eurved, typi-

cal deformities arise (e. g., bow-legs). If the bones be bent near the
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EXAMINATION OF THE BONES 7

joints, as in genu valgum, 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 (gibbus), so
characteristic of caries of the spine and of some fractures, and curva-
tures of the spine with convexity backward (kyphosis), forward (lor-
dosis), or to the side (scolivsis).

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

Recently, the length of the skeleton as a whole (gigantism, dwarfism),
und the length of the extremities, depending partly upon the stimulus to
bone growth, partly upon the time of epiphyseal closure, have interested
internists on account of the proven relationships of the functions of certain
of the endoerine glands (hypophysis, gonads, thyroid, ete.) to these
processes.  (See Part XIV.)

Asymmetrical shorlenings 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 an 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 exaet 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 ea-
tremity, the tip of the acromion, the epicondyles of the humerus, the ole-
cranon, the head of the radins and the styloid processes of the radius and
the ulna, are the important points, In the lower extremily, the anterior,
superior iline spine, the tip of the trochanter major, the tuber ischii,
and the tip of the malleolus lateralis, are the most important landmarks,
though we make use also of the epicondyles of the femur and the 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 lyving
in a plane with the humerns, while when the forearm is extended, these
three points are at the same level; that is to say, they lie in a plane
perpendicular to the axis of the humerus. In order to deteet a slight
change in these relations, it is well to examine simultaneonsly ihe injured
arm with one hand, and the healthy elbow with the other.
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MUSCLES, BONES AND JOINTS
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 trochante
to the same malleolus. 1f 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 be shortened, we speak 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 Roser-
Nélaton line, which unites the tuber ischii with the anterior supe: v iliae
spine; normally, the tip of the trochanter lies in this line. Should it
project more than §-1 em. above it, the trochanter is abnormally high;

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

(3) We may use Schoemaker's method, in which a line drawn from
the tip of the trochanter to the anterior superior iliae spine is prolonged
upon the abdominal wall. Normally, this prolongation euts the median
line in front at the level of the navel, or higher, while if the trochanter be
abnormally high, it will pass below the navel.

In fractures and disloeations, the angle, dircetion, ete,, of the fragments must
be 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, ete.).
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4. Palpation of the Bones

On palpation, we can determine the diameter of the single ones
and we can make out asymmetrical diminution, or inerease, in diameter or
in circumference,

Local enlargements conneeted with the skeleton are immobile, and this
lielps to distinguish them from masses near the bone, though an external
mass may become adherent to an underlying bone, and thus be rendered
immobile (e. g., a carcinoma of the breast may become adherent to a rib).

The form and the consistence of masses
ing in them, can be felt on palpation. 1In case of unimpacted fracture,
crepitation may be palpable.  When tumors or evsts orviginate within
the bone and lead to atrophy of the bony substance over them, the latter
may be reduced in thickness to a thin, paperlike layer that erackles
on pressure (parchment crackling).

In subperiosteal hemorrhage, such as that seen in Darlow's discase,
or, sometimes, in cephalhematoma, new hone 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 be 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,

ched to bones, or or

In fractures of bones, eareful palpation will yield clues to the exaet nature
of the deformity and displacement, In diseases of the upper cervieal spine, pal-
pation over the pharynx gives aceess to the vertebral bodies; in disenses of the
pelvie bones, palpation through the rectum or through the vagina may be help-
ful in diagnosis.

In testing the bones for tenderness on pressure, we may nse (1) grad-
ually increasing pressure, and (2) tapping with the fin
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 lenkemia, and especially
in osteomyelitis), or it may be strictly localized, as in fractures, or in
hone abscesses.

An important method of elieiting bone tenderness is by compression
in the long axis; thus, one may press upward from the elbow toward the

s or with 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 be 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 bones may be yielded by the
anamnesis, or by the discovery of numerons calluses or deformities that
have resulted from preceding fractures, either intra-uterine or postnatal,

Mobility, where normally there is none, is a sign of solulion of con-
tinuity, and points either to unimpacted fracture or to psendo-arthrosis,
To discover such abnormal mobility in the neighborhood of joints, one
should try to produce movements that do not ocenr normally in the joint.
In unimpacted fracture of the neck of the femur, the lower extremity can
be shortened by compression in the long axis, or lengthend Ly traction in
this axis. Such abnormal mobility is nsnally 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 syringo-myelia.

On finding erepitus 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 erepitation due to a fractured rib, the
crepitation may be audible during the respivatory movements.  Fractures
are not always accompanied by crepitation, since the ends of the bones
may 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 be incomplete, as in the green-stick fracture of young people,
or if the fracture be impacted.

Palpation may be extended and refined by the use of a probe in case
a fistula or a sinus exists. If the bone be bare, on probing, the raw bone
san be felt as grating; if it be insensitive, the bone is neerotie.  Some-
times a necrotic bone can be moved slightly with the probe (loose seques-
trum).
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EXAMINATION OF THE BONES

5. Rontgenolody of Bones

A large part of the difliculty 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 rimtgenology proved more helpful than in
pathologieal osteology.  In riintgenograms, we cannot only see the sur-
face and the ontlines of the bones, hut 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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6. Examination of the Skeletal Functions

When the hones are softened, or when there has been solution of continuity
from fracture, the funetion of a bone as a supporting organ ean no longer h('

fulfilled. On um-mphm: 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.




12 DISEASES OF THE MUSCLES, BONES AND JOINTS

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 exlravasation 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 tig-
sues about the bones and cause edema of the overlying skin.

In tubereulosis 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 be the first recognizable symptom of caries of
the thoracie spine; or caries of the lumbar spine may first manifest itself
in an inability to extend the hip, owing to psoas abscess; earies 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
injury, to secondary injury of the brain, of the spinal cord, and of the
roots of the cerebrospinal nerves (see Part XII). Or visceral injury
may oceur,  Thus, diseases of the bones of the thorax may involve the
heart, lungs, pleura, or mediastinum, while diseases of the pelvie 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 bone disease.  This is especially true in syphilis, in tuberculosis, and
in carcinoma, It shonld be remembered that carcinoma of the thyroid
and carcinoma of the prostate are particularly prone to metastasize in
bone.

C. Examination of the Joints

1. Anamnestic Data

In the anamnesis, data regarding the family history (gout, hemo-
philia), a history of frauma, or of a general or loeal infection, mode of
onset, pain, the number and sequence of the joints tnvolved, nocturnal
exacerbalion, tenderness, swelling, limitation of motion, and creaking or
grating may be obtained. The age is important. Thus, Still's disease
oceurs in childhood ; aente and ehronie infections arthritis is common in
youth and in middle life: hypertrophic osteo-arthritis is a disease of ad-
vanced life; and gout usnally appears in early middle life.

A Tistory of hemophilia will give the clue to bleeder’s joint. A his-
tory of attacks of sudden firation of the knee-joint will make one think of
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EXAMINATION OF THE JOINTS 13

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 due to disease of the hip.  Certain maladies
tend to attack special joints; thus the sile 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

Here 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 subeutaneous tissue and the joint eapsule (boggi-
ness), or (¢) to accumulation of fluid within the joint (fluctuation).

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

In the elbow-joint, flnid aceumulates 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 chronie infectious
arthritis,

(2) Whether there is any distortion of the joint, or irregularity in
contour. This may be due (a) to marginal lipping, (h) to osteophyle
production, as in hypertrophic osteo-arthritis, (¢) to a ringlike constrie-
tion at the line of the joint, as in the end-stages of infections forms of
arthritis and in the so-called atrophie arthritis, (d) to localized bulgings of
the synovial sae, (e) to tophaceous deposils (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 () upon
false ankylosis (ankylosis spuria), in which there is no intracapsular
union, but only rigidity of the eapsule or of the peri-articular soft parts,
Limitation of motion, not due either to true or to false ankylosis, may
depend (¢) upon osteophytes, npon gonty 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 be exactly measured
by means of a goniometer; an approximate idea of the degree of involve-
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ment in unilateral affections may be 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, abduetion, rotation). If the affection be 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 diffieult to distinguish limitation of motion due to
muscle spasm from that due to osteophyte production or to other organic
change in or near the joint. Thus, in the hip joint, movement may he
limited by (a) pure psoas spasm, or () spasm of all the museles about
the joint. In the former case, the thigh is usually a little flexed upon the
pelvis, though this flexion is sometimes obseured hy lordosis of the Tnmbar
spine. If psoas spasm be 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 back, und grasping the patient’s leg just above the aunkle, 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 abont the hip-joint, the patient is
asked to lie on his back with the lower extremity fles hoth 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 osteophyles, or by marginal lipping, rather
than by muscle spasm, the movement is free until an obstruetion 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 inereasingly 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 be 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 bends his trunk as
far as possible (1) in each of the four main directions (forward, back-
ward, to the right, and to the left), and (2) on rotation, to the right and
to the left.
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Under the regional examinations of the museles, bones and joints, many other
points in diagnosis and especially in differential diagnosis, will be referred to.

(4) Whether certain other abnormalities exist, including (a) erep-
tlus, grating ov ereaking; (b) excessive motion (such as over-extension,
over-flexion or movements in false directions), and pain on pressure, or
on movement; (¢) free bodies in the joints (corpora hbera articulorum) ;
(d) sinuses (abscess; tophaceous deposits; bone necrosis; caries); (e)
shortening, due to telescoping of the joints; (f) luxalions or sublurations
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, eyanosis, glossiness, and perspiration of the skin; Dupnytren’s con-
traction : museylar 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 elearly 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 joinl cavily, especially if
the joint be previously injected with oxygen gas.

A rintgenogram gives us information immediately as to the presence or ab-
sence of (1) periarticular swelling, (2) luxations or subluxations, (3) pathologieal
deviations, (4) narrowing of joint slits, (5) atrophy or destruetion of eartilage,
(6) erosion of subchondral bone on the articular surface, (7) rarefaction or con-
densation of bone due to inerease or diminution of lime-salts (due to osteoporosis
in the one ease and to osteos is in the other), (8) distortions of bone evi-
dently due to softening and pressure, (9) gouty tophi, (10) eysts, (11) osteo-
phytes and exostoses, (12) subperiosteal swellings, (13) filrous or bony ankylo-
sis, (14) ealeified free bodies, (15) ecaleification or ossification of lignments, and
(16) lime-deposits in bursae.

One of the most striking features often to be met with in x-ray plates
is the evidence of so-called acute bone atrophy (Sudeck, Ilale White,
Kienbiiek, Exner). While a certain amount of rarefaction (osteoporosis)
may rvesult from inactivity or immobility, the very marked examples of
“acnte hone atrophy™ are thought by some to be due to rcflex trophie
influenees ; others feel sure that even the marked examples are due to dis-
use or to local toxie influences.

In the x-ray findings we have to deal entirely with form-relations and
the inferences that can be derived therefrom. Radiographers help
finicians most when, in their reports, they discriminate sharply bety cen
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(1) the 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
rintgenologists for the 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 (eylodiagnosis), (2) the bacterial contents, through stained
smears, cultural methods, or animal inoenlations (bacteriodiagnosis), and
(3) the presence or absence of antibodies to various antigens (immuno-
diagnosis). The puncture should be performed under strict aseptie 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 Pwrt 111),

Exploratory arthrotomy may be 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 are indicated for therapeutic reasons, and advantage may be
taken of the opportunity to confirm or extend the diagnostic data.

5. Diagnosis ex juvantibus; Diagnosis ex nocentibus

Under this heading we may consider the effects of certain therapeutic
measures in as far as they bear upon diagnosis.

Rest in the recumbent position will usnally lead to an improvement
of symptoms in cases of spondylilis, 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 arthrilis and of chronie traumatic arthritis, but, in
cases of chronic tuberculous arthritis, it will exaggerate the symptoms.

Antiluetic treatment (Ilg; KI; salvarsan) will yield favorable results
quickly—almost magically—in the arthrilis of hereditary lues, and in the
arthritides of the secondary and tertiary slages of acquired lues, but will
be of no avail in tuberculous arthritis or in chronic infectious arthritis
that is non-luetic.

Salicylates have an extraordinary effect in controlling the pain of
acute rhewmatic 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 the
arthritis of gout and be unavailing in arthritis due 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 be limited to the joints them-
selves.

Thus, in joint diseases, the existence of fever, of chills, of polymorpho-
nuclear leukocylosis, 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 gonococeal fivation 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 fonsils, 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
milked-out secretion, may reveal a gonococcal etiology. Blood-cultures,
and cultures from enlarged regional lymph glands, made by Rosenow’s
method, may permit us to determine the causal agent in the infectious
'A\'lll‘ﬂ-

Any accompanying skin lesions (erythema multiforme, eczema, psori-
asis, purpura, urticaria) should be noted and valued for differential diag-
Nnos1s8,

In families of bleeders the oceurrence of hemophilie 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 (vest, mas-
sage, g, salvarsan; KI, salicylates, colehicum), may help in the diag-
nosis,  When gouly tophi are suspected, the deposit should be 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 mononatrinm urate.  The shape of these crystals is charac-
teristic and if desired the murexid test may be used in contirmation.
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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 be very briefly
dealt with.  For a fuller account, the treatises of Pearce Gould and of
de Quervain may be consulted.
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1. Examination of the Head
(@) Fractures of the Skull

In the head, the examination of the bones of the skull may be very
important.  In fracture of the skull there may be 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 case of the ear, one
ghould 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.

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

If. after a head injury, exophthalmos oceur, followed later by con
junetival hemorrhage, and still later by a diseoloration of the lids, there
has been a surgical lesion of the orbit, probably fracture of its roof. Sucl
fracture often occurs l)}' conlre-coup.

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

Clear fluid from the ear or nose, following head injury, if it contai:
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but little albumin and much NaCl, is cerebrospinal fluid 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 exopthalmos, accompanied by diplopia, should excite sus-
picion of fumor 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 inferna inlo the sinus caver-
nosus, due to fracture of the base of the skull. A similar exophthalmos
pulsans may be due to ancurism of the ophthalmic artery or to cavernous
angioma of the orbit.

Acute exophthalmos, either unilateral or bilateral, is most often due
to a refrobulbar 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 goiler may appear suddenly, hut
usually comes 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.

(¢) Inflammations of the Bones of the Skull
Acute periostitis and osteomyelitis of the bones of the skull are vare
conditions, but they sometimes oceur.  They should not be considered un-
til other commoner processes (mastoidilis, erysipelas of the scalp, ete.)
have been ruled out.

(d) 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
cele should be borne in mind.  Dermoid cysts and wens are not uneom-
mon in the head; the former are usnally found in the region of the orbit,
the latter may be met with anywhere in the sealp or neck.

Osteoma of the skull is not uncommon and is recognizable by its ivory
consistence.  Newrofibromala of the sealp are very characteristic and
are associated with signs of von Recklinghausen’s disease in other parts
of the body. I remember very well a patient whom Dr. Harvey Cush-
ing presented at the Johns Hopkins Medical Society, in whom the sof
parts on one side of the head, including the ear, had undergone great
enlargement and hung down as a pendulons mass beside the neck,

Gummala of the scalp are nsually multiple.  They undergo softening
in the center and, if they break down, the base of the uleer has a yellowish
tint and eroded bone can usually be felt with a probe. T'uberculosis 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 ocenrs, but metastatic
carcinoma is more common, often appearing as slowly developing bosses
in different parts of the skull. A rintgenogram may reveal many metas-
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 upper
Jjaw, 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 oceur 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, circuamseribed 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 elosed. 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 be due to various canses.
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,
actinomyeosis, 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 non-luetie, is nearly always
due to an infected tooth, and that primary osteomyelitis of the jaw is
exceedingly rare.  Necrosis due 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 actinomyces or
upon phosphorns-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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vions tuberculosis of the glands 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 bone.

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

Tumors of the maxilla are 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
malignaney.

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

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

Among the benign growths oceurring in this region may be mentioned
fibromata, enchondromata, osteomata, dental cysts and multilocular eys-
toma of the jaw.
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2. Examination of the Neck

Tn the neck, the attention should be directed especially (1) to the M.
sternocleidomastoidens, (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. sternoeleidomastoideus are nearly always gland
abseesses secondary to angina, eczema of the head, or dental infection; a rarer
cause of gland abscess here is infeetion 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 elaviele,

Abscess in the anterior triangle of the neck usually originates in the thyroid
gland, though myositis of the M. sternocleidomastoidens, 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-
20ld’s abscess). The back of the neck is also a common site of carbunele, common
in diabetes and in eacheetic states, due to Staphylococeus aureus.

Occasionally, an abseess 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 fuberculous in origin
(cold abscess), due to tuberculosis of the lymph glands or to tubereulosis
of the cervieal spine, abscesses of the latter region being situated behind
the thyroid and behind the A. carotis, They will rarely be mistaken
for other lesions, though a fumor 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,
be confused with tuberculous abscess,

If a chronie abscess be very firm, or of wooden consisteney (phlegmon
ligneux of Reelus), we should suspect actinomycosis and look for foei of
softening and for sulphur granules.

When a cervical fistula cxists, and there is no history of trauma to
account for it, we should seck a tuberenlous, a syphilitic, an actinomycotic,
or a branchial eystic origin.

(b) Neoplasms and Other Solid Masses in the Neck

When a firm mass is found in the neck, it may be (1) inflammatory
in origin, in which event it is probably either tuberculous, gnmmatous,
or actinomycotie; (2) a true fumor; (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 (6) 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; circum-
seribed struma or struma nodosa; and struma maligna). Masses in the
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lateral region of the neck may be due (1) to enlargement of the lymph
glands (simple lymphadenitis, tubereulosis, syphilis, leukemia, Hodgkin's
disease or other pseudoleukemic diseases, lymphosarcoma, metastatic car-
cinoma) ; (2) to eysts (lymph cysts, branchial eysts); (3) to aneurism
and angiomata and sarcomata; (1) to solid tumors (lipomata, 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, lipomala, fibromala, or
sarcomala,

Lipomata oceur in different forms in the back of the neck. The simplest
form is the unilateral encapsulated lipoma, A bilaterally symmetrieal lipoma not
infrequently oceurs here; also the so-called periganglionie 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 a collar, the
name Madelung’s fat neck has been applied,

(¢) Stiff Neck and Wry Neck

An abnormal position of the head and neck may give the clue to dis-
eases of the museles, 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 cervieal spine become fixed by the surrounding muscles. If the
musenlar fixation involve the muscles of the two sides equally, the head
maintaining a median position, the canse of the pain is also probably
medial; while if the fixation involve one side more than the other, and
the head be asymmetrically placed, the painful disturbance is also prob-
ably unilateral.

When, in stiff neck, the head is held straight, the trouble is nsually
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 cervieal vertebra or to dislocation
complicated by fracture of the spine. Oceasionally, a severe contusion or a dis-
tortion, without fracture or luxation, may he responsible,

If there be no history of trauma, and the stiffness has come on suddenly with
fever and chills, we must suspeet 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 has oceurred suddenly, it probably depends upon a myositis involving
the M. sternoeleidomastoidens of one side, but it must be remembered that in-
lammations of the lymph glands beneath the sternomastoid muscle, secondary
(o a sore throat or to an infeeted 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 luzation), 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, are 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 back, 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 thoracie seoliosis in the opposite direction; and
still lower, a lumbar scoliosis in the same direction as the cervieal, the whole
spine thus presenting an S-shaped scoliosis. One sternocleidomastoid musele 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 Krench, in which
there are attacks of clonic or tonie spasm of one M. sternocleidomastoideus,
and usually of the retrocervical 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 suspeet 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 erepitation
of rib fragments on auseultation 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-
reet 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 bones
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 thoracie wall (empyema necessitatis), due either to pyogenic
infection, tuberculosis or actinomycosis, This can easily be ruled out by
a carefully taken anamnesis and a thorongh 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 claviele, seapula, ribs and thoracie
spine.  Among the chronic processes may be mentioned, chronic in-
flammations, especially fuberculosis 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 eancer of the breast, prostate or intestine.
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The diseases of the breast are easily differentiated from other diseases of the
thoracie 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
‘n the beginning, or attributed to other causes, owing to the fact that they
are covered to so great an extent by soft parts. The indircet symptoms
0 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 pelvie tumor growing inward and compressing or displac-
ing the pelvie viscera, should be thought of, and a vaginal 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 palpable 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 pelvie 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. Rintgenograms of the pelvis should be made in all ob-
seure cases.

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

Dermoid cysts of the perirectal tissue above the M. levator ani may be confused
with other pelvie tumors; very often they are mistaken in women for ovarian
tumors, in men for cold abscesses. Echinococcus eyst 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-horn, sessile masses in the middle line are 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 projeets from the eanal; or (3) a pure meningocele, in which the
mass consists of the projecting arachnoid.

More difficult to recognize are 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 sces 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, ete.).

At the lower end of the sacrum there is sometimes an abortive tail.
This may be a true fail, 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.

(b) Lumbago

Pain in the lumbar region of the back is called lumbago. Tt should
be remembered that Tumbago 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, withont recognizable cause—the HHewenschuss of the Germans, in
which case the less severe and more chronic pains of spondylitis, of renal
stone, renal tuberculosis, chronic colitis, tabes, ete., are excluded.

Lumbago, so restricted, is believed by some to be rheumatic or gouty
in origin, by others to be always fraumatic, 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 cause of lumbago iz most
often an excessive movement of one of the lateral joinls of the spine,
causing strain (distortion) of the joint. Some persons are particularly
prone to produce such lesions in themselves. It is probable that many
of the cases of lumbago believed to be due to “rhenmatism” of the muscles
of the back are in reality instances of slight unilateral joint distortion.
Careful x-rays of the spine often reveal, however, a spondylitis deformans
(hypertrophic osteo-arthritis), or a beginning spondylitis ankylopoietica
(chronic infectious arthritis of the spine) as the cause.

(¢) Trauma Involving the Vertebral Column

When an cnjury of the spine has ocenrred, it is important, first of all,
to determine whether or not the spinal cord or the spinal nerve roots have
heen injured. This necessitates a careful examination of the mofility,
the sensibility, and the vasomotors of the lower extremities, and the re-
flexes (deep, superficial, pupillary, sphincters). Should » neural dis-
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turbance be found, its exact site must be determined (see Part X1I, Sub-
divisions I and 11). We can then deduce the site of the vertebral in-
jury causing the symptoms, and good rintgenograms will reveal its nature
and extent.

Vertebral injuries may cause nerve lesions that are 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 arve 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 eaused any alterations in the form of the
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 inflaimma-
tory, neoplastie, or metabolic in origin.

Of the 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 Poll's discase. 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 (gibbus), or with cold abscess pointing
in the groin, in one iline fossa, beneath the muscles of the buttock, on the
posterior surface of the thigh, in the back, in the perirectal region, in
the neck, or in the posterior wall of the pharynx.

In young children, tuberculous spondylitis ean sometimes be diag-
nosed in the absence of either gibbus 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 cervieal region, in
intercostal areas, or in the sciatic region, should make one think of the
pns_ﬂihilit)' of a beginning spondylitis. In such cases, the spine should
be carvefully examined for tender spots, especially for tenderness on the
llppli(‘:ltinn nf a llll( sponge, or h‘lltl('l‘nl'.“' on ('nlnpl‘v-‘sinll uf I]It' llmlt‘ or
of the shonlders in the long axis of the spine (Caution!) ; x-ray examina
tions and tuberculin tests may be helpful.

Neoplasms or true tumors in the region of the spine may involve the
bones of the spine, the museles in the neighborhood, the 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 nenralgia, or o
seiatica develop, one must at once fear a melastasis in the spine; or, if
after a severe neuralgia, a mass appears in the region of the spine, 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 X 11, Subdivision 111,  Some of these are accessible
to surgery, and a most careful examination should be made in every case
of suspected tumor in the hope that, if one be found, it ean be suc-
cessfully removed. Rool pains ave usually the first symptom. They
are unilateral in the beginning, except perhaps in the region of the cauda
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
X1I).

Of the metabolic diseases of the spine, the two most important 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 ehange in the spine, to re-
store the equilibrium; thus, the shortening of one leg canses obliquity of the pelvis,
and, in turn, lateral curvature of the spine.  Similarly, a flexion-contracture of
the hip joint will tilt the pelvis and eanse lateral curvature of the spine. Any
painful condition such as seintica will lead to fixation of the pelvis and of the
spine, with curvature (seoliosis ischiadica).  Again, if the museles whose contrace-
tions normally support the spine are weakened, paralytic curvature will develop, as
in the lumbar lordosis of progressive museular atrophy, the seoliosis of the Heine-
Medin disease, of syringomyelia, and of Friedreich's disease.  Again, retraction
of one side of the thorar after a thickening of the pleura or an empyema, will
cause lateral eurvature of the spine.

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

Ordinary eurvatures of the spine, however, are due to canses other
than those already mentioned, and they depend chiefly upon softening of
the hones of the spine due to early or late rickels, or to osteomalacia.

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

Observing mothers are often the first to notice the deformity; they
hring 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 flat (shoemaker’s spine), or there
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may be 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 carly and does 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

(@) Examination of the Region of the Shoulder

Fractures and dislocations of the clavicle, acromion, seapula, fractures and
dislocations of the shoulder joint, need not detain us, though a knowledge of the
diagnostic points in surgieal conditions in this region is essential to the internist,
in order to avoid the confusion of them with non-surgical diseases of the shoulder-
joints.

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 bursae 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 become 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 hetween the deltoid
muscle and the joint capsule and the humerus, and is sometimes divided
into two sacs—an upper, or bursa subacromialis, and a lower, or bursa
subdeltoidea proper.

It is necessary to distinguish an effusion into the subdeltoid bursa
from an effusion into the shoulder joint. When the subdeltoid bursa is
distended with fluid, the M. deltoidens can, on inspection, be seen to be
raised from the joint and from the humerus, especially in front and later-
alward. The enlargement is most easily recognized if the patient be
viewed from behind (over both shoulders), so that the diseased may be
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 canses 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 enshion between the deltoid and the humerus ean be 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 be due to acute infeetion, to trauma or to
tuberculosis.  An inflammation of the shoulder joint (omarthritis) may
be due (1) to acute infection (streptococeus, gonococcus, ete.); (2) to
chronic infection (tuberculosis, streptococeus, lues), or (3) to trauma,
followed by a hypertrophie osteo-arthritis,
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It must not be forgotten that a primary discase of the bone in the
neighborhood of the shoulder joint may simulate either omarthritis or
bursitis, but a careful examination will usnally differentiate, especially if
rimtgenograms be made (in two directions, at right angles to one another).
Osteomyelitis, tuberculosis, gumma, and sarcoma are the most common
discases 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,
z-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 chronie. A phlegmon of the forearm may simu-
late an acute arthritis of the elbow joint, but on close examination it will
be found that one side of the joint is free, while in acute arthritis the
whole cirenmference 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) tuberenlosis,
(2) lues, or (3) other forms of chronic infectious arthritis, An arthritic
involvement is not likely to be confused with simple chronie bursitis ole-
crani or with epicondylar neuralgia.

Inflammations of the muscles of the upper arm and of the forearm,
may be due to (1) simple infectious myositis, (2) gummalous myositis,
(3) tuberculous myositis, or (4) trichiniasis,

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

Tumors originating in the unerves rather than in the muscles ean be differen-
tiated from musele tumors by their position in the course of the nerves and by
their spindle shape, They consist usually of mewrofibromata, more rarely of
sarcomata, ¢

Inflammations of the bones may be acufe (osteomyelitis) or chronic
(chronie staphylocoecus osteomyelitis, sporotrichosis, tuberculosis, or
gimma).  The neoplasms of the bones found here are most often myeloid
surcoma; occasionally other forms of sarcoma, fibroma or enchondroma
may be met with,
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(¢) 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 diagnoscd as strain (distortion),
or, rarely, as 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 vs navieulare, volar dislocation of the os
lunatum, and binations of the two (intercarpal 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 distinetly medieal diseases of this region include the inflam-
mations and the neoplasms.

Of the acute inflammations of the wrist joint and its neighborhood
(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 (fendovaginitis) secondary
to a penetrating wound of a finger, to a bite or other injury, or, sometimes,
to metastatic infection.

In tendovaginitis, it is ehiefly the movement of the fingers that is disturbed,
while in arthritis of the wrist it is chiefly movements of the hand as 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 oceur to-
gether.

A painful swelling in the region of the long extensor of the thumb, accom-
panied by erackling on palpation over the tendon and musele, is the so-ealled
tendovaginitis crepitans; it is a eroupous inflammation of the vaginae mucosae
of the tendon and of the surrounding tissues.

The metacarpal and phalangeal joints are 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 hony excerescences at the bases of the terminal
phalanges, are commonest in hypertrophic osteo-arthritis, though they may
oceur 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,
but 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.

1t 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, but 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 fingers, we must keep
in mind (1) tuberculosis of the tendon-sheaths, especially of the flexor
tendons, (2) gonorrheal tendovaginilis, (3) the stenosing tendovaginitis
of de Quervain (radiating pain in the thumb and forearm on use, due to
stenosis of the compartment of the tendon sheath for the M. extensor
haliueis brevis and M. abductor hallueis 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 Raynaud's discase. Among the
ulcers of the skin that may extend deep into the tissues may be men-
tioned hunterian chancre, lupus, and cancer, especially w-ray cancer. The
occurrence of nodules due to tubereulosis of the skin in pathologists
(Leichentuberkel), and in butehers, should be kept in mind.

Of the inflammations of the nail-bed (matrix ungnis), especially at the
hidden margin of the nail, the commonest forms are paronychia syphilitica
of secondary syphilis, primary syphilitic chanere, and the severe panaritia

due to atrophic disturbanees 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 be mentioned. Of the
latter, sarcomata oceur chiefly on the fingers; epitheliomata on the back of the hand.
Before rintgenologists learned how to protect themselves, rintgen-dermatitis, lead-
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 be mistaken for them.
De Quervain mentions (1) ordinary ganglion, so common on the back of the wrist,
due to gelatinous degeneration of the conneetive tissue of the eapsule of the joint,
but known now to be 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 tubereulosis of the earpal
Joint (tuberculomes jurtasynoviaur of Ollier); (3) sebaceous cysts on the back
of the hand; and (4) epithelial eysts (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 these, text-books of surgi-
cal diagnosis, like those of de Quervain and of Johnston, should be consulted, Here
only the more salient facts can be referred to.

Limps.—If the hip joint be involved, the patient will Zimp. 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. de Quervain.

A limp may be due:

(1) To shortening of the lower extremity (more than 1} em.)

(2) To muscular paralysis from nerve lesion or from dislocation (paralytic
limp); here, one extremity is not sufliciently supported, and the patient steps
foreibly on the affected side, evidently feels no pain in it, but limps on one side
i order to place himself more firmly on the affected leg, and, as it were, to
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throw the affected 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 o» duck-
walk develops.

(3) To painless rigidity of one hip joint, the whole extremity, ineluding 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 museular 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 aftitude 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 infratrochanterie.

The position of the trochanter is determined by means of the Roser-
Nélaton line, or, better, by outlining Bryant’s triangle or drawing Shoe-
maker’s line (¢. v.).

If there is shorfening that was not present before the injury, a dislo-
cation or a fracture has oceurred. 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 be almormally high, it indicates a dislocation or a frac-
ture of the neck. If the trochanter occupy its normal position, there can
have been no dislocation, or, if there be one, it must be situated below the
trochanter.

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

The diagnosis of the various effects of trauma (disloeations, fractures, distor-

tions and contusions) is relatively easy if the anatomical faets be kept in mind and
the disturbances of function be carefully analyzed.

The non-traumatic allerations 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 cora vara. The two are sometimes confused,
though if rontgenograms be made this confusion could scarcely occur.

i. Congenital Dislocation of the Hip

In congendtal 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 be found in an abnormal position and can
be moved backward and forward on the pelvis. There is usually a high
grade of lumbar lordosis. In the rimtgenogram, the exact position of the
head itself, especially, and that of the acetabulum, can be made out. 1In

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, as does the x-ray exam-
ination. Paralysis of the gluteal museles from the Heine-Medin disease may cause
a paralytic limb resembling congenital dislocation, but the anamnesis will reveal
the fact that the child walked perfeetly 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

Tn 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, but a clue to the eondition is found in the high position of the
trochanter, cansed by the bending of the neck of the femur,

Kocher distinguishes two forms of coxa vara: (1) ecoxa 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 be 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 be
either unilateral or bilateral.

The characteristic signs of cora adducta are: (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)




40 DISEASES OF THE MUSCLES, BONES AND JOINTS

anterior position and abnormally high position of the trochanter, (2) lateral
rotation and limitation of abduetion 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.

iii. Acute Coxitis

Of the acute inflammations of the hip and its neighborhood, we have
to distinguish acute inflammations of the hip joint itself (coxitis acuta),
(1) from osteomyelitis of the shaft of the femur (cautions 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 cowitis, 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 afrophy.
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
be inserted beneath the back. If this lordosis be overcome by strong
flexion of the thigh of the healthy side, there will be involuntary flexion
of the thigh of the affected side when tuberculous coxitis exists (7"homas’
test). There is fixation of the affected extremity and the pelvis, these
parts moving as a whole. Under an anesthetic the musenlar rigidity dis-
appears.  On testing for limitation of passive motion, abduction and rota-
tion are found to be 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, lateralward and backward. 7'enderness on pressure can be 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 tuberen
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 characteristie.

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
radieal operation. If the physician desires to make sure as to the nature of a
fluetuating mass supposed to be a cold abscess, he may puncture and aspirate under
aseptic precautions. This does no harm.

We have to distinguish tuberenlons 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; (6) from peri-appendiceal abscess and perinephritic abscess; (7)
from hydrops of the bursa iliaca; (8) from sciatica and other neuralgias;
and (9) from hysteria (Brodie’s joint).

Non-tuberculous chronic coxitis may be cither a covitis deformans,
which is in reality a part of a hypertrophie osteoarthropathy, a common
form of it being the so-called malum coxae senile, or it may be a coxitis
chronica ankylopoietica due to chronic infection with some bacterium
other than the tubercle bacillus.  Occasionally the hip is involved in »
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 be differentiated from tubercu-
lous myositis, gummatous myositis, and musele 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,

(b) Examination of the Knee

i. Effects of Trauma

Tn 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 prepatellaris, 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
cxtends up beneath the tendon of the M. quadriceps. Joint effusion lifts
the patella from the condyles of the femur, If pressed with the finger




42 DISEASES OF THE MUSCLES, BONES AND JOINTS

down upon the bone the firm substratum can be 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 be 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 been 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.

il. Acute Gonitis

Tn 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. (onococcal 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 pseudorhewmatisms, 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 are involved (rintgenograms).

Such acute gonitis must be differentiated (1) from acute prepatellir
bursitis, (2) from hydrops intermittens of the knee, and (3) from acule
osteomyelitis of the lower end of the femur or of the upper end of tle
tibia.
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REGIONAL EXAMINATION

ii. Chronic Goniti

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. Ina
monartienlar 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 statie disturbance. Nor should it be confused with fatty proliferation
of the villi (lipoma arborescens).

In chronic gonitis, ankylosis of the joint is not uncommon. This may
follow an acute infectious gonitis (arthritis chronica ankylopoietica), or

it may be due to tuberculosis. Sometimes it follows a hemorrhage into the
joint (hemarthros).

iv. Neoplasms and Other Swellings of 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.

Chronie 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 shonld be remembered that such pain is only a symptom and 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
puins of tabes, or of dementia paralytica, by examination of the reflexes,
cspecially of the pupils, and by the Wassermann test, (3) sarcoma of the
pelvie bones, or of the gluteal muscles, by palpation, by reetal 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 rintgeno-
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 hip 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. femoralis (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 caleaneum. Mor-
ton’s 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 erackling, 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 rintgenogram 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 inflaimmations of the bones here, acufe osteomyelitis is easily
recognized, but chronic inflammations may give rise to difficulties in diag-
nosis. A eareful examination, together with rintgenograms, will, how-
ever, usually differentiate chronic staphylomycotic osteomyelitis from
syphilitic periostitis, from gummatous osteitis, and from tuberculosis.

In the ankle joint (articulatio talocruralis) 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 (articulationes intertarseae), or the
transverse joint of the tarsus (articulatio tarsi transversa [Choparti]).

Chronic inflammations of these joints, as in the joiuts elsewhere, may
be due to chronie 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, shonld 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 toe, 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 intermetatarsophalangeal 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 ealeanenm is turned lateralward, 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 obtuse angle with it lateralward. When,
in addition, the arch of the foot has fallen and the anterior part of the foot
is abdueted 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
flat-foot is obtained.

Although physicians may well be 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
seiatic region, and in the several joints of the lower extremities may be 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
cither congenital or acquired, the acquired form usually following the
Heine-Medin disease or other paralytic disorder (paralytic club foot).
Club foot may be associated either with flaceid or with spastic 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 are not very common. Sarcoma of the os caleaneum may
oceur and may be confused with caries. Lipoma and cavernous angioma are met
with sometimes in the tarsal or metatarsal region.

In the toes, multiple chondromata occurs, just as in the fingers. Sometimes
one of the toe nails is gradually lifted by a subungual exostosis or by a fibroma.
1t is not likely that the “proud-flesh” due to ingrowing toe nail will be mistaken
for tumor.
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Part XI

Seerion 11

SPECIAL DIAGNOSIS OF THE I’RI\'(‘IPAL DISEASES OF
THE MUSCLES, BONES AND JOINTS

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

Toese may be conveniently subdivided into:
I. The congenital myopathies.
11. Myopathies due to primary atrophy (the muscular dystrophies).
II1. 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 deseribed under methods of examination
in Part XI, Subdivision I. The muscular dystrophies, the progressive museular
atrophies, myasthenia gravis, and the various hyperkinetic disturbances will be

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

These museular 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 TIT.

3. The Neuropathic Myopathies

These include: (a) the muscular atrophies due to lower motor neurone lesions,
(b) the muscular atrophies due to disuse, (¢) the reflex muscular atrophies, in-
cluding the arthrogenie atrophies, (d) myasthenia gravis, and (e) the hyperkinetic
disturbances. They are deseribed in Part XII, Subdivision IIIL

4. Myopathies Due to Rupture of the Perimysium

Hernia of a muscle, due to a defect in the aponeurosis that permits a mas:
of musele to bulge through it on contraction, may follow trauma; but it often
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appears to be due to congenital defeet, especially when bilateral.  Such hernias
are very characteristic in form. They appear, when the muscle contracts,
as 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 museles that have to undergo
sudden and severe contraction, as, for example, in the adductors of the thigh in
wen that ride on horseback.

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

5. The Inflammatory Myopatlios
(Myositis)

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

(a) Mpyalgia
(Muscular Rheumatism; Fibrositis)

Occurrence.—Pain in the muscles is often spoken of as “musenlar
rhenmatism,” though the term myalgia is a better one. It may interfere
with the funetion of the muscles, and even cause contractures, though no
definite thickening like that of myositis can be made out on palpation. 1t
is usually due to cold, this “rhenmatic myalgia” being kept separate from
the museular pains due to tranma, 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 (fibrositis). Later on it
may turn out that the “museular rheumatisms” are in reality mild forms
of myositis rheumatica, 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 be extreme. Myalgia may be
acute, subacute or chronie. In the acute cases the affected muscles are
tender and pressure on them causes reflex contraction. The muscles at
rest ave hypertonic and sometimes a little swollen. The skin over the
uffected muscles may be warmer than elsewhere. According to the part
affected, 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 sealp muscles as myalgia capitis, or cephalodynia; other mus-
cles may be the seat of the disease (myalgia intercostalis, or pleurodynia,
myalgia pectoralis, abdominalis, ete.). 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 be differentiated by examining the
pressure-points corresponding to the nerves; the pain, too, is paroxysmal
and more circumseribed.

(b) Mpyositis

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

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

i Local Myositis

This may ocenr as a complication of acute artienlar rhenmatism, and
is then known as “rhenmatiec myositis.” In the acute stage the inflamma
tory exudate in the muscle can be felt as a firm mass.  Later on this may
be fcllowed by the formation of scar tissue (chronie myositis) or by atro-
phy of the muscle.

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

Oceasionally 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 aente
myositis (infectious, tranmatie, parasitic). Local ossification of musele
may oceur 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 circumseripta).

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 infections myositis, in which Miyake has found the
staphylococcus pyogenes aureus, the process involving either one or many
muscles.
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il Polymyositis
In this disease many muscles of the body are simultaneously affected.
There are several clinical forms, including (a) dermatomyositis, (b) hem-
orrhagic polymyositis, (¢) polymyositis with erythema multiforme, and
(d) neuromyositis,

1. Dermatomyositis

Definition.—A febrile disease, associated with violent pains, and with
palpable swellings in the museles, 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 insidions, with stiffness in the limbs
and rhenmatoid pains; later, fever, severe muscular pains develop, along
with edemas and with inflammations of the skin, especizlly of the skin over
the larger muscle masses. With each exacerlution new muscle groups
become affected.  The disease may continue for weeks or months, The
spleen is often palpable.  Albuminuria is common. The joints are un-
affected.  Full details will be found in the eareful paper by Steiner.

Diagnosis.—A careful consideration of the anammesis and of the phys-
ical findings will usually permit one to arrive at an accurate diagnosis.
The disease must be differentiated (1) from frichinosis (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 deseribed (Schultze; Dietschy).
It may lead to museular atrophy and to sclerodermatous changes in the
skin and face. In one case there were fistulae leading to the insertions of
the muscles, and from these 1 ses of carbonate of lime were discharged.

2. I myositis hemorrhagica

This rare disease us: follows tonsillitis, and may be associated with
myocardial involvement (tachyeardia, arrhythmia, myoecardial insuffi-
cieney). It resembles acute dermatomyositis in its general features, but
is characterized by the formation of hemorrhagie foei in and between the
muscles.  The disease often ends fatally; in six out of ten cases collected
by Thayer death oceurred.

8. Polymyositis with Erythema multiforme

The entaneous affection presents the usnal appearances of erythema multiforme
snd may dominate the clinical picture, though, on ecareful examination, painful
nodules in the muscles ean be felt, and the use of the limbs is restricted. In these
wases, 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 deseribed by H. Senator, acute myositis is associated with
acute polyneuritis. The symptoms are those of the muscular and the neural disease
combined.

i, Progressive Osaifying Myositi
(Myositis ossificans progressiva mulliplex; 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. Tt 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 museles of the neck, shoulder or back are
most often affected. They become swollen and painful, and the condition
may be regarded at first as “muscular rheumatism.” The skin over the
affected muscles may be reddened, and small nodules come and go in the
muscles.  Gradually the muscles grow stiff and firm, and later assume a
bonelike 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 rimtgenograms, in
which they may be seen to involve not only the muscles, but also the fasciac,
tendons, ligaments, and subeutaneous 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 caleification, but consists of actual bone-
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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6. The Parasitic Myopathies
These inelude, (1) trichiniasis, (2) echinococcus of musele, (3) eysticercus of
musele. These conditions have been deseribed in connection with the respective
parasites (q. v.).
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7. The Neoplastic Myopathies
(T'umors of Muscle)

Tumors of muscle may be 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 musele is rarely a true tumor; more often it is a local-
ized ossifying myositis of traumatie origin. It is probable that in such cases the
periostenm is injured and osteoblasts wander into the muscular tissue. It may
be that the “Charlie-horse,” which causes induration of the museles 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 aceount of its vasenlarity, if it occur in a musele
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 oceur in
a eavernous angioma. The tumor is often mistaken for sarcoma or for tuberculosis
of the muscle.

Sarcoma.—Sarcoma of musele is far less common than sarcoma of bone, but,
unfortunately, oceurs 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 musele or the intermusecular
connective tissue. These tumors grow rapidly and soon show signs of malignaney.

Carcinoma.—Primary carcinoma of muscle never ocenrs. Secondary ear-
cinoma may involve the muscles either by extension or metastasis, though metastases
here are exceedingly rare—much rarer than in bone.
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8. Diseases of the Bursae and of the Vaginae mucosae

These consist chiefly of acute or chronic inflammation (bursitis, and
vaginilis or tendosynovitis).

About the shoulder, the bursa subdeltoidea is often involved. The
differentiation of bursitis here from omarthritis has been deseribed above
(see Methods of Examination). The bursa subacromialis is also some-
times the seat of inflammation, as is the bursa subcutanea olecrani, the
bursa subtendinea olecrani, and the bursa subcutanca epicondyli humeri
of each side. Inflammations of the latter bursa are often erronecously
thought to indicate involvement of the underlying bone.
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In the wrist and palm of the hand, vaginitis or tendovaginitis may
be a very serious inflammation, especially if the inflammation be 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 chronie poly-
arthritis, infection of the intermetacarpal 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 pretibial bursa, and the bursa conneeted with the flexors of the thigh at the
knee, may also be the seat of inflammation. The achillodynia due to inflammation
cither of the B. subcutanea calcanea, or of the B. tendinis calcanei Achillis, has also
heen referred to,

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

For references, see page 37 and 46,

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

These may be conveniently subdivided as follows:

—

The congenital osteopathies.

II. The degenerative, the toxic, and the endocrinopathic osteopa-

thies.

IIT. The osteopathies of cireulatory origin,

IV. The inflammatory osteopathies,

V. The nenropathie osteopathies,

VI. The parasitic osteopathies.
VII. The neoplastic osteopathies.

References

Horsley (V.). Bone diseases. North Lond. or Univ. Coll. Hosp. Rep., 1882, London,
1884, 12-45.

Marfan (A. B.), Apert (E.) [et al.]. Maladies des Os. Paris, 1912, J. B. Baillidre et fils.
755 p. 8° [Nowv, Traité de Méd. de Thérap., xzriz.|

Mohr (L.). Bone and joint diseases. In: Metab. and pract. med. (Von Noorden). Edited
by 1.'W. Hall, Chicago, 1907, iii, 1261-1278.

Murphy (J. B.). Contribution to the surgery of bones, joints and tendons. J. Am. M.
Ass., Chicago, 1912, Iniii, 985-990; 100/~1104; 1178-1189; 1254~1265;
1845-1852; 1428-1/31; 1660-1666.

Sternberg (M.). Vegetationsstorungen und Systemerkrankungen der Knochen.  Handb. d.
spez. Path. u. Ther. (Nothnagel). Wien, 1899, Bd. vii, ii, 2.

Woodhead (G. 8.). On inflammation in bone. Brit. J. Dent. Sc., London, 1893, zzzvi,
49-64.




60 DISEASES OF THE MUSCLES, BONES AND JOINTS

1. The Congenital Osteopathies

Under this heading we include, (a) congenital absence of bone (bone
defect), (b) the congenitally high seapula, (¢) 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-uterine 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 positiom
to the foot (talipes valgus), associated with shortening of the extremity and earva-
ture of the tibia forward and medialward. 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.

Rintgenography 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 Dysostosi

(Dysostose cléido-cranienne héréditaire)

This remarkable syndrome was first deseribed by Marie and Sainton.
Tt 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 fibrons 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.

(b) Congenitally High Scapula

This depends usually upon bony union of the seapula with the cervieal spine,
though conditions resembling it may be due to muscular anomalies without bony
abnormality. Rintgenograms clearly reveal the condition.

This malformation is known as “Sprengel’s deformity.”
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(¢) Cervical Rib

Occurrence.—A cervical rib may be unilateral or bilateral, and, in
1ts llt'\(*lnpmvnt it may vary from a v

ry short stump to a long rib. Tt is
often palpable, on one or both sides, in the supraclavienlar fossa.

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

Clinically, cervieal ribs are often associated with severe newralgic pains
in the domain of distribution of the lower part of the brachial plexus, and
the nerve strands may be sufficiently injured to canse anesthesias and mus
cular atrophies. The writer has reported interesting nerve lesions that
resulted from a cervieal rib in his own case.

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

| : : |
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195~ Multiple Congenital Osteochondromata in a Patient with Muscular Dystrophy.
Note Tumors on the Humerl and the acteristic Overgrowth of the Rad (After
I R. Bo

difficult to decide whether or not syringomyelia coexists. In my own
se there was a dissociation of cutancous sensation (loss of tactile and
hiermal with retention of pain sense), but it was not of the syringomyelie
pe (loss of pain and thermal sense with retention of tactile sensation).
tis probable that compression of the nerves distal from the cord, when it
es rise to dissociation, will yield anesthesi

as of a different type from
ise characteristie of syringomyelie dissociation (q. v.).
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The cases of cervieal rib have been collected and earefully analyzed by W. W,
Keen. X-ray will often reveal bilateral eervical rib when only one is palpable,
and even when no rib is palpable, the presence of a rib may be
easily demonstrable in the rintgenogram. A palpable cervieal
rib may be visible on inspection as a bony projection in the
supraclavicular fossa.

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

(d) Multiple Cartilaginous Exostoses

Fig. 496, — Rint A condition is occasionally observed in which eartilaginous
genogram of Knee  and bony growths of variable size and shape appear in sym-
In Case of Multiple  yyetrieal distribution on the bones of the trunk and of the ex-
Congenital Osteo- " . . SaC s
chondromata, ‘remities, especially at points where ossification normally
(AfterT. R. Boggs, occurs late. They may lead to marked deformities and to
J. 0. 1. Bull.) limitation of movement. Owing to pressure upon nerves, or

upon the spinal cord, they may cause severe pains or paralyses.

The course of the dicorder is usually progressive. The disease is hereditary and ean

often be followed through several generations. T. R. Boggs has made a careful

study of the affection.

(e) Dental Cysts and Multilocular Cystoma of the Jaw

These have been deseribed in Methods of Examination,
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2. Degenerative, Toxic and Endocrinopathic
Osteopathies

Under this heading we shall deseribe (a) osteoporosis or hone atrophy,
(h) phosphorus necrosis, (¢) rickets, (d) achondroplasia, (e) osteop-
sathyrosis and osteogenesis imperfecta, () osteomalacia, (g) Marie's dis-
case, (h) acromegaly, gigantism, dwarfism and infantilism, (i) leontiasis
ossen, and (j) oxycephaly.

(a) Osteoporosis

When, for any reason, the museles of a part are kept at rest for any length
of time, the bones beneath lose mueh of their ealeium and become 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 deseribed under Methods of Examination of the Bones, and has
also been mentioned in connection with phosphorus poisoning under diseases of
the liver (g¢. v.).
(¢) 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 be independent of climate, though
it is rare in the tropies, 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, but it may oceur 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 zoilogical gardens in
London the lions’ eubs all died of rickets until, at Bland Sutton’s sugges
tion, milk, pounded bones and cod-liver oil were added to the meat diet.

The relation of rickets to lues has been much diseussed, and the ques
tion is still open, but rickets ean certainly occur independently of lues.
The frequent association of rickets with bronchopnenmonia, with tuber
culosis and with chronic diseases of the skin is well known.
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Symptoms.—Though the 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 due to deposits upon the bones or to swelling of the epiphyses and
(4) disturbance in the longitudinal growth of the bones.

Changes in the skull may oceur as early as the third or fourth month of
life. The flat bones of the skull are thinner and softer than normal, so
that they ean be dented with the finger tip, like felt or paste-board (eranio-
tabes). This may be especially marked over the oceipital bone.  Some-
times eirenmseribed softening can be made ont in the bones of the skull;
over such depressed atrophic areas of bone parchment-crackling is elicitable
on pressure with the 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 bosses of the disease. If both the
occiput and the frontal bone are flattened by these
hyperostoses, the square head of rickets (eaput
quadratum) arises, cansing a pathologieal brady-
cephaly.  This square cranium, with broad fore-
head and prominent frontal eminences is some-
times mistaken for hydrocephalus,  Tf the parietal
bones are especially thickened, the so-called eaput
naliforme 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

” . . . e
commoner in rickets than in other conditions,
¥i Rachitie. Skull - hut it is by no means pathognomonic. The skin

in the Basler . .
pital, (atter &, over the forehead is thin, and the subentaneous

‘Handb. . inn. - peins are dilated.  Rickety children tend to sweat
St ey "% about the forehead ; at night they rub their heads

on the pillow so that over the occiput the hair
may be very thit.  In many children the maxilla is changed so that the
palatal arveh is high, resembling a gothie arch in shape; this may narrow
the nasal passages and interfere with respiration.  An abnormal position
of the permanent feeth may follow changes in the shape of the alveolar
processes,  Dentition is nearly always markedly delayed, and the teeth,
when they appear, are often small (mierodontia) and deformed.

The changes in the thorax ave important ; the rickety rosary arises from
thickening at the junetion of the ribs with their cartilages. Softening of
the ribs may lead to marked deformations of the thorax, similar to those
et with in obstruetion to the breathing from adenoids and enlarged ton-
dls (eurving outward of the margin of the lower aperture of the thorax;

cE




66 DISEASES OF THE MUSCLES, BONES AND JOINTS

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 are highly characteristic. In addition, the long
bones of the forearms and of the legs become eurved through museular
contractions, or through the influence of gravity; thus arise bow-legs and
knock-knees (O0-legs and X-legs). Flat-foot may be due to rickets and
retard walking. Children with a mild grade of rickets may have abnor-
mally fragile bones, with frequent fractures; and “green-stick” fracture is
not uncomrhon, on account of the softening of the bones,

The disease usually reaches its acme before the end of the second year
of life, and then quickly recedes. Oceasionally 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 abduetion, 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 (Iutinel,
Tobler).

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

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

Osler emphasizes a triad of symptoms to which Jenner first called
attention: (1) a diffuse soreness of the body; (2) slight fever (100
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.

Rickety children are prone to suffer from digestive disturbances and
atony of the abdominal museles (pot-belly). The spleen and lymph glands
are often enlarged, especially if anemia coixist; there is then, usually, «
moderate leukocylosis (Morse). Bronchitis and bronchopneumonia arc
common complications, and are often fatal,
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A résumé of the chemical studies on rickets will be found in H. G, Wells’
(Chemieal Pathology. Chemical studies of the bones 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 inerease
of water and magnesium (Gassmann). For some cause or another, there is a
failure on the part of the osteoid tissues to caleify. Various reasons have been
assigned: (1) an excess of acid in the tissues (acid theory); (2) insuflicient lime
in the food. Neither view is sustained by the facts (Stéltzner; Pfaundler). The
infectious theory and the nervous theory 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 convineing.

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

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

Fig. 498 Adult Achondroplasia On the Left an Achondroplastic of 11 Years Whose Helght
Is 112 em. On the Right an Achondroplasic of 18 Years Whose Helght Is 1074 em,  In

the Middle a Normal Child of 8 Years Whose Helght (116 em.) Is Intermedinte Betwoeer

that of the Two Achondroplasics. Note in the Achondroplasics the Short Limbs, the Long
Trunk, and the Relatively Low Position of the Umbilicus.  (After I Marie, *Exposé de
Titres et Travaux Scientifiques,” published by Masson et Cle, Paris.)

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

Symptoms.—The malformation is congenital, and is relatively rare
Many of those affected 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 extremilies arve very
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ghort (micromelia), owing to premature closure of the epiphyses ; the curves
of the hones of the extremities are exaggerated. The frunk, on the other
hand, may be normal
in length, thongh the
ends of the ribs are
thickened.  The middle
point of the body stat
ure lies above the um-
bhilieus.

The appearance of
the hands and fingers
is very characteristic,
The fingers, being abont
<-||||;t| in  length and

thickened, project in a
radial arrangement Fig. 499.—iands of an Adult Case of Achondroplasia, The

. : Four Fingers Are All of Almost Bqual Length: the
from the wrist, like the Middle and Ring Finger ar ther at the Base and
,',,,|\,.~ of a wheel, Of Dive it Thelr Extremitios dent Hand.  (After
PN “Exposé des Titres et Travanx Scientifiques
published by Masson et Cle, London.)

ten the middle and the
ring finger tend to be-
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.,

There is marked lumbar lordosis with
projecting abdomen. The subeutancous
fat 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 beeause of
their short legs, so that the dwarfism ap
pears on standing, though it is not notiee-
able on sitting

Some of the conrt fools of former
times  were achondroplasics.  Nowadays
many of them earn their living in side-
shows or in eircuses.

On x-ray examination of long
bones like the humerus the diaphysis
is found to be broadened at the ends

but narrowed in the middle. The
Fig. 500.—Chondrodystrophle Dwarf h
(Med, Service, 3. H. H.) epiphyses are plumper than normal.
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The disease runs in families. Sometimes only males are affected
through several generations (Porter). As a rule the parents of mieromelic
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

Tn osteopsathyrosis, or Lobstein’s disease, the hones are abnormally
brittle. Though the general health of the patient may be good, fractures
of the hones follow trifling injuries. Thus a man has been known to
frocture his jaw while simply chewing. Some patients have undergone
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more than 100 fractures, The fractures heal veadily, and are often aceom-
panied by pain. Cases have been reported in which this eondition was
associated with musceular atrophy and polyaria (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 fail to develop normally, and at birth and

Fig. 501.—Rintgenogram of the Lower Extremities of a Cuf#d Showing Marked Changes In
the Epipbyses and Multiple Fractures Marked by <'s.  (X-ray Dept. J. H. 1)

afterwards all the bones are exceedingly fragile. The caleium-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 oceurs soon, though some patients snrvive, and the hones
may grow firmer later. An interesting case has been studied recently by
wy 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 former found that there was deficient caleium-retention
in the florid stage. Schabad, who studied a seven-year-old child with osteogenesis
imperfecta, found that caleium-retention was deficient. This could be improved
by the administration of phosphorus and cod-liver oil. He also deseribed a hyper-
phosphaturia in association with osteogenesis imperfeetd, though there was, as
normally, more phosphate in the urine than in the stool.
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(f) Osteomalacia
(Mollities 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 are related to one another or are to be kept sharply separated from
one another. Women in the reproductive age are most often affected,
usually after they have borne childven (puerperal osteomalacia).

Symptoms, —The disease sets in, as a rule, with severe pains in the
back, hips 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- wol;,llt, t]u'.\ undergo distortion. Deformations of the
pelvis, due to healed osteomalacia, may interfere later with childbirth (see
Textbooks on Obstetrics). The pelvie inlet assumes a trefoil shape, or that

il
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of the ace of hearts. As the spine softens, marked kyphosis or kyphoscoli-
osis may develop, and the whole spine becomes shortened. 1In the severer
cases the lower margins of the ribs may come to occupy a lower plane than
the iliae crests. The ribs, sternum and clavicles may undergo deforma-
tion. The bones of the skull and the extremities, though sometimes de-
formed, are 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 the muscles (osteomalacic paresis). Ad-
ductor spasm of the thighs is a common accompaniment.

Nervous and mental symptoms may coixist (feeble memory, apathy,
indecision, irritability, oceasionally dementia).

The discase may last a long time, with many remissions and exacerba-
tions, especially after pregnancies. In fatal cases there is often a terminal
infection (bronchopnenmonia, sepsis).  The patients may be long bed-
ridden. Many suffer from myocardial insufficiency, secondary to the tho-
racie 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 eausing grating. IHistologically there are signs of
osteoclastic absorption, followed by formation of uncaleified osteoid tissue.

Pathogenesis.—Some think the disease related to disturbances of fune-
tion of the thyroid gland or of the ovary (inereased function). Sellheim
(1913) believes that the gonads build an internal secretion that exerts an
inhibitory influence on bone-growth, and that the seeretion is periodieal,
synehronons with the periodicity of the reproductive life. Chemical studies
of the bones show great diminution of all the mineral constituents. Ac-
cording to MeC'rudden, along with the decrease in caleium there is an in-
crease of magnesium and sulphur, due to the newly-formed uncalcified
osteoid tissue.  Metabolie studies during the disease show a negative cal-
cinm-balanee (Goldthwait)., The phosphoric acid of the feces is increased
(Zuntz).  According to the Italian school, osteomalacia is an infectious
disease (diplococens), Cases of osteomalacia in males (virile osteoma-
lacia) have been deseribed 5 here the pelvis does 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 caleinm-loss temporarily gives place to
caleinme-retention after the operation.  But, in females, osteomalacia can
oceur independently of pregnancy and of the puerperal period (juvenile
und senile forms).

One type of osteomalacia is met with in early childhood (Rehn). This
infantile osteomalacia has been separated from rickets, but the identity of

{
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the two diseases is maintained by some. It may be that the two discases
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 diflicult at onset, when the disease may be mis-
taken either for rheumatism or for sciatica. Rontgenograms and adductor
gpasm are helpful in differentiation.

Multiple myeloma of bones may give rise to similar symptoms, but, in
Kahler’s syndrome, the bones are 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 effect 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-arthropathy, Toxicogenic Osteoperiostitis
ossificans of Sternberg)

Definition.—A disease affecting the skeleton symmetrieally, eharacter
ized by elubbing of the ends of the fingers and toes, and hy (‘n].lrgvnmnt of
the distal extremities of the long bones near the joints,

i
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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

1 Toes In a Case of Congenital Cyanc (After Quisez, Arch,
cur I Paris.)

ts themselves are free, so that the term “osteo-arthropatl

r. The bones of the hands are less affected than

" 18 a mis

those of the forearm

leg. In the spine there may be } ]

cvphosis 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. Iven markedly clubbed finger-tips (hippo-
cratic fingers; drum-stick fingers) may, in rontgenograms, show but little
if any bony change.

Oceasionally the ribs, the sternum, the clavicles and the pelvie hones
are involved. When the metacarpal bones of the hands are affected an
x-ray plate reveals distinetly the periostitis along the shaft.

Pathogenesis,—The condition is secondary to various primary diseases, espe-
cially to chronie suppuration (lungs, bladder, renal pelvis). The commonest asso-
ciated conditions found in the lungs in Marie’s disease are (1) tuberculosis, (2)
bronehiectasis, (3) empyema and (4) ueoplasm. 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 be con
fused with acromegaly, in which the whole hand is enlarged, and in which
the characteristic changes in the skull ocenr; moreover, x-ray plates show
the diaphyseal periostitic 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 late or too early, are described under Diseases
of the Endocrine Glands (see Part XIV).
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(i) Leontiasis ossium
(Megalocephaly ; Hyperostosis eranii)

In this condition there is hyperostosis of the bones of the skull, involving
chiefly the eranial skull, though sometimes the facial skull is also enlarged. Cases
lave 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
liead, face and neck, involving both the bones and the soft tissues over them—
a true megalocephaly. 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; Turmschidel)

In certain persons the upper part of the head attains to an unusual height,
giving rise to a high forchead, which slopes to a pointed vertex like a tower or
steeple. The supra-orbital ridges are low. The hairy
scalp beging at a high level. The patients suffer from
headache and from impairment of vision, due to gradually
developing optie 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-

g pensatory inerease in the height of the skull. The fon-

Fig. 503 —Oxycephaly. ticylus frontalis closes late and its former site may project

:J::I"l::"_“".{l_:";l;': rMII[ a little.  The optie atrophy is secondary to choked disk

Bing.) from inereased intracranial pressure, just as in tumor of

the brain. It would be interesting to know whether or

not an early decompression-operation, as Osler recommends, would be helpful in
such eases.
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3. The Osteopathies of Circulatory Origin

T . . . e o ¥
Under this heading we shall include, (a) gangrene of the foot and toes,
and (b) Barlow’s disease.
'Il
(a) Gangrene of the Foot and Toes I
Definition.—Death of the distal portion of the lower extremity as a Ve
result of anemia dependent npon occlusion of the artery supplying the
part. th
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
ocelusion, either from syphilitic arteritis, from arterioselerosis developing in
diabetes, or from thrombosis in acute infections (typhoid, thromboangeitis ob
literans). P
Symptoms.—The patients begin to notice pain or paresthesia in the
toes and foot. Sometimes inlermillent claudication (q. v.) precedes the Be
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symptoms of gangrene. The patients may have noticed that the foot grows
pale at times, or that it is unusually Zivid at other times.

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

L

Fig. 504.—Rimtgen

am of the Upper Extremity Showing Sy
tile Scurvy—Barlow's Discase

erfosteal Hemorrbage in Infan
(X-ray Dept. J. H. 1)

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

In the differential diagnosis, Raynaud's disease,

acroc A//!!IIvl\l.v\' anes-
thetica, and erylthrome lalgia should be considered.

(b) Barlow’s Disease

This condition, known also as infantile scurvy, has already been described (see
Part VII).
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4. The Inflammatory Osteopathies

The inflammation may involve the bone itself (osteitis), the bone-
marrow (osteomyelitis), or the periosteum (periostitis). In addition,
cavities lined by mucous membrane within the bones may be the seat of

Fig. 505.—Rintgeno-
gram of the Leg In
Osteomyelitis. The
Arrows Point to
Cavitles Filled with
Todoform Packs.
(X-ray Dept., J. H.
)

severe inflammation; thus we have already deseribed
paranasal sinusitis in the maxillary, frontal, and other
sinuses (see Part V); similarly, the middle ear or
the internal ear may be the seat of inflimmation
(otitis media, otitis interna).

Inflammations of the bone may be due to ordinary pyo-
genic microdrganisms (streptococci, staphylococei, ete.), or to
the typhoid bacillus, as in typhoid periostitis. But we sce
also many instances of so-called specific inflammations (tu
bereulosis, syphilis, actinomycosis and sporotrichosis), due
respectively to the Bacillus tuberculosis, the Treponema pal-
lidum, the Actinomyces fungus, and the Sporotrichum
fungus.

(@) Acute Osteomyelitis

Definition.—An acute infection of the bone-mar-
row, usually involving bones in different parts of the
body, though sometimes limited to a single bone, and
dependent upon hematogenous infection, most often
with the Staphylococeus pyogenes aureus, some
times with the Streptococcus or other pathogenic bac-

teria.

Symptoms.—’l‘lu- disease is more common in young
children and in adoleseence than in adults. The por-
tal of entry of the staphylococens 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 nsually rapid. Many
patients die before a diagnosis is made, and the true
nature of the condition is discovered only at autopsy.
If the condition be suspected, and local pain be com-
plained of, palpation of the bone, if it be accessible,
may reveal local swelling and tenderncss. Common
sites are the shaft of the femur, the clavicle, seapula,
a rib, and the tibia. Any bone may, however, be in

volved, including the bones of the skull, the spine, the clavicle, the sternum,
and the small bones of the extremities. If the patient live long enough
and the disease be acute, abscesses usually form in and around the affected
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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 be 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. T 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 distingnish acute osteomyelitis
(1) from acute arthritis, especially from acule coxitis; (2) from subcu-
tancous and from intramuscular abscess; (3) from acute rheumaltic 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 bone (see Examination of the Tibial Region).
The anamnesis and a thorough physieal examination, together with rintgenograms,
and serodiagnostic tests, will differentiate these processes. In ease of operation,
cultural methods, animal inoculations, and histological studies will remove all doubt
as to the nature of the process.

A special form of chronie ostitis, known as ostitis fibrosa (or v. Reckling-
hausen’s bone disease) is oceasionally met with,
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(¢) Acute Periostitis

Definition.—An aente inflammation of the covering of bone (peri-
ostenm).

Etiology.—Acute periostitis follows either frawma, as in fracture or
contusion, or infeclion, 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 be 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 usnally easy if the etiology be known. X-ray ex-
aminations will differentiate acute from chronic periostitis, since in the
latter there will be evidence of bone-formation. The syphilitic forms of
periostitis are deseribed below.
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(d) Chronic Periostitis
Any acute periostitis may become chronie or a periostitis may be ehronie from

the beginning, as in syphilis (see Syphilis of the Bones), or in the pathogenic
4 osteoperiostitis of Sternberg (see Marie's Disease).

(e) Syphilis of the Bones

4 (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 |f
b or in the tertiary stage of the disease.
r‘ i. The Bones in Secondary Lues
The patients often complain  of
“rheumatic” or of “neuralgic” pains,
or of cireumseribed tenderness on the
i bones.  The superficial bones (skull,
anterior surface of tibia, ulna, meta-
G j carpi) are most often affected. The
" pains are milder in the daytime than
# at night when they may become {l]-
s most insupportable (dolores osteocopi).
: Nodes, due to subperiosteal deposits,
e . often become palpable.
o ii. The Bones in Tertiary Lues
o | Here gummata appear, (-ithm: in the
RE { I'orm‘ of a l'il'('lllll.\'l'l'ill‘l! _periostitis,
of causing round nodes, sensitive at first,
and, later, more indolent. Sometimes
. these nodes soften and break down; oe-
A casionally  there is fistnla-formation.
Tr. \' Gummata beginning in the marrow and |
in the spongy part of long bones are |
5= less common. They sometimes oceur, |!
liowever, in the phalanges, in the radius, ||
ull. or in the nlna. When a phalanx
g (dactylitis syphilitica), or a metacarpal g 506 —Rontgenogram of the Fore-
hone, is affected, the appearance may — arm and Hand Showing Syphilitic
ur resemble that of a tuberculous “spina 3"y )"t Feriosts. (Xeray Dept
% ventosa,”
e In x-ray pictures the signs of syphilis of the bone are usually charac-
e,

feristic,  Thus, in simple luetic periostitis, a lamellation of the periosteum
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may be visible, running parallel to the cortical wall of the bone. Some-
times a circular involvement of the bone is recognizable.

In gummata of bone the involvement may be devoid of structure in the
x-ray plate; the bone is always more transparent in the area affected. 1In
the periphery the bony shadow may be more intense in places (osteoscle-

48
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Rintgenogram of the Hand of a Child with Congenital Lues, Showing Periostitis
(X-ray Dept. J. . 1)

Fig. H07

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

The mouse-caten, or mosslike, appearance of the periosteum in some
cases of Inetic periostitis is very characteristie,

Diagnosis.—Lues of the bones may be mistaken for tuberculosis, for
sarcoma, for sporolrichosis, or for chronic staphylomycolic osteomyelilis,
but the clinical history, the 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
These important subjeets,

though they belong chiefly

to surgery, have been al-
ready referred to (see Part

A1, Methods "f Examina- o o0 Rontgenogram of Spine; Tuborculois of 10th,

tion, and also Part IV, In- 11th, and 12th Thoracie Vertebrae.  The Arrows Point

fectious Diseases). to Areas of Destruction. (X-ray Dept,, J. 11 1L)
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(g) Paget’s Disease
(Osteitis deformans; Senile Pseudorickets)

Definition—A disease, described by Paget in 1876, 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, cervicothoracie kyphosis, enlargement of the
lower aperture of the thorax, and a bowing of the lower extremities for-
ward and lateralward) ; the bony tissues soften (owing to rarefying oste-
itis), and thicken (owing to subperiosteal and medullary new-hone forma-
tion), and the bones become abnormally eurved.

Etiology.—The cause is unknown. The malady is often a family dis-
ease, Through the courtesy of Dr. Marie Ingram, of Baltimore, 1 have
had the opportunity of observing and of exhibiting at my clinie 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. Tn other eases 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 be 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 due

Fig. 0510,—Osteitis deformans, Paget's
Discase. Showing the Simian Atti
Flg. 509.—Paget's Disease or Osteltis tude, the Head, the Flaring
Deformans,  (Med, Service J. H, I1.) Ribs, Transverse Abdominal Suleus,
and Marked Bowing of Both Femora
and Tiblae, (After 8, H. Hurwitz
J. H, I, Bull)

mainly to the softening and to a pathological growth of bone in the longi-
tudinal direetion on the convex side. Through the eurving of the long
bones the body height may be markedly diminished. Osler mentions a
patient in whom the reduetion 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 bronehitis and for the myocardial insufficiency
that are common complications. The enlargement of the skull may be
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 due 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 arve 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 be squeezed out of the jaw
owing to thickening of the jaw-bone encroaching upon the cavities holding
the teeth (Marie and Léri).  The spine is often kyphotie, 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 hang down as “garlands”
over the thorax. The radius may be markedly changed, but the other
bones of the upper extremities are usually but little affected. Rintgeno-
grams of the hands and feet may reveal great enlargement of single mefa-
carpal bones.

The external appearance of the Paget patient is very characteristic.
On walking, the cervicothoracic 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 eaution, 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 are a marked feature in x-ray pictures of the extrem-
ities. Cardiovascular changes are so common that some elinicians make them
a part of the symptom-complex of Paget’s disease (Dieulafoy). Oeccasionally, a
patient becomes bedridden, but this is rare. Those affected live for decades, suf-
fering much from pains, from atherosclerotic disorders or from ehronie bronehitis.
As the disease advances, the pains fortunately grow less. Gout and earcinoma
are not uncommon in the end stages.
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Diagnosis.—Rintgenograms are 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, Léri has set up an
especial rintgenographic formula.
Paget’s disease must be differentiated
(1) from acromegaly (the facial rather
than the eranial skull is hypertrophic; the
acra (hands and feet) are enlarged; big
sella turcica in x-ray plate); (2) from
leontiasis ossea (head alone involved) ;
(3) from chronic arthropathies (diaphyses
of long bones unaffected ; rintgenograms) ;
(4) from rickels (age, rickety rosary, de-
pressed fontanelles, x-ray); (5) from
osteomalacia (softening of bones withont
hypertrophy, x-ray); (6) from syphilitic
osteilis, especially from that affecting the
tibia in hereditary s\']-hilh (x-ray, Was-
sermann reaction) 3 (7) from senile osteo-
porosis, or  pseudo-Pagel’s  disease, in

which there is kyphosis of the thoracic spine and how-legs,

o

Fig. 511.—Osteitis deformans, Rint

genogram  of Tibia and
Tibia Trregularly Thick
Longitudinal  Arcas
Fibula Shows  Litth alelfication,
but Longitudinal Areas of Porosis
Marked Sclerosis of Posterior Ti
bial Vessels.  (After 80 1L Hur
witz, J. 1L 11 Bull)

"ibula
wed with

but no hyper-

trophy of the bones and no deformation of the skully of the clavieles or

of the upper extremities.

References

Béclere (A.). Radiographie d'un cas de maladic de Paget.

de Par., 1901, 3¢ s., xviii, 929-931.
Bowlby (A.). Osteitis deformans; le onliasis ossea.
8. Lalulun 1910, iii, 73-75

Da Costa (J. C.), Funk (E. H.), Bergeim (0.) & Hawk (P. B.).

Bull. et mém. Soc. méd. d. hip.

In: Syst. Med. (Allbutt & Rolleston).

Osleitis deformans.

Publications from Jefferson M. Coll. & Hosp., Philadelphia, 1915, vi,

1-44.

Elting (A. W.). Osteitis deformans, with report of a case. Johns Hoplins Hosp. Bull.,

Baltimore, 1901, xiv, 343-349. 1 pl
Gaenslen (F. J.). Osteitis deformans (Paget’s disease).

delphia, 1914-15, riii, 96-117.
Gruner (0, C,

), Serimger (F. A, C.) & Foster (L. S.)

Am. J. Orthop. Surg., Phila-

A clinical and histological study

of a case of Pagel's discase of the bones with multiple sarcoma formation.

Arch. Int. Med., Chicago, 1912, iz, 641-656.

Hurwitz (S. H.). Osleitis deformans (Pagel’s disease).

A report of six cases occurring in

the Johns Hopkins Hospital and Dispensary. Johns Hopkins Hosp.

Bull., Baltimore, 1913, zxiv, 263-274.

Osteitis de; funmum (Paget) involving a muyh bone; report of a case. Am.J.
M. Sc., Philadelphia, 1914, cxlvii, 855866,




90 DISEASES OF THE MUSCLES, BONES AND JOINTS

Legros (G.) et Léri (A.). Traumatisme et syndrome de Pagel. Nowv. iconogr. de la
Salpétr., Paris, 1912, zzv, 334-342. 4 pl.
Léri (A.). Elude de la base du crine dans la maladie de Paget. Nowv. iconogr. de la
Salpétr., Paris, 1913, xxvi, 452-468. & pl.
Paget (J.). Ona orm of chmmr mﬂammuhan of bones (osteitis deformans). Med.-Chir.
7, lz, 37-63. Additional cases of osteitis deformans.
Mtd -Chlr 1‘r Lmulau, 1882, lxv, 225-236. The bones from two cases of
osleitis d4.fannmla Tr. Path. Soc. , London, 1884-85, zxxvi, 382,
Prince (M.). Osteitis deformans and hyperostosis cranii; a conltribution to their pathology,
with a report of cases. Am J. M. Se., I'hdwhlphut & New York, 1902,
n. 8., cxxiv, 766-814.
Soderbergh (G.). Uber Osleitis deformans ochronoti Neurol. Zentralbl., Leipzig, 1913,
zxrii, 1362-1363.

Thompson (W. G.). Osteilis deformans (Paget’s disease). Med. Rec., New York, 1913,
Lrxxiii, 832-834.

5. The Neuropathic Osteopathies

In syringomyelia and in tabes disturbances of bone are not uncommon.
Spontaneons fracture may occur from increased fragility. In the Mor
van type of syringomyelia, there may be 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 perforans), 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 bones are tolerably immune from invasion by animal parasites, largely
owing to inaccessibility.

Flexner, however, has deseribed a necrosis of the jaw-bone in which amebae
were present, probably the Entameba bucealis, which we now know to be so fre-
quently associated with pyorrhea alveolaris.

Echinococeus cyst may also be loeated within bone.
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7. The Neoplastic Osteopathies

These include benign tumors like osteomata and chondromata, and the
malignant tumors, sarcoma and metastatic carcinoma.

The so-called cholesteatoma is not a true tumor, but the product of the chronic
desq tive infl tion so after destructive otitis media in searlet
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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 harduess. Chondro-
malta or enchondromata form firm, nodular, nsually rounded masses,
which may attain to very large size. They are not so hard as osteomata.

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

On the gum, the so-called
epulis may be cither 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, but 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 metastases, nor are the
regional Jymph glands involved. Chronie irritation predisposes to the de-
velopment of epulis.  We see epnlis 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 elaviele is enlarged, a
primary sarcoma should be suspeeted, especially if a metastatic earcinoma from
the thyroid, breast, or prostate, can be ruled out. Tubereulosis 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 turniplike enlarge-
ment of one end of the bone, and parchment crackling can be felt over it.
On auscultation, a bruit may be audible, owing to the vascularity of the
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 characteristie, and the size of the mass rules out abscess. This form
of sarcoma not infrequently affects the shafts of the long bones, and every
spindle-shaped enlargement of a shaft should be regarded as suspicious.
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In a certain number of cases these masses are not trne tumors, but a
form of inflammation (osteitis fibrosa); others oceur as the result of
tranma (anomalous callug). In the femur a sarcoma of the shaft, with
blood eyst formation, may be the cause of spontancons fracture.
Metastatic carcinoma is common in the bones of the skull and in the
bones of the pelvis, but causes most symptoms when it attacks the bones
of the spine and compresses the roots of the spinal nerves, with char-
acteristic root pains (very common in the metastases from carcinoma
of the breast, thyroid and
prostate). These metas-

tases, when suspected,
can usnally be easily
demonstrated in ronigen-
ograms.

Multiple myeloma of
|)‘|”l' or l\./’]l,”lj,\' ‘\.l//l
lI/UIIIf‘ l\ a 'li\““ﬁ'(' (’]H”"
acterized \‘Iilli(‘:l”.\' l»_\
(1) deformations of the
bones of the trunk due
to the tumors; (2) se-
vere, intermittent pains
in the affected bones, and
(3) the presence of
Bence-Jones body (q.v.)
in the urine. (See Part
oot o Both s tna VL)
it Showing Bence-Jones The disease must he
gRs & C. G Guthrle, i fForentiated from other

multiple tumors of bone

Carcinomatous Metasig
Case of Carcinoma of the Br
Proteinuria (After T. R. I
J. 1L 1L Bull)

Fig

(primary or secondary). Among these, carcinoma metastases, sarcomata,
endotheliomata and  hypernephromata should be considered.  In the
metastatic tumors, the spine, the pelvie bones, the femur, the ribs, the
sternum, the humerus, and the flat bones of the skull are most often
involved.

Bone tumors usually show well in rdnfgenograms, and, if the tumors
involve the marrow, myelocyles 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 be conveniently subdivided
mto:
1. The congenital arthropathies,
11, The static and the toxie degenerative arthropathies,
Arthropathies of cirenlatory origin,
The inflammatory arthropathies (the arthritides).
The neuropathie arthropathies,

1. The Congenital Arthropathies

Under this heading are included, absence of joints, congenital dislocations of
joints, and the congenital forms of elub-foot, and flat-foot. These properly bhelong
to surgery rather than to medicine. The internist should pay espe attention
to the recognition of congenital dislocation of the hip. The main features have
already been deseribed under Methods of Examination.
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Walker (G.). Remarlmhl: cases of hereditary anchyloses or absence of various phalangeal
ints, with defects of the little and ring Men Johns Hopkins Hosp.
iiull Baltimore, 1901, rii, 129-133. 2

Wolff (J.). Die Bede ulunq der Rdnlomfnlth-r iir die Lehre von der angeborenen Hiiftverren-
Ilmng v mlurhr a. d. Geb. d. Rontgenstrahlen, Hamburg, 1897-98, 1, 22;
30; 2 40l

2. The Static and the Toxic Degenerative Arthropathies

It must be kept in mind that an extremity is a sfafic 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 be looked upon as static in
origim.,

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 be regarded as a static disturbance.

Of toric degenerative disturbances in the joints, we have but little
definite information. Some believe that certain forms of chronie arthritis
are to be regarded as toxic degenerative conditions rather than as distinet
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 toxie 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. 1 refer to (1) ganglion carpi, and (2) lipoma arborescens.

Ganglion carpi.—In ganglion carpi, a spherical or villous mass ap
pears on the dorsum of the carpus. The mass is due 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
geribed and presumably differentiated from one another. The patient is
surprised at the sudden disappearance of a ganglion when it is given u
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 chronie irritation of the joints,

It depends upon fatty degeneration of a part of the synovial mem
brane 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 deseribed 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
emarthros; The Hemophilic Joint)
it h The Hemoph J

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

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

Diagnosis.—The anamnesis may give the clue to the existence of a
hemorrhagie diathesis. The appearances in rintgenograms arve charac-
teristic. The condition may be mistaken for other forms of chronie
arthritis (chronic infections arthritis, tuberculous arthritis, or lues).
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4. The Inflammatory Arthropathies (the Arthritides)
(@ Classifications of Arthritis

Writing on this subject in 1913 T 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 searcely 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 funetion. The difficulties that have arisen have been largely due to
the attempts made to foree 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 eomparison of the cases of joint dis-
ease with which one is familiar in Ameriea with the eases deseribed 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-
seribing 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. 1 have made liberal use of this report in writing the following
pages. Tor an admirable discussion of the pathogenesis of the different
forms of chronic joint disease the report of Friedrich von Miiller made at
the same congress should be consulted (see 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 bo kept in use at all)
for the group of inflammatory joint diseases due to the virus that is the
cause of acute rhenmatice 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 suflice for his purposes, may be very different from those necessary
for the clinician in his work or for the etiologist in his studies; hence the purpose
of a given name or a given classification should always be definitely understood




DISEASES OF THE JOINTS 97

In all medical work we have to deal with a world of rough distinetions and must
ever be on guard against the fallacies that abound wherever distinetions are
imperfect,
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(b) Acute Arthritis

For a long time, acule rheumatism was the name applied to any acute
arthropathy not traumatic or gouty in its origin, but gradually the term
acute rheumatic fever, or acule articular
rheumatism, has come to be limited to
that acute febrile peri-articular affection
that often follows tonsillitis, is frequently
complicated by endocarditis, pericarditis,
or chorea, does not lead to suppuration of
the joints, but responds promptly to treat-
ment with salicylates and ends in recovery
without residual joint change. This acnte
rheumatic fever (true) has been, and is
still, separated from (1) the pyemic joint
infections, (2) gonorrheal arthritis, and
(3) certain acute polyarthritides compli-
cating the acute exanthemata, typhoid,
dysentery, mumps, syphilis, ete. Some
authors have grouped the acute, non-sup-
purative peri-articular joint diseases that
resemble acute rhenmatie fever (true), but
differ from it in several important particu-
lars (cause, course, oce;

sional suppuration,
relative inefficacy of salicylates), together
under the name of the pseudorheumatisms
(Bouchard), or the rheumatoids (Ger-
hardt).

When the bacteria causing a given
psendorheumatism could be determined, a
corresponding special name was applied
(e. g., Polyarthritis gonococcica; P.
streptocoecica ; P. staphylococcica). h\:lm' F "”I';:"‘"‘":T:',"""',',';:?,:|,l..‘::pn§';v|hrlli:ll.:
assert that there is no acute rheumatism (Med. Service, J. i, £.)
(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 acula of specific etiology.
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Whether or not the butenu desmbed by Poynton and Payne, or the peculiar,
oxygen- ive d by R of Chieago, represent this
virus further studies must show. Arthur Bloomfield has confirmed Rosenow’s
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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[Nore.—See also references on Acute Rheumatic Fever, Part IV.]

(¢) Chronic Arthritis

Here classifieations 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 toxie degenerative or metabolic inflammations in the joints (e. g,

the gouty arthropathies).
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2. Chronie 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 Gold-
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 produetive from the beginning—the
arthrite séche of French writers; or (e) the so-called specific inflam-
mations or infectious granulomatoses.

Such a chronie productive arthritis may affect chiefly the joint capsule, or the
bones and cartilages, 1In the former instance, the elinical picture is that of the
primary 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 ankylopoietic arthritis (Ziegler), often
leading 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, ete. Sueh 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 artieular cartilage (primary arthritis deformans; osteo-arthritis
deformans; hypertrophic osteo-arthritis). Among the subvarieties of the latter are
included (1) hypertrophie osteo-arthritis of the spine (spondylitis deformans),
and (2) senile osteo-arthritis of the hip joint (malum coxae senile).

In the third form of chronie productive arthritis are included the infeetious

lomat infl tions of the joints (tuberculosis, lues, leprosy, actinomy-

gri
co8i8).

ii. Etiological Grouping
Reeently, etiologieal determinations have more than ever hefore been reflected

in the terminology of the ehronie 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 THE MODE OF ACCESS OF 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 OF INJURY OR UPON THE
SPECIAL FORM OF ABNORMAL STIMULUS CONCERNED.

1. Physical stimuli (traumatic arthritis, static arthritis of Preiser).
2. Chemieal stimuli (toxie arthropathies such as arthralgia 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 gout,
or arthritis pauperum).

iii. Clinical Grouping

For the present, the following groups seem most useful :

1. The true chronic gouty arthritis.

2. The (primary) hypertrophic osteo-arthrilis.

3. The secondary chronic infectious arthropathies following various
baeterial invasions,

4. The so-called primary chronic progressive polyarthrilis, in reality,
a special member of the preceding group.

In connection with these four main gronps, several special conditions
have also to be considered :

(@) The villons arthritis of Goldthwait.

(b) The chronic arthropathies of the spine.
(¢) Still's disease.

(d) Heberden’s nodes.

(e) Bouchard’s comptodactylie.

(f) Subeutaneous fibroid nodules.

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

1. The True Chronic Gouly Arthropathy

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

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. Noorden and Schliep, 1905), suffice for the diag-
nosis. In atypical eases, 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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gsemicireular defect of the articular surface of a bone with sharp, punched-
out margins; if such a lesion be present in a joint of one foot there is
often a similar lesion in the same joint of the other foot.

2. Primary Hypertrophic Osteo-arthrilis
(Osteo-arthritis hypertrophicans; Osteo-arthritis deformans)

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

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

The large provimal
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

i
¥
are affected, males pre- E.‘

dominatingly. The gen-
eral health may be but
little disturbed. The

disease does not lead to ¥& 616.—Osteoarthritls deformans of the Knee Joint.
o (After F. Umber, “Lehrh. d. Ernithrung u. Stoffwech-
true “"k.\'lusmy th‘)“gh selkrankh.,” published by Urban & Schwarzenberg, Berlin.)

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 rontgenograms, the joint slits are often well preserved though the
cartilage may be eroded, accounting for the grating that may be 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 Robinson) the capsule unfolds well,
showing the absence of extensive adhesions and of shrinking. The pres-
ence of extensive osteophytic outgrowths, or of marked marginal lipping
in the x-ray plates, especially when the clinical symptoms have been slight,
is characteristic. Sfatic disturbances, leading to pathological incongru-
ence of the articular surfaces, and a history of frauma are common in

M
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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
be toxie infeetions processes due to the arrival in the joint, by way of the
blood stream 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, non-traumatie 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 gonococeus (in polyarthritis gonococeica following
gonorrheal infection of the urethra, or of the coninnetiva), (2) the pneu-

Fig. 516.—Chronie Iufectious Arthritis; Hyperextension at Proximal Finger Joints, (Med.
Service, J. . H.)

mococeus (in polyarthritis pneumococeica complieating lobar pnenmonia),
(3) the streptococens (in /w/r/m'//:rf/[s .wlrz-/r/m'mriul vum[»li“:llill:{ ery-
sipelas, streptococeal angina, puerperal infection), (4) the staphylocoeens
(in polyarthrilis staphylococcica as a part of general staphylococeus

sepsis), and (5) the meningococens (in polyarthrilis meningococeica com-

plicating epidemie eerbrospinal 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 chronie arthropathies has gained
credence (Bannatyne, Charrin, Chauffard, Goldthwait, Schiiller). The
notion was soon extended to various chronie arthropathies in which, de-
epite the absence of demonstrated bacterial eausation, the local processes
in the joints and the state of the rest of the body (slight fever, slight
leukoeylosis, secondary anemia, enlargement of the lymph glands, slight
foei of local infection elsewhere) make the assumption of a continuous
(or oceasionally recurring) bacteriemia of low grade with joint deposition
seem possible and plausible (Allehin, Daer, 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 baeteria have
been actually demonstrated in the diseased joints, especially in the infeetious
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 infeetious, no matter whether the eausal agent is demon-
strable in the joints or not (e. g., acute rhenmatism; 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 invader' (e. g., arthritis after dysentery), no
matter whether the germ of the primary discase is known or not (e. g., arthrop-
athies associated with or following searlet fever, mumps, ete.), and no matter
whether the assumed toxie infectious process affeets the joints direetly, or indi-
rectly through the mediation of trophie nerves (according to the views of some
regarding so-called atrophie arthritis and primary chronie progressive polyarthri-
tis). Obviously, here, vagueness passes the permissible and a judicious restrietion
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 inelude the arthropathies that
may reasonably be supposed to be due to loeal 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
microbie origin still awaits demonstration, and, personally, T cannot help feeling
it legitimate to designate as “infectious” the arthropathies like those of acute
rheumatie fever, and those chronie types growing direetly out of acute or sub-
acute processes associated with fever, leukoeytosis, and enlarged lymph glands.
But, pending further investigations, it does scem desirable when differentiating
the arthropathies on etiological grounds, carefully to distingnish (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 elearly 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 infections or non-infections changes (toxie, nutritive,
trophie) in a joint-system. I emphasize this point because of the great impor-
tanee, in the chronie arthropathies, of minute foei of infection distant from the

*It would seem that many of the cases deseribed as Poncet's disease (rhuma-
tisme tuberculeux) are really instances of infectious arthritis of unknown origin
oceurring in persons suffering from tuberculosis rather than metastatic tubereulous
infections of the joints.




104 DISEASES OF THE MUSCLES, BONES AND JOINTS

joints and of their r ] as a t ti Chronie inflammations of
the paranasal sinuses (meludmg the mtmm of Highmore), ehmme wnullms,
chronie otitis media, pyorrhea alveolaris, alveolar al

chronie uleerative enteritis, ic appendicitis,

chronie cystitis, chronie urethritis, sy ‘myntitia and prostatitis, chronie salpi
gitis, and chronic endometritis may be mentioned among the many possible foei
whence influences injurious to the “joint systems” of the body may emanute, and
this without prejudice as to whether these infl are (1) ic inf h
(2) toxie, (3) meurotrophic, or (4) noxious in still other ways.

Much interest has been shown in the possibility of an infectious origin for
the so-called “primary chronie 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
chronie infectious process involving joint after joint. Though bacteria have from
time to time been deseribed in the joints, the findings of the observers are dis-
cordant. If the malady be a specifie infectious disease, the future will have to
determine the mierotrganism 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 mieroirganism, 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 eause, our experience with meningitis, pleuritis,
ete.,, has taught us to await actual knowledge before attempting to close a dis-
cussion.

Al 434

is, chronie pvelms,

Diagnosis.— It is well to think first of the chronie arthropathies due to
infectious granulomatous processes (fuberculosis, lues, ete.). Iere the
white swelling (fumor 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
tuberenlosis, 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 chronie 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, ete.,, 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 diplococei 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 chronie tonsillar in-
fection (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- Fig. G17—Chronic Infectious Arthritis, Dislocation of
plots. ankylosis of si Thumb st Intrphalangeal Jolnt. (Med.  Service,
gle joints, may speak
for a chronic arthritis secondary to some infections process rather than
for the so-called primary chronie (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.

4. The So-called Primary Chronic Progressive Polyarthrilis
(Rheumatoid arthrilis of A. E. Garrod; Polyarthritis destruens of Hoffu ;
Rhumatisme chronique d’emblée of French writers)

This is of all the chronic arthropathies the most malign.

Clinically, primary chronie progressive polyarthritis (4) may appear
as either one of two subvarieties.  In both of these, the involvement is out-
pokenly polyarticular, the small distal joints of the fingers, toes, wrists,
and ankles, usually being involved first. Later, the knees and elbows may
lecome involved ; the hips and shoulders frequently escape. These small
Juints become involved symmetrically. The jaw joint and the sternocla-
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vienlar joint are not infrequently affected, and, strangely enough, usually
asymmetrically.  Some of the cases 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 clastic when compresse
between the thumb and forefinger of the examiner. Most of the small
joints in the distal parts of all four extremities may become affected i
serial sequence. It is often impossible in the early stages to decide

whether we are dealing with a true chronie progressive polyarthritis of
group (4) or with one of the serious maladies of group (3).

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

BT

Fig ~Chronic Progressive Polyarthritis, or Rbcumatoid Arthritis,
(Med. Service, J. 1L 11)

of formication, of chilly feelings, and of slight stiffness of the metacan
phalangeal and interphalangeal joints (except those of the thumb). M
cular-atrophy quickly appears, especially of the interossei.  Contract:
gradually develop. The disease spreads to a large number of the m
distal joints in all four extremities. The fingers become deflected uln
ward. The hands may present the “flexion type” or the “extension ty|
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of Charcot, or the “straight” type, but these do not represent essential
differences and are unimportant for classification. On x-ray examination
the joint slits are found to have disappeared owing to atrophy of cartilage,
the bones 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 Haygarth, the rhumatisme noweur of
Troussean, the “arthritis nodosa” of Schuchardt, and the “chronic infec-
tions arthritis” (in part) of Goldthwait.

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

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

The absence of endocardial and pericardial changes in “primary
chronie progressive polyarthritis” is striking when contrasted with the
findings in acute rhenmatie fever, the acute psendorheumatisms, and in
the chronie 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). Ttseems tome certain that, later on, group (4) will not be considered
separately, as a disease sui generis, but will be placed in gronp (3). It
may be 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 (1) is really a disease of unknown, though
unitary, infectious etiology.

5. Certain Special Joint Conditions

Before leaving the arthropathies a few words must be said concerning
several special artienlar conditions,

Chronic Villous Arthritis.—This form of “dry joint” is believed by Gold-
thwait not to be a general disease at all but a loeal process entirely, with no tend-
ency to progression, characterized by an absence of general symptoms, by erepita-
tion or ereaking of the joint on motion, with varying degrees of pain and tender-
ness on movement. It is most ecommonly met with in the knee as the result of
flat-foot.  This type appears to be one of the “statie arthropathies” of Preiser. It
probably eorresponds in Hoffa and Wollenberg's classification to “chronic irrita-
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. 6519.—Chronic Spondylitis deformans or Osteo-arthritis hypertrophicans. (After Pastine
“Nouvelle lconographle de la Salpétridre,” published by Masson ct Cle, Paris.)
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tive arthritis.” It seems likely that it may follow the action of irritant causes of
different kinds.

Arthropathies of the Spine.—The subject is difficult 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 hypertrophie
osteo-arthritie, (4) the second-
ary chronic infectious, and (5)
the primary chronie progre
forms. Anatomieally, aside from
traumata, the neuropathic ar-
thropathies and the infectious
arthritides of the spine (tuber-
culosis, lues, gonorrhea, typhoid,
ete.), which usually affect the
spine  locally  rather  than
throughout its whole extent, two
maimn |)r|i('l' 5 seem to oceur in
the vertebral eolumn: (1) a hy-
pertrophie osteo-arthritis of the
spine (spondylitis  deformans),
and (2) a chrenie ankylosing
arthropathy of the spine (spon-
dylitis chronica ankylopoietica).

In hypertrophie 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 elasplike formations extend-
ing from vertebra to vertebra,
but never so extensively as in the
ankylosing forms. The small
joints between the articular proe-
esses never undergo intracapsu-
lar ankylosis in this disease, Fig. 520.—Rintgenogram of Spine Ilustrating Spon-

A - dylitis  ankylopoictica  (Marie impell  type).
though motion may be limited by Note the Ossification of the Lateral Ligaments,
exostoses.  The nerve roots may (X-ray Dept., J. H, H.)
be compressed.  The di
aceurs chiefly in advanced life. It almost never eauses complete rigidity of the
thorax.

In spondylitis chronica ankylopoietica, the disease begins in the small joints
o the artienlar processes and quickly leads to ankylosis; the costovertehr
lations are often involved also. The ligaments of the spine sometimes he
fied, bt many of the bony bridges or clasps uniting the vertebrae may be inde-
pendent of the ligaments. Of this chronic ankylosing spondylitis, two clinical
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forms have been deseribed: (1) the “Marie-Striimpeil subtype” beginning below
and extending upward, described by Marie as spondylose rhizoméilique, 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 kyphesis of the upper thoracic spine, the
process beginning above and extending downward' Later studies (Fraenkel,
Simmonds, Janssen, Anschutz, Plesch) 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

Peral Hano Mo, QaFedd G 2'aswls
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Fig. 521.—S8cheme Showing the Different Attitudes and Modifications of the Figure from De pa
formity of the Spine, and Ankylosis, in fon, of the Hips In Cases of ondy lose
rhizomélique.” The Height of all the Subjects Measured {lnm Head to Foot following
the Contour of the Vertebral Column, Is Supposed to be ml to that of a Normal
Subject.  The Portlons of the Limbs That Are Still Movable Are Marked in Dotted
Lines. (After P. Marle, “Exposé des Titres et Travaux Sclentifiques,” published by
Masson et Cle, Parls,)

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 midthoracie spine, or if the disease occur in young persons, under
40, it is almost certainly chronie ankylosing spondylitis. The spine is more uni
formly involved throughout its whole length in the ankylosing type than in spondy
litis deformans. Rintgenograms are decisive in most cases. As to early cases, in
spondylitis deformans the bone changes may be marked and the elinical symptoms
shght, 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 chronie arthritis of childhood, deseribed by
(. F. Still (1897), probably represents neither a elinical nor an etiological unity.
In Still's disease we appear sometimes to deal with a secondary chronie infections
arthritis (3) and sometimes with a primary chronie progressive polyarthritis (4).

1A few of él.;e cases l:losmbed clinically as Bechterew’s type turn out on x-ruy
tion to
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The presence of a large spleen, large lymph glands, lenkoeytosis, and secondary
anemia are strongly suggestive of chronie infeetion.

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 ehronie hypertrophie oswo—nnhmpatlum, though they are sometimes seen
in gout, and they sometimes occur as an isolat , not iated with
arthritis of the other joints. In the x-ray the ndJncent Jomt may be but nhghtly
affected, or, in some cases, the joint may show changes like those in primary
chronie progressive polyarthritis. Heberden's nodes eannot, therefore, be said to
be pathognomonie of any one form of chronie arthropathy; indeed they seem
to oceur in connection with several different forms, and by themselves. It would
seem probable that Heberden's nodes do not represent even a morphologieal unity.
They appear sometimes to be true exostoses (in hypertrophie osteo-arthritis),
sometimes to be projections due to softening and flattening of the base of the
terminal phalanx (in infectious and in chronie progressive arthritis), and, finally,
sometimes to be nodules due to gouty ehanges in the bones. Dr. W. 8. Baer tells
me that even on palpation varieties of Heberden’s nodes are distinguishable; cer-
tainly in rintgenograms a variety of structures can be made out in the different
types of eases.

Bouchard’s Comptodactylie.—Bouchard has deseribed fusiform swellings of
the proximal finger joints as an accompaniment of dilatation of the stomach; they
are said to disappear when the stomach lesion is eured. PFibram has seen one such
cuse. I have not observed this relationship. The relation of chronie arthritie
affections to various disturbances of the digestive tract has been emphasized by
Coutaret and also by Goldthwait (in viseeroptosis).

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

Occurrence.—In tabes, 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 be overlooked if, in addition to
the examination of the
joints, a thorough neu-
rological examination be
made (tests of sensibil-
ity, kneekicks, pupils,
ete.).

Moreover, the sud-
den onset, tho marked
enlargement of a single
joint, and the absence
of severe pain, are char-
acteristie.  Astounding
changes are made vis-
ible by the x-ray; hi-
zarre, monstrous hyper-
trophie lesions predomi-

nate; besides  exeres-
cences upon the bone
and huge caleified free
bodies, ealeified masses

are usually visible in
the (.xg,»ﬂ(.nlh,,]",~ tis- B — Rintgenogram of Ankle ; Charcot's Joint. Arrows

sues;  some I'(‘}_"l‘t'.\#i\‘(} |.\:“|r:l|_\'ll".!|l»‘«“‘, TI‘}“I’I(Tdlll;‘w“‘w“““ of the Tarsal Bones.
(atrophic or absorp-

tive) changes are also present and there is usually extreme disintegra-
tion of the joint.
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Part XII

Diagnosis of Diseases of the
Nervous System

Secrron 1

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

A. Introduction

Since it is chiefly differences in the structure and in the funetions 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 are simpler than those of higher
animals, mainly because their nervous systems are less complex. The
dominance of man among mammals depends mainly npon 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 Iume—to
choosa 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 he
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 as 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 antonomic 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, ete.), as well as the secretory
activities of the organs that separate the urine, the sweat and the milk, are
profoundly influenced by what goes on in the nervous system. The work
of the heart stands directly under the influence of the autonomie 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 neuromuseular
mechanism is utilized in which the vagus, the phrenie and certain other
peripheral nerves play a part; its rhythmieal 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 seeretions from the diges-
tive glands by contraction of the smooth musele in the walls of their ducts,
the muscular activities of the ureters and bladder and of the system of
genital ducts in both sexes, are subordinate to accurately regulating
neural impulses. Finally, the nutrition of the body as a whole is in part
consequent npon 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 indireetly through the intervention of the glands of
internal secretion, dominated by the nervous system. Surely, therefore, the
physician should be 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 functions
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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 are 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 diffienlties
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 are 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 are offered there are many students who seem unable
to prolong the stretch of attention necessary to get a grasp of the archi-
tectonies 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 we 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 psychoneurotic and psychiatrie 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
"r’"'l'.\'.\'.

Satisfactorily to gather data concerning the neural and mental state,
the functions of the nervons system must be 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 the methodical testing of the various functions has been com-
pleted, the facts gathered should be considered as a whola 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
are 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 less
activity. In sleep the activities appear to be reduced to the minimum re-
quired for the maintenance of the vital funetions; 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, we choose methods that will
permit us to test the more important funetions quickly and simply. These
are methods of observation and of simple experiment. On the observa-
tional side we note the spontancous motor and psychie manifestations of
the patient and also any vasomotor, trophic or secretory phenomena visible.
On the experimental side we apply (1) varions methods that experience
has shown will affect the consciousness of normal patients and we ascer-
tain whether the patient yields mormal or abnormal responses (objective
examination of the psyche and of the sense organs), and (2) certain
methods that reveal alterations in the neurons concerned in motility and
in reflex action (objective examination of motility, coirdination, reflex
action, ete.).

The nervous system develops as a series of segments, each segment
consisting of reflex ares composed of synapsized sensory and motor
neurons, the segments gradually becoming 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 anel-
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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, reflex, instinetive
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 coirdinated 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 of 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 are 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 ares) ; others, through
shorter and longer paths, influence centrifugal neurons of the second ani

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 body equilibrium, th
neuron systems underlying the emotions, the various neuron systems co

ordinating the more complex bodily movements, ete. And still others
traverse the longer centripetal paths composed of superimposed sets of

1
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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.
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2. Varieties (or Modalities) of Sensation

The sensations that arise in conseiousness 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 inereased, 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:

Varieries (MopariTies) or SENSATION

1. Common or general sensibility.

A,

Superficial (skin and mucous membrane).
AA. Elementary.
(a) Protopathic system (Iead).
1. Sense of pain.
(b) Epieritic 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.
IT. The Special Senses.
A. Taste.
B. Smell.
C. Tearing.
D. Sight.
E. Vestibular,

It will be noted that certain sensations refer to the world outside
the human body, and that others refer to the changes taking place
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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 are 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 nsually give rise to sensations accompanied by
positive feeling-tone—they are pleasant.

3. General Remarks on the 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 psychiatrie laboratories for purposes of precise inves
tigation.

Besides using simple apparatus only, the examiner should follow
some plan 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 exaetly 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
eannot be satisfactorily examined on the sensory side. Again, the con-
scionsness 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 cotiperate in the examination
—he must manifest good will; in the negativism of dementia praccox,
for example, the patient may not coiiperate 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 case 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 are notorionsly
unsatisfactory. A complete sensory examination requires the expenditure
of a considerable amount of time and should be undertaken only when
hoth patient and physician are at leisure. It is frequently necessary
to divide an elaborate sensory examination into two or more parts to be
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.

Besides these quantitative disturbances of sensation we pay attention
to the topographical distribulion of a sensory disturbance, attempting in
every case exact delimitation; we can thus distinguish between circum-
seribed and diffuse lesions, unilateral and bilateral lesions. These exact
delimitations will later be 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. g., skin, retina) it is essential to determine the particnlar 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 types
of the latter are 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) the so-called tabetic type of sensory dissociation, in which there is a
loss of deep sensibility and sometimes of the sense of touch, with reten-
tion of the sense of pain and the temperature senses. These elective dis-
sociations depend 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 the 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 less in loss of sensation or in-
erease of sensation than in a perversion of sensation, it is spoken of as a
paresthesia,  Such paresthesias, however, when carefully analyzed, are
usnally found to be 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 Ly 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 shonld always be noted.
There is, normally, great difference in reaction time, first, for different
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sense organs in the same patient, response to tactile stimuli being .l
more prompt than response to pain-stimulation, and, secondly, for the
same sense organ in different persons. In certain discases, however,
there is marked pathological delay in response and almormally long reac-
tion time. In hyperesthetic states, when single stimuli arce ineffective,
the influence of a summation of stimuli should be noted.

The results of sensory examinations are 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 centripetally conducting nenrons.  These data are also
most helpful in distinguishing between organic disease and the so-called
functional disorders. The limits of a sensory disturbanee 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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4. 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 mucons membranes the
tactile sense organs appear to be Meissner’s corpuscles.

(@) Touch Points
The individual fouch points can be sharply localized and their thresh-
old-stimulus determined by means of von Frey’s test hairs, but for ordi-
nary clinieal 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 be tested. Tt is best to hold 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 be shown, before the eyes are closed,
what he may expeet.  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 be 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

A sensation. It is also

C .| wise to pass, oceasion-
ally, from one part of
the body to another
unexpectedly.

In the first rough
examination for quick
B ‘ 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
523.—Von Frey's “Test Hairs,” for the Finer Analysis of side of the face and
Tactile Sense.  (After L. F. Barker, J. I, I Bull) ill"ll,L' the middle of

each half of the trunk
in the front and back. Such a mode of application of the stimulus erosses
the areas supplied by most of the individual periplieral 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 hypesthesia may sometimes thus
become recognizable,

Fig.

For exact threshold determinations of touch sense and pain sense, we
make use of v. Frey's test hairs,
(b) Anomalies of the Sense of Touch

ITyperesthesia in the domain of the sense of touch is known as hyperp-
selaphesia; diminution of this sense is called hypopselaphesia and loss
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of it apselaphesia. 1t should be borne 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, back
of tongue, cheeks and temples; next in order are the dorsal surfaces of
the terminal phalanges, the dorsal surfaces of the forearms and the backs
of the hands; the soles of the feet, and the dorsal surfaces of the lower
extremities are relatively insensitive to touch.

(¢) Localizing Sense

The power to localize the point to which a stimulus is applied to the
skin depends, first, upon the local sign pertaining to the sense of touch,
the sensation from each touchpoint being distinguishable from that from
any other, and, secondly, upon c‘c[\(‘rmm-o 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 tonch him, his eyes should be closcd; when he tells ns where we
touched him, he may do so with closed or with open eves, pointing in the
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 em. on
the hands, 2 to 4 em. on the arms and legs, and even 6 to 7 em. 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 npon the intensity and duration of the stimulus.

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

In pathological cases there may be marked disturbances of this local-
izing sense; thus a stimulus applied to the hand may be 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 spot
on the opposite side (allocheiria).

(d) Spatial Sense

This is tested by means of a compass with dull, non-metallic points,
which has a seale giving the exact distance between the points. Tt is
important, in making the test, that both points shall be placed simul-
taneously upon the skin, since two points elose together, if stimulated
successively, will often be recognized as two, when, if stimulated simul-
tuneously, a single sensation results. It is only when touch points are
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a certain distance apart that stimulation of them simultaneously gives
rise to two scparate sensations. In other words, the successive-threshold
differs definitely from the simultaneous-duplicity-threshold, 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 elinically by Tlead and
Tolmes. 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 series is complete. An example of the record kept is as follows:

S MK X1 1XX1_ 5R.5F.
XX X X XX1 = 4R.OF.

In this ease the compass points were 4 em. apart. The upper line in-
dicates the results of the tests made with a single point, the lower line 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 distinetion 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 be con-
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sidered, but if it be moved over the skin, then we have to consider, in
addition, the capacity for perceiving intermittent stimuli.

Fig, 624 —Tabes.—Diagram Ilustrating Areas in Which Vibeation Sense (Bone Sensibilil
Is Abolished.

For testing the threshold for roughness, Graham Brown’s esthesiometer
is convenient. From the smooth, convex surface of a metal cyvlinder
six wetal rods can be simultaneously shoved downward by means of a
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micrometer screw. The distance to which these must be protruded
order to elicit a sense of roughness when the skin is stroked with it gives
the threshold. This threshold for roughness runs fairly parallel to the

space sense (hreshold.

(f) Vibration Sense (Pallesthesia)

The touch points, when stimulated, yicld 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 the skin by means of a moist electrode used ordinarily in testing motion,
ak to cause pain, a

the interrupter swinging free and the current too we
strange sensation of vibration is, normally, distinetly felt.

The so-called sensation of vibration felt on ¢l|\];|\lllg a vibrating tun-
ing-fork to the skin over the bones, and deseribed by sers as a method
of testing the sensibility of the bones, may be, 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 of tactile
eive suecessive impulses of

sensation must be counted an inability to pe
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 sensc
of vibration ceases may be read off.
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5. The Sense of Pain and its Anomalies

(@) Pain Points

The pain sense is mediated by special pain nerves (v. Frey) at par-
ticular points known as pain points; these are much more numerous than
the toneh points in the skin and mucous membranes. The sense of pain
is best tested by means of a sharp needle; the patient should be 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, uppl\mg not alternately, but 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
heen devised, but they are wholly unnecessary for ordinary clinieal work.
Where the organs of pain sense have been injured, pain may yet be expe-
rienced on pinching a fold of the skin.  Stronger faradic currents may
also be used for testing the sensibility to pain, though, practically, one
rarely applies them. Sensations of pain are very inaccurately localized
even by normal persons.

(b) Anomalies of the Sense of Pain

The anomalies of the sense of pain may consist in loss (analgesia),
in diminution (hypalgesia) or in exaggeration (hyperalgesia). Prompt-
ness of response (reaction time) should be attended to, since in hypal-
gesias there is often delayed sensation.  The effect of summation of stim-
uli should also be noticed, by drawing a sharp needle lengthwise over an
analgesic or hypalgesie area.
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6. The Senses of Température and Their Anomalies

On the 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 temperatures are felt as
cold, and still lower as pain.

Thermal stimuli may, therefare, 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.

(@) Warm Points and Cold Points

Sensations of warmth are mediated by special nerves whose endings
in the skin are known as warm pditils. Sensations of cold are mediated
by entirely different nerves whode ehdings in the skin are more numerons
and are known as cold points. The sensations of pain resulting from
thermal stimuli applied to the skift 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
due to simultaneous stimulation of temperature sense nerves and pain
nerves.

In testing the temperature sehsgs, 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 distanco
(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 eold. 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 simultaneotigly test tubes containing water of the
same temperature and to ask the patient whether the sensations experienced
on the two sides are 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 (DBlix,
Goldscheider, v. Frey).
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(b) Anomalies of the Temperature Senses

When the organs of temperature sense are abnormal, the sense of
warmth and the sense of cold usnally suffer together, thongh in rare
instances the warmth nerves may be involved independently of the cold
nerves,  Loss of Doth senses is known as thermanesthesia, diminution as
thermoliypesthesin and exaggeration as thermohyperesthesia. Tt is to
be remembered 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.

Suljective feelings of heat and eold (ardor and algor) may be due to
a sudden vasomotor disturhance with rapid change in the temperature of
the skin leading to stimulation of the temperature nerve endings, or they
may be paresthetie disturbances in the domain of the temperature sense.

Thermanesthesia is often associated with analgesia in elective disturl-
ance of eutaneous 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, Sensalions of
Muscular Conlractions, 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 mesoblastie tissues (fasciae, tendons, muscles, joint-
surfaces, periostenm, ete.) are of the greatest importance, since they are
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-
librinm ; in judgments of weight and of required strength they may play
an important part, and, along with the tactile sense, they are the prineipal
constituents of our stereognostic 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, museles, periostenm 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 econtraction (Il 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 museles, fasciae and tendons, and, in addition,
(2) with the sensation of motor innervation, probably originating in the
psychomotor centers of the eerebral cortex and not in the periphery. The
same complex of sensations is in all probability Mivolved in our judgment
of weights, and of resistance to passive movement.

(a) Testing the Sense of Muscular Contraction

In order to prevent complication with cutancous 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 eurrent necessary for the minimum
cathodal closure contraction of the muscle to he examined is next deter-
mined. The patient’s eyes are closed and he is asked to state whether he
notices a movement in the musele tested in addition to the painful sensa
tion of closing the current. He is told to distingnish 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 insnflicient to eause
contraction, and gradually increases the strength of the currents sent
into it; the patient is asked to indieate with his finger the muscle in which
the sensation of contraction appears.

(b) 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 deseribe 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 he
especially tested. We close 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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(¢) 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, deseribing 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, toe 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 scnse of motor inmervation, (See Tabetic Ataxia and Cortical
Ataxia).

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

Tere 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 emyploying 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 elinical 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 (¢. v.) of a considerable area of skin.  The periostenm is well
supplied, however, with pain nerves. As we know from surgical experi-
ence, this pain sense of the periostenm may be lost in certain diseases
(tabes, leprosy, syringomyelia, ete.).

(f) Testing Stereognostic Perception

Under this caption is designated the capacity of determining the form
and consistence of bodies applied to the skin, especially to the palm of
the hand. We usnally 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 euntaneous
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 pereeptions, and eombinations of
these with one another and with memories of previous experiences (tac-
tile, motor, optic, acoustic, etc.).
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We find out first whether the patient can recognize the ohject simply
laid upon his hand ; if it be not so recognized, he is then permitied 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 stercognostic sense is especially well developed in the hand and in
the mouth, owing largely to the delicate movements of the fingers 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, ete.).

In the use of the terms stereognosis and astereognosis, we must distin-
guish between (1) astercognosis due to lesions «f the sensory path to the
cortex and of the primary end-stations in the cortex itself, and (2) the
forms of astereognosis in which sensibility is catirely retained or only o
slightly involved that the loss of stereognostic power could not be due to
the anesthesia. This latter form is the so-called tactile agnosia (Wer
nicke’s Tastlihmung), which depends either upon loss of tactile memories,
or upon loss of memories associated with tactile memories (visual, olfac-

tory, gustatory, ete.).

(g) Anomalies of Deep Sensibility

Like the superficial senses the deep sensibility may be lost (bathyan-
esthesie), 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 fmportant
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
portions of the centripetally conducting neuron systems are, therefore, im
portant factors in the origin of hypotony and of ataxia.

lixaggeration of the centripetal impulses here under diseussion 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 exuggeration
of centripetal impulses, marked hypertony appears (Kernig's sign).
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8. The Visceral Sensations and Their Anomalies

(Centripetally Conducting Neurons of the Autonomic Systems)

In examining the functions of the gfferent neuron systems we should
not lose sight of the antonomic groups,

The autonomic nervons system (Lapgley), formerly often referred
to as the vegetative or visceral nervoys system, consists of three main
parts: (1) a mesencephalic part, (2) a bulbar part, and (3) a spinal or
medullary part. The mesencephalie and bulbar parts include the por-
tions of the N. oculomotorius, facialis, intermedins, glossopharyngens
and vagus that have to do with innervating structures not under the
domain of the will (intrinsic museles of the eye, the smooth muscles of
the respiratory, cirenlatory and digesfive systems, the salivary glands,
sweat glands, lacrimal glands, ete.).

The spinal or medullary antonomie system includes the sympathetic
nervons system proper, derived from the cervieal, thoracie and lumbar
portions of the cord, and the sacral aytonomie system (domain of the N,
erigens).

This autonomic nervons system eantains both afferent and efferent
nenron systems, The latter—probably by far the more important—uwill
be dealt with further on. Ilere wo have to consider only the afferent
gronps.  These afferent antonomic nepron systems mediate visceral sensa-
tions due to the centripetal impulses of visceral origin (respiratory, cir-
culatory, digestive, sexual), and also the subeonscions or infraconscions
centripetal impulses concerned in respiratory, vasomotor, seerctory and
digestive reflexes.  This is a domain as yet very insufficiently inves-
tigated.  In how far sensations of hunger and thirst, for instance, and
the libido sexualis depend upon afferent impulses originating in the
peripheral organs, and in how far wpon chemical stimulation of nerve
centers, has yet to be worked out.  Neuralgic pains localized in the viscera
probably pertain to this antonomic system. Very interesting in this con-
nection is the conception of Iead regarding the pains (so-called referred
pains) and hyperesthesias in cutangous areas due to visceral discase.
Thongh the mechanism has not yet peen fully worked out, I am of the
opinion that the terminals or collatergls from afferent autonomic nenron
systems end in arborizations upon the eell bodies of the peripheral sensory
neurons in the spinal ganglia and influence the activities of the general
peripheral sensory neurons. This influence is normally, as far as we
kunow, so slight that we do not consciously recognize it, but in disease
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there may be 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 «lN-m-

The afferent limbs of vasomotor and secretory reflex ares deserve
especial study, though relatively little work has as yet heen done upon
them. Notable, however, are the investigations upon the |nn~~~0r and
depressor nerves, branches of the N. vagus. Stimulation of the N. de-
sor canses a fall in blood pressure, probably through inhibition of the
vasoconstrictor center in the medulla and dilatation of the blood vessels
in the splanclmie area. A sudden increase of pressure in the aorta stimn-
lates this N. depressor, obviously an important regulatory mechanism to
ts have worked out

ruard the heart and arteries. The physiologis
certain pressor reflexes leading to inerease of blood pressure, as well as

the depressor reflexes above mentiond.

Clinical methods of testing these vasomotor reflexes have not yet been
adequately elaborated and the same is true of the seeretory 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

(@) The Four Taste Modalities

There are four fundamental taste qualities—sweet, salt, bitter, and
sour—mediated by special nerve endings in the tongue, and, probably,
by special varieties of taste nerves.
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ier-
of (b) Tests for the Senses of Taste
_]"h As stimuli, one uses substances in weak solution—sugar, common salt,
the quinin, tartaric or hydrochlorie acid. It is well to have a chart divided
into four squares (Fig. 525), each square marked
Ve X ! with one of the four sense qualities, so that the
i £, - patient may point to one of these squares when he
wd T | experiences a sensation of taste without taking
de- Bitter. Sour. the tongue back into the mouth during the ex-
the amination,
scls Fig. Chart 6o tis Hotted One asks the patient to protrude the tongne as
nu- at by the Patient When the far as possible, gives him instructions how to
| to I(.rt:::jmll:; ::'I'I'_"l'l'l'm:; l:'l::"’ respond, and then applies on the end of a glass
out ull, rod a small drop of solution, using a separate
as glass rod for each fluid employed,
Each half of the tongue should be tested separately, and in each half
““"; the qualities recognized by the anterior two-thirds (N. lingualis) should
ane
Lets, Aditus ad laryngem Sinus piriformis
Vallecula [ Epiglotils
i linguae \ Plicac glosso.
ce of Radix
o linguae { 08 / Tonsilla palatina
® Folliculi hnguales
ippi Foramen caccum

Sulcus terminalis

1911,

Papillae
circumvallatae

b, d.

| von
t auf
*hir.,

Apex linguae

Fig.

526, —Distribntion of the Nerves of Taste and Common Sensation in the
ireen=N, glos haryngeus 3 Blue=N, vagus (N. laryng-su] Yellow=N, trigeminus
ter Corning in O. Veraguth, “Die klin. Untersuch, Nervenkranker,”
Bergmann, Wieshaden. )

Tongue,

N. lingualis).
published by J.

and
Wbly, . )
Le noted as well as those recognized by the posterior third (N. glosso-
pharyngeus), owing to the different nerve supply of these two parts,
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The patient should be ignorant of the order of application of the test
fluids, but it is well to apply the acid last, since it dulls the sensibility of
all the organs of taste. Where difficulty is experienced in getting definite
answers from the patient, and more 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 celinical work.

(¢) Anomalies of the Senses of Taste

As with the other senses, there may be an exaggeration, diminution
or loss of funetion (hypergeusia, hypogeusia and ageusia). Oceasionally
there are perversions of taste (parageusia).

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

One places narrow-necked vials containing various odoriferons 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. Tt
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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
diseriminate among odors. Quantitative tests by Zwaardemaker's maga-
zine-cylinder olfactometer are refinements that can scarcely as yet be
clinically valued. Solutions of guaiacol (0.1 per cent), of ethyl bisul-
phid (0.01 per cent), of nitrobenzol (5 per cent) and of skatol (0.1 per
cent ), dissolved in liquid paraftin, are employed by Zwaardemaker,

(b) Anomalies of Olfactory Sense

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

In testing the senses of both taste and smell, it should be remembered
that the mucous membranes earrying these sense organs are also supplied
by nerves of touch, pain and temperature.  Ammonia and formalin, for
example, irritate the pain nerves of the nose (N. trigeminus). The so-
called “tastes” of foods and drinks (aside from the qualities sweet, salt,
bitter and sour) are 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 be roughly tested by the ordinary voice of
conversation, or by ascertaining the distance from the ear at which the
tick of a watch may be heard. When deafness exists, the external ear
should be examined to make sure that it is not due to a plug of wax, and
the condition of the middle ear should be tested (ear drum, ossicles, Eus-
tachian tube).

(a) Auditory Acuity

In more exact tests of the hearing capacity, one studies the grade of
any disturbance present and tries to locate the seat of the disease. The
distanee at which the whispered voice can be heard is tested. Words
like “measure,” “say,” “sex” ean be 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 6 meters, auditory acuity is certainly
impaired,  Each ear should be tested separately, and the patient shounld
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.

(b) Tone Perception

In special eases it may be desirable to test tone perception. Otiatrists
use the Bezold-Edelmann “continuous tone series,” but one ean get along
very well by using six forks—C, ¢, ¢!, ¢% ¢* and ¢* (Hartmann). Gal-
ton’s whistle is useful for testing perception of the highest tones, Urbant-
schitseh’s “harmonika” and Schultze’s “monochord™” are convenient in-
struments for tone testing.  This testing of upper and lower tone limits
is nseful in distinguishing deafness due to middle ear disease from deaf-
ness due to lahyrinthine 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 be 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 fones necessary for ordinary speech (b to g*) can be
distinguished by the patient.

(¢) Rinne’s Test

Tt is necessary also to make Rinne’s test. The handle of a vibrating
fork is placed upon the mastoid process behind the ear 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 ear,
where, normally, it can still be heard for several seconds (air-conduction).
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When the perception is, as normally, longer for air-conduetion than for
bone-conduction, the test is said to be positive (Rinne -+); when the
opposite is the ease it is said to be negative (Rinne — ). For this purposc
one uses the fork (. Other tests, like those of Weber, Schwabach and
Gellé, are of little importance in general medicine, though of interest to
the otiatric specialist. A negative Rinne point: to middle ear discase.

(d) Tuning-fork Tests of Barany

The car of the patient and that of the examiner are connected hy 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-conduetion it is placed on the patient’s mastoid process. 1f the
fork be placed on the ear-cartilage of the patient, the results should he
the same as when placed on the rubber tube.

If the examiner’s hearing and the patient’s be normal, the sounds
shoald be heard in each instance equally long, or perhaps a trifle longer
by the patient.  If the patient be deaf, the method permits of a differ-
entiation between middle-ear disease and labyrinthine discase.  In widdle-
car discase, air-conduetion and cartilege-conduetion are shortened for the
patient, while hone-conduction is not shortened.  If hone-conduetion is
shortened for the patient, that is, if the examiner can hear the tone
longer, the labyrinth or cochlear nerve is diseased.  In pure discase of

the internal ear, both eartilage-conduetion and bone-conduetion arve short-
ened for the patient; if there be disease of both the middle ear and the
internal ear, then the cartilage-conduetion is shovtened wore than the hone-
conduetion.  Thus the slightest participation of the internal car becomes
recognizable by Biriny’s method.

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

If one’s hearing be normal, he may close both ears air-tight and still
lear the ordinary conversational voice at a distance of several meters, and
can hear the whispered voice close to the ear.  Now if one hear normally
in one ear, and be totally deaf in the other ear, the latter cannot be deter-
mined hy ordinary methods sinee, even with the healthy ear closed air-
tight, the conversational voice can be heard at least a meter away, and
even a whisper close to the deaf ear may still be heard.  Even the tests
hy the Lucae-Dennert method, and by the Bezold method are unsatisfac-
tory.  But by means of Biriny's “noisc-apparatus” (Liarmapparal) en-
tire certainty regarding unilateral deafness can be arrived at within a few
seconds, By producing a sufficient noise, with this apparatus, in the
licalthy car, this ear can be excluded entirely and the discased ear can




150 DISEASES OF THE NERVOUS SYSTEM

then be tested by itself for its auditory acuity. Voss excludes the healthy
ear by blowing compressed air into it.

(f) Galvanic Test for Cochlear Nerve (Volta-Brenner,

If the cathode be placed in the external anditory canal and the anode
in the hand of the patient, normally, as the current is strengthened, a
sound is heard in the ear, first on cathodal closure of the current; on
eathodal opening no sound is heard. 1f the anode be placed in the ear,
a feeble sound is heard first on anodal opening, none on anodal closure.

In middle ear 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 ear 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) Test for Simulated Deafness (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, be held before the two ears of a person with normal hearing,
the louder fork only will be heard. Let us snppose 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 ear; this the claimant hears.
We next place the other fork, set strongly vibrating before the left ear
(at the same distance), without removing the fork on the right. If the
patient is veally 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 ear, 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) Anomalies of Sense of Hearing

More general anomalies of the sense of hearing are ineluded under the
terms hyperacousia, hypacousia and anacousia. The so-called hyperes-
thesia acoustica does 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 (fune-
tional nenroses). Other anomalies have been referred to under the
several tests,
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12. The Sense of Sight and its Anomalies

The deseription of all the methods of examining the eyes belongs to
the special branch of ophthalmology. Certain fundamental tests, how-
ever, must be 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 due 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 sharpuess. 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) Foeal illumination of the cornea, anterior chamber, iris, pupil,
and crystalline lens,

(ii) Anteroposterior illumination of the eychall through the pupil.

(iii) Skiascopy or shadow test to determine the existence or non-
existence of myopia.

(iv). In the non-myopie, distinguish between the emmetropic and the
hyperopic eye.

After this preliminary study of the eye, we resort to ophthalmoscopy
(1) with inverted image (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 lamyp is focussed on the patient’s
eye. The surface of the cornea (curvature, smootlness) is first noted;
opacities (old or recent keratitis) are systematically songht 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 eyes.  The
examination is important if swelling of the lens, subluxation of the lens,
glancoma, or iridoeyelitis 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),
aud the form, width and reaction of the pupils examined.

A preceding iritis causing adhesions between the iris and the lens
(posterior synechiae) leaves a jagged pupillary margin: the irregularity
will be exaggerated by a mydriatic (euphthalmin 0.5 per cent, or, if
glaucoma be suspected, cocain 4 per cent). Sometimes an irvegular pupil
is due to partial paralysis (tabes, dementia paralytica), or, if oval, to
elancoma.

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! The internal administration of
certain drugs must also be kept in mind (morphin 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
visnal disturbance, having forgotten that 1 had prescribed, a few days
earlier, belladonna suppositories for painful hemorrhoids! If myd-
riaties or myotics ean 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 (e. g., adhesions,
atrophy of iris).

1f 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
autonomie innervation of the M. sphineter iridis).

The pupillary reactions (to light, to convergence) are next tested ; the
wmethods are described in the section dealing with the reflexes,

Finally, the condition of the lens is considered. 1f cataract exist, the
pupil is widened ; on focal lateral illumination radial gray stripes can be
seen in the cortex of the lens, or a more diffuse central or pericentral
opacity ean 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 image 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 of 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. 1le is asked to look at the examiner’s ear
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 varions
media (lens, vitreus) 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 vitreus.
cholesterin erystals, foreign hodies in the eye, or areas of detached retina
(gray-green reflex) will come into view.
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iii. 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 normalsightedness (emme-
tropia) exists.

The patient sits in the position deseribed for anteroposterior illumina-
tion, but a litlle more than a meter distant from the examiner, and looks
at a distant objeet, his accommodation-muscle having been previously put
at rest by a drop of cocain solution (4 per cent) or one or two drops of
homatropin solution (0.5 per cent),

Through the opening in a plane (not concave) ophthalmoscopic mirror,
one observes the red pupil, and, rotating the mirror, allows the light to
wander over the patient’s eye noting low the red light in the pupil
moves during the mirror-rotation. In the non-myopic eye the red light
(with the shadow following it) moves in the same dircction 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 myopie, the mirror is gradually brought
nearer to the patient’s eye, until the wandering of the red light in the
opposite direction becomes indistinet; 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 em. indi-
cates a myopia of 2 diopters.

iv. Distinction between Emmetropia and a Hyperopia

If, on skiascopy, the eye be found to be non-myopic, the distinction
between emmetropia and hyperopia is easily made.

The patient sits as in iii, but at a distance of 40-50 em. 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-
tinetly-contoured retinal vessels are visible in the illuminated pupil.
Myopia having been previously ruled out, if he now see these vessels dis-
tinetly, the patient’s eye is hyperopic; if, on the contrary, only indistinct
reddish striation is visible, the eye is emmetropie.
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(b) Ophthalmoscopy

This can be 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, either
the upright image or the inverted image may be nsed.

On using the upright image, the examiner’s eye (corrected) and non-
accommodating, held close to the non-accommodating eye of the patient,
will see 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 before 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 c¢m., the myopic eye-
ground at a shorter distance, the hyperopic at a greater. Now if the lens
itself be held at its focal distance (10 em.) from the eye under examina-
tion, then every diopter of myopia will correspond to 1 em. less, and every
diopter of hyperopia to 1 em. greater distance of this inverted image.

ii. Ophthalmoscopic Study of the Details of the Eye-grounds

Every medical student should, during his medical course, becomo
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 I'mage)

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 em. 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 image 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 myopie, this convex
glass will not help him. The examination is facilitated by the use of a
mydriatiec (euphthalmin, homatropin, cocain). If glaucoma be suspected,
great caution should be used in producing mydriasis.

(2) Direct Ophthalmoscopy (Upright Image)

This is somewhat difficult with the old-fashioned ophthalmoseope which
was not self-illuminating but is so easy with the modern electrie ophthal-
moscope, and can be so conveniently used on a patient lying in bed that
the 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. The electrie light is turned on by the
switch in the handle of the instrument, which is then brought close to
the patient’s eye, the 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
wake the details of the eye-ground clear.

(8) The Normal Eye-ground

The papilla N. optici is normally sharply circumseribed. its edges
lwing everywhere sharply marked off from the surrounding retina. It
is of a delicate rose-color, the temporal half being a little lighter in color
than the nasal half. The physiological excavation (or optic eup) looks
white; it varies in size and depth; it may be central or excentrie, but it
rarely involves the 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 dichotomously. 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 lutea into view, the patient looks direetly for-
ward into the ophthalmoscope. The region of the macula lutea 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 seat of patho-
logical change (vascularity, light or dark spots, cherry-red spot inside a
bluish-white area in amaurotic idiocy), it is easier to see than under
normal conditions.

The general retina peripheral to the papilla owes its red color to the
vaseularity 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 be visible with pale intervaseular spaces.
In darker people with more pigment, these intervascular spaces may
appear as gray areas, giving the eye-gronnd 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) Pathological Eye-grounds

Only the more important and easily recognizable alterations can be
referred to here.  For more details, special texts may be consulted.

1. Changes in the Papilla N. optici.

(1) Ovric Nevnrris (Neuritis oplica).—The disk looks grayish red
and opaque; its margins are indistinet; 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 be visible. The change may be unilateral or bi-
lateral.  When the dise is greatly swollen (2 diopters or more) and the
papilla inereased 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
(nenritic atrophy), the dise growing whiter, its margins remaining, how
ever, indistinet (distinetion from primary optic atrophy), the blood ves
sels remaining tortnous, 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 shov
a pallor, more marked on the temporal side, due to a slow retrograd
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ip- atrophy of the fibers of the optic nerve. This retrobulbar neuritis may
1op be acute (e. g., in rheumatic fever, in multiple sclerosis), or chronie (e. g.,
aite in toxic amblyopias due to tobacco, aleohol, wood aleohol, ete.,, and in
nd diabetes mellitus).
(2) Orric Arrorny (Atrophia N. optici).—The papilla loses its
T rose color and looks white, grayish-white, or greenish-white,
oid (a) Simple Atrophy (“Primary Optic Atrophy”) such as that
in scen in tabes and in dementia paralytica. The disk turns pale, but its
ho- margins remain distinet and sharp, and there are no marked changes
ea in the vessels. The pallor of the disk becomes visible as soon as the
der patient complains of the visual disturbance, thus differing from the
simple atrophy following “retrobulbar” neuritis in which the visual
the disturbance always exists for a considerable period before the pallor
or of the disk becomes noticeable.
in Following embolism or thrombosis of the central artery of the
ssel retina, after the acute signs have passed off, a simple optic atrophy
res. develops, but it is characterized by the accompanying extreme con-
nay traction of the vessels.
ap- (b) Neuritic Atrophy (“Secondary” Optic Atrophy).—This
ical follows optic neuritis, and has been deseribed above in connection
dis- therewith,

(¢) Optic Atrophy in Retinal Disease.—Tn degenerative proe-
esses involving the retina diffusely (e. g., chorioretinitis, retinitis
pigmentosa) the papilla turns yellowish-white and opaque; the blood-

I be vessels are narrowed ; the retinal degeneration is obvious.

(d) Glaucomatous Optic Atrophy.—In chronic glancoma, ow-
ing to the long continued high intra-ocular pressure, “glancomatons
excavation” oceurs, involving not only the whole dise but also some

red of the retina peripheral to the disk. The abrupt bending of the
the blood vessels at the edge of the papilla is a striking feature.

rin

vish- II. Changes in the Retina.

r bi- (1) Acvre Rerisrris or Nevrorerinrris,—The retina looks turbid,
'l"; and shows hemorrhages and grayish-white or white spots or stripes.

:il,l], (a) Retinilis albuminurica.—White spots in the retina; in the
»phy region of the macula, stellate white lines (“splash™), usually assoei-

how ated with retinal hemorrhages and turbidity of the papilla, appear.
ves (b) Retinitis diabetica.—Irregular white spotting and stippling

wja with hemorrhages but without the macular “splash” and without

papillary turbidity.

ear (e¢) Retinitis anemica.—Extensive hemorrhages, small arteries,

show tortuous veins of lighter color than normal, opacity of papilla. White
rad gpots 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, ete.

(d) Retinitis leukemica—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).

(e) Retinitis septica.—Round white spots and hemorrhages near
the papilla, the latter looking normal or only slightly hyperemic,

(2) Curonic Reriniris aANp ReTiNAL ATROPHY.

(a) Retinal Atrophy after Luetic Chorioretinilis, ete.—Narrow-
ing of retinal blood vessels; degeneration of papilla; black pigment
deposits.

(b) Retinilis pigmentosa.—Changes similar to @ may occur, in-
dependent of preceding inflammation ; often hereditary.

(¢) Amaurotic Family Idiocy (Sachs).—In macular region, a
cherry-red spot, surrounded by a bluish-white area ; optic atrophy.

(3) Deracnep Rerina—This is best seen by throwing the light
directly into the eye (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 or Rerina (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 are disseminated
choroiditis and miliary tuberculosis.

(1) Cuoromiris pisseMiNaTA.—If acute, one sees vaguely delim-
ited gray or grayish-yellow round spots, often erossed by retinal blood
vessels. As these grow older, they become atrophic, the sclera shows
through, and whitisk areas, sharply delimited, with pigment at their bor-
ders or within them, appear. Retinal vessels and papilla unaltered.

(2) Miuiary Tusrrcurosis.—Changes like those of choroiditis dis-
seminata in the acute stage.

(3) Srarnyroma rosticum or Conus-Formarion 1¥ Myoria.—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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(¢) 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 nenrons of the optic conduction
path from the retina to the cortex must not be 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
lLim to deseribe 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 as 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 series 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 (visus) 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

d
letter: V =—.
D
If the eye examined shows, without lenses, a normal or supra-normal
visual acuity for the test types at a distance (2~0 or more) it is either

emmetropic or hypermetropic (self-corrected by contraction of the
accommodative muscle). If it be hypermetropie, it will still retain its
best vision with econvex lenses (reluxation of aceommodation), The
strongest convex lens with which the best vision is retained gives the de-
gree of hyperopia existing.

If the eye does 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; (3) simulation ; or (4) combinations of the foregoing.

Hypermetropias 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 astigmalic anomalies by
Ienses that eorrect 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 be complete blindness (amaurosis). 1t shonld never he forgot
ten that diseases of the visnal paths may coexist with refractive anomalies

Sudden blindness of one eye may be due to embolism or thrombosis,
occasionally to spasm, of the central artery of the retina.  Other causes
of sudden disturbances of vision include (1) vaseular lesions of the cere
brum, (2) retinal detachment, and (3) choked dise. Fairly sudden vis
ual injury may follow (1) aente glancoma, (2) hemorrhages into th
vitrens, or (3) acute retrobulbar neuritis,

The determination of accommodative power (testing for near vision
will be deseribed under the testing of the M. sphineter iridis and M
ciliaris (see Efferent Autonomic Neuron Systems), where the differcn!
forms of asthenopia are taken up.
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ii. Tests for Color Vision (Determinination of the Type of Central Vision)

Normal vision is trichromalic, or, better, polychromatic; the person
cann 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 differs from the normal
in that (a) one or more color-qualities are 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), he
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 are (1) rose (bluish-red), (2) gray, (3)
bluish-green.  To the ordinary patient, suffering from partial eolor-blind-
ness, red, orange, yellow and yellowish-green ave all séen, when equally
illuminated, as shades of yellow, while violet, indigo, blue are 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, we speak of
the so-called green-blind people or deuteronopes.

The totally color-blind, or achromates of Kirschmann, confuse all
colors, as they can recognize only differences ia brightness, all lights
vielding sensations of gray in varying intensity.  For them, the spectrum
is colorless and considerably shortened toward the red end, the brightest
spot in the speetrum lying where normal people see the blnish-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 (h) Stilling’s pseudo-isochromatic charts,

Holmgren's Colored Wools.—A large collection of different col-
ored wools are placed before the patient. The examiner selects a rose-
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 be told that mistakes consist either in
placing wools of the wrong color with the sample or of leaving wools of the
game 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
sumples, 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 be wholly unable to recog-
nize any difference between the color inserted and thie 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 be of a dark color. Ask the patient to look
directly into the eye of the examiner opposite him, 40 em. distant, Now
bring the test-object midway between examiner and patient, when the
examiner’s visual field may be used as a congrol for that of the patient. 1f
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, are 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 he 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 be concentrated on the test and the
test-object (1 em. 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-
gion of color and to name the color. e may see a light spot before he
sees a color, but should wait until a definite color-impression that he
can name is perceived before he responds.

The colors should be changed frequently. No attempt should he
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 scofomata) 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, but on some marked
eccentrie 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
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Pig. 527.—Visual Fields as Outlined on Perimetrie Chart, The Normal Flelds for Color
Vision Are Also Shown, .

results are charted at once in the blank schemata devised for the purpose.
Deviations from the normal are thus at once recognized.

In testing colors, blue, red and green will usually be sufficient. 1t is
to be 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 be seen (dichromatic). In the middle portions all colors
become visible (trichromatic or polychromatic). Red can usually be seen
in a larger visual field than green with the test-object ordinarily used
(ef. Fig. 527), though, if a green that is complementary for red be em-
ployed, the fields for red and green are approximately co-extensive,

Defects Encountered.—Great care should be taken in valuing peri-
metric examinations, Patients of low intelligence, or those that have
diffieulty in concentrating the attention, or who become quickly fatigued,
may yield very different results on different occasions, Defect of one-
half of a visual field is known as hemianopsia. This may be unilateral,
but is usually bilateral. When the two right halves or the two left halves
of the field are lost, 4. e., if the nasal half on one side and the temporal
half of the visual field on the other are simultaneously involved, we speak
of bilateral homonymous hemianopsia (hemianopsia homonyma), but if
the right half of the visual field be affected on the one side and the left
half on the other (either the two nasal halves or the two temporal halves
simultancously) we speak of heteronomous hemianopsia (hemianopsia
heteronyma). 1f both temporal fields be affected (as in chiasm lesions),
it is a bitemporal hemianopsia.  Binasal hemianopsia is exceedingly rare.
Of course, bilateral hemianopsia depends upon bilateral retinal hemi-
blindness or hemiopia; 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 be present but dim, we speak of
hemi-amblyopia.

In total hemi-anopsia the line separating the blind from the non-blind
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. 1f this surplus field be so large that
only a quadrant of the total field is invisible we speak of a quadrantic
hemianopsia.  Smaller defects in the field are called scolomala ; normally
there is a scotoma, corresponding to the blind spot of the eye (optie 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 aleoholism, and
it is then spoken of as a relative scotoma, but if no light at all be perceived,
as in some cases of diabetes or of multiple sclerosis, it is an absolule
scoloma.

3y concentric contraction of the visual fields 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 due 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
be 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 eceentric temporal
area may be long retained, the so-called glaucomatous visual-field slit.

A so-called ring-scoloma 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 are all immobile positive scotomata; the
movable shadows due to opacities in the vitreus are called mobile positive
scotomata, The opacities may be visible with the ophthalmoscope; in
neurasthenia and in myopia certain muscae volitantes in the form of
threads, floceuli or chains may be complained of when the vitreus is nor-
mal (myodesopsia). In migraine, an attack may be ushered in by the
so-called fortification scoloma—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-
ster’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 see in dim light, or only after long adaptation,
le 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
oceur, 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) Twue DousLe Imace Test (Graefe).—Cover the eye said to he
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 canses monocu-
lar diplopia. Next, surreptitionsly 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) Tue Reapixa Tesr.—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 be 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, we 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-cireular duets.

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 elinieal 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.

(@) Clinical Testing of the Functions of the Vestibular Apparatus

During the past decade, thanks especially to the researches of R.
Biriny, 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,
I have drawn largely upon the several publications of Biriny, and espe-
cially upon the account given by him in Lewandowsky’s Ilandbuch.

A thorough testing of the vestibular apparatus requires (according to
Diriny) the examination of the following:

1. 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 head).

IIT. Caloric nystagmus.

IV. Nystagmus on rotation of the body.

V. Galvanie nystagmus.

VI. Nystagmus, or vestibular eye-movements, caused by increasing
or reducing the pressure of the air in the external auditory
canal.

VIL 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.

VIIL Tests for vestibular reaction-movements in the extremities.
(Pointing with eyes closed to objects previously seen or
touched.)

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.
XTI. Examination for optic nystagmus,

IX

These methods will be considered seriatim but, of necessity, in great
brevity. They are too important to be omitted; those desiring a more
detailed account should consult the original publications of Biriny.

i. 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 (supranueclear) in origin.  Cus-
tom has established that the direction of the nystagmus shall be 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 i«
named after the direction of the quick movement of the upper end of th
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 60" per cent of normal persons show a minimal
horizontal and rotary nystagmus, which is, elinically, 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 be 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 due 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 spontancous nystagmus has
an intracranial origin,

But a nystagmus of intracranial origin may also be both horizontal
and rotary; the form alone is, therefore, not decisive, and one must be
guided by functional tests and by longer observation of the nystagmus, If,
for example, the nystagmus be 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 unexcitable,
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 intervals occur, it may be either 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 be 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 either 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.

iil. Nystagmus Caused by Quick Movements of the Head
If the head of a normal person be bent quickly back, to one side, or
forward, or if it be rotated to right or left, nystagmus oceurs during the
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movement, but . the end of the movement the eyes remain at rest (aside
from the “opposite rotation” to be deseribed under Caption x).

In partial injuries of the vestibule or of the N. vestibuli, definite
attacks of nystagmus are 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 ocenrring, 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 ear (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 ear drum be perforated, though if the
perforation be dry, air may be blown in instead of irrigating with water.
The external auditory canal should be cleansed before making the test.
A temperature of 25°-30° C. is best for the cool test, and one of 45°-
48° (. for the warm irrigation.

The eyes should be watched closely, so that the irrigation may be
stopped the moment distinet nystagmus begins ; in this way violent vertigo,
nausea and vomiting ean be avoided.

If a patient be unconscions, 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 ear will lessen or stop the nystagmus to the right
and intensify the nystagmus to the left.

If one labyrinth be destroyed (suppuration, hemorrhage, Ines), or if
the N. vestibuli be injured (neuritis, compression) cold irrigation of the
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 calorie reaction is harder to judge of than
an absence of reaction. Efforts are being made to work out graphic
methods of registration that will permit of quantitative judgments, Less
ened reaction oceurs 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 simultancously. If
the body be turned to the right in a rotating chair, evenly, about 10 turns
in 20 seconds, and then be suddenly stopped, a horizontal nystagmus to
the left will appear and will last about 42 seconds,

Clinically this test need be but little used, though it is helpful in
detecting simulation in cases of trauma followed by alleged vertigo

(Birdny).

v. Galvanic Nystagmus
One electrode is placed in front of the tragus or in the external andi-

tory canal of the ear to be examined, the other at an indifferent site (fore-
arm, neck, chest, forehead).

If the cathode be in the right ear, closure of the cirenit elicits rotary
nystagmus toward the right; if the anode be in the same ear, the rotary
nystagmus is toward the left.

Destruction of the labyrinth does not abolish galvanic nystagmus;
lesion of the N. vestibuli does abolish or diminish it.

vi. Effects of Compression or Rarefaction of Air in the External Auditory Canal

In normal persons, nystagmus or vestibular eve-movements eannot
be elicited in this way. Otitis media alone is also negative. 1f a lahy-
rinthine fistula complicate a suppurative otitis media, marked nystagimus
may oceur.

Minimal vestibular eye-movements with vertigo may occur with this
test in rare cases of non-suppurative labyrinthine disease, in labyrinthine
!ues 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 be a horizontal nystagmus to the right (with slow
movements toward the left), the reaction-movement will be in the horizon-
tal plane toward the left—he will rotate to the left.  In vertical downward
uystagmus, the reaction-movement will be in the sagittal plane and back-
wards—he will fall backward. If there be rotary nystagmus to the right,
be will fall to the left.

Change in the position of the head alters the direction of falling.
"Thus, if there be rotary nystagmus toward the right and the head of the
putient be rotated 90° to the left, he will fall forward; rotate the head
107 to the right and he will fall backwards. As Biriny says, it is as
though the direction of the fall “had grown fast to the head.”
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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 difficult series.
A good routine is to begin by testing for a spontancous Romberg (¢. 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 calorie nystagmus upon the equilibratory disturbance,

Vestibular disturbances of equilibrium oceur spontancously 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 nuclens and the vestibulo-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 nuclens of the roof.

Patients with pure cerebellar disease may fall much as do patients
with vestibular irritation. But, in them, the direction of the fall is inde-
pendent of nystagmus and of the position of the head (Biriny).

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 the right by the ealoric method of Birdny,
and ask the patient to hold the arm outstretched and quiet, it will Le
observed that the arm deviates slowly and continuously to the left, the
patient, as a rule, being unconscious of the deviation.

Still more striking, in some cases, than this arm-deviation is a modi-
fication of Griife’s “touch test,” the “pointing error,” elicited as follows
(Biriny) :

Testing the Shoulder Joint by “Pointing Error” Test.—The pu
tient, with eyes closed, sits in front of the examiner, whose 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. Tf the patient
has a nystagmus to the right his arm will move out to the left and instead
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of going direetly up to the examiner’s finger will pass it on the left
(“pointing error”).

Biriny 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 he 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 be 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.—The patient supports his elbow upon the arm of a chair, or, if in
bed, upon a pillow, and performs the movements with his wrist held
straight.

Similarly the hip and knee can be tested, sitting or lying, but the
vestibular reaction-movements are less striking in the lower extremity
than in the upper.

Testing the Wrist Joint by the “Pointing Error” Test.—The patient’s
forearm lies over the back of a chair and is held firmly there by the
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
be produced, and no voluntary movements be made at the wrist, the
arm hanging over the chair back with all the muscles completely relaxed,
not the slightest movement will be observable.  This proves that the ap-
pearance of the reaction-movements (in man) is indissolubly associated
with voluntary innervations of the museles concerned.

The pointing error to the left in horizontal nystagmus to the right
oceurs no matter whether the forearm is prone or supinated on the back
of the chair. This is an important observation, since the voluntary in-
nervation of the arm-muscles during the movements is entirely different in
the two instances, It is obvious, therefore, that the innervations proceed-
ing from the cerebral cortex determine to what musecles the vestibular
impulses shall be sent. (to the radial muscles in the one case, to the ulnar
in the other). This determination, Biriny believes, takes place in the
cortex of the cerebellum. Probably the collaterals given off from the
pyramidal tracts in the pons go to the nuclei pontis, whence the imppulses
pass throngh the middle peduncle into the cerebellum to the opposite cere-
bellar hemisphere to reach the Purkinje cells.  These Purkinje cells are
also surronnded by terminals and eollaterals from vestibular fibers.  The
path from the cortex of the cerebellar hemispheres to the spinal cord is by
way of the brachinm conjunetivum to the red nuclens of the opposite side
and thence by the rubrospinal path of von Monakow to the cord. It

cems not nnlikely that the anterior-horn eells concerned in a given move
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ment are doubly innervated, first by fibers of the pyramidal tract, and,
secondly, by the rubrospinal path carrying cerebro-cerebello-vestibular im-
pulses!

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 nystaginus, provided the head
be moved into a partieular position. Thus if the head be bent down to
the right shoulder and then be rotated to the left and so held, a vertical
nystagmus upwards appears. A pointing error to the left will now oceur.
Though as regards the head the nystagmus is a vertical one, still, in
space, it is a nystagmus to the right. Thus, if, during the existence of
a nystagmus, the position of the head be changed, the direction of the
pointing error will also be changed. As Diriny puts it, the poinling
error is a function of two variables; one is the vestibular stimulus, the
other the head-position stimulus. The two factors fuse in the cercbellar
cortex.

An analysis of lesions of the cerebellar cortex indicates that the
muscles are represented in the cerebellar cortex according to the joints
they move and the movement-directions.  Fach movement-direction for a
joint is represented only once, but each joint and cach muscle is repre-
sented at least four times in one cerebellar hemisphere.  Each hemisphere
is connecled with the extremilies of the same side.

According to Biriny the center for moving the upper extremity
medialward lies on the under surface of the cerebellum at its junction
with the lateral surface,

For the details of localizing cercbellar and other lesions by means of
the pointing error and other vestibular tests the original articles of Dir
ény should be consulted.

ix. Anamnestic Vestibular Data

Rotary vertigo is the term used to designate the movement-sensations
that accompany vestibular irritation. This rotary vertigo may assume
cither one of two forms: (a) sham-rotation of external objects, (b) sham
rotation of the patient’s body. In both cases the sham-rotation, as a rule,
is in the direction of the quick movement of the nystagmus, though not
always.

Common concomitants are (1) darkening of the visual fields and color
sensations, (2) nausea or vomiting, (3) sweating, (1) pallor, (5) palp
tation, (6) diffienlty 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 cerehell:
disease or to disease of the pons or midbrain seem to be unusually toler:
of their vertigo. 1In local disease of the labyrinth, lessened sensibility |
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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.

Biiriny distinguishes two varieties of vertiginons attacks: (a) that
with the brief nystagmus-attacks on quick movements of the head (rvide
supra) and () attacks lasting longer—sometimes for 24 hours—without
apparent eause and usually accompanied by nausea or vomiting. In the
latter, the 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 the eves in a direction
opposite to the movement of the
Gegenrollung of the eyes (I

wad, on lateral flexion of the latter. This
sdiny) ean be exactly measured by A,
Schwarz’s apparatus, but the use of the latter will doubtless be confined to
specialists on the ear,

The method deteets rolling movements invisible to the naked eye, but
which may be associated with severe vertigo.  Patients thought to he simu-
lants may, with this apparatus, be found to have definite vestibular lesions.

xi. Examination of the Vestibular Eye-reflexes in Cases with Eye-muscle
Paralysis or Conjugate Deviation

It must be determined whether the eve-muscle paralysis is due to a
lower motor neuron lesion or not ; 4. e., whether the paralysis is due, on the
one hand, to a lesion of the nueleus of origin or of the peripheral nerve,
or, on the other, to a supranuclear lesion.  In the former case vestibular
stimulation will elicit no inerease of movement in the paralyzed muscle,
though in the other non-paralyzed eye-muscles vestibular nystagmus may
be normally elicitable,

In conjugate deviation, due to lesion of the center, therefore, situnated
higher up than the eye-musele nuclei, vestibular stimulation yields most
interesting results of importance for diagnosis (Bielschowsky and
Steinert, Birdny).

According to Birdny, one investigates the condition as follows: (a)
Does spontaneous nystagmus exist ¢ (h) On vestibular stimulation, does
4 nystagmus, associated equally with the two eyes, appear? (c¢) Is the
qiick movement of the vestibular nystagmus as quick as normal, or is it
slowed?  (d) In which direction can nystagmus be experimentally elie-
ited, and in which not?  (e) Does a deviation of the eyes appear in place
of a nystagmus 2 (f) Can the eves be voluntarily moved out of the posi-
tion of eonjugate deviation? (g) On doing this, does nystagmus appear ?

') During the vestibular stimulation, do both eyes show, or does only




178 DISEASES OF THE NERVOUS SYSTEM

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 inerease? (i) During the vestibular stimulation, do

Fig. 628.—Diagram of Horizontal Nystagmus to the Left Released by the Left Semi-
circular Canals, a,a’= Deiters’ Nucleus, Left and Right; b, b’ = Nuclens VI, Left and
Right; ¢, ¢ = Nucleus 111, Left and Right; d, d’ = Left and Right Eye; e, ¢ = Rectus
Ext., Left and Right; f, ' = Rectus Int,, Left and Right; g Center for Looking to the
Left; h = Left Vestib, Nerve; 1= Vestibular Path (———=), Crossing to Contralateral
V1 Nucleus; k= Vestibular Path (———=), Crossing to Contralateral IV Nucleus;
1 = 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 11 Nucleus; q = Supranuclear 'aths (—
from Left Visual Center to Homolateral VI Nucleus ; == Bllateral Lesions at r, Abolishing
the Voluntary Eye-movements, Leaving Vestibular Ny Intact (Psendo-ophthals
moplegia of Wernicke) ; 8 = Bilateral l.«nlunu at 8, Abolishing Voluntary K, )u--mu\-uu nis
and the Quick M of Vi Leaving the Slow Vestibular Move-
ments Intact (Supranuclear (bphllmlnmph-glx of Biarfiny). (After R. Bariny, “Handb, 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 sume stimulus, and how great is this?

xii. Examination for Optic Nystagmus

Optic nystagmus can be elicited by rotation of a roll marked with
black and white stripes in front of the eyes of the patient. Optic nystac-
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.

Biiriny suggests the interest of a study of optic nystagmus in the eye
muscle paralyses of supranuclear and of cortical origin.
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(b) Table of Vestibular Syndromes
(Compiled by the author from R. Bdrdny’s writings)
1 L R. lbsrinth umcdmun Tumor of Vi
e Circumseribed s v jon v
" Normal destroyes, or 7. 3 Vi pontile angle on . Vit R. labyrinth normal;
and Tets sestibular domenl x| eravenibui, | Simef i | (st Bt || S 20 VI bt cerebellar absces, o
- apparatus s/l totally paralyzed; :Iln g and cerebellar abscess Type b cerebellar tumor
N two days after - on right) on right side
injury Type a
Rot. + horiz. N.| N. to the L less Rot. + boriz. N. to r.;| Rot. + boriz. N.to L. Rot. + horiz. N. to r.
to the L: very|(N. to the r. oftenfrot ,|marked. both sides of
marksd on looking|well m:rkah De-} E
in every direction, [crease morel
mpld 'llh than|
horiz. .\', to the 1|
jon maximal devia-| the labyrinth.
tion to the L.
2. Spontan. N.| Absent. Variable. Horiz. N. to the 1| Horiz. N. to the| Negative. Horiz. N.tor. Horiz. N. to L. Variable.
behind the q:-qtut L. (even when none|
spectacles on look- present spec-
ing straight forward. tacles off).
3. Attacks of N.| Abeent; slight at-| On inclining bead| Increase of spon-| Negative. Negative. Increase of spontan. N. Asin VL Frequent.
on quick movementsitacks occur in to-[to r., usually rot. N.jtan. N.
of the bead. smokers. to r.
On inclining head
to 1. and forward,
frot. Ntol.
On inclining head
lforward, rarely ver-
tical N. downward.
On inclining head
[back, rarely vertical
boriz.| (a,5) Normalre-| Right ear, mesa-| Right ear, nega-| Right ear, nega-| Right ear, negative. Asin VL Right ear, marked N.
. |sponse in both ears.tive (hot and cold). [tive. tive. Left ,  normal Bilat. simultaneous irri-
rot. Left ear, with cold| Left ear, weak| Left ear, very gation often shows over-
= diminution of rot. [reaction. feeble; sometimes| excitability of diseased side
N. to 1, or rot. N.| negative. (Ruttin).
to r.
Insk Wm' of| ‘(n) N. to Ige L b) Normal re- ? ’gi l?: :;‘ i’g 4 ? Normal.
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(b) TasLE oF VEsTIBULAR SyNpROMES—Continued
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(a) Absent (neu-|

|dist. not vestib. in|
) ~When head
. falls to 1]
head turned tol

jhead turmed to 1,
[falls backward.

Asin VL

\deal.

Normal; impaired; |

Asin VL
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lurny to vestibular stim
lation; even strong N.|
elicited from 1. ear causes|
1o vertien and no nansea. |

psychoneurotic| | {
states.

(b) TasLE oF VEsTIBULAR Sy~NproMEs—Conlinued
12. Position in| Not noteworthy. Lies usually on 1 L‘w- on healthy| Normal. Normal. Lies on the diseased side.| Lies on the healthy side.| Corresponds to the nys-
bed. side, since turning|side. tagmus.
to r. side causes|
vertigo.
13. Ringing in| May, or may not,| Present, or ab-| Present,or absent.| Same asfor IIL Same as for IV.[ Present, or absent. Asin VL Asin VL
the ears. 'be present. sent.
Notes: 1f thi dros -lond The di of an acute| In the differential diag-
p\u‘tmnﬂhm\d«lhw labyrinth is first made. jof labyrinth to be con- M
:one can at once 1f, after a few days ob-lsidered.
destruction of thelservation, the N. has not| If the spontan. N, ob-  [>
labyrinth plus cerebellar|dimini: infserved loneer than 24 hrs., =
jabscess, since sponf intensity ially _after|be undiminished, an intra-
N. u.mqu.ueinlmzm o the labyriath jcrsnial came 3o certain,
iabyrinth-destructionlor i it more|The same i true of the %
(shown nee ked, an int i forms of N, b
nh\t‘ﬂmuhmmmnm. funhmdmdhrﬂh =
intra-cranial cause. differential diagnosis as injeral disease. In re- ot
Meninzitis unl cere-/VL maining cases, the other o
bellar tumor can be ruled| will
lout by the other symptoms. 2
If the syndrome be met
with when the ear<drum is
intact, tumor of the cere- (=]
[bello-pontile ande (N. se- ]
usticus) s probably preseat.
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(¢) Vestibular Signs in Paralysis of the Supranuclear Apparatus for
Conjugate Movements of Eyes (After R. Barany)

Right sided, pure Blicklahmung Bilateral, pure Blicklahmung

1. Voluntary movements: Both eyes 1. Voluntary movements: Those to the
cannot be moved to the right beyond the| r. and to the 1. are entirely abolished.
middle line; to the left, the movements are
free; the response is pmmpt and the move-
ments quick.

2. Vestibular movements: On applies 2. Vestibular movements: Horiz. N. to
tion of a stimulus that should eause ’mr .| the r. or to the 1. eannot be elicited by any
N. to the r., there occurs, instead of this,| kind of vestibular stimulus. Instead of the
a deviation of both eyes to the left, from| N. to the r., both eyes undergo deviation
which the eyes cannot voluntarily be set| to the L, the two eyes passing slowly to the
free. N. to the left can be elicited normally;| extreme left, whenee they cannot voluntarily
while it lasts, the ean be moved,| be set free.  Just the opposite occurs, when
voluntarily, to the extreme right! the stimuli that, normally, cause N. to the
L. are applied.

=
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C. Examination of General Motility and of
the Efferent Paths that Influence
Striped Muscle

We must next learn how to examine the funetions of the efferent,
effector, or centrifugally condueting nenron systems that have an influ-
ence upon various struetures in the body, and, throngh some of them, upon
the external world.  The nervous system is eapable of altering the activi-
ties of the museles (striped and wnstriped), the seereting glands and pos-
sibly other struetures.  Of the millions of neurons making up the whole
nervous system (ceerebrospinal and sympathetic), only a few conduet im-
pulses direetly away from the nervons system to terminate in museles and
glinds.  These few, known as peripheral motor neurons, peripheral seere-
tory neurons, ete., serve the purpose of transferring impulses from an
enormous number of afferent and associative paths to the muscles and
clunds; they are common terminal paths (Sherrington) for a whole series
of neural activities, and a study of these available terminal efferent ehan-
nels is important for the understanding of the funetions of the great num-
ber of reflex ares that make up the nervons system as a whole (spinal
reflexes, bulbar reflexes, cerebral reflexes, efe.).
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These peripheral efferent or centrifugally conducting neuron systems ean be
directly influenced by the collaterals and terminals of peripheral afferent (or cen-
tripetally condueting) neurons, or by successively superimposed groups of such
neuron systems, on the one hand, and by central efferent neuron systems and een-
tral associative neuron systems, on the other. These various eentral neuron sys-
tems, impinging upon the peripheral efferent neuron systems, are being gradually
worked out anatomically and physiologically; we are now familiar with the strue-
ture and functions of many of them, though much more study must be undertaken
for their further elucidation.

Clinieally, we can already value:
1. The peripheral efferent neuron systems:
(n) Those going to striped muscle;
(b) Those going to the muscle of the eirculatory apparatus (eardiac
and vasomotor) ;
(¢) 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 trophie 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 eentral neuron system, the axons of which are known as the
pyramidal tract, which throws the lower motor neurons going to striped muscle
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 eoncerned in long re-
flexes, antomatic and instinetive reactions, tonus maintenance, complicated and
coirdinated motor activities, vasomotor reactions, ete. Among these are ineluded
(1) those the axons of which make up the rubrospinal path (v. Monakow), ex-
tending from the nuelens 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 beginning his acquaintance clinically with the fune-
tions of the efferent neuron systems, should confine himself to the better
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 better understood will be dealt with.

In studying the afferent neuron systems, it has been noted that a large
number of their funetions 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 condueting
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 muscle in the viscera, and the
secretory activities, are largely infraconscious; some of them, like the
respiratory movements and the movements of walking, are more or less
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subconscions, and others, the so-called voluntary acts, we are definitely
conscious of performing. We are able to judge of the functions of these
efferent neuron systems in others only by observing the changes (or the
effects of these) that oceur spontancously 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 seeretion, 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 centripetally condueting
systems,

We shall take up, first, the examination of general motility and of the
efferent paths that influence striped muscle.

The striped muscles of the body (with the exception of the muscles of
the heart) are innervated by the “lower motor nenrons,” the cell bodies of
which are situated in the anterior horns of the spinal cord and in the
motor nuelei of the cerebral nerves.  The axons of the lower motor nenrons
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 musele fibers. The nervous impulses that caunse contractions of
these muscles—the reflex (lower and higher), the expressive (mimie, pan-
tomimic or gestienlatory), the reactive and voluntary (defensive and
aggressive)—are mediated by these lower motor neurons and by the cen-
tral centrifugally eondueting neurons that impinge upon them.

In accumulating data from which we draw inferences regarding the
state of the motor path, we 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 eleetrical 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 peeuliavities of body-form, or attitude,
due to abnormal contractions of the muscles ?

3. The behavior of the reflexes—deep and superficial.
exaggerated, diminished or perverted?

4. The evidences of abnormal motor irritation.
tary movements visible ?

Are they

Are any involun-

5. The behavior of the muscles during active (or voluntary) contrac-
tions initiated by the cerebral cortex. Ts there inability to perform any
of these movements (paralysis), or is the power lessened (paresis) ¢ Does
futigue set in quickly (myasthenia) ¢ Are the movements direet, precise
and smooth, or do they show signs of being improperly coirdinated
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(ataxia) 2 Can complex motor acts be 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 we call normal. Some have a well-developed museulature; in others
the museles are poorly developed.  This variation within the domain of
what we eall normal depends in part upon inheritance, and in part upon
the habits of the person. Muscles that are much nsed inerease in size
(hypertrophy) ; museles that are but little used tend to decrease in size
(atrophy of inactivily). Marked atrophy from inactivity is often scen
in wasting diseases or in convalescence from acute disease.

In making the examination for the state of nutrition of the muscles,
the whole naked body should be inspeeted.  The physician must, from the
examination of a large number of normal persons, be familiar with the
normal form of the body and its museulature in order quickly to rc
nize deviations therefrom.  Especial attention should be paid to inequali-
ties in form on the two sides of the body, and, when inspection reveals an
apparent deviation from the normal, the muscles should be earefully pal-
pated and attention paid to the consistence (tense, relaxed, toughened).
The presence or absence of fibrillary twitching (¢. v.) in atrophied mus-
cles should be especially looked for.  When muscles appear to be enlarged,
one should test their strength, since the inerease in volume may be due to
fat (psendohypertrophy), and not to muscle tissue,

Small size of the museles in general may be due to faulty development,
to malnutrition, or, often, to lack of svstematie exercise of the musel
1t is surprising how few people realize the importance of spending a fiw
minutes every day in systematieally contracting and relaxing the varion
musele-gronps of the body. A person that spends twenty minutes
with J. . Miiller’s “My System™ or with S, Bennett’s “Exercises
Bed™ ean keep his museles active and firm, even in the absence of o
forms of exercise.
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Loealized decrease in size (alrophy) is often most important for local-
izing diagnosis,  When deviations from the normal are found, exact
weasurements 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 eirenmference, in the upper arm the eiveumference at its middle,
in the thigh the eircumference 12 em. above the patella, 1t is to be kept in
mind that normal differences of from 4 to 1 e, may exist; moreover,
differences of from § to 1 em. are within the limit of error as measure-
ments are ordmurllv taken.  Exeision of small masses of musele 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 eleetrical exeitability (¢. v.).  The
state of the mechanical excitability of the musele, though sometimes help-
ful, is of less importance (q. v.).

In nervous diseases, two main forms of muscular atrophy are met with:
(a) simple alrophy, which develops slowly and is never extreme, and (b)
degeneralive atrophy, which develops more rapidly, is sharply localized
and leads to entire disappearance of the musclesubstance,  In simplo
atrophy, innervation of the museles is possible, at least through the lower
wotor neurons, but does not occur in normal amount.  Iere belong the
different forms of “inactivity atrophy,” due to bone and joint discases, to
long sojourn in bed, or to lesions of the upper motor neurons,

In degenerative atrophy, nerve impulses ave entively cut off from the
muscles affected, and they exhibit on eleetrieal examination the reaction
of degeneration (¢. v.)
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2. The So-called Tonus of the Striped Muscles:
Atony ; Hypertony ; Contractures

Muscle-tonus is in part a variety of reflex, in part a conscious or sub-
conseions innervation for the purpose of maintaining attitude.  We nnder-
stund by it the even, continuons, feeble state of contraction in which the
voluntary museles are during life constantly maintained, a state necessary
i order that voluntary movements may be quickly and purposefully
initinted. This tonus appears to he maintained largely by afferent stimuli
coming from the museles, tendons, fasciae and pe

ssteum to the spinal
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cord (protoceptive 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 are 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 tonie innervation
is dependent not only upon the innervations in the lower reflex ares de-
seribed, but also upon favoring and inhibiting influences arriving from
higher neuron systems within the spinal cord and brain. Thus the tonus
is inereased 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 be examined before the active movements are sys-
tematically tested. For tonus of cerebral origin, consult €', K. Mill’s paper.

The musele-tonus may be 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) Tests of Tonus by Making Passive M ts

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 diffi-
culty in thus relaxing, in which case one must try to
divert the attention by oceupying the mind (multiply-
ing, dividing, ete.). When we have assured ourselves
of the absence of voluntary contraction, we scize an ex-
tremity, and move it in all directions and to the maxi-
mal extent that mechanieal conditions of the joints, ete.,
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 easicr it is, as a
S%. Bib=Rambilsr rule, f.ur the puli‘l'ut to wlnx.. If difficulty be experi

Hypotony m enced in performing these passive movements, we try to

Tabes. ascertain whether it is due to the museular eondition

alone, or to joint changes (ankylosis, exostoses), or o

other mechanical canses.  The principal joints of the body should be sue
cessively tested in this way.

Normally the tonus-resistance of the limbs to passive movements is
very slight, though palpable, and it can easily be overcome by a littl
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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-
inution of tonus is
known as hypotony ; its
complete loss as alony.
Atonie or hypotonie
muscles are met with in
tabes (due to lesion of
the sensory limb of the
reflex are), 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-
wits of an abnormal

lengthening of the mus-

s and of abnormally
great excursions of the
limbs on passive and ac-
Ii\'(' movements “f ‘ll(f
joints. If the muscles
of the legs be atonie,

they can sometimes (as

Fig. 630.~Contracture in Left Spastic Hemiparesis,  (Med.
Service, J. H. IL)

in some cases of tabes)
be 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 hypertonie states (such as those met with, for example, in
spastic paraplegia and in other forms of pyramidal-tract lesions), the
rigidity may be 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 hrusque pussive move-
ments reflexly inerease the tonus and wnmask a latent hypertony; thus,
<uich a sudden flexion of the leg at the knee will sometimes reveal a hyper-
tonie state that would otherwise go unrecognized,

A peculiar hypertony of unknown origin is to be seen in the rigidily
of Parkinson’s disease; the rigidity is often a more marked feature than
(he tremor of the disease; it is responsible for the elumsiness of movement

[ the patient and for the masklike rigidity of the face.
What is known as waxy flexibility (flexibilitas cerea), a condition
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often met with in catatonic or cataleptic states, must be 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 are 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 (calalonic or cala-
leplic 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 he cannot or dare not
interfere with the passive movements made (so-called pseudoflexibililas).

Another extraordinary manifestation of musele-tonus is that met with
in those rarve cases known as Thomsen’s disease (myolonia 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 fist,
he cannot quickly reopen it.  An opposite condition of extreme flaccidity
and atony of the muscles, especially of the lower extremities (amyolonia
congenita) is sometimes met with in small children. Ilere the hypotony,
like that in progressive museular atrophy, seems to be due to a primary
“motor” anomaly, not to injury of the sensory limb of the are as in tahes.
In certain joint diseases, and in some forms of idioey (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 pelvie girdle, causing the so-called “dromedary gait”; the condition
is known as fortipelvis or dystonia musculorum deformans. A physician of
my acquaintance suffers from it. It is apparently closely related to
spastie torticollis,

When active and passive motility of a limb or joint has been perma-
nently interfered with throngh hypertony or muscle shortening, we say
that a confracture exists. When the hindrance to movement can be re-
moved by influences that diminish the tonus or contracted state of the
museles (e. g., manipulation in nareosis, or in the warm bath), the condi-
tion is called an active contracture; lmt when the hindrance is due to
actual muscle-shortening rather than contraction, it is called a ,ms' e
contracture.  An active contracture lasting a long time may give rise,
finally, to a passive contracture from organie 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 heen
called tonus is a cobrdinative performance that ealls forth a certuin
attitude by means of finely graded contractions. This new doetrine, which
would avoid the term “tonus” altogether, has a bearing upon the explana-
tions of ataxin (M. Lewandowsky).
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(b) Anomalies of Form and Attitude (Local and General)

As a result of general and loeal disturbances of tonus (or of the special
coiivdinative funetions hitherto deseribed as tonus) seen in eases of mus-
enlar paralysis, musenlar atrophy and contracture, certain characteristic
alterations of the form and attitude of varions parts of the body arise.
Some of these will here be mentioned.

In the domain of the extremities we meet with (1) the bird-arm or
bird-leg, due 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); (3) the simian hand or ape-
hand, due to atrophy of the thenar eminence (progressive muscular atro-
phy, median paralysis) ; (4) the preacher-hand, due to contraction of the
extensors of the fore-arm and the long flexors of the fingers, with paralysis
of the small muscles of the hand (pachymeningitis cerviealis); and (5)
wrist-drop, due to radial paralysis (lead-poisoning). Ilere belong also
(6) flat-foot, (7) equino-varus, and (8) the various forms of club-fool,
dependent upon neuromuseular lesions.

In the domain of the head and trunk may be mentioned (1) the tapir-
lips, due to weakness of the M. orbienlaris oris (myopathics); (2) the
“starched face” or “mask” in Parkinson’s disease; (3) the eye-condilions
in Basedow’s disease; (4) the rotation of the scapula in paralysis of the
trapezius; (5) the winglike projection of the scapula in servatus paral-
ysis; (6) the scoliosis, lordosis and kyphosis of the spine met with in
varions conditions ; and (7) the hernia-like projection on both sides of the
liypogastrice region above Poupart’s ligament, brought out on straining, in
paralysis of the lower abdominal muscles (poliomyelitis, lower thoracie
hematomyelia).
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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 inerease or diminution of the activity
of the reflexes, especially of the deep reflexes, though it must be remem-
bered that hypertony and exaggeration of the reflexes do not always go
parallel with one another.

The tendon reflexes depend also upon reflex ares, of which the afferent
limbs correspond to the protoceptive 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 museular
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. TLike the tonus of the
striped muscles, the deep reflexes are under the influence of neuron gystems
within the spinal cord and brain that favor or inhibit them.

Clinieally, the most important deep reflexes are: (a) the knee-jerk;
(h) the ankle-jerk; (¢) the tarsophalangeal reflex (Bechterew, Mendel)
(d) the periosteal-radial reflex; (e) the biceps reflex; (f) the triceps re-
flex: and (g) the jaw-jerk.

Tante or Deep RFFLNFA

h Rrﬂ(-\ Method of Elie l|l|l§[r

Rn sult. Segmental l,« vel

e —r———

l\'mwj«erk Peh Tuppinu ]mu-llur lvmluu ( ‘ontraction of M. vastus

medialis; extension of leg.| Ls and L
Ankle-jerk...| Tapping tendo Achillis. .| € ‘ontraction of calf- flexors;)
extension of foot......... Siand 8.

Tarso-
phalangeal.| Tapping lateral tarsus or,
metatarsus.

Flexion of toes 11-V.. .. ... Li—S8..

Periosteal-

radial. . ... Tapping radius iu.ﬂ prox-| Contraction of M. brachio-
imal to styloid process. it flexion of fore-
arm held midway between

pronation and supination.| C, and Cs.
Biceps....... Tapping biceps tendon . .| Contraction of M. hiw‘px,

flexion of fore-arm.. .. ... Csand Ce.,
Triceps...... Tapping triceps tendon | Contraction of M. triceps;

extension of fore-arm .. .| Cyto Th..

Jaw-jerk .. ..| Tapping examiner’s
thumb over chin, pa-
lu:ut's mouth Imlfo;n-n Contraction of  masseter|
muscles; jaw closes. . . . .. 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 the patellar tendon, may be tested either in the reeumbent or in
the sitting position, the former, if convenient, being preferable,

In the Recumbent Position.-\We flex the patient’s knee to an obtuse
angle and support it from beneath with our left hand, the patient’s heel
resting on the bed.  With our right hand we seck the patellar tendon,
and, having found it, give it a brief tap with a heavy hammer (preferably
Déjerine’s), and observe whether or not a contraction in the M. quadri-
ceps, and especially in the M. vastus medialis, a little above the knee,
follows. If the reflex be active, the whole M. quadriceps may contract
and caunse extension of the leg.  When less active, the contraction of the
muscle beneath the skin can be observed, though eare must be taken not
to confuse this with the simple jar of the skin and musele propagated from
the blow given to the tendon,  Should no contraction result, we must make
sure that the leg has not been held tense by the patient.  When the leg is
properly relaxed it should fall at once by gravity when the supporting
hand in the popliteal space is suddenly withdrawn,  Some patients have
much more diffienlty than others in relaxing their limbs, thongh nsnally,
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 (Jendrassik), 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 erossed over the other; (2) in a chair, with the soles of the feet
flat on the floor, the legs almost perpendicular, or (3) on a table, with the
legs hanging over the edge.  While the patellar tendon is tapped the
examiner may place his left hand upon the thigh above the knee, in order
to feel the contraction, or, better, he may tap his own left forefinger placed
over the patellar tendon and feel the response as an inereased tension of
the tendon. In Laufenauer's method of reinforcement the patient sits
with the soles of his feet flat on the floor, while the examiner, with the left
hand, grasps the patient’s quadriceps.  The patient is then told to grasp
the left upper arm of the examiner with one hand and to squeeze suddenly
on command, the examiner at the sume time performing the tap. DBy this
method one ean tell whether or not the patient is really divecting his atten-
tion to the act of reinforcement, In Sehinborn’s method of veinforcement
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

chle often beecomes mueh stronger with reinforcement,

Fxperience teaches one what to expect as a normal response when test-
ing for the 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 be
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, eausing a clonus of the M. quadriceps.
In such cases 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 clonie contractions that continue
until the patella is reluxed. Along with a patellar-clonus, or in place of it,
and having the same significance as regards a pyramidal-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, best seen when this thigh is slightly abducted and rotated lateral-
ward (ITinsdale and Taylor, P. Marie).

The absence of the kneekick, sometimes known as Westphal's sign, is
of great diagnostic importance as a sign of organic disease of the nervous
system, as will be seen later. Tn a mormal person the knee-jerk can
always be clicited, 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 infee-
tions, especially during pneumonia in children,

The knee-jerk often disappears early in tabes (lesion of sensory limh
of are); it also disappears in multiple neuritis and in poliomyelitis
(lesion of motor limb of are), 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 are (Bustian's
law) ; the reason for this is not known,

(b) The Ankle-jerk
(7Teel Phenomenon, Achilles Tendon Reflex)

The patient kneels in a chair, the feet relaxed and hanging free over
the margin of the seat.  The tendo Achillis is then gently tapped with «
percussion hammer, Normally, plantar flexion of the foot results, owing




be
Jo-

lon

ya
jer-
Aly
‘l)ﬂ‘
Ala
wn-
, &
ane
)it
the
aw
site
ral-

, is
ous
can
fon.
lll"\'
\in-
I'he
ror

fee-

imb
litis
1 of
ll.l“
g or
otal
an's

owver
th o
\‘ih;

EXAMINATION OF GENERAL MOTILITY 195
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 be absent in the same conditions as those in which

the knee-jerk is lost.  This reflex is fully us important as the knee-jerk;

indeed, it usually disappears in tabes before the kneekick goes,

Fig. 631.~Testing the Achilles Reflex,

If the ankle-jerk be inereased there may result from the tap not only a
single contraction, but clonie contractions known as ankle-clonus (foot-
phenomenon 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
too rigidly in the dorsally-flexed position by the examiner or the elonus
will not oceur.  One tries stronger and gentler dorsal flexion until a max-
imal elonus is obtained.  In true ankle-clonus (épilepsie spinale parfaite
of Babinski) the contractions of the calf-museles ocenr rhythmically four

1 <ix times per second, and continue as long as the foot is held dorsally
lexeds in the false ankle-clonus (épilepsie spinale fruste of Babinski),
met with in hystericals, and oceasionally in health, the oscillations are more
frequent, they are not present at every examination, and they do not oceur
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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,

(¢) The Tarsophalangeal Reflex (Jechterew-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 funetional 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. ».). A special toe-
reflex—plantar flexion and abduetion 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. 532 —Testing the Periosteal Radial Reflex. (Flexion of the Fore-arm on the Arr
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the radius, just above its styloid process, is tapped with the percussion
hammer, and the examiner watches for a contraction of the M. brachio-
radialis (supinator longus) near the elbow.

remely

ly over (e) The Biceps Jerk
-;Y“’“m‘ The patient’s loosely flexed elbow is supported in the palm of the ex-

except aminer’s left hand, the thumb of this hand pressing upon the biceps tendon
slantar at the bend of the elbow, The examiner then taps his own thumb with

s a far the percussion hammer. The response of the patient’s tendon is felt
ial toe- under the thumb, and there is an increased flexion of the fore-arm,
s been
eok. (f)y The Triceps Jerk
The examiner supports the patient’s upper arm in a horizontal posi-
tion, the fore-arm hanging loosely, the elbow flexed at a right angle. The
etween
face of

Testing the Triceps Reflex.

friceps tendon is then struck with a percussion hammer; the response
) consists in a visible contraction of the M. triceps, with more or less exten-
i sion of the forearm.

The deep reflexes in the upper extremities are somewhat less constant than in
the Tower, even in health, and, unless markedly exaggerated, or constantly absent,
are of but little help in elinieal diagnosis.

A hand-clonus, which ean sometimes be produced by suddenly lifting the fin-
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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
deseribed (Bouchard).

(g) The Jaw-jerk (Masseter 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 masseter 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 tableknife placed upon
the lower teeth,

In marked bhypertony, 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 are meant the motor responses elicited by stin-
ulating certain areas in the skin and mucous membranes (reflexogeno
zones). They are normally more easily elicited in earlier than in lator
life. A large number of such reflexes have been deseribed, but on!
those most often used in elinieal work will be mentioned here
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touch laryngeal mucous
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Tickle mucous membrane
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Touch cornea or conjunc-
tiva gently with glass
rod or head of pin.

Threaten eye with fist.

Normal
Result.

VERAL MOTILITY

Contraction of all toe-
flexors, extensors of foot,
flexors of knee and hip.

Retraction in the middle
line near the xiphoid
rocess and as far as the
irst tendinous inserip-|
tion of rectus.

Tension of abdominal wall
on side of stimulus from
costal margin down as|
far as umbilical level,
including upper parts of
M. rectus,

Tension of abdominal wall
on side of stimulus from
level of umbilicus to
Poupart’s ligament.

Retraction of testicle.

Contraction of M. sphine-
ter ani externus,
Palpable  contraction
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Contraction of M. gluteus
maximus,
nn of seapular
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reflex and the abdominal reflexes,

The reflexes in the table given above need no especial deseription. By
far the most important, clinieally, are the plantar reflex, the cremaster
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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 Babin-

ski's phenomenon of the toes, is obtained.  On stroking, with a dull needle

)y (b

() ()

4.—(a) Leftsided Organic Hemiplegia of a Year's Duration.  Photograph of the Right
(Normal) Foot at Rest; (b) Foot Represented in Figure Photographed at the Moment of
Stimulating the Sole with a Needle. This Ilustrates a Normal Response: (¢) Subject
Whose Right Foot Was Shown in Figure (a). Photograph of the Left Foot at Rest
(d) Foot Represented ‘n Figure (¢). Photographed at the Moment of Stimulating the So
with a Needle, *“Toe henomenon.” This is Ordinarily Known as a “Positive Babinsk
and Indicates a Lesion of the Pyramidal Tract. (After J. Babinski, “Gazette des 11
pitaux,” published by Bureaux d'abonnement, Paris.)

| or with a lateh-key, the tole of the foot, especially from behind forwar
along its lateral margin,' or transversely over the distal part of the sol
t toe (M. extens
hallueis longus), accompaniec either by plantar or dorsal flexion of tl

] there results a slow but stro: o dorsal flexion of the g

1 Stroking the medial margin soinetimes results in plantar flexion when strol
| ing the lateral margin yields dorsal floxion.
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other toes if they move at all, 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 examer’s attention should always be directed. Tn some instances

1. Foot In Repose. 2. Foot at Moment of Excitation

Abduction of the Toes (“Fan Sign™) of the Right Foot in Spastsic

. Paraplegia
(After J. Babinski, “Revue Neurologique,” published by Masson et (

le, I'aris.)

one eannot 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 the
pyramidal tract, including (1) recent and old hemiplegias, due to cerehral hemor
rhage, embolism or thrombosis; (2) tumor cerebri; (3) meningo-eneephalitis; (4)
Jacksonian epilepsy; (5) epidemie eerebrospinal  meningitis;  (6)  multiple
sclerosis; (7) amyotrophie laters

sclerosis; (8) Friedreich's ataxia; and (9) some
cases of combined sclerosis in pernicious anemia. It is never positive in hysteria
without associated organie lesion (Buzzard).

When the Babinski phenomenon is positive one can usnally demon
strate also the presence of the leg phenomenon of Oppenheim ; one runs
the pulp of the thumb, or the 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

v e e

e

e S 0 A B e . B A T

k-5
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and of the foot, due to contraction of the M. tibialis anticus and the M.
extensor hallucis longus (sometimes of M. extensor digitorum communis
and of the Mm. peronei). 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 normul response to
plantar stimulation is of the extensor type, probably owing to incompleto
development of the pyramidal tract; but after early childhood—certainly
after the second or third year—the constant presence of an extensor re-
spouse to plantar stimulation indicates an organie lesion involving the
pyramidal tract. There is, in my experience, no test more reliable than
Babinski’s for differentiating organic from funetional disorders,

Similar in significance to the Babinski phenomenon and to Oppen-
heim’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 ealf. 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, be 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 eremaster reflex is almost constantly present in healthy persons
(97-99 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 eausing a
hemiplegia, the reflex may be abolished on the hemiplegic side (Red-
lich), sometimes on both sides; the eremasterie reflex is, however, occa-
sionally retained, despite the existence of a hemiplegia,

(¢) The Abdominal Reflexes

These, liko the other cutancous reflexes, are best elicited by a summa-
tion of stimuli (e. g., drawing the handle of a hammer or a needle in a
line across the skin, either parallel to or at right angles to the middle line ).
The response is a brief contraction of the abdominal museles on the side
stimulated, often with a corresponding displacement of the umbilieus
toward the same side.

The responso occurs always under normal conditions, provided the
person examined does not hold the abdominal muscles tense. It is ofter
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he M. temporarily absent during intra-abdominal disease, espeeially in appen-

imunis dicitis and in typhoid fever (1L D. Rolleston).

ion of Absence of the abdominal reflexes in young people, especially when

in no associated with weakness of the abdominal muscles, points strongly to
multiple sclerosis (v. Striimpell, . Miiller), an observation I have many

nse to times had opportunity to confirm.

npleto The relations of the abdominal reflexes to the cerebral cortex are inter-
tainly esting. They are especially influenced by cortical lesions. A person can-
or Te- not elicit his own abdominal reflexes (psychic cortical influence).  Again,
ig the in hysterical or suggested anesthesia of the skin of the abdominal wall, the

» than reflex may not be elicitable.

It seems certain that the reflex depends on superimposed ares, a lower
)ppen- are made up of cord and peripheral nerves, and one or more higher arcs
on his made up of long paths, including the cerebral cortex within the are.
ly re- Hence abolition of the abdominal reflex may be met with, not only in
ii,s of lesions of the pyramidal tract, but also in peripheral lesions (neuritis,
tract, pressure on nerve-roots, ete.). In tabes the reflex may be either abolished,
reflex or in cases with hyperesthesia of the skin of the trunk, exaggerated.
nal or 4 A number of reflexes (including the sphineter reflexes and the pupil-

of the ! lary reflexes), the motor limbs of the ares of which belong to the autonomic
nervous system, will be 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 coirdinated 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 praxie phenomena. If this first examination for
orientation reveal abnormalities, then a systematic and complete investi-
gation of the whole motor sphere should be 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. We compare especially the power on one side with
that on the other, remembering, of course, that the power of the right arn
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) arc
commonly used together, the agonists or protagonists contracting vigor
ously, the antagonists simultaneously relaxing or contracting, only in sufl
cient degree to grade the movement. In these complicated synergisti
movements individual muscles may not act as a whole; certain parts of
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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 capucity for purposeful syner-
gisti(' movements,

Special attention should be paid to any abunormal tendeney to fatigne
on the repetition of voluntary movements. A patient may be able to per-
form a movement once or twice relatively well, but on further repetition
the movements grow weaker until, finally, they ean 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-
cles of mastication
(chewing beef-steak).

Oue asks the pa-
tient to wrinkle up his
forchead, to frown, to
close the eyes tightly
(against resistance of
iiner’s thumb and

forefinger), to open the
eves wide, to ]illl;ih 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 ex:

n-
iner's finger moved in

varions directions, Con-
vergence ii '(‘\“‘4' ‘l'\'

Fig. 53¢

b.~Paralysis of M. serratus magnus and M. rhom
boldeus.  (Med. Service, J, H. IL)

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 monoenlar anomalies,

In the extremities the patient’s power of flexion, extension, abduetion
and adduetion, medial and lateral rotation are tested for each joint, in as
far as each joint is capable of undergoing such movements. The exam-
iner tukes firm hold of the limb with his hands, one hand proximal to the
Juint to be tested, the other distal from it, and asks the patient to make
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movements against resistance. The strength of the hand may be 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
seapulae 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 be
fixed, in order to make sure that the movements are made at the elbow
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 antieus and the M. digitorum communis projeet nor-
mally, and (2) the back of the leg, to see if the calf-muscles are of normal
volume. In the hands, the thenar and hypothenar eminences should
always be inspected, as well as the ‘interosscous spaces on the backs of the

hands.

ii. Coérdinated Movements of the Extremities

For rongh 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
he 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 be
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 with
his eyes open with that shown when the eyes are shut.

We 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 t
close his eyes and to tonch 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 be asked to hold, with his eyes closed, each foo
steady at a certain distance above the bed (statie test), or he may 1«
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tested required to make a cirele with his foot, or to designate certain geometrical
18 one figures therewith (dynamic test).

The pointing error test has been deseribed under Tests of Vestibular
o size Function.

t the
mnent. iii. Cobrdination of Muscles of Trunk (Romberg’s Symptom)

On
1d be

Any marked disturbance of equilibrium will probably be shown by
swaying on standing or sitting. Slighter disturbances will be detected

slbow by removing from the patient some of the normal aids to equilibrium.
ad by One asks him to close his eyes and to stand with the medial margins of
“d_ to his feet close together. A healthy man can stand steadily, presenting
mity, only a very slight and slow oscillation.  Marked swaying or inability to

, one

stand is known as Romberg’s symplom.  One also asks the patient to rise
er or

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 ineline 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,

nor-
yrmal
wuld
f the

ive Speech and Writing
The anamnesis will usually reveal whether or not any speech disturb-
ance is present. We note (1) how the patient expresses himself, and
(2) whether or not he understands what we say to him.  We ask him to
write his name and address, and note any abnormalities. Tf a speech dis-
turbanee is obvious, or be suspected, the special examination for the
organs of speech is made (sce Aphasia, further on).

and

and,
thich
One
(1
7 the

n be v. Gait

ndex We ask the patient to walk, first slowly, then quickly, and we observe
ip of closely the gait. Does he walk straight forward ¢ Are the two legs moved
Foom alike?  Does he walk with a broad or narrow base? 1Is the gait stamping
with or flopping? Does he swing one leg out from the side or drag his toe?

Can he turn quickly and walk in the opposite direction ? (see section deal-
s ing with pathological gaits).

}) to
vi. Certain Rough Praxic Tests

dt The examiner asks the patient to perform certain acts. TFor rough
ther orientation the following will suffice: (1) beckoning; (2) lighting a can-

nkle dles (3) condueting an orchestra; (4) grinding a coffee-mill, followed by
foo turning a hand-organ; (5) sealing a letter; (6) sharpening a lead pencil ;
y e (7) opening a pocket-knife (see Apraxia).
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(b) 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 les and mov ts 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 Movements'

A. Head, Neck and Trunk
I. Movements of Face and Jaw

Active Movements Muscles Nerves Segments
1 Wrinkling the forchead trans-| M. epicranius N.vIT
versely; elevation of ryalmnu
2 | M. corrugat; N.vin
3 M. orticularis palp. N.VII
4 M. nasalis; M. dqm-or septi| N. VII
5 quadratus lab. sup.; N.vin
. gygomaticus, ete,
6 M. quadrat. lab. inf.; N.vI
M. triangularis

7 M. mentalis N. vII
8 M. orbicularis oris N.vil
9 Mm. auriculae N.vi
10 . masseter; M. temporalis N. Vi
11 \i prerygoid. med. et. lat. N. Vs

II. Movements of the Eyes

Active Movements Muscles Nerves Begments

1 Elevation of upper lid........... M. levator palp. sup. N. 11
2 Looking upwas 5 -nd medialward | M. rectus sunerior N. I
3 Looking upward and lateralward . ol liquus inferior N. 11
4  Looking medialward rectus medialis N. 11
5 king late M. rectus lateralis N.VI
6 . rectus inferior N. 11
7 M. obliquus superior N.IV
8 iated movement of two eyes

10 left and to right
9 Convergence of eyes. . »
10 Accommodation for nes M. ciliaris Autonomie

HI. Movements of Tongue, Soft Palate, Pharynx and Larynx

Active Movements Muscles Nerves Segments
1 Protrusion and retraction of the| Intrinsic mm. of tongue; N. X1
; movement of the longm- M. ::-mogl_\u
to each side .| M. hyoglossus;
M. styloglossus
2 erm«nu of soft palate on in-| M. tensor palati; NIX; X
SOBALION. .. ccoassansissaaiinas R} h-vnur|vch phu
t
M. wllwvh-ryuxe
3 Swallowing. in] N.IX; X
addition to the I-llne
4 Elevation of Igloﬂh . thyres glotticus N. laryng. sup.
5 Movements of voeal cords | Laryngeal muscles N. recurrens

1 Compiled by the author from Oppenbeim, Jamin, Flatau e al.
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IV. Movements of Head, Neck and Trunk
Active Movements Muscles Nerves Begments
1 Bcudinq hud and neck forward| M. rectus eapitis anterior; Cy
(FIoxION) .. ovovesninnocancony 1. longus ea; C—Cq
M. sternocleidomastoideus Ce—Cs
2 Bending head and neck backward| M. splenius capitis et ce } Cs—Cs
CROARDIIERY . o o0 5004 5000255009 semispinalis  capitis et Ci—Cs
cervieis
M. rectus capitis post. maj Ci—Cs
et mi
3 Rotating head to one side.. M S hosadomastoldens Cr—r
M. obliquus npim inferior Cs
M. longus col Cr—Cs
4 Flum head lateralward to| M. rectus clpmn lateralis C
8 General -z(x'u'&ié'd """"" M. spinalis cervicis Nn. cerv. idiy
6 Extension of Temlmg trunk| M. iliocostalis dorsi et lum-| Nn. thoracales
backward rum
M. loumimul dorsi Nn. thoracales
M. rectus abdominis, ete. Nu. thor. viii-xii

Flrnrm“;ﬂ lplne bending (runk

wid
10 Contraction of diaphragm (lh—
do‘.mxlm breathing: L :;wn
on fluor
TR o ] o e

M. semispinatus dorsi

M. quadratus lumborum

Diaphragm

Nn. thoracales
Plexus lumbalis

N. phrenicus

hn scaleni; N, cervieales Co—Ta
Nn. thoracales
12 Abdominal compression (bearing| Di psed glottis; Cy—Cs
down; coughing; loud erying).. Ti—Ia
lulrh s of pelvis floor Si—84
B. Shoulder Girdle and Upper Extremity
1. Shoulder Blade
Active Movements Muscles Nerves Segments
1 lhnunl llw seapula, drawing it| M. trapezius N. XI, Nn. cerv. i, iv | Co—Cy
UPWRNS. ;o0 oovssvessrnssans M. levator seapulae orsalis seapulae Ci—Cs
2 l)v-lm; seapula toward middle] Mm. rhomboidei N. dorsalis scapulue C—Cs
3 hnuon. and rotation, of scapula.| M. serratus anterior N. thorac. longus Cv—Cr
II. Shoulder-joint
(Movements of Upper Arm)
Active Movements Museles Nerves Segments
T Lifting arm forward or at the side| M. deltoideus N. axillaris Coe—Ce

1o & horizon vel uction|

M. pect. maj. et min. (when
arm is outstrete lml )

thorae. ant.

dors

and h-ekvllml)
M. supraspinatus
M. infraspinatus
M. teres minor
M. subscapularis
M. teres

supraseap.
nruscap.
axillaris

major

22727 7 %
x

subscap.
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1. Elbow-joint
(Movements of the Fore-arm)
Active Movements I Muscles Nerves Segments
1
(@) Insupinstion............. M. bi brachii N. musculocut. Ce—Cs
M. brachialis N. musculocut. Co—Ce
(5) In half-pronation. . M. brachioradialis N. rndialis Cy—Cs
2 Extension. M. tri N. radialis Co—Cr
3 pmu-w qundnhu N. medianus Ce—T
ronator teres N. us Ce—Cr
4 m‘rpl brachii N. museulocut. Cy—Cs
M. upinator (hrevis) N. radialis Ce—Cr
IV. Wrist-joint
(Movements of the Hand)
Active Movements Muscles Nerves Segments
1 Volarfashon...ccoco0iesvivonsas M. flexor earpi radialis N. Ce—C1
M. flexor carpi ulnaris N. Cs
2 Dorsal flexion (=Extension)...... M. extensor carpi rad. long. N. Co—Cy
M. extensor earpi brev. N. Coe—Cr
M. extensor carpi ulnaris N. Cr=Cs
3 Bending hand radialward. .. M. extensor earpi rad. long. N. Co—C1
M. floxor carpi rad. N. medianus Co—Cr
4 Bending hand ulnarward. ... M. flexor carpi ulnaris N. ulnaris s
M. extensor carpi ulnaris N. radialis Cr—Cs
V. Movements of Fingers II-IV
Active Movements Muscles Nerves Segments
1 Flexion of the proximal phalanges.| Mm. interossei N. ulnaris Cr—Cs
Mm. lumbricales Nu. uln. et. med. Cr—Cy
2 F'lep;l:n of the middle and terminal| M. flexor digitor. sublim Nn. med. et uln. Cr—T
MRS At i - fexor digitor. vrofund. | No med. ot uln. Cr—T1
3 Extension of proximal phalanges. .| M. extensor digitor. com. N. radialis Ce—Cs
M. extensor indicis N. radialis Ce—Cs
1 Exu-nlnon of middle and terminal] Mm. inte N. ulnaris Cr—Cy
5 the fingers (abdvetion) . Mm i dorsales N. ulnaris
6 Adduction of llle fingers. ....... Mm interossel volares N. ulnaris
VI. Movements of the Thumb
Active Movements Muscles Nerves Segment
1 Flexion of the metacarpus and of| M. flexor poll. brevis “Nn. med. ot uln, Cet
the prox. phalanx. . ..........
M. abductor pnll brevis N. medianus CoC:
2 Flexion of terminal phalanx. .. .. [ M. flexor poll. le N. medianus Ce—("
3 Extension of metacarpus and of| M. extensor poll. Too longus N. lis Co—(
both phalange
M. extensor poll. brevis N. radialis Ce—(*;
4 Ahduction of metacarpus AL abductor poll. long. N. radialis Ce—("
8 Opposlblon...oovosesessrenoinse M. opponens pollicis N. medianus Ce—(
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VII. Movements of the Little Finger

Active Movements Muscles Nerves Segments

........................ Mm. flexor digit. prof. et subl
M. flexor

M. opponens digit. min. N. ulnaris

C. Pelvic Girdle and Lower Extremity
I. Hip-joint

(Movements of the Thigh)

Active Movements Muscles Nerves Segments

——— lexion . ilincus; M. psoas N

= 1. sartorius; M. rectus femoris| N
gments . tensor fascine latao N

Extension. . . glutaeus maximus

Abduction Mm lluupnn med. et min _

Adduction A

. obturat.

N. obturat.
bturator ext. obturator.
yriformis

Lateral (external) rotation. . quadratus femoris
m. gemelli
M. obturator int. )
Medial (internal) rotation Mm. glutacus med. et min. N. glut. sup.

Sitting up, when lying on the back Abdominal musc cles; lliopsons
Fixation ot the pelvis on the Lhn;h- I
In front .| M. glutaeus maximus........| N. glut. inf.
At the sid Mm. glutaeus med. et min. N. glut. sup.

II. Knee-joint

(Movements of the Leg)

egments

gr—f: Active Movements Muscles Nerves Segments
C =
1 Fleslon....coocavevnvrseccnnes . biceps femoris N. ischiadicus
{:':T: o 1. nem!;ndmo-u
Co—Cs . semimembranosus
o—C M. gracilis

M. sartorius . femaralis
2 Extension M. quadriceps femoris N femoralis

HI. Ankle-joint

(Movements of the Foot)

Active Movements Muscles Nerves Segments

Regment < 1 Dorsal flexion:
(a) I Inlhon of medial margin| M. tibialis anticus N. peroneus
() l Immmn of luu ml ||||ru|n Mm. peroneus long. et brev, N. peroncus
2 P hmmr n--mn M. gastrocnemius
. soleus

Adduction with elevation of medial M. tibinlis posticus
margin of foot (supination)

1 Abduction; pronation ..| M. peroneus brevis

(Also other Mm. peron. and
M. ext. dig. 1)

alis

. peroneus
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IV. Movements of Toes II-IV

Active Movements Muscles Nerves Begments
1 Flexion: 8
8 &'mm 8 jlons s 1u I’J. N; hintie i

m. flexor g brov] N, is
2 Mm uwnmr dx:?‘ N. peroneus Li—=81
3 . Mm lnkm_'i dorsales N. tibialis B1—8s
4 Mm. interossei volares N. tibialis Bi—8y
V. Movements of the Great Toe

Active Movements Muscles Nerves Begments

i M. flexor hallucis brevi N. tibialis 8i—8,
« flexor s n

: @u b o o el I vt s v o i) N tibialis 1
2-; imal phalanx. .[ M. extensor hallucis brevis N. peroncus Le—Ts

Of IM 51':‘ anx . extensor hallucis longus N. peroneus Le—l1s

3 . abductor hallucis N. tibialis Li—8
4 . adductor hallucis N. tibialis Bi—s

VI. Movements of the Little Toe
Active Movements Muscles Nerves Sogments
1 Flexion, . .| M. flexor digit. min. brev .. N. lis

2 Abduction. M abductor digit. min, N. tibialis Bi—8y
3 Opposition. ns digit. min. N. tibialis Bi—8:

D. The Movements of the Eyes and Their Innervation

Nerve Museles Active Movement

N.III; N. oculomotoriua....| 1 M. levator palpebrao | 1 Lifts the upper lid. l

2 M. rectus superior 2 Moves the cornea and the visual line chicfly
upward and slightly medialward; ulmht wheel-

rotation of upper half of eye n
3 M. rectus inferior 3 Moves the cornea and the visual line do-nu ard
and slightly medialward; slight wheel-rotat:n

§ lower half of eye nasalwa
4 M. rectus medialis 1 \lmu:! the cornea and the vhull line medial-
5 M, citigweioteioe |8 Pl the postechic: Tasoeal thleior, unioect
medialward and downward; moves the cornes

t
é
5
%]
if
[

hnll nf the cornen rolls medialward; the upper

half lateralward.

N. IV; N. trochlearis. ... .... M. obliquus superior | 6 Pulls the lateral, upper, posterior quadrant of
the eyeball upward and medialward;

the cornea and the vuuunl line downward i

lateralward, and en h«'l-m'an..u w0

l‘lnt the upper h-ll ol the eyeball rol il

N. VI; N. abducens.........| 7 M. rectus lateralis ¥ !\lum ‘the cornea and the visual line lat i
'-:ll; abduction, horizontal pull 1ol
ward.

=
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(¢) 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 eannot raise it (except by contracting the M. epi-
cranius), there is plosis, due to paralysis of the M. levator palpebrae.

2. Ask the patient to look at an object at a distance. Normally, the
axes of the two eyes will be parallel; if they be not parallel, squint or

Morect, sup.

M.obl.in,
Mrect. lat.

Flg, Bi7.—Efeets of Contraction of the External Muscles of the Eye. (After Helne.)

strabismus exists. This may be due to a paralysis of an eye-muscle (stra-
bismus paralylicus), or there may be no eye-muscle paralysis (strabismus
concomilans).

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
direetions ; oceasionally, eye-movements can thus be performed that do not
ocenr on spontaneous looking.

5. Ask the patient to look at a distance, and then at the examiner’s
finger held close to the face (convergence test).




216 DISEASES OF THE NERVOUS SYSTEM

In 3, 4 and 5 the angle of a paralytic strabismus becomes enlarged on
movements involving the funetion of the paralyzed muscle; if a musele be
totally paralyzed, the eye does not move at all in the direction it should
follow on normal contraction of the museles; if it be only paretie, it moves
less than normal with gradual inerease 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 be observed that the deviation is greater in the eye

“Right Eye Seen rom Behind

A0 fuy Y00 CIY
. d/ <M. rectus superior

M. obliq. superior .
yoassssancs ead
dopaajuy byqgo o

M. rectus intern,

AL abducens
/

warpuy wnpoas g =
M. oblig. Inf. «_

e T N
dopaadny bqo c‘lo

/
aopaadny wnpoos Jg°

Nuampqo
\ Reglon of macula
*.N. opticus

:( M. rectus Inferior

puryo wou) wooy afigg 11

Fig. 538 —Diagram of Movements of the Eyeball and of Diploplas Due to Paralysis of the
Eye-muscles,—1In the Upright Position the Diagram is for the Right Eye: In the Dia
gram lleld Upside Down, the Italles 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 as Regards th
Former in the Direction Indicated by the Arrow. After O. Veraguth, “Die klin, Unter
such,  Nervenkranker,” published by J. F. Bergmann, Wiesbaden.)

excluded from vision when the affected eye is fixed (secondary deviation)
than vice versa,

7. Ask the patient, his head being in the position for looking straigl
forward, to fix on an object with the affected eye, the object being place!
in a part of the visual field that, for fixation, requires contraction of t!
enfeebled muscle. Then ask him to touch the object with his finger, T!
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abnormally strong innervation required to make the weak muscle contract
sufficiently to fix on the object, deceives the patient into thinking that the
object is situated further from the middle line than it really is; he pro-
jects it falsely in space. Thus, for example, if his M. rectus lateralis of
the right eye be paralyzed, he will think the object lies farther to the right
than it does, and on attempting to touch it (fouch 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 for 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 eandle
which we hold at a distance of 9 or 10 feet from the patient and move into
all nine parts of the visual field. We note (1) whether double images
oceur; (2) in what positions of the eandle they oceur; (3) how the two
images—the false scen 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 erossed ; whether the false image is on a hori-
zontal level with the true, or is higher, or lower; whether the false image
has its upper end tilted toward, or away from, the true.

The kind of diplopia that will appear in the several paralyses, can be
casily 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 rules
are, however, helpful :

(a) The deviated eye in a squint always dislocates its (false)
image into the half of space opposite to that of the squint.

Thus in lateralward squint (strabismus divergens): false image
medialward (nasalward, crossed) ; in medialward squint (strabismus
convergens) : 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. reetus medialis: medialward (nasal-
ward, erossed, corresponding to the strabismus divergens) 5 in paraly-
sis of the M. rectus lateralis: lateralward (unerossed, corresponding
to the strabismus convergens) ; in paralysis of the M. rectus superior:
upward, slightly medialward (erossed), and the tops rotated slightly
nasalward, vertical and slightly crossed diplopia.
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Tn 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 musenlar insufficiencies (hetero-
phoria), various instruments (phorometer, tropometer, clinoscope, phoro-
optometer) have been devised for the use of specialists on the eye.

(d) The Mo ts of the Tong

We study the following movements of the tongue, as worked out by
Flesch: (1) protrusion of tongue (bilateral action of Mm, genioglossi) ;
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 tongne (simul-
taneous contraction of the homolateral M. styloglossus and the heterolateral
M. genioglossus) ; (6) depression of the tongue (Mm. genioglossi and
liypoglossi); (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
akinesis. 'When the movement is weakened, thongh not completely lost.
we speak of paresis or hypolinesis. Symptoms of motor irritation reveal
themselves as involuntary conlractions and are sometimes deseribed under
the designation hyperlinesis. Disturbances of cobrdination are grouped
under the general heading of atavia.

(a) Paralysis, or Palsy, and Paresis

(The Akinesias and Hypolkinesias)

Paralytic disturbances of function can be elassified in different wavs:
(1) according to the tonus of the paralyzed muscles; (2) aceording to the
state of nutrition of the paralyzed muscles; (3) according to the distriln
tion of the paralyzed muscles; and (4) according to the gravity of tl
disease.




EXAMINATION OF GENERAL MOTILITY

tends s

Ob-

cle is

Due to

(Personal

there

etero-

horo-

ut by
88l ) 3
lei to
0 one

nngue

e SN B s B BeSSG

o the
$ (&)
simul-
ateral
i and
alato-

ilis et ‘ s
}I
¥

i 8

St T '\i "

8§ 0 4 #

v lost i ;

reveal "g b

under * !

ouped *' :
q ;

é 8

¢

a !

! i

4 i

3 €

wav v %

to tl | i

striby |

of tl 3




220 DISEASES OF THE NERVOUS SYSTEM

i Paralyses Classified According to the Tonus of the Paralyzed Muscles
(Flaceid and Spastic 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 inaclivity), 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, but 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.

References

Déjerine (J.). Atrophies musculaires de cause nerveuse ou deutéropathiques. In: Séméiol
des affections du syst. nerv., Paris, 1914, 338-392.

Ferrier (D.). The pathology and distribution of atrophic paralysis. Brit. M. J., London,
1893, ii, 721-728.

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 museles of a whole extremity or of a part of
an extremity (monoplegia) ; if the face alone be involved, we speak of «
monoplegia facialis, if the arm alone, of monoplegia brachialis, if the lec
alone, of monoplegia cruralis; or (5) the muscles of several extremitic
may be paralyzed simultaneously, When the muscles in a pair of extremi
ties (both sides of the face, both arms, both legs) are symmetrically para
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lyzed, we speak of a paraplegia or diplegia ; thus paralysis of both arms is
known as paraplegia superior, or paraplegia brachialis ; when both legs are
paralyzed, it is a paraplegia inferior, or paraplegia cruralis.  When the

hypo- musculature of one-half of the body is paralyzed or paretie, the condition
than is known as a hemiplegia. This may be total, involving face, arm, and
astic leg; or it may be partial, involving only the face and arm, or only the arm
shed, and leg of one side. According to the site of the lesion within the central
result nervous system, we distinguish cerebral from spinal hemiplegias; in the
. con- latter, the face is, of course, unaffected. 1In 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 heniiplegia allernans. Aceording as the lesion involves (1) the
slysed N. oculomotorins, (2) the N. facialis and N. abducens, (3) the N. hypo-
glossus and N. glossopharyngeus, we speak of (1) hemiplegia alternans

cophy superior (Weber), (2) hemiplegia alternans inferior (Millard-Dubler),
P and (3) hemiplegia alternans infima.  When the arm on one side and the

smder leg on the other are simultancously paralyzed we call it a hemiplegia
ophic cruciata (see also Topical Diagnosis).
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\e“tinl Classified According to the Gravity of the Disease

aities (Organic and Functional Paralysis)

remi Clinically it is convenient to separate paralyses due to what we call
ara anic lesions of the neuron systems, that is; to changes that are in some
I Y ) y &
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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 inflimmations
and the like are described as organic paralyses. The means of distinguish-
ing between these types will be discussed when the diagnosis of the nature
of nervous diseases is taken up.

(b) Phenomena of Motor Irritation; Involuntary Contractions of
Striped Muscles

(The Hyperkinesias and Parakinesias)

Through inereasing 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) direetly, or
(2) indirectly, (a) through the centripetal conduction paths (reflex
hyperkinesis), or (b) through the higher associative conduetion paths
(psychogenic hyperkinesis).

Among the phenomena of motor irritation manifesting themselves as
involuntary contractions of striped muscle, we shall consider (1) fibrillary
and fascieular twitchings; (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; (6) forced
movements, forced attitudes, and conjugate deviations; (7) imperative
acts; (8) paroxysms of over-contraction or hyperkinesis (fits or convul-
sions, cramps, ete.).
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i. Fibrillary Twitching, Fascicular Twitching and Myokymia
By these movements we mean quick twitchings of single bundles «f
muscle fibers (fibrillary twitching), or of larger groups (fascicular twilc/-
ing), or wavelike fluctuations (myokymia) without locomotor effect.
Many persons on exposure to cold present, temporarily, such twit:
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ings or wavelike motions in the larger muscles of the extremitics; 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 fuce, are of no diagnostic significance,

Extremely important for diagnosis, however, are the true fibrillary
and fascicular twitchings, 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 museular atrophy,
bulbar paralysis). They appear as brief, intermittent, twitchings in
different parts of a given muscle, cansing slight visible deformations of
the skin. Though usually without locomotor effect, marked fibrillary
twitehings in the small muscles of the hand may cause slight movements
of the thumb or of the fingers.  They are exaggerated by active or passive
movements of the muscles involved, or by electrieal or mechanieal stimula-
tion. The tongue should always be examined for fibrillary twitching, but
neurotie individuals often show much twitching in the absence of organie
disease; if there be no atrophy of the muscle of the tongue, caution should
le observed in deciding that the twitehing or tremor is of serious import.
Though fibrillary twitchings 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 discases of the
peripheral motor nerves (neuritis).

Myokymia or wavelike fluctuation is most often seen in the ecalf-
muscles, though it may affect the face, the thigh or other parts,
is unknown, but is probably toxic.

A fibrillation, or myokymia, of the heart-musele oceurs in connection
with paralysis of the atria (pulsus irregularis perpetuus) and is recog-
nizable in the electrocardiogram,

Tts canse

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 fatigne, or
on exposure to cold, manifest trembling movements of this nature, obvious
especially in the handwriting.  When a tremor appears without apparent
or sufficient physiological eause, it is ealled a pathological tremor. In
certain families, a so-called essential (remor oceurs, without any symptoms
of progressive nervous disease (Dana). It may be local or general.

Tremors may be fine or coarse, according to the size of the oscillations;
and there may be a rapid or a slow tremor, according to the number of oscil-
lutions per second.  Fine tremors, like that scen in Graves's disease, are
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usually rapid (8 to 12 oscillations per second) ; coarse tremors, like that
seen in Parkinson’s disease, are usually slow (2 to 4 oscillations per sec-
end), and are sometimes spoken of as “shaking” tremors. They are
usnally 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 inlention tremor, a good
example being that seen in multiple selerosis, 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 psendosclerosis, there are
from 80 to 120 oscillations per minute (v. Striimpell).

A tremor may affect not only the muscles of the extremities, but 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 be horizontal,
vertical or rotary (see Examination of the Vestibular Funetions). The
remarkable tremor of the lids on gently closing the eyes, so often seen in
Graves's disease and in psychoneurotic states, is known as Rosenbach’s
phenomenon.

Tremors, when marked, ean scarcely eseape 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 the palm of his (the examiner’s) hand, when very slight
jarring or erepitation will be felt (Quinquaud’s phenomenon). This is
present in most aleoholics and may occasionally occur with normal
]K‘rl‘l)llﬂ.

In testing for inlention tremor the patient may be asked to touch the
end of the 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 are directed (a) to
cach side, (b) upward, (¢) downward, and (d) toward the middle line
(convergence). A slight nystagmoid movement on strong lateral flexion
of the eyes should not be regarded as abnormal, but any oscillation on lool
ing straight forward is pathological.

Tremors sometimes affect one-half of the body and not the other
(hemitremor), especially in cerebral lesions.  When the hemitremor tako
the character of marked shaking, it is called hemiballismus ( Kussmanl ). @
condition transitional between tremor and hemichorea.  Tremors ean o
recorded graphically, if desired, but the eurves reveal nothing of imp -
tance inaceessible to the naked eye. Most tremors cease during sleep.

The cause of tremor is not well understood, but it is probably relat d
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to disturbances of the tonus-innervations in muscles of reciprocal function
(agonists and antagonists). Most tremors, if not all, have a central origin,
Posthemiplegic tremors ave common; that accompanying Benedict’s syn-
drome (paralysis of oculomotor nerve with contralateral hemiparesis and
tremor of the paretic extremities) is due to a lesion in the ecercbral
peduncle.
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jii. Pathological Associated Movements or Synkinesias'

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, but the
tendency to “association” is always there. Skill in performing finer move-
ments consists largely in the voluntary suppression of associated 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 a simultancous 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 synkinesias may disappear (e. g., in Parkinson’s dis-
ease and in some cases of hemiplegia).

More common than loss of normal synkinesias are the pathological asso-
ciations of movement, which appear in diseases of the central nervous sys-
tem. By a pathological associated movement, is meant one that does not
appear in association with a given voluntary movement in a normal person,
but that does appear therewith, and cannot be suppressed, in the discased
ll('rs()ll.

Pathological synkinesias may be contralateral, as in the so-called
“identical” synkinesias; homolateral, as in the case of the tibial phe-
nomenon of Striimpell, and of the trunk-hip flexion synergism of Dabin-
ski; or bilateral and generaly as in those remarkable cases deseribed as
“double athetosis,” and in the flexion of all four extremities on passive
overflexion of the neck in meningitis (Brudzynski's sign).

Contralateral Synkinesias.—In the paralyzed muscles or paretie mus-
eles 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 body ; thus, on closing the fist on the non
paralyzed side, the fist of the paralyzed hand may also be closed.  Again,
but less frequently, attempts to move the muscles on the paralyzed sid
may result in involuntary symmetrical movements on the healthy sid

"In the German literature these are referred to as Mitbewegungen; in the
French literature as Mouvements associés.
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aparée. (substitution-movements of Senafor). These “identical” synkinesias are

seen especially in the movements of the smaller joints; it is as though the
(’7’):‘0 movements of the two sides were fused into a unit. Ocecasionally, move-
et ments in a paralyzed arm will appear on voluntary effort to lift the leg of
. In: 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
Ledrel. simultaneously extend the upper limbs (pandiculation). Such extension-

movements may be especially marked in paralyzed limbs during yawning,
or as a reaction to tickling. They are especially eommon in the severer
lesions of the pyramidal tract, notably in the infantile hemiplegias,
il of Homolateral Synkinesias.—Some of these are of aid in the diagnosis
mities of lesions of the pyramidal tract.
1t the Tug Tisiarn Puexomeson or von Srriveerr.—The patient lies
move- quietly in bed on his back. The examiner stands beside him, one hand
move- resting lightly on the thigh of the patient, the other hand laid lightly over
ments the dorsum of the foot of the extremity under examination, The patient is
ts are then asked to draw his thigh up toward his trunk by forcible flexion at the
o the hip. In spastie paralysis (upper motor neuron lesion), this leads to an

lorsal- insuppressible contraction of the M. tibialis anticus, visible and palpable,
1etion eausing dorsal flexion of the foot, which becomes even more marked if the
jeased examiner oppose the movement by pressing on the patient’s thigh, The M.
8 dis- extensor hallueis longus may also participate in this synergism, The

tibial phenomenon may appear on walking, causing the foot to assume an

| asso- outspoken valgus-position (Oppenheim).
8 8yS- The tibial phenomenon does not oceur in every ease of pyramidal-tract

s not lesion ; it may oceasionally be met with when the pyramidal tract is nor-
erson, mal. It is, however, a valuable corroborative sign.

seased Tur Ramarn Puexomexox or vox Stritmernr.-—DPowerful eontrae-
tion of the fingers in the making of a fist canses insuppressible excessive
called dorsal flexion of the hand.  This is an exaggeration of the normal asso-
phe- ciated movement, which ean be voluntarily suppressed.
Jabin- On attempts to lift the arm, hanging supine, an insuppressible prona-
wed as tion also occurs (pronation-phenomenon ).
assive Bilateral Synkinesias.—T1r Truxk-mir Frexion Syyerasy—An-

other associated movement met with in spastic states, first observed by
L mus- Oppenheim (1889), and given a diagnostic value by Babinski (1900), is
1 eon an insuppressible flexion of the hip on the trunk on raising the upper part
n the of the body from the dorsal recumbent position.  We place the patient flat

y non on his back, without a pillow, on the floor or on a firm mattress, and ask
\gain, lim to cross his arms in front and to keep the legs a little apart.  If he

1 side now try to sit up without using his arms, the paretic lower extremity will
7 side become flexed at the hip and the whole extremity will be raised from the

floor, the heel being lifted for a moment, to full hack again later. The

in the houlder on the healthy side will be carried forward, as 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 floor. This sign is useful in dis-
tinguishing organic from hysterical hemiplegia.

Tur SynkiNesias INvoLvED 1N SeraraTe axp Simvrraneovs Rais-
ixa oF Tne Leas (Phenomenon of Grasset and Gaussel).—DPlace 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
rannot simultaneously be raised, though either limb separately can be
lifted. In hysteria, both legs can be raised at once.

This disturbance of synergism may be 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-

Fig. b41 Left-sided Organie Hemiplegia After a Year Combined Flexion of the Thigh and
Trunk on the Left (After J. Babinski, “Gazette des Dopitaux,” published by Bureau
d' abonnement, Parls.)

ing to the patient’s inability to fix the pelvis by means of the museles o
the paralyzed side; but if the patient be asked to raise his healthy leg
and we subsequently lift the paralyzed limb passively, the healthy limb w
still remain lifted, as the patient can fix his pelvis by the non-paralyz
muscles of the healthy side,

Hoover's Siay ror Tue Derecrion or Mavizeerizag axp Fux
TIoNAL Pararysis or Tne Lower Exrresmrries,—This test depends up
the same principles as the two preceding ones, and in practice will
found a very valuable procedure. It is deseribed by my colleague, 1’1
I1. M. Thomas, as follows:

“Hoover has shown that, when a normal person ].\in‘: on his I
endeavors to lift the extended leg from the conch, the opposite log
pressed downward, and that in an organie hemiplegia this same press
oceurs when the patient tries to lift the paralyzed leg. If in such a «
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the patient lifts the unparalyzed 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-
affected leg, the opposite leg, totally paralyzed for voluntary effort, is
pressed strongly into the couch, while, if he be 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 has ealled attention
to a somewhat similar phenomenon oceurring in hysteria, but in this case
it concerns the lack of relaxation in the antagonistic muscles.”

Other Bilateral S8ynkinesias,—These are the most remarkable of the
whole group.  Two examples may be cited: (a) so-called double athetosis
and (b) flexion of the extremities on passive flexion of the neck in men-
ingitis,

(a) So-carren Dovere Arunrrosis. ~Ilere the most extraordinary
generalized (bt by no means “identical™) associated movements ocenr.
The syndrome might, as Lewandowsky su-gests, be 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 ont into wild grimacing movements, Tsolated move-
ments of the fingers are no longer possible.  On walking, the body 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 bed, awake; but they start again on
the approach of anyone, or on the sound of noises.

(b) Frexioxy or tie Exrremiries ox Passive Frexion or tne
Neek 18 Mexivarris.—This is one of the now well-known Brudzynski
signs in meningitis.  If the ¢hild’s neck be foreibly flexed, so that the chin
approaches the sternum, both arms and both legs are simultancously drawn
up.  (See Part 1V.)

Congenital and Hereditary Synkinesias.—In certain families, congen-
ital synkinesia oceurs, and not only active movements, but also passive and
clectrically stimulated movements may ocenr bilaterally (identical syn-
kinesias).  In such patients, movements that are to be performed simul-
tuncously, but differ on the two sides (e. g., piano playing), cannot
be learned.  Sinee the identieal synkinesias probably depend upon the
distribution of each pyramidal act to both anterior horns, it may be that
i these congenital cases there is an anatomical anomaly—perhaps an
excess in homolateral disiribution.  The phenomenon may occur for gen-
crations in the same family (Damsch, Fragstein, Drissaud and Sicard).
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iv. Chorea and the Choreatic Disturbances of Motility

In chorea we 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 are
not wholly coirdinated, though they may often resemble purposeful move-
ments such as those of grasping, defense, expression, occupation,  In then-
selves they are unpurposeful, ocenrring 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 of
the pharynx and of the vocal cords.  In some cases the movements ure
unilateral (hemichorea). They are exaggerated by emotion; sometinies
they are momentarily lessened by efforts at voluntary movement; thoy
cease, as a rule, during sleep.

.
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Choreiform movements resemble closcly the movements of embarrass-
ment that children gometimes 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.—Iir<t, 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 Lead s slight choreiform move-
ments will then usually appear in a few seconds in the fingers of one or
both hands.  Afterwards, we ask the patient to perform various move-
ments, and note the intercalation of disturbing involuntary contractions,
Speech may be interfered with Ly choreiform movements of the tongue,
sudden eontractions of the diaphiragm, or by swallowing-movements, The
choreie patient is clumsy, may drop a plate ont 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 elinical studies of neurologists, especially those of Bonloeffer,
and of Foerster (1904), we now know that the motility in chorea may be
involved in a wkole series of different ways. Not only do (1) the spon-
taneous movements above deseribed ocenr: but (2) the museles are often
very weak (chorea paralytica, chorea mollis, limp chorea), the paresis of
the museles affecting especially often the neck, sometimes the extremities,
in a topographical distribution wholly unlike that in pyramidal tract
lesions; (3) the museles are often hypotonie or atonie (choreatic atony) ;
(4) the voluntary movements are poorly coiirdinated, as shown by the loss
of the normal attitudes of the head, trunk and limbs, sometimes by an out-
spoken choreatie ataxia, or a choreatie 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; (6) there
is an inability to maintain the innervation necessary for the continnance
of firm contractions ; pressure of the hand soon lets up, the hand eannot be
held long in a position of dorsal flexion, and the protruded tongue is
quickly drawn in again; (7) and, finally, remarkable associated move-
wents ocenr, differing from those seen in the hemiplegias, sinee they
chunge 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.—These movements, oceurring in
young people in association with rheumatism, tonsillitis or endocarditis,
give rise to the picture known as Sydenham’s chorea. Similar movements
coming on after middle life and growing steadily worse, in association with
progressive dementia, are known as Huntington’s hereditary chorea.

Chorea may also be met with in conditions in which diffuse patho-
logical processes exist in the brain (epilepsy, dementia paralytica, de-
mentia praecox, cerchral atheroselerosis) ; it has been observed in tabes
and in Friedreich's ataxia; still more interesting, from the standpoint of
pathogenesis, is its occurrence in eertain focal lesions of the cerebrum, espe-
cially those involving the brachinm conjunetivam, the red nucleus and the
thalamus,  The term posthemiplegic chorea is ill chosen, for (1) ecomplete
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 Iunt 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, ITammond) are continu-
ous, involuntary, slow, rhythmical movements, most marked in the fingers
and toes, The ilngnru are slowly spread apart or adducted, or alternately
flexed and extended. The movements are exaggerated on \(blllllh!!‘} move-
ment, and during excitement.  They have a wormlike character, the
fingers forming very slow, bizarre movements, the single digits moy
ing neither simultancously nor in the same direction, some digits being
extended while others are 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 are usually less affected than the hands; the foot, when involved.
most often shows plantar flexion and adduction with hyperextension of th
great toe.  Sometimes the movements involve also, to a slight extent, th
more proximal portions of the limbs.

Athetotic movements do not ocenr in limbs that are completely par:
Iyzed, but only in those that are still more or less subject to the wil
They usually cease, though they oceasionally persist, during sleep.

The museles of an athetotic extremity are, in contrast with those of
choreatic extremity, hypertonic. This bypertony is sometimes ver
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marked, often leading to a kind of intermittent spasm; the arms may be
strongly pressed against the chest or markedly rotated, the positions chang-
ing during active movements or on excitement (spasmus mobilis). This
mobile spasm due to hypertony probably represents a transition to a spastie
contracture; it may exist, in some eases, in the absence of athetotic move-
ments (so-called hemitony of infantile cerebral palsy). The muscles of an
athetotic extremity may show hypertrophy instead of atrophy.

Fig. 642 —Instantancous Photograph of the Mand in a Case of Posthemiplegie Hemi-athetosis,
(After v, Monakow in Mohr and Stachelin, “Handb, d. Inner, Med,” published by J.
Springer, Berlin,)

Contrast between Athetosis and Chorea.—These two conditions are
entirely separate and distinet.  They may, it is true, oceasionally coexist,
but each represents a disturbance of motility sui generis. The dlﬂ'vn-nus
are well shown in the following table:

Chorea ‘

\||u>ln~i-(

Movement begins suddes nl\ course nf 1. Movements slow and \\nrmllkl
movement quick and ]l'l"}\‘v
2. The movements are continuous, ceasing
only during sleep; they may
aggerated or diminished by psychie
influences
When at rest, the muscles are relaxed| 3. Muscles always hypertonic; transition
(atonie, l|\|mmnu ). to spastic states (spasmus mobilis).
Movements v\(uwu«lv variable; no trace] 4. Movements rhythmical; always the same
of rhythmicity. in the same patient.

remains at rest.
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Causes of Athetosis.—Tlese are not well understood.  Athetosis oe-
curs chiefly in association with diffuse cerebral lesions (encephalitis,
porencephaly), acquired in infancy; it is only rarely met with after a
cerebral lesion aequired in adult life.  Most commonly unilateral, as an
accompaniment of infantile hemiplegia, it may be bilateral in cases of
infantile cerebral diplegia; this frue bilaleral athetosis has, however,
apparently nothing to do with so-called double athetosis (athétose double),
a disease of the associated movements (. v.), in which athetotie disturb-
ances of motility play a very small rile, if any.
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vi. Forced Movements; Forced Attitudes; Conjugate Deviations

Some patients are foreed to langl inst their will and in the absence
of the corresponding emotion.  Such attacks of langhing may be very
troublesome to the patient.  Forced laughing and forced erying of this sort
are seen in multiple sclerosis and in psendobulbar paralysis.  Many of
the erying and (-nuulnn;_' attacks of hysterical patients, as well as the
phenomena of major hysterical attacks (arching of the back, solicitation
movements, forced walking in a circle, ete.), have to be considered here

In irritation of the right middle cerebral peduncle, or on excitation
of the right side of the cerehellum in animals, foreed movements appear
there is a rotation of the body around its own longitudinal spinal axis in I
the direction of unscrewing an ordinary serew (the head of the anim:l |
corresponding to the head of the serew).  Dut destructive lesions on the
right side give free play to the impulses arising on the left side and th
give rise to rotation in the reverse direction: namely, that of serewing i1
a serew.  Besides this foreed rotation, we may cite as examples of forec |
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movements, (1) forced running in a civele, and (2) foreed rolling move-
ments. As examples of forced altitudes, the foreed lateral position, and
the crouching position like that of a hunting dog (en chien de fusil),
sometimes seen in meningitis; may be mentioned ; such foreed attitudes are
often due to painful contractures,  Other foreed attitudes result from
spasm (e, g., in torticollis and in tortipelvis).

Conjugate devialion of the eyes and of the head in the same direction
(déviation conjuguée de la léle et des yewr of Prévost), due either to irri-
tation of agonists or to paralysis of antagonists, is a good example of
foreed movement, In lesions of the cerchrum 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 eases of cerebral
irritation, and some
times in pontile lesions
(supranuclear area in
region of the fascienlus
longitudinalis  medial-
ix), the eyes may look
away from the lesion,
instead wf toward it.

At least three cortical
areas seem fo be concerned
in combined lateral move-
ments of the eyes: (1)
frontal (foot of middle
frontal gyrus), (2) pari-
elal (angular gyrus and in
ferior parietal lobule) and
(3) oceipital.  The fibers
from the cortical areas run
through the projection-sys-
tem downward; thus con-
Jugate deviation may fol-
low lesions of the eentrum
semi-ovale, or of the eap-

sula interna. (]"0!‘ t(-stin;: Fig. 543.—Patient with Epiphyseal Tumor, Showing Inability
for ,.‘,"iu’_,m“ dvvinlilin,m'l' to Elevate the Eyes Above the Horizontal.  Mobility
\l~|l'llll|ul‘ Functions.) Latoralward Was Also Slightly  Diminished in Both

S Fyes.  (After . Bailey and 8. E. Jelliffe, Arch. Int.

In a few cases, the eyes Med.)
v found turned to one

sidey and the head to the other (déviation dissociée), due probably to paralysis of

ral deflection of the eyes and irritation of the head-rofators.
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 direetion; 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 ventralward from the nucleus N. abducentis, ventro-lateral
from the fasciculus longitudinalis medialis). The fibers from the cortical areas
appear to go down to this center and thence return to the eye-musele nuelei.

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 loealizing symptom, pointing to a foeal lesion in the
midbrain (superior ecolliculi of eorpora 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 cerchellum, a skew deviation
of the eyes has been observed; in a case mentioned by Purves Stewart, the right
eye was directed downwards and medialwards, and the left eye upwards and lat-
eralwards.
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vii. Imperative Acts; Automatic Habits
In psychasthenie 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. The
tics and the stereotyped movements of dementia praecox are referred to
elsewhere. .
Reference

Bérillon (E.). De lonychophagie; sa fréquence chez les dégénérés, et son traitement psych
g};émpiqlw. Ann. de psychiat. et d'hypnol., Paris, 1893, n. s., iii, 3
6.

viii. Paroxysms of Over-contraction or Hyperkinesis
(Fits or Convulsions, Cramps)
Under this heading we have to deal with the various types of fits
convulsions, eramps, spasms, ete. The terms in use here have never beo
very sharply defined. As a result, different authors do not always me: 1
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the same thing by the same words. The tendency at present is to limit
the word spasm to the pathological permanent eontractions arising reflexly
through purely quantitative increase of physiological stimuli, and to nse
the term cramp to indicate either continuous or intermittent muscular
contractions depending on physiological stimuli and on a pathological
irritability in the motor neuron systems or perhaps in the muscles them-
selves,

In the origin of such pathological contractions, summation of stim:li
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 fonic (or tetanic) contraction of the
muscles, or to more or less rhythmieal, intermittent contractions—the so-
called clonie contractions. When the contractions are limited to single
museles or small groups of muscles, we speak of eramps, 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 hy
toric substances cireulating in the blood. Some of them have an
affinity for the upper motor neurons, others for the lower motor neurons;
thus in epilepsy, uremia, eclampsia, ete., it is the upper motor neurons
and probably their cell bodies in the cerebral cortex that are chiefly
affeeted, 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 are acted upon. In reflex convulsions or eramps, 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, ete.).

Sudden disturbances of the cirenlation in the central nervons system
can eause motor discharges (e. g., anemic convulsions). Moreover, local
inflammation, or trauma, involving the motor neuron systems, may be
accompanied by motor explosions (convulsions in dementia paralytica,
weningitis, encephalitis, cerebral hemorrhage, thrombosis, ete.).

The more extensive motor fits or convulsive attacks are cither cercbral
or cerebellar in origin,

(1) Cerebral Fits

The cerebral fits are divisible into two great groups: (1) the psycho-
cenic group of cerebral fits; (2) the epileptiform group.  The psychogenic
«orebral fits include hysterical convulsions and psychasthenie fits.

Hysterical Attacks.—The hysterical convulsions consist chiefly of ex-

“<ive movements, or muscular contractions corresponding to those that

mpany strong emotions of various sorts (e. g., anger, erotism, joy,
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pain, ete.).  During the 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 assanlt, an accident, a fire). Iysterieal
catalepsy, hysterical contractures, hysterieal chorea, and hysterical myo-
clonia often give rise to mistakes in diagnosis. A fuller deseription of
hysterical attacks will be found under special diagnosis,

Psychasthenic Fits.—sychasthenic fits may closely resemble epilep-
tic fits; they have been deseribed by Oppenheim, Spiller, Friedmann, and
others. They differ from both epileptic attacks and from hysterical
attacks. They appear as attacks of unconseiousness, with or without con-
vulsive seizures, often as equivalents of the psychasthenic anxious state.
The fits oceur in people, who, earlier, have shown anxious states, phobias
or ties.  They never oceur 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 eondition 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 6 to 40 a day (Fried-
mann) ; these may be related to the “spasmophile diathesis.”

Epileptic and Epileptiform Attacks.—The epileptic, or the epilepti-
form, attack may be general, involving the whole body, or loeal (jack-
sonian), beginning in a given muscle-group and extending to a smaller, or
larger, number of other museles. The general convulsions include those
of idiopathic epilepsy (canse unknown) and those of symptomatic epi-
lepsy, due (a) to toxic influences, e. g., in uremia, intestinal intoxieation,
placental intoxication, diabetes, plumbism, aleoholism, (b) to inflamma-
tory, cireulatory, or neoplastic changes in the cerebrum itself, e. g., in
dementia paralytica, Ines cerebri, encephalitis, meningitis, apoplexy,
glioma, and (¢) to reflex influences, e. g., intestinal worms, sears, nose
and ear-discases. The local or jacksonian convulsions are due usually to
some foeal irritation in the cerebral cortex (e. g., tumors, local inflamma-
tory, or cirenlatory, disturbance).

The General Epileptic Convulsion ((/rand Mal Attack).—These at
tacks have been carefully studied by a great number of observers, notahly
by Gowers, by Féré, 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 awra (paresthesia in some part, or a sudden
sensation of sight, hearing, taste or smell).  The patient may or may not
ery out at the beginning. He suddenly becomes unconscious, the wholo
muscnlature of the body becomes vigid (fonic phase), the patient falls
the floor, and the head and eyes are usnally rotated slowly toward one sid.
The extended arms are pressed closely against the body, the forcar s
pronated, the hands flexed and clenched with the thumbs turned in, tie
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legs extended. The face, at first pale, soon becomes dark blue, owing to
gpasm of the respiratory muscles. The pupils are widely dilated 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 ouly the muscles
of the extremities, but also those of the face, eves and tongue. The violent
clonie spasms of the jaw-muscles often result in biting of the tongue and
bleeding. The patient may pass urine or feces involuntarily.  The elonie
contractions last for a few minutes (§-5 wminutes) ouly, and then
gradually die down. The patient may open his eyes for a moment but
remains for a time in coma, which, in turn, is often followed by a deep
sleep, lasting from a half to several hours,  1f he be artificially aroused, ho
may exhibit a twilight-state, behaving antomatically for a time.  On awak-
ing spontaneously, the patient complains of faticne and headache. 1o
may be slightly confused; he has no memory of the attack (amnesia).
During the attack, the temperature rises slightly (not more than 0.5” (',),
the corneal and pupillary reflexes ave alolished, sometimes the tendon
reflexes also.  Babinski's sign may be positive,

Sueh an attack is known
as major epilepsy (grand mal).

Rudimentary attacks, in which there
may be no convulsion whatever, but simply a momentary unconscionsness,
without aura or post-epileptic coma, are known as minor epilepsy (pelit
mal),  Sometimes peculiar mental states with abnormal behavior (am-
bulatory automatism, fugues, poriomania) occur as psyehic equivalents
of epileptic attacks (see Special Dingnosis).

Jacksonian Attacks ((Cortical Epilepsy).—1In 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 Joss 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
fuce, 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 hody.
Aling 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
foeus 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 be expeeted from what we know of cortical
representation of movements, approximately simultaneousiy to face and

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 be arrested at any point without further involvement of
the musculature.  Unilateral attacks, frequently recurring, are known as
status hemi-epilepticus.

The muscles in which the movements begin are often paretic after
the attack is over. The contractions are 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 are again
clonic in type. There are, however, great variations; in some cases there
is no tonic phase; in others the whole attack is tonie.  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 ; he is surprised to see
and feel the contractions of the museles. Strong attempts to overcome
the beginning 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 circumseribed
irritation in the brain (e. g., trauma, tumor, abscess, gumma, tubercle,
loeal meningitis, vaseular lesion, sear), but similar circumseribed epilepti-
form convulsions are occasionally observed in diffuse irritations (e. g.,
increased intracranial pressure), in toxie states and in “genuine”
epilepsy.
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(2) Cerebellar Fits

The forced movements, so typical in animals, are rarely seen in cei -
bellar disease in man, thongh Ballance has observed them after operatic
on the cerebellum. A forced “cerebellar attitude” of the head (the «
tilted toward the shoulder on the side opposite the tumor and the f:

R
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turned slightly toward the side of the lesion) has been reported by Batten
in lateral-lobe lesions,

Two main types of cerebellar fits have been deseribed, though it is
not yet quite certain whether they depend upon irritation of motor strue-
tures or of eentripetal paths in the neighborhood.  Several possibilities have
been suggested: (1) path from cerebellum to Deiter’s nucleus to spinal
cord; (2) path from eercbellum through brachivm conjunctivam, (a) to
red nucleus, Monakow's bundle and spinal cord, or (b) to thalumus, cere-
bral cortex, pyramidal tract and spinal cord.

Cerebellar Fits, Supposedly Due to Unilateral Lesion.—The contrac-
tions are tonie, not clonie, and are more marked in the homolateral limbs
than in those of the opposite side. The arm and leg on the side chiefly
affected are firmly adducted; the contra-lateral limbs are abducted; the
head, neck and trunk, as well as the limbs, undergo a serewlike 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 clonie, and consist of retraction of the head
with arching of the back (opisthotonos), supination of the hands and
flexion of the elbows; the legs are rigidly extended with the toes pointed
(Hughlings Jackson).
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(8) Pure Tonic Spasms

Tn some motor paroxysms the contractions are all tonie in nature,

Tetanus.—In tetanus there is general hypertony, and under the in-
fluence of slight sensory stimuli (tactile, acoustic, optic) tetanie attacks
are precipitated. The face becomes rigid, often in the form of a sur-
donie grin (risus sardonicus) ; the patient grits his teeth and holds the
juws firmly closed (frismus or lock-jaw) ; the head bores into the pillow;
the back may be arched so that the body is supported by the back of the
lead and the heels (opistholonus) ; vespiration may be interfered with
by fixation of the thorax in full inspiration; the abdominal muscles are
tense and the abdominal wall retracted; the arms and legs are held
rigidly extended.

Hydrophobia.—ITere 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 the

attempt to swallow liquids that calls 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-
speets: (1) they begin with elonic 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 are bilateral and symmetrical and are usually painful.
The hand assumes the “obstetrical position” (conical shape, fingers 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). IPressure on
nerve trunk in suleus bicipitalis, produced either by the fingers, or, bet-
ter, by the band of a blood pressure apparatus, calls forth a eramp (Trous-
seau’s phenomenon) resembling that oceurring 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. Tt
oceurs 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 are 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 repeated. A tie may be local,
involving a single muscle or a small group of muscles, or general, in-
volving most of the museles of the body (maladie des tics impulsifs, q. v.;
myospasia impulsiva).
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(5)  Localized Muscle Cramps

These are divisible into two groups: (a) those due to direet irritation
of lower motor neurons, and (b) those of reflex origin,

(a) Cramps or Spasms Due lo 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,
seratching, plucking, gritting, clucking, ete.), there are many eramps
due to irritation (nuclear or infranuclear) of lower groups of nenrons,
often limited to the domain of single muscles or nerves. In contrast
with tics, these spasms may oceur during sleecp.  Among them may be men-
tioned the various forms of facial spasm, glossospasm, pharyngismus,
some forms of torticollis, respiratory spasm (including some cases of hie-
cough or singultus) and eramps in the calf-muscles (due to metabolic
disturbances).

(b)  Local Reflex C'ramps.—As examples may be cited (1) the rigidity
of the neck in meningitis; (2) reflex facial spasm in tie doulonrenx; (3)
the cough in pertussis and other reflex coughs, and (4) saltatory reflex
cramp in the lower extremities, cansing 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 by elonie
contractions, involving chiefly the muscles of the extremities and of the
triunk, the face usually escaping. These contractions arve brief and light-
ninglike; they usually cease during sleep, are arrhythmiecal, affect
muscles independent of synergism, and may at times be confined to a
single musele that eannot be independently innervated by the will (M.
brachioradialis). TIndeed, this muscle, the M. biceps, the M. trapezius,
the M. quadriceps and the M. semitendinosus are those most frequently
involved,  Myoclonie contractions are sharply to be distingnished from
librillary twitchings.  The condition was deseribed by Friedreich as para-
myoclonus multiplex ; in his case the face was unaffected.  Sehultze de-
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seribes cases in which the face alone was involved as monoclonia, desig-
nating the Friedreich cases as polyclonias. Some of the cases that have
been ealled chorea electrica were probably instances of myoclonia. The
oceurrence of myoclonia in certain types of epilepsy and of dementia will
be referred to under Special Diagnosis.
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[Nore.—For other references, see Part XII, Section III, Special Diagnosis of
Myoclonia.]

(7)  Oceupation Cramps

Some persons manifest cramps involving movements that pertain
to their occupations, that is, complicated movements in which skill has
been acquired by long practice.  Among them may be mentioned writer's
cramp, piano-player’s eramp, seamstress’s cramp, telegrapher’s eramp,
shoemaker’s eramp and eigarette-roller’s eramp.

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, ete.). When the cramp
exists, the more one tries, the more marked it is, while a “don’t-care atti-
tude” will sometimes overcome it.
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7. Phenomena of Incoordination

(The Ataxias and the Abnormal Gails)

Under this heading we shall consider statie cobrdination and locomotor
cobrdination and their disturbances.

(@) The Ataxias

By ataxia is meant disordered or incoiirdinated 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). 1le 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 be entirely retained in ataxia; though ataxia
may coexist with motor weakness, in which event the movement will he
paretic-ataxic, and in hypertonic states, spastic-ataxie, either of which
conditions may be met with in the so-called ataxic paraplegia of Gowers.

In testing the coiirdination of muscles we have learned that, in every pur-
poseful movement, there is a complicated play of the museles that aet together
(synergists). Not only do the prime movers (so-called agonists or protagonists)
contract, but also aceessory muscles, which help the main contraction or fix por-
tions of a limb during eontraction, and often the museles directly opposite in effect
(antagonists) to the protagonists, are either relaxed through inhibition of their
tonus, or contracted in varying degrees to make the movement steady, precise and
corfain,  The exeitation of the protagonists and the inhibition of the antagonists
depend upon impulses eoming from neuron systems in the brain and spinal eord
lying superior to the lower motor neurons, above all from the pyramidal tract.

But the degree of contraction and relaxation of the different groups of museles
concerned in a given movement is constantly varying during tiie 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 eentripetal impulses have a conscious correlate (joint sense, sense of musenlar
contraction, sense of innervation, ete.). The majority of these centripetal im-
pulses, in all probability, are subeonscious or unconscious, and pass (1) by the
rellex collaterals in the posterior roots to the anterior horn eells, (2) through the
direet eerehellar tract and Gowers's tract to the vermis of the cerchellum and (3)
through the posterior funiculi and the corpora restiformia to the eerebellum. The
corchellum s in turn conneeted by its superior peduncles (brachia conjunetiva
and the decussation of the latter), with the red nucleus, and, ultimately, with the
corchral cortex.  This conneetion permits of the passage of impulses in both
directions—from cerebellum to eerebrum, and from cerebrum to cerchellum. The
corchellum is also thrown under the influence of the eerebral eortex by impulses

o by collaterals from the pyramidal traets to the nuelei pontis, and thenee
through the middle eerebellar peduneles (brachia pontis) to the lateral lobes of
{1 corehellum, there to end about the Purkinje cells. Both the red nuclens and the
corchellum are in turn direetly and indirectly econnected 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 cobrdinating 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 are
connected with the cerebellum, are probably of prime importance. Finally, the
optic paths are of considerable importance in locomotor coirdination, and the
acoustic paths are of especial importance in the cotrdination of the plicated
speech-movements.

One sees how large a part of the central and peripheral nervous sys-
tems can be concerned in the coiirdination of movements, Since disease
of any of the parts mentioned may cause incoiirdination, it is obvious that
the unravelling of the pathogenesis of an ataxia may be a diflicult prob-
lem. Certain clinical types of disturbance of coirdination present them-
selves frequently. Tt is customary to distinguish static ataxia or incobr-
dination from dynamic or locomotor ataxia or incotrdination,

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), stalic alaxia is
said to exist.

When the disturbance of coiirdination 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 locomolor alaria.

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 ataxie paraplegia), it is to be regarded as a sep-
arate disturbance. While disturbance of the deep sensibility (of ile
joints, muscles, tendons, ete.) is often present (especially in the tabetic
type of ataxia), it will be easily understood, from what has been suid
above, that in many eases 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 distingnishable: (1) peripheral a1l
spinal ataxia due to loss of centripetal (conscious and infraconscious) i
pulses from the bones, muscles and joints; (2) vestibular ataxia due o
lesions of the labyrinth or of the N. vestibuli or its intracentral continiu-
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 abont one
third of the cases of tabes. It is due less to a loss of conscious sensations
(bathyanesthesia), though these may be in part concerned, than to o loss
of unconscions centripetal regulating influences, which pass from the
muscles, bones and joints along the afferent peripheral nerves, the pos
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terior 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 bathyanesthesia 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 musecle-groups that are most markedly hypotonie, are the most
ataxie. As we have emphasized when considering muscle-tonns, what is
called tonus is now thought to be synonymous with coirdinated contrae-
tions of muscles when a part is at rest.

On finer analysis of the ataxie movements, one may (1) deseribe the effects
that the faulty action of each single group of muscles can have in all movements
that ean occur (0. Foerster), or (2) limit the deseription to the funetional dis-
turbances that oceur on performing certain only of the coiirdinated aets (lying
down, standing up, walking, rising from, and sitting down upon, a chair, aseend-
ing and deseending stairs, special movements of the extremities, face, vocal eords
and eyes) (M. Lewandowsky).

Besides tabes (lesions of sensory roots), the peripheral type of ataxia
may be seen in polyneuritis, and in pellagra.  The similar ataxia in the
ataxie paraplegias (pernicious anemia, ete.) is due to the toxic degenera-
tion of the centripetal paths in the spinal cord.

il. Vestibular Ataxia

The vestibular and vestibulo-cerebellar incoiirdination has been de-
seribed under the vestibular senses and their anomalies (4. v.).

iii. Cerebellar Ataxia

Tt is very diffieult sharply to separate cerebellar ataxia from vestibular
atuxia.  The labyrinth exerts its influence largely throngh the cerebellum
the cerebellum, in turn, depends, for the exercise of its functions, in no
stall measure, upon the centripetal vestibular impulses.

The striking features of cerebellar ataxia arve (1) diffienlty in standing
upright, and (2) difficulty in walking.

‘The patient, if he can stand at all, does so with his feet spread widely
apart—uwith a “broad base”™—swaying from side to side.  The visual sense
lielps the cerebellar ataxic less than the tabetic ataxie, though Romberg’s
£vtptom is positive in some cases.

The gait is that of a drunken man (démarche d’ivresse), the patient
recling from side to side (cerebellar titubation), progressing in zig-zag
“hion, with strong tendency to fall, sometimes in a definite direction.
L unilateral disease, the patient falls toward the side of the lesion; in
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bilateral disease, or in lesions of the vermis, he falls usually backward,
less often forward.

We try to analyze in each ease how much of a cerchellar ataxia is due to dis-
turbance of the power to orient the body in space (vestibular component) and
how much to disturbance of the coiirdination of the muscles dependent upon een-
tripetal impulses from the bones, muscles and joints (as in radicular ataxia).

The latter component and its associated hypotony are always much less marked
than in tabetic ataxia, and that present in eerebellar ataxia concerns the movements
of the trunk much more than those of the extremit

Babinski has deseribed in cerebellar cases a peculiar cerebellar asyn-
ergy, manifest in a tendeney of the upper part of the body to remain,
on walking, behind the lower extremities; it is as though the “legs were

Fig. 545.—Attitude of a [Mealthy

Fig. H44.—Cerchellar  Asynergy Attitude in Subject on Standimg, Trying
Walkin ptient Held by Two Assistants to Hold His Head Back and to
(After J. Babinski, “Revae Mensuclle  de Carve His Back in the Form
Médecine interne et de Thérapeutique,” pub- of an Are.  (After J. Babin-
lished by Octave Doin et Fils, Paris.) ski, “Revae Mensuelle de Mé-

decine interne et de Thirs
peutique,” published by O
tave Doin et Fils, Paris.)

running ahead of the center of gravity.” The same patient, on attem
ing to touch an objeet with his feet, will make the movements in the k

ively, first in one joint, and th

al Asso

and hip, not simultaneously, but succes
in the other. The hip-trunk flexion synerg
ated Movements) is also demonstrable in such cases.

sm (see Patholog
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In how far cerchellar ataxia may depend npon interference with eere
hellofugal, rather than cercbellopetal, impulses has not yet been deter
mined.

In cerebell:

r ataxia, a patient may, lying on his back, be 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 calaleptoid state, in marked contrast
to the wobbling of the legs (statie ataxia) seen in tabeties on making a
similar attempt.
Another sign, the discovery of which we owe also to Dabinski, is that

of adiadochokinesis. By this is meant loss of the capacity to make

346.~Cerebellar  Asyner-
Attitnde on Standing;
Patient s Trying to

by

1 11is Head Back and to '
11is Trunk Backwards Fig. B4T.~(a) Attitude of a Healthy Subject Trying to
A1 (After J. Ra Raise IMTimself from a Recumbent to a Sitting Posture

Revie  Mensuelle

r Asyner
leelr interne t d

Attitude of Patient Trying
If from Recumbent to a Sitting Posture
itigne, published ‘ abinskl, “Revae Mensuelle de M ine in
Doin et Fils, terne et Thérapeutique,” published by Octave Doin

et Fils, Paris)

ng movements in quick suecession, for example, pronation and supi
of the hand lying on the thigh. The rapidity is much lessened
ide of the disease in unilateral cerebellar lesions. The

li, sometimes seen, may be related.

diminution of motor strength on the side of the lesion in uni

cerebellar lesions has been described as cercbellar hemiplegia

slowness
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(Mann) ; the weakness affects all the muscles, not certain musc
predilection only as in the cerebral hemiplegi

The tonic
hyperkinesias (q. v.).

yasms in cerebellar lesions have been deseribed under the

Occurrence.—(Cerebellar ataxia oceurs in a variety of conditions. It

is often due to focal lesions (tumor, abscess, hemorrhage, multiple selerosis

ete.). It occurs sometimes in hydrocephalus, in meningitis serosa and in

dementia paralytica. That it may be 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 adiadochokines

Filg. 548.—Cerebellar Asynergy. Fifteen F
Seconds Exposure., In This St Voli-
tional Static Equilibrium May be Main- (After J. Babinski, “Revue
talned in a Perfect Manne (After J. C jque,” published by Masson et ¢
Babinskl, “Revue Neurologique,” pub- Paris.)
lished by Masson et Cie, Paris.)

549.—~Tabetle Ataxla. Fifteen S
sure. Note the Instability of

are, in unilateral lesions, all on the side of the lesion. When the s
toms are equally marked on the two sides of the body, we have to t
of lesions of the vermis, or of bilateral lesions of the cerebellar h
spheres or cerebellar conduction paths (see Topical Diagnosis).

iv. Cerebral Ataxia

Lesions of the lemniscus medialis, anywhere between the decussation
medulla and the somesthetie area of the cortex ean cause a unilateral mov
ataxia with anesthesias, with hypotony, and usually with, but sometimes w
a paresis of the museles. This ataxia resembles peripheral or radienlar

except that it is unilateral; this is not surprising, since it is due to lesion «
same paths in their cerebral continuations.

The so-called frontal ataria (Bruns), met with in tumors of the frontal
is of the cerebellar type, and is probably, in reality, a cerebellar ataxia, «
“chronic contrecoup.”
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(b) The Pathological Gaits

In normal walking, the body, inclining forward, is at each step
shoved forward by extension of the hindward leg.  Tn each lower extrem-
ity, the activity is divisible into three periods: (1) that of the swing
forward; (2) that of support; and (3) that of the shove of the body
forward,

The period of the swing begins when the foot leaves the ground, and
ends when it touches it again.  During it, the hip is flexed, the knee is
flexed, the foot dorsally flexed ; then the whole extremity swings past its
fillow ; next the knee is extended, the heel touches the ground ; meanwhile
the lody 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
cround, and continues until the body is again upright. The knee
now hecomes slightly flexed.

'he period of shoving the body forward begins the moment the

supporting leg passes beyond the vertical. The “shove” oceurs after

4-4
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extension of the knee and lifting of the heel; the ball 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 em.), inclines at each step slightly lateralward 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 be 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 retropulsion 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. 1If the thigh-muscles are 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 sleppage
may be met with in polynenritis, poliomyelitis, and the muscular atrophics.

(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 lateralward in a curve (seythe 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 knee
and elevation of the point of the toe diflicult, 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 foree, and
to irregular distances. They may be lifted high, as in the high-steppin:
gait, and carried far forward and outward, or only small steps may le
made. The patients cannot “walk a crack,” and the single stos
taken are very uneven. Many of the movements are made too suddenl,
or violently, and, when the feet return to the ground, they come down
forcibly, flaillike, the heels stamping the floor. The incotrdination is
much inereased when the eyes ave closed. Sudden turning and walking
backwards are not possible.  When the eyes are open, the patient watclis
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 sw
and as it passes its fellow it is (owing to hypotony) over-extended at the ki
The patient cannot properly grade his innervations; since under-iunervation wo ld
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e not raise the foot sufficiently, he attempts correction by over-innervation. The foot
may, during the swing, be held in an abnormal position (toe-drop; deflection to |
a one side). During the third period, that of the wve forward,” he does not |
? properly lift the heel from the ground. This lifting of the heel should begin
L almost at the moment the foot eomes to the ground after the swing; the ataxie
e 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 back.
in Owing, too, to insuflicient innervation of the M. gluteus medius and the Mm.
o |u~mn}-iv the pelvis sinks lm\_'urd the side qff the !ll!»]tltrlillg leg; thus ||‘n' !nnl_\‘ is
A bent inward, unless the patient prevents it by quickly placing the swinging leg
9 in an abdueted position, or by keeping the pelvis raised with a cane on the side of
g the supporting leg.
)i- The ataxie, during the “period of support,” as the extremity approaches the
vertieal, extends the knee fully, while, as we have seen, normally, the knee is
b slightly flexed, ]wl_'lnining of an elasticity and evenness of gn}it otherwise unattain-
X able. In the ataxic, the knee may even be over-extended, as in genu recurvatum.,
W (1) The Reeling, Titubating or Drunken Gait.—This is the gait of
by so-called cerebellar ataxia. The patient walks as thongh he were tipsy,
ge making great oscillations from side to side. e stands uncertainly, walks
% with a very broad base, and, usually, only with support. In this stagger-
hie ing and lurching, the feet are not lifted high, nor are they stamped down
o as in tabes, There may be a tendency to fall to one side, or forward, or
ot Lackward. The peculiar relation of the trunk to the legs, sometimes
ht seen, has been mentioned above (cerebellar asynergy of Babinski), Many
e of these patients are dizzy.
o (5) The Parkinsonian Gait.—The patients hold themselves stiff and
s walk with short shuffling steps, which tend to get faster and faster (festina-
- ting) as they go forward, “chasing their center of gravity” (propulsion).
e If, when standing, a patient be pulled gently from behind, he tends to
" run hackwards with short quick steps, often falling unless eaught (refro-
o pulsion). The arms are not swung as the patient walks. These features,
combined with the expressionless face (Parkinsonian mask), the stoop,
ud the flexed arms and the pill-volling tremor, make a very characteristic
ud ]~:vn|rl~‘ once seen, never to be mistaken.
'\! () Walking with Very Short Steps.—Now and then, on the street,
e

sees an elderly man making slow progress by means of very short

: steps. This is the well-known démarche a pelits pas of French writers,
¥ Marie regards it as an important sign for the diagnosis of his “lacunar

case” of the cercbrum, a condition in which, at antopsy, the small
teries of the brain show visible perivaseular 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 apraxie disturbances; () the disturbances of the
expressive 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) Disturbances of Coordination of the Movements of Speech and
Writing
(Dysarthria, Molor Aphasia, Agraphia)

The capacity for speech depends upon the power to perform the move
ments nec v for the pronunciation of the sounds of the vowels and
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 lesion
in the muscles, the lower motor neurons, the pyramidal tracts (paretic or
spastic states), or to ataxia, any of which may cause anarthria o
dysarthria, the condition is called aphasia. The inability may be com
plete or partial; in the latter case the involvement of spontaneous speecl,
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, calenlatin:.
cte., 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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(b) 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 apravia,
These disturbances, including the motor and the ideatory forms, are
also considered further on.

(¢) Disturbances of the Expressive Movements

The expressive movements include the mimie, pantomimic and gesticu-
latory movements. They are movements espeeially associated with affee-
tive states—the feelings and the emotions—and depend upon the intensity
and the quality of these. The facial movements of laughing and of ery-
ing, of pleasure and disgust, come under this heading. The forced
laughing and erying of multiple bilateral cerelral lesions (psendobulbar
paralysis, multiple sclerosis, cerebral softenings) have already been re-
ferred to.  (See Foreed Movements).  Most remarkable alterations in these
expressivo movements are seen in mania and in melancholia,  They are
exaggerated in the former and diminished in the latter (apathy, stupor).
An excessive tendeney to grimaces and gesticulation is sometimes seen in
dementia praccox.

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 centrifugally-conducting neuron-
systems would be incomplete without at least mention of those sponta-
neous movements of persons that make up theiv condnet and behavior.
It is in these that the normal variations in human beings are chielly
expressed, and there are great deviations within the limits of what we
call normal. Tt is only when conduet diverges very markedly from the
average that we dare speak of it as pathological. A study of abnormal
conduet belongs to the domain especially of psychiatry.

When the spontancons movements of a person are greatly exag-
gerated, we speak of molor agitation, and when greatly diminished, of
aboulia and of molor stupor. Maniacal excitation is an example of the
former, and the psychomotor retardation of melancholia of the latter.
In mental disease we often see slereolyped allitudes long maintained,
the head, for example, being held in an abnormal position for a long time.
I dementia praecox, such stereotyped attitudes—attitudes that would be
nost uncomfortable for a normal person—are maintained for hours at
a time and the patients resist any interference with them (negalivism),
or they may monotonously repeat various movements, simple or complex
(slereotyped movements), Among these may be 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-
sentences, mixed

tinuously (logorrhea), or confusedly, in unintelligible
up with rhymes and alliterations (speech-confusion, word-salad).

Monotonous renewal and repetition of a movement, either following
on a single spontaneous movement, or on a single movement performed
on request, is known as molor perseveration.

Under abnormal conduct are included also the various impulsive acts
due 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 by strong
emotions (anxiety, anger, lust), they are known as impulsive emotional
acts or instinetive acts,

In psychasthenic states, various imperalive acls arve enconntered, 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, “fugne”
patients, usually from anxiety, suddenly undertake long trips away from
lome. Dipsomania, in which persons usually abstinent are suddenly

seized with a pathological and irresistible desire for aleohol; the irresist-
ible impulse to steal (kleptomania), or to incendiarism (pyromania),
and nymphomania helong here,

as well as safyria:
Another disturbance of the will is to be seen in the abnormal tendency
xample is the

to be influenced excessively by other wills, A marked
condition known as the hypnotic state.  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

(cchopraxia, echokinesis), or will repeat words heard (echolalia).

In the sexual domain, among the forms of pathological conduct met
with, are a tendency to inflict pain (sadism) and to receive injur
(masochism), as a sexnal stimulus. In exhibitionism, the sexnal feel
ings are increased by unseemly exposure of the sexual organs, The
excitation of sexual feelings by inspection or palpation of various part
of the body or of pi(‘w'\' of clothing of the opposite sex is known
fetichism. Persons that ent off hair, or picces of dress, or that mut
late corpses, and men of “Jack-the-Ripper” type are probably vieti
of sadistie and fetichistic impulses,

Masturbalion and sodomy arve other examples of pathological condu

in the sexnal domain.

There is, obviously, every transition among human beings from tho

whom we call “responsible,” through the domain of “partial respon
bility,” to those whom we regard as wholly “irresponsible.”  The bearin
of this field npon ethies and upon eriminology are obvious. (See al
Disturbanees of the Conative Funetions, under Psychiatric Methods.)
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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 nenrons
of the autonomie system. Thanks to the rescarches of Langley and others, it has

been established that eertain medullated centrifugal (preganglionic) fibers coming
out of the central nervous system do not go direetly to smooth musele and glands,
but end in arborizations around the ecell-bodies of the neurons in ganglin outside

I'lg. 550.—Red, Sympathetic Nerves ; Blue, Cranlosacral Autonomie, or Parasympathetic, Fihers,
from the Oculomotorius.  (After IL I, Meyer and R. Gottlieh, “I’harmacology, Clinical
and Experimental,” published by J. B. Lippincott Co., Philadelphia.)

T
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the eentral system. The eells of the latter ganglia send their non-medullated
axons (postganglionic fibers) to smooth musele, heart muscle, or to seereting glands.
What was formerly known as the sympathetie nervous system is now elassified as a
part of this great autonomic nervous system, so called on account of its relative
independence of the eentral nervous system.

Tlie efferent systems of the autonomie nervous system are conveniently grouped
as follows:

(@) Mo phalic Aut ic Neuron Systems

Cells situated in the midbrain (mesenceplialon), send preganglionie fibers, prob-
ably through the oculomotor nerve, to the ciliary ganglion. The eells in the latter

f Sallvary Glands.  Red, Sympathetic Nerves; Bloe, Cranjosacral
(Afier 1L 1L Meyer and R. Gottlieh, “Pharmacology, Clinical and
shed by J. B Lippineott Co., Philadelphia.)

send axons (postganglionie fibers) to the M. ciliaris (which eontrols accommo-
dation) and to the M. sphineter iridis (which contracts the pupil).

(b) Bulbar Autonomic Neuron Systems

Here neurons, whose cell-bodies are situated in the medulla and pons, send
tl.eir axons (preganglionie fibers) through the N. glossopharyngeus, 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 these peripheral ganglia send their axons (postganglionie fibers) (1) to the heart
musecle (inhibiting fibers of the vagus), (2) to the smooth muscle of the blood

vessels (vasomotor nerves), the smooth museles of the respiratory traet (tracheal
and bronehial musculature) and, to some extent, the smooth musele of the stomach
and, intestines, and (3) to various scereting glands (lacrimal, salivary, sudoripar

ous, respiratory, ayd digestive).

tol
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(¢) The Spinal Autonomic Neuron Systems

These may be divided into two groups:

(a) Tha cervico-thoraco-lumbar autonomie neuron systems, ordinarily spoken
of as the sympathetic nervous system; and

(b) The sacral autonomic neuron systems.

The cervico-thoraco-lumbar or sympathetic gronp consists of neurons with eell-
bodies in the spinal cord, probably the intermediolateral group of nerve cells
in the gray matter, whose axons (preganglionie fibers) pass out through the ante-
rior roots of the spinal nerves and thence, as rami communicantes, to the sympa-
thetie ganglia, ending in them as arborizations upon cell-bodies situated there,
From the cell-bodies of the latter neurons, the axons (postganglionie fibers) pass
to the skin, to the viscera, and to glands, thus innervating heart-musele, smooth
muscle and seereting glandular tissue. The fibers going to the heart-musele
include the so-called aceelerator nerves., The fibers going to the smooth musele
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
musele of the lids themselves (which influences the width of the lid-slit). The
fibers going to the smooth musele of the blood vessels are the vasomotor nerves
and especially the vasoconstrictors; it is possible that the vasodilators fake a d
ferent course, since they emerge from the spinal cord through the posterior roots,
not through the anterior.  The fibers going to the smooth musele of the hair-follicles
or so-called pilomotor nerves, innervate the Mm. arrectores pilorum, contr
which eauses goose-skin. The fibers going to the smooth musele of the stomach
and intestines and of the walls of the large digestive gland duets control the move-
ments of the walls of these tubes. Other fibers go to the smooth musele of the
genito-urinary apparatus, including the ureters, bladder and urethra of both
sexes, and in the male the serotum and prostate, in the female the Fallopian tubes,
uterns and vagina. The fibers going to the seereting 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 fibers, especially
the vasodilators of the arteries of the rectum, anus and external genitals, inelud-
ing the important N, erigens, controlling the blood supply of the penis and elitoris;
(h) the peristaltie fibers, controlling the contraction of the lower colon, the rectum
and the bladder; and (¢) certain seeretory fibers, innervating the glands of the
urcthra, Bartholin’s glands, ete.

The viscera are doubly innervated, on the one side by the sympathetie proper,

d on the other by the eraniosacral autonomie, or parasympathetie, system. Thus,
the sympathetie innervation of the heart is through the aceelerator nerves, the eranio-

ion of

sacral innervation through the N. vagus.  Similarly, the smooth musele of the gastro-
ntestinal traet is doubly innervated; contraction is stimulated by the N. vagus,
inlibited by the N. sympathicus. The pupil is also doubly supplied, the dilator

fibers by the eervical sympathetie, the sphineter fibers by the midbrain autonomie,

Now such a double and reciproeally antagonistie innervation of the smooth
misele and seereting glands appears to hold throughout the whole body. The
two untagonistie systems taken together were ealled, by Langley, the autonomie
nercous system,  The eervico-thoraco-lumbar part of this is the old sympathetie
15 the rest of it is the eraniosacral autonomie system, or, as some prefer to

the parasympathetic system. Physiologists and pharmacologists have
thrown much light upon the opposing autonomie systems by experiments with
ectrical and ehemical stimulation, the results of which are well shown in the
following table:




Effect of Sympathetic
Stimulation

Effect of
Pilocarpin | Ergotoxin

Effect of Craniosacral
Autonomic Stimulation

Stimulates (Th. I and II)
Stimulates (Th. I-III)
Constricts (Th. II-IV)
Constricts (Th. II-IV)

Constriets (Th. II-L. IV)
Constricts (L. I-1V)
Stimulates (Th. II-L. IV)
Stimulates (Th. IV-VII)
Stimulates (Th. I-V
Relaxes (Th. II-IV)
Paralyzes (Th. 1I-L. IV)
Diminishes (Th. II-L. IV)
Paralyzes (Th. II-L. IV)
Diminishes (?)

Inhibits (Th. 1I-L. IV)
Relaxes ( -1V)

Relaxes (L. I-IV)
Relaxes (Th. 1I-L. IV)
Inhibits (?)

Contracts (L. I-IV)
Relaxes (L. I-1V)

Contracts (L. I-IV)

Increases (Pigare of Cl
Berna

Inereases (Pigfire vermis)

Contracts

Effect of
Atropin | Epinephrin
Paralyzes | ......
Stimulates
Stimulates
(Stimulates 1)
Constricts
Dilates
Constricts
lates Dilates
...... Constricts
...... Constricts
Inhibits Inhibits
...... Stimulates
Stimulates Stimulates
Relaxes Relaxes
Paralyzes Paralyzes
Diminishes | ......
Paralyzes Paralyzes |
Diminishes Diminishes (?)|
Paralyzes Paralyzes
Relaxes Relaxes
Relaxes (?) Relaxes
Relaxes Relaxes
Inhibits Inhibits
Inhibits Inhibits
. . Contracts
Relaxes
Contracts
Relaxes
Contracts
,,,,,, Increases
...... Increases
Contracts

Organ
Sphincter |
Dilator _J 1ridis.
AL ciliaris

M. orbitalis (Mueller’s)
Salivary glands
Cerebral blood vessels
Oral blood vesse
Cutaneous blood Is of head
Coronary blood 1s
Intestinal blood vessels
Genital blood vessels

Sweat glands

Mm. arrectores pilorum (face)
Heart muscle

Esophagus

Cardia

Tonus of stomach

| Peristalsis of stomach

Secretion of stomach
Motility of intestine
Colon
M. sphincter ani
Gall-bladder
Pancreas secretion
Bronchial musculature
M. sphincter vesice
M. detrusor vi

cy)

Uterus (pregns
M. retractor penis

Uterus (gravid)

Sugar tonus
Heat tonus
Pigment cells

Stimulates | _.....
Stimulates
Paralyzes

Stimulates

Paralyzes
Inhibits

Inhibits
Excites
Excites
Increases
Increases
Increases
Excites
Excites

ramps
Contracts
Excites
Excites

Relaxos
Contracts

Diminishes

Stimulates (N. I1I).
Stimulates (N. III).

Stimulates chorda tympani.

Dilates (N. X).
Constriets (N. IX).

Dilates (N. pelvicus).

Inhibits (N. X).
N. X

Cramps (N. p(lncus).
Coulmsts (\ vagus).
Fxmtcs( o )
Excites
Inhibits (\' yelncm)
Contracts (N. pelvicus).

Relaxes (N. pelvicus).
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(d) Vagotonia and Sympathicotonia

Under normal eonditions, a sort of balance exists between the innervations in
the two antagonistie systems, this balance being kept up probably by ehemical
action of hormones upon the nerve cells.  Writing on the subject in 1913, I made
the following comment:

“The balance maintained, normally, between the fwo antagonistie 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 balanee is main-
tained in other autonomie domains (e. g., pupils, bronchial musculature, gastrie
glands, gastro-intestinal musele, sweat glands, bladder-muscle, ete

“This equilibrium is all the more remarkable when one considers how fre-
quently it is temporarily upset in the exercise of physiological funetion. 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
gastrie juice on adequate stimulation, the opening of the bile duct at the eall of the
chyme, the transport of the colonie contents through one-third of the length of the
colon through one veliement 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. pelvicus 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 Iess have introduced the elinical ¢ 'nnuvptlmm of vago-
tonia and of sympathicotonia. In wvagolonia there is (1) a hypersen-
sitiveness to pilocarpin, (2) a relative insusceptibility to sympathetie
stimuli, and (3) varions elinical symptoms indieating heightened tonus
throughout the eraniosacral antonomic system. In sympathicotonia, in
turn, there is (1) a h\'p(-rwnaiti\'mmw to opinophrin, (2) a relative in-
susceptibility to pilocarpin and atropin, and (3) various elinical signs of
licightened tonus throughout the sympathetic system proper.

Clinically, an outspoken ease of vagotonia may include a varying number of
the following signs (corresponding to stimulations of the eraniosacral system):
small pupils, accommodation spasm, wide lid-slits, salivation, epiphora, profuse
sweating, reddened face, eold and moist hands and feet, bradyeardia, pulsus irregu-
laris  respiratorius, Imuulnul asthma, eosinophilia, hyperacidity gastrospasm,
eardiospasm, pylorospasm, spastie runahpulmn, biliary colie of nervous origin, anal-
sphineter eramp, pollakiuria, and priapism.

With Dr. Sladen, I have used the pharmacodynamic method as a test in the
confrol of such eases. As a stimulant of the eraniosacral (or “vagal”) system
we have given piloearpin hypodermically in doses of 0.01 to 0.003 grams (gr. 1/6
togr. 1.20), and as a paralysant of the same system, atropin hypodermically in
lses of 0,001 to 0.00065 gram (gr. 1/50 to gr. 1.100), As a sympathetic stimu-
lint 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.e. of adrenalin
tion (1:1000),

We found some patients who reacted in an outspoken way to both pilocarpin
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and epinephrin, each of the two systems seeming to be hypersensitive. The pilo-
carpin-sensitive patients react with salivation, sweating, nausea, epiphora, flush-
ing, and a fall in blood pressure. They react to atropin by palpitaion, dryness
of the mouth and throat, and precordial oppression. The epinephrin-sensitive
patients, on being given epinephrin, react with tremor, sense of cold, rigor, glyco-
suria and rise in blood pressure,

An analysis of the various pharmacodynamie reactions observed in twenty-one
eases in this way will be found in our published paper.

Our studies led us to agree with those that urge that the coneeption of vagot-
ony be not too rigidly defined; we must be prepared to meet with exeeptions
as yet diflieult fo explain, and with deviations from the pharmacodynamieal reac-
tions that might be expeeted. Certain of the hormones may be less elective
than the physiologists have taught us to believe; thus the oceurrence of vagotonie
signs mixed with sympathicotonie signs in the forms of Basedow'’s disease accom-
panied by outspoken psyehie disturbanees (von Noorden, Jr., and others), demand
more carcful study. As Higier wisely remarks, the new conceptions of vagotony
and sympathicotony will doubtless undergo evolution like the majority of eclinical
coneeptions in neurology. We ean, 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 pathognomonie signs, or cardinal symptoms, deseribed
by their discoverers,

For therapy, as well as for diagnosis, elinical men will do well from now on
to give due consideration to disturbances of the visceral nerves. In no part of
internal medicine ean more be expected from pharmacotherapy; we have at our
disposal a host of agents—nicotin, atropin, piloearpin, physostigmin, ecolehicin,
adrenalin, cocain, ergotoxin, ealeinm, to mention only some of them—that have
already been shown to act more or less electively; may we not hope that our elinies
may find out how effectively se them and others still to be diseovered, in regn
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,
difJevent parts of the autonomic system, as follows:
(@) Symptoms and Signs in the Head and Neck

(a) The Eyes. These include (1) miosis and mydriasis; (2) accom-
dlation-spasm and accommodation-paralysis; (3) widened and nar-




264 DISEASES OF THE NERVOUS SYSTEM

rowed lid-slits; (4) von Graefe's sign; (5) Dalrymple’s sign; (6) infre-
quent winking (Stelwag); (7) insuflicient maintenance of convergence
(Mewbius) ; (8) exophthalmos and enophthalmos; (9) epiphora and dry-
ness of the eyeballs; (10) Lowi's test (positive adrenalin-mydriasis) ;
(11) Argyll-Robertson pupil; (12) anisocoria.

(b) In the Nose and Mouth. (1) Excess of saliva with constant
spitting; (2) dry mouth or xerostomia; (3) coryza vasomotoria.

(e) In the Skin. (vide infra).

(d) In the Meninges. Pain of vasomotor origin (cephalalgia; hemi-
crania).

(b) Symptoms and Signs Referable to the Respiratory System
(1) Laryngismus and laryngeal erises; (2) asthmatic attacks; (3)
pulsus irregularis respiratorius; (4) Aschner’s phenomenon (pressure on
the eyeballs stimulating first the trigeminus and then, reflexly, the vagus
and leading to arrest of respiration in the expiratory phase, with slowing
of the pulse), the oculocardiac veflex.

(¢) Symptoms and Signs in the Circulatory System
(1) Tachyeardia; (2) bradyeardia; (3) changes in conduction time
(dromotropie disturbances); (4) pulsus irregularis extrasystolicus; (5)
angina vasomotoria; (6) Aschner’s phenomenon (vide supra); (7)
changes in blood pressure; (8) peripheral hyperemias and anemias; (9)
intermittent clandication; (10) dyspragia intermittens intestinalis; (11)
acrocyanosis; (12) urticaria.

(d) Symptoms and Signs in the Digestive Apparatus
(1) Esophagismus; (2) ecardiospasm; (3) gastric neuroses (hyper
acidity, achylia, gastrosuccorrhea, pylorospasm, gastrospasm, gastric
atony); (4) atonic and spastic constipation, diarrhea nervosa, colica
mucosa, anal sphineter spasm.

(e) Symptoms and Signs in the Urogenital System
(1) Retention and incontinence of nrine; (2) pollakiuria and tenc
mus; (3) renal colic; (4) disturbances of libido, of erection, of ejaculs
tion and of orgasm; (5) uterine atony and certain menstrual disturbances,

() Symptoms and Signs in the Cutaneous System

(1) Goose-flesh; (2) trichopilar erises; (3) contractions of smooth
muscle of tunica dartos and of nipple: (4) hyperhidrosis and anhidro- s
(unilateral or bilateral) ; (5) bromidrosis: (6) vasoconstriction (pallor :
(7) vasodilatation (erythema); (8) dermographismus,
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o |
% (9) Symptoms and Signs Referable to the Hemopoietic, Metabolic,
v and Endocrine Organs
i (1) Eosinophilia; (2) eosinopenia; (3) lymphoeytosis; (4) status
thymicolymphaticus; (5) the pigmentations: (6) inereased or diminished
it glueose-tolerance (glyeosuria) ; (7) inereased or diminished fat-tolerance
(steatorrhea ).
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3. Tests for Pupillary Reactions and for the Power
.
of Accommodation
r .. . .
= Most important, clinically, are the test of the light-reflex; the tests
3 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
for the funetion of the smooth musele of the evelids; tests for the asso-
ciated movements of the eyeball and eyelid, and of the function of the
AL orbitalis (Miiller’s muscle).

(@) Reflex Contraction of the Pupil to Light
(Optic-dynamic Reflex)
The centripetal part of the reflex-are is the retina and the N, opticus;
L centrifugal part is the mesencephalic autonomie system (fibers run-
throngh the N. oculomotorins, ciliary ganglion, ciliary nerves to
“phincter 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 canses, 1ot only contraction of the pupil of the sume eye (homolateral
reflex), but ulso eontraction 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 medmted the light reaction, and A\Y emuke on this hypothesis based
his test for the hemioy illary reaction in | psia. The studies of C. Hess
by very exact methods mdlente, however, that the pﬂrt of the retina possessing
pupillomotor power measures only 4 mm. in the horizontal diameter, and only 2.5
mm. in the vertical diameter. Tlmugh 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 hemiopie 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 objeet; standing on one side of
him, we close one of his eves 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
contraets, making sure that the patient has not, in the meantime, changed
the focvs 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 electrie light, which
permits one to throw a strong light into the eye without going into a
dark room.

(b) The Associated Movement of Contraction of the Pupil on
Convergence, and on Accommodation

(1) Testing the Contraction of the Pupil on Convergence.—Wlen

the eye converges, the two medial recti muscles contract together, an!

there is, normally, an associated movement of contraction of the pupil
This is not a reflex, but a true associated movement (synkinesia), t

sphincter of the pupil taking part in the synergism. This contraction «f

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,
but even when the medial recti are paralyzed, accommodation may not
be 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 does not react to light, but does
react on accommodation, it is an “Argyll-Robertson pupil” (¢. v.).

(¢) Reflex Dilatation of the Pupil
(Function of the M. dilator iridis, Ciliospinal Reflex)

This may be tested in either 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) thoracie spinal root into
the cervieal sympathetic.

(2) Drop into the eye to be 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 injury, or to partial paralysis of
the sphincter (in tabes and general paresis). An excentrie position of
the pupil may be due to adhesions, to an iridectomy, or it may be con-
genital (eoloboma). »
The size of the pupil varies much physiologieally. 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 are
markedly small (miosis) or markedly large (mydriasis), a pathological
condition should be suspected. One makes sure always, of course, that
no miotie drng, such as eserin or pilocarpin, or mydriatie, such as atro-
pin coeain or enphthalmin, 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 micotin and morphin 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 the pupillary reactions. Inequality may de-
pend, however, upon differences in the refractive media of the two eyes
(anisometropia). A pathological anisocoria may depend upon a patho-
logical miosis of one eye (paralysis of M. dilator iridis, due 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 irvitation; paralysis of the sphincter of the iris).

ii. Loss of the Light Reflex

One must determine in what part of the reflex are the interruption
has occurred.

(1) Unilateral Pupillary Rigidity
Lesion in the Centripetal Limb of the Reflex Arc.—If illumination

of the right eye canse no contraction of either the right or the left pupil,
whereas illumination of the left eye causes contraction of hoth the left and
the right pupil, the disturbance must lie in the centripetal path of the
reflex ave; that is, in the retina or N. opticus of the right eye. Sinco
vision will also be injured in this eve, this form of pupillary rigidity,
which consists of the absence of the homolateral and heterolateral reflex
from the one eve, with retention of both homolateral and heterolateral
reflex when the other eye is illuminated, is known as unilateral amaurolic
rigidity.

Lesion in the Centrifugal Limb of the Reflex Arc.— Now if the right
pupil does not contract either on illumination of the right eve or of the
left eye, but the left pupil contracts consensually from the right, then
the disturbance must be in the centrifugal part of the reflex are (mid-
brain autonomie fibers in N. oculomotorius, ciliary ganglion, or ciliary
nerves). If so, the right pupil will be constantly wider than the left,
and it will not contract on attempts at either convergence or accommada-
tion (so-called unilateral absolute rigidily of the pupil).  In some of these
cases the lesion destroys the fibers going to both the M. sphincter iridi
(pupil) and the M. ciliaris (accommodation); the condition is then
known as ophthalmoplegia interna,  In rare instances there may be o
lesion of the centrifugal limh of the are involving the contraction of 1l
pupil but not injuring the fibers innervating the M. ciliaris at all; thi
condition is known as uncomplicated sphineter paralysis, or as pure abs
lute pupillary rvigidity.

Lesion Between the Centripetal Limb and the Centrifugal Limb of
the Reflex Arc.—If the right pupil does not react to light at all, eithor
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from illumination of the right or of the left eye, and yet will contract
on accommodation and convergence, and the vision is good in both eyes,
the disturbance must be either 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 are and its
centrifugal limb, perhaps in neurons interealated 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. sphineter iridis).  The condition is known as the
unilateral Argyll-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 be dealing with (1) bilateral amaurotic rigidity, if the
patient be blind and the pupils still contract on convergence; with (2)
bilateral absolute rigidity, if the patient’s vision be good, but there be
no contraction of the pupils on accommodation or on convergence; or
with (3) bilateral veflex rigidity ov double Argyll-Robertson pupil, if the
vision be good and the pupils still contract on accommodation and on

convergence.

It is to be kept in mind that combinations of these different kinds of pupillary
rigidity may oeeur. 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 a consensual contraction in the other
eye must be the vietim either of (1) absolute rigidity, in which ease the pupil
on that side will not contract on attempts at accommodation and convergenee; or
of (2) reflex rigidity, the accommodation-reaction being present; in the other
eye, the rigidity will be amaurotie in type.

Injuries to the retina or to the optie nerve may eause amaurotic rigidity. Tt
was long supposed that in lesion of one optie tract, there must be hemiopie rigidity
( Wernicke's hemiopie pupillary reaction) when a ray of light is foeussed upon
the blind half of either retina; and that in hemianopsia, or hemi-opsia, due to pure
lesions of the cortex, or of the occipitothalamie radiations, the pupillary reactions
must be normal, sinee 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 eireumseribed, this test of
Wernicke’s has lost its anatomieal foundation, a matter of satisfaction, doubtless,
to the many elinicians 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 ontspoken
symptoms by years, or even by decades.




T Tt e e

S P—_—

EFFERENT AUTONOMIC PATHS 271

Ophthalmoplegia interna never oceurs in “pure” tabes 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 rigidily, i. e., wneomplicated sphineter paralysis, due
either to nuclear or infranuclear lesion, is especially common in syphilis,
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Body ; Ch, = Chiasu ‘Mary Ganglion W= Sympathetie Fibers: 8. L ¢ =
Intracentral Sympathetic Paths from Cortex to ( Ggl. cerv. sup.

Superfor Cervieal Ganglion ; Ggl. sp, = Spinal Ganglion; I*. = Pupillary Nucleus of N,
111 A, = Accommodation Nucleus of H Convergence Nucleus of N, 111, Paths
for the Direet Light Reflex 1-4-4a—Homolateral ; Consensual Light Retlex 2-4-4a—Con-
tralateral.  Reaction  to  Accommodation  S-4-4a—Rilateral Convergence  Reaction
T-4-4a—DBilateral.  Perception Re for Light 9-4-4n—DBila al.  Pain Dilatation Reflex
12:-10-10a,  Emotional Dilatation Reflex, and Perception of Darkness 11-10-10a,  (After O,
Veraguth, “Die klin. Untersuch. Nervenkranker,” published by J. F. I Wies-
baden,)

ccenrs oceasionally in tabes and in dementia paralytica, and, much more
rarely, in senile dementia, alcoholism, and other organic diseases of the
brain (Bumke).
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'1
(e) Power of Accommodation I
(Vision for Near Objects, Function of the M. ciliaris) "
5
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 B
young people, fine print should be distinguished at a distance of 10 or
15 em. 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- B
modation-asthenopia.  One form of this is normal, namely, the gradually
inereasing inability to accommodate that begins to appear after the
fortieth year (presbyopia), preventing reading at the ordinary distance G
(25 em.) without spectacles; but this is due to loss of elasticity of the
lens, rather than to paresis of the M. ciliaris, ¢
The so-called muscular asthenopia is due to faulty convergence (medial
recti), and not to weakness of the M. ciliaris, m
(f) The Smooth Muscle of the Eyelids M
Sometimes the tonus of these muscles is continuously inereased, as in R
the widened lid-slit of exophthalmie goiter. Overfunetion of this smooth
muscle can often be demonstrated by asking the patient suddenly to fix T
upon an ohject, for example, the finger held in front of the eyes; sudden )
sign) may oceur. The coeain test W
W

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 musele of
the upper lid, as in some cases 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 evelids do not follow the eyeballs with equal pace. As a result,
the white of the sclera may show between the cornea and the upper lid
(von Graefe's sign).

(h) The Function of the M. orbitalis (Miuller's Muscle)
Exophthalmos; Enophthalmos
When Miiller’s musele has its normal tonicity, the eye is normally prominent;

if it be hypertonie, there is exophthalmos, or, better, protrusio bulbi; if it e
hypotonic, there is enophthalmos, or retraction of the eye, with an incompl e
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ptosis (pseudoptosis), due partly to the retraction 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 funetion of the dilator musele of the iris (Horner's
syndrome in paralysis of the eervieal sympathetic).
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4. Disturbances of Innervation of the Heart and
Blood Vessels

(a) Nervous Disturbances of Cardiomotility

A slow pulse (bradyeardia) may be due to excessive vagus stimulation.  If so,
the hradyeardia will disappear a few minutes after the hypodermic administra-
tion of 180 or 1,60 grain of atropin.  Bradyeardia is a well-known sign in organie
disease of the brain (vagus irritation). It is often due to reflex stimulation of the
virus from irritation of the intestinal tract (colica mucosa). A relative brady-
curdia is seen in typhoid fever.

A\ frequent pulse (tachyeardia) may depend upon diminution of vagus stimu-
lition, though it is probably more often the result of excessive stimulation by
wiv of the aceelerator nerves.  Fever, nearasthenie states, and Graves's disease are
conditions in whieh tachyeardia is common; if they ean be exeluded as eauses, one
wict think of myoeardial disease and of cerebral disease as possible causes.
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(b) The Oculocardiac Reflex (Aschner’s Phenomenon)

On compressing the eyeballs, the pulse is normally slowed from 6 to 8 beats per
minute. The centripetal impulses pass through the N. trigeminus, the centrifugal
through the autonomie fibers of the N. vagus to the heart-ganglia.

In vagotonie states, the heart-rate may, on pressing upon the eyeballs, be slowed
much more than in normal persons, often as much as 10 to 16 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 16 beats; 1/5 of the cases an acceleration of 20 to 30 beats
(Loeper and Mougeot).

(¢) Disturbances of Vasomotility

Prolonged vasoconstriction of the skin ecauses pallor; vasodilation results in
blushing. Theoretically, we have to eonsider the vasoconstrictor nerves and the
vasodilator nerves, and, in turn, both paresis and spasm of the smooth musele from
under-action or over-action of each set of nerves, Clinical analysis eannot, 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 elinically 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 inercased permeability of the vessels is due to abnormal funetion
of the vasomotor nerves (angioneurotic edema, hydrops articulorum intermittens,
dermatographism, urticaria factitia).

Vasomotor anomalies are often associated with organie disease of the eentral
nervous system. In eerebral hemiplegia, the paralyzed side, aftcr initial hyperemia,
is often cold, and the blood pressure may also be unilaterally lowered. A vaso-
motor form of jacksonian epilepsy has been described (Oppenbeim).
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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 elee-
tric-light eabinet for a few minutes, or by admnistering pilocarpin.

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 seeretion
(anidrosis). Sueh 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 ehareoal sticks to the wet areas, and a photograph is taken,

The secretion of sweat is sometimes perverted.
an extremely foul odor (bromidrosis).

The functions of the lacrimal gland may, like those of the sweat glands, be
disturbed through nervous influences.

In vagotonics, excessive lacrimation with epiphora (overflow of tears to the
face) may oceur. In sympathicotonies, especially in some cases of Graves's dis-
ease, excessive dryness of the eyes is often complained of. 1 have recently seen a
case in which very dry eyes accompanied a very dry mouth (rerostomia).

The sweat of some patients emits
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6. Disturbances of Innervation of the Musculature
and the Glands in the Respiratory System

The spasm of the smooth musele of the bronchi is an important feature in
bronchial asthma, and in acute and chronie bronehitis. In bronehitis this spasm
is reflexly eaused by irritation of the bronchioles. In bronelial asthma the spasm
may be reflex from the nose, or the paranasal sinuses. In other cases, the spasm
may be centrally irritated (toxie asthma).

The spasm of the bronchioles in anaphylaxis is sometimes due to stimulation
of nerve eells 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 elinically analyzed.
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7. Disturbances of Innervation of the Musculature
and the Glands of the Digestive Apparatus

Here belong the disturbances of pcnnlalsm (atony, hypermotility); also the

spasmodic wntm(-tums of smooth muscle in the abdomen (cardiospasm, hour-glass

h | , angina abd is, colien mucosa, lead colie, hepatic eolic,

ete.). Dmmrbunces of salivary, gastrie, intestinal, hepatic, and pancreatic seerc-

tion due to autonomic innervations come also under this heading. These are de-
seribed elsewhere,

st

The nervous mechanism of defecation is very much like that of mictu-
rition (q. v.).

In rectal paralysis there is retention of feces (refentio alvi) ; it is met
with sometimes with brain tumors.

When the feces cannot be retained, we speak of incontinence of feces
(incontinentia alvi), If the incontinence be intermittent, the lesion ix
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. g., tabes) and loss of the internal anal reflex.

The reflex contraction of the non-striated internal sphineter may ho
tested by introducing the finger into the anus; under normal conditions,
the finger will be tightly grasped by the M. sphincter internus.  One has
to distingnish between the superficial anal reflex involving the externul
sphincter (striped musele) and the deep or internal anal reflex involving
the internal sphincter (smooth musele). If the finger be mnot firmly
grasped, and, especially, if the anus remain open, “yawning” for a fow
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 the disturbances of autonomie innerva-
tion influencing (a) the secretion of the kidneys, (b) the motility of the
pelvis of the kidney, the ureter and the urinary bladder, (¢) 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 immervated by, apparently,

reciprocally an-
tagonistic systems—sympathetic and vagal,

We 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 intra
vitam by means of collargol x-ray examinations (paralysis, spasm).
Renal colic and ureleral colic are due to spasm of the smooth muscle
of the walls of the renal pelvis and of the ureter, respectively. This may

e due to stone, to inflammatory irritation, or to kinking of the ureter
(us in Diell’s erises).

(¢) Disturbances of Motility of the Urinary Bladder

The nervous mechanism of the filling and emptying of the urinary bladder
is rather complex.  There are three superimposed reflex-ares: (1) peripheral auto-
nomie in the plexus hypogastricus inferior of the sympathetie; (2) eentripetal
through the second, third and fourth saeral posterior roots to the centrum vesico-
spinale in the conus medullaris of the spinal cord (S-8,) and thence (eentrifugal)

through the preganglionie fibers in the third and fourth saeral nerves into the

N. pudendus and to the plexus hypogastricus interior, and thence through post-
ngzlionie fibers to the bladder; and (3) cerebralwards through the afferent paths
to the somesthetie area of the cortex, and then, eentrifugalwards, through the ante-
rolutral fun‘enli of the eord to the centrum vesicospinale in the conus; these
(L impulses simultancously eause either (a) relaxation of the M. sphineter

ae along with eontraction of the M. detrusor, during emptying of the blad-
roor (h) contraction of the M. sphineter and relaxation of the M. detrusor, during

filling,

Normal retention of urine between acts of micturilion seems to de-
pend mainly upon the normal tonicity of the M. sphincter vesicae
1iernns (smooth musele).  The external sphincter of the bladder, or
M constrietor 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.BC

ig. 554 —Diagram of Filling (F) and Emptying (£) of Bladder; Sph. = Sphincter vesienc ;
M = Mucous Membrane ; D= Detrusor vesicae ; 8.p. r, = Peripheral and Central Sensory
Paths : 8n. M. I’ = Supranuclear Motor Paths. 2. to the Detrusor; 2. Sph. = to the
Sphineter.  Motor fath Marked - - = Lowers Tonus.  Motor Path Marked —
= Ralses T Sp. B. ¢, = Spinal Center for Bladder. €. B. (. = Cerebral Center for
Bladder.  (After O, Veraguth, “Die klin. Untersuch, Nervenkranker,” published by J. 1"
Bergmann, Wiesbaden.)

is lost as well as the sensation of fullness of the bladder. The vesicospinul
are and the subjacent autonomic are then work automatieally as in the
new-horn baby, with resulting intermittent incontinence or reflex incon-
tinence of urine; as soon as the bladder becomes partially distended, the
tension of the bladder wall excites reflex contraction of the detrusor and
relaxation of the sphineter, and the urine is expelled in a jet. 1In rure
cases of complete transverse lesion of the cord (above the conus), (he
reflex emptying of the bladder is abolished (like the other reflexes) and
the bladder becomes distended (relentio urinae), sometimes causing rip-
ture of the bladder, if the urine be not drawn off by catheter.
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In rare cases an intermittent incontinence may be due to cystospasm.

In lesions of the conus medullaris involving the vesicospinal center,
the disturbances are greater than in lesions above this area, owing espe-
cially to total paralysis of the 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 the peripheral (extraspinal) autonomie are (L. IR Miiller) ;
this point is, however, in dispute, and the division of labor between the
peripheral are and the spinal are is not yet fully understood.

In lesions of the peripheral autonomic are (and, perhaps, of the
spinal arc) true incontinence (incontinentia wvera) results, owing to
permanent relaxation of both the M. detrusor and the M. sphincter.

In anesthesia of the bladder wall, the bladder becomes insensitive to
normal amounts of urine; the 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
are found to have residual urine on catheterization; they expel the urine
by contracting the abdominal walls, but the bladder is incompletely emyp-
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 eramp of the sphincter, to an ineapacity
voluntarily to relax the sphineter, to stricture of the urethra, or to en
largement of the prostate.

Temporary retention of urine is eommon after operations, and in
nervous patients under emotional stress (psychogenic retention); it is
usnally due to a eramp 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 eystitis), are
compelled to urinate very frequently (pollakiuria nervosa). Many chil-
dren and young people are troubled with incontinence at night (enuresis
nocturna) ; as a rule, a transitory and not a serions symptom, due to loss
of cerebral inhibition in sleep, it is oceasionally 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 onee, 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 serotal reflex,
(2) the mechanism of erection of the penis, and (3) the mechanism of
ciscnlation of the semen.
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i. The Scrotal Reflex

On stroking the perineum a few times with the handle of a pereussion
hammer, or on applying cold to it, or, gently, to the skin of the serotum,
the smooth muscle in the wall of the serotum, the so-called tunica dartos,
will in a few seconds contract; one sees a slow, wormlike contraction
begin near the junction of the serotum with the perinenm, and extend
slowly forwards, It is not to be confused with the cremaster reflex.

According to Curschmann it can be elicited as long as two lours
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) inereased
consistence through prevention of the venous outflow by the tonie con-
traction of the M. transversus perinei, Mm. bulbocavernosi and ischio-
cavernosi. There are three physiological mechanisms that lead to eree-
tion; practically the three mechanisms are usnally combined with one
another: (1) psychogenie, path from cerebrum to upper lumbar cord
and thence to pelvie sympathetic ganglia and peripheral organs; (2)
spinal reflex, centripetal path from prepuce and glans throngh N, dor
salis penis and N, pudendus communis to sympathetie ganglia, and thence
through posterior sacral roots into the cord, especially to the second and
third sacral segments (S,—8,) (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-
ganglionie fibers to the smooth muscle of the walls of the arteries sup

plying the erectile tissne; at the same time, increased tonns in the mus
3 (3) aulonomic (extraspinal)

cles preventing the venous outflow (S
reflex, centripetal limb from walls of seminal vesicles (and urinary
bladder) to ganglia in plexns hypogastricus; centrifugal limb from sym-
pathetie ganglia to the arterial walls., Erection from this third mechy
ism occurs even after severance of the sympathetic ganglia from the
gpinal cord.

Lesion of the spinal cord below the upper lumbar region does not
disturh psychogenic erection, but transverse lesions above the lumlir
cord, say in the cervieal or upper thoracie region tend to canse continuous
ercetion (priapism).

Lesion of the spinal cord at the second sacral segment abolishes the
spinal reflex erection, though “psychogenic” and “autonomic”
may still oceur,

erection

iii. Disturbances of the Mechanism of Ejaculation

This mechanism consists of two parts: (a) a first, or autonorir,
reflex, in which the smooth muscle of the vasa deferentia, of the vesiae
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seminalia, and of the prostata contracts and forces the semen into the
urethra; and (b) a second spinal refler leading to striped-muscle elonie
spas of the Mm. ischiocavernosi and M. bulbocavernosi, by which the
semen is ejaculated from the prostatic portion of the urethra,
reflex is mediated by the third sacral segment (8,).

In diseases of the conus medullaris, along with loss of sensibility, it
i= the second part of ejaculation only that is interfered with (L. R.
Miiller), the semen being poured into the urethra still, through the auto-
nomie reflex; owing to loss of the spinal reflex however, it is not thenee
cjaculated, but may flow out, drop by drop.

This spinal

iv. Impotentia coeundi

By this is meant an inability to perform the act of coitus,

This may be psychie in origin, when the reflex mechanisms are intact.
Sometimes it is due to premature ejaculation (ejaculatio praecor), espe-
cially in neurasthenics, the semen being discharged before the physio-
logically necessary preliminary stimuli have acted in normal summation,

In total or true impolence, the power of erection is lost (tabes, conus
lesions) 5 in partial or dissociated impolence, there may be erection and
orgasm withont ejaculation; or ejaculation without orgasm (local lesions
in conus, functional disorders).

v. Pollutiones nimiae

The sexually abstinent adult has, normally, a reflex emptying of the
seminal vesicles during sleep (nocturnal emission), abont once a month.
In sexnal nenrasthenics, such seminal emissions may oceur more often,
even in the daytime, with slight provocation.

Nocturnal emissions are known as polluliones nocturnae, whereas
emissions durving the day independent of local stimuli are known as
pollutiones dinrnae, or spermatorrhea.

In the female, the seeretion of Cowper’s glands and of Bartholin’s
glands may be poured out either at night with erotie dreams, or, some-
times, in the day-time with erotic mental states; such discharges, not
uncommon in psychoneurotie patients, are known as pollutiones feminae.

vi. Genital Reflexes in the Female

These have, for obvions reasons, been less carefully studied than in
the male. The innervation of the ervectile tissue (clitoris) is doubtless
shnilar to that of the erectile tissue in the male,

The antonomie innervation of the fallopian tube must be important
the transfer of the ovum from the ovary to the uterus,
I'he uterine contractions are largely antomatice.

in

Women with com-
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plete destruction of the conus medullaris have given birth to children,
the uterine contractions going on entirely through autonomic influences,
independent of the spinal cord.

Tmpotentia coeundi in the female may sometimes be due to reflex
spasm of the M. constrictor cunni (vaginismus).
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9. Disturbances of the Trophic Functions
(Trophoneuroses)

The existence of distinet trophie nerves is still disputed.

The integrity of the lower motor neurons of the eerchrospinai system is certainly
necessary for the nutrition of striped musele.  When they are injured the museles
innervated by them rapidly atrophy and show the eleetrieal reaction of degen-
eration.  Whether smooth musele depends similarly upon the integrity of the effer-
ent autonomie neuron systems we do not yet know. It would be interesting experi-
mentally to injure the nerve fibers innervating the smooth musele of the arteries
and the intestines and wateh the effeet upon the musele itself. I have sometimes
thought it possible, from analogy, that striped muscle may also receive autonomie
innervations, and that the trophie disturbances in degenerative atrophy in lesions
of the motor nerves may be due to simultancous injury to lesions of these autonomie
innervations.  This point should be investigated. It has been suggested that trophie
influences are mediated by centrifugal conduetion through the sensory neurons
(Kohnstamm). Weir Mitchell believed that trophic disturbances in the skin and
its adnexa are due to partial 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 ordi
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 direetly influences the nutrition of
the tissues, and indireetly has a still greater influence through vasomotor and
secrctory effeets (as in acromegaly, myxedema, Dercum’s disease, ete.).

A most important contribution has heen made by Head and Rivers, who severed
entancous nerves in the skin and watehed, first, the vasomotor and seerctory dis-
turhanees, and, later (after two or three months), the trophie changes. A trophie
uleer healed only when the pain nerves regenerated. The studies of Head and
Camphell on herpes zoster favor the view that there are not special trophie nerves,
but that the trophie disturbances are due to irritation of the spinal ganglion cells,
Studies on multiple neurotie gangrene of the skin have led Kreibich to the belief
that the trophie changes are due to excitation of vasodilator eenters.

According to Cassirer, trophie ehanges in the skin, bones and joints are due
more fo pathological alteration of innervation than to total loss of innervation.
Ile thinks that the tissue cells ordinarily ean get on without neural regulation, but
that the latter becomes necessary when especial nutritional demands are made upon
the cells,

Among the diseases still elassified as trophoneuroses may be mentioned the
bedsores of myelitis (acute decubitus), progressive facial hemiatrophy or hemi-
Invpertrophy, poliomyelitis, tabetic and syringomyelie osteopathies and arthrop-
athies, perforating uleer of the foot in tabes, seleroderma, sclerodaetylia, pig-
mentury disturbances of the skin, glossy skin, and painless whitlows (panaritium).

¢ osensory
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E. Examination of the Mental State; Elemen-
tary Psychiatric Methods

1. Introduction

Clertain 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 fo
escape detection by microscopical methods of examination; indeed, they
are in all probability in large part to be regarded as the results of bio-
chemical and bio-physical processes in the cortical neurons. At present
physieal and chemical methods of examination are too undeveloped fo
permit of any satisfactory correlation of cortical lesions with the abnor-
mal peychic processes that accompany them, and, for the present, we
do best to study and to classify the abnormal mental manifestations for
themselves.

It is necessary, therefore, to learn how (1) to test perception, and fo
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 conduet or behavior of a patient as to
his character and the conditions of what we eall his “will.”

Modern psychiatry has of late years undergone such marked develop-
ment that a methodical testing of the psychic functions and a thoroush
analysis of the psychic changes manifested has become matter for the
psychiatrie specialist.  (See text-hooks of psychiatry.) So many diseases
of the bodily organs and of the nervous system are, however, associ
with abnormal psychic manifestations, that the internist must be versd
in at least the elementary methods of psychiatric examination and anal-
ysis, Moreover, the milder forms of mental disease, not at all, or searcely,
noticeable in ordinary social life, and of which the patient and his fricnds
may be scarcely conscious, are met with first by the general practitioner
or internist, or perhaps by the neurologist, long before there has leen
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 be gathered in
the taking of the ordinary anammesis, If psychic disturbances suggest
themselves, opportunity should be taken to test the more important psy-
chie 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 conduet, 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 oceur among persons in
every social level, attention should Le paid to certain points in exter-
nal appearance (cleanliness or uncleanliness, neatness or negligence,
simplicity or affectation, modesty or Illllllm](‘\t\, aggressiveness or shy-
ness, exaltation or depression, activity or rv].l\.llmn, ete.).  We note
especially the spontancous 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 conscionsness of the patient. Thus,
a patient in deep coma responds to no external stimuli; and, in cases of
mental fog, the general consciousness may still be too obseured to permit
of any extensive analysis of the mental state. Many persons, how-
ever, whose general consciousness appears perfectly clear, who compre-
liend our questions, give quick answers, and on superficial examination
may seem very normal, may be found on analysis to be the vietims of
scrious psychie anomalies (hallueinations, delusions, manias or suicidal
impulses).
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2. Disturbances of Consciousness as a Whole

Clinically, we meet patients with every grade of awareness, from
total unconsciousness, in which psychie phenomena are entirely in abey-
ance (though the purely vegetative, antomatie 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 clonded, continnes
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 onr dreams, mingling
with revived memories of recent or ancient events, in a wholly different
way from that experienced while awake.

(1) Analysis of Dreams.—\odern neurology makes considerable use
of dream-analysis in the effort to interpret nervous and psychic anomalies
met with in patients; for neuropathic and psychopathie persons some-
times reveal, through their dreams, the effect of influences, feelings and
ideas that they conseiously or unconsciously suppress while awake, but
that are of great importance for the understanding of their nervons
und 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
nemories; and yet many of these (e. g., painful experiences, quarrels,
friuhts, 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 unconscions, 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 toxie, vascular or neural causes (circulatory insomnia,
toxic insomnia, “nervous” insomnia). In insomnia of cireulatory origin,
we find either arterial hypertension (néphritis, atherosclerosis), or arte-
rial hypotension (anemia, neurasthenia, tuberculosis). The insomnias of
toxic origin are most often due to digestive disturbances, or to excesses
in the use of alcohol, tea, coffee, or tobacco. The so-called nervous in-
somnias are usually due to nervons exhanstion from overwork or from an
improper life. They are 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 (pavor nocturnus),
should excite suspicion of the existence of adenoid vegetations in the
nasopharynx, though they may be due to pathological irritability of the
cercbral cortex.  Sommambulism is most common in the hysterical.,
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(b) Hypnotism

A condition similar to that of normal sleep can be produced in sug-
gestible persons; that is, in those whose psychie processes are abnormally
casily influenced by an external will.  The trances and twilight state of
ll\s((-rwn] patients depend upon their suggestibility.

Technic of Hypnosis.— This requires se Il-mnhdvm ‘¢ and experience on
the part of the examiner. Tt 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 be 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. ITe should be seated comfortably in an easy
chair, in a room in which the light is subdued, and told to fix his eves
upon some bright object held in front of him by the hypnotizer, who
mnst compel the patient to believe that he is going to sleep. DBy con-
centrating the attention npon this, the suggestibility is heightened, Each
livpuotist must work out his own methods, but it is customary to state,
“You will soon be asleep now; your evelids are growing heavy; it is
Liurd for you to hold your eyes open.” If the lids do not close of them-
scelves, the hypnotizer may gently close 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 be 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. T have found some patients very easy to hypnotize; others
I have been wholly unable to influence. Ilysterical patients are usually
easily hypnotized. Typical psychasthenie 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 person can be awakened by a sharp
command, “Now wake up,” or simply by blowing upon his cheek, pre-
ceding the blowing by a statement to_the patient that he will awake
when he feels it.

If hypnotism be employed it should be used with the greatest care
and conscientionsness, Some people seem to have been injured by it.
Oceasionally it is helpful in diagnosis. I remember especially one caso
presented by Dr. Tlugh 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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() Coma

The severest form of general disturbance of conscionsness is called
coma. The patient makes no voluntary movements, e lies with his
limbs relaxed, making no response to his surroundings, his cheeks and
alae nasi responding passively to the ingress and egress of air during
vespiration. The automatic respiratory and circulatory centers continue
to function, though the breathing may be disturbed, sometimes being of
the Cheyne-Stokes type. In deep coma, the superficial, deep and pupil-
"y 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-
heim) may come out. Coma occurs at the termination of many diseases
in the so-called agonal stage; in intoxieations (aleohol, anesthetics, mor-
phin and other narcotics, septic diseases, intoxications from defective
secretion like uremia and cholemia, 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, ete. A brief comatose state due to cerebral
anemia from hemorrhage (hematemesis, menorrhagia, external wound),
or from cerebral vasoconstrietion in emotional states, or splanchnie vaso-
dilatation in acute peritoneal injury, is known as a fainting-spell, or
syncope, It is not to be forgotten that in epilepsy the patient’s family
nearly always speaks of his attacks as “faintingspells” or “attacks of
faintness.” In true syncope, the unconsciousness is usually preceded by
a brief period of vertigo and of optie disturbance, the patient saying that
ceverything turned black before the eyes; during the syncope, the radial
pulse may be absent, or only feebly palpable at the wrist. The syncopal
attacks of the Stokes-Adams syndrome are due to the cerebral anemia
dependent upon the extreme bradycardia of this disease.

References

Aschaffenburg (G.). Das Bewusstsein und seine Stirungen. In: Allgem. Symptomatol, d.
Psychosen ( Handb. d. Psychiat.). Leipzig & Wien, 1915, 219-252.
Déjerine (J.). Coma. In: Séméiol. des affections du syst. nerv., Paris, 1914, 9-19.

Thomas (H. M.). Diagnosis of coma. In: Mod. Med. (Osler & McCrae). 2 ed. Phila-
delphia & New York, 1915, v, 441-447.

(d) Stupor

In severe depressive states (manic-depressive insanity, some catatonie
slufes, ete.), the patients may lie in a condition of stupor, making no
sontuneous movements, the musculature presenting often a marked
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hypertony (catatonic rigidity, flexibilitas 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 cutancous 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 cutancous
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.
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(e) Sopor

When a patient, left undisturbed, sleeps very soundly, but ean he
partially awakened by very strong stimuli so that he will give brief
answers to questions and perhaps perform some movements, though he
quickly falls off to sleep again as soon as the stimulation is discontinued,
the condition is known as sopor. lIlere the reflexes are retained, and
certain spontaneous movements are performed; these are often of peculiar
character, the patient picking at the bed-clothes (carphologia), making
articulatory sounds (multering delirium), seratching movements, move
ments toward the genitalia, or purposeless movements of the arms and
legs. Sopor, so common in the acute infectious processes (e. g., typhoid,
pneumonia), often goes over, later, into coma.

() Somnolence, Twilight States
(Mental Fog)
In certain diseases, mild grades of disturbance of consciousness as a

whole are met with, leading to pathological sleepiness or somnolence, )
mental cloudiness, sometimes called mental fog, or twilight state. Tl




EXAMINATION OF THE MENTAL STATE 203

patients may be unable to concentrate their attention and may be partly
disoriented. Sometimes they react abnormally easily to external stimuli,
becoming preternaturally 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 due
to organic disease (e. g., beginning increase of intracranial pressure in
hydrocephalus, brain tumor, tuberculosis, meningitis, ete.).

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 slales, long journeys may be made or crimes
committed. Tn contrast with the hysterical twilight states, the epileptic
patient is wholly inaccessible, during the mental fog, to external mental
influences,

(9) Deliria

When consciousness as a whole is disturbed, there may be not only
loss of knowledge of the surroundings (disorientation), due to depres-
sion of the psychie functions, but also symptoms of motor and sensory
irritation, the patient having lively hallucinations due to irritation of
the cortical sense-areas, and making abnormal movements (restlessness,
sereaming, 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
the 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, we 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 compreliension, (2) upon normal memory, and (3) upon normal
judgment. The apathelic disorientation of dementia praccox, the am-
nestic disorientation of Korsakofl'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—We 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 (lemporal 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?

((4) What is your religion?

(5) What year is this? What month? What day of the month?
(6) What day of the week is this? What time of day?

(7) What place is this yon 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. Ile may know it, and yet
not say it, as in the psychomotor retardation of manic-depressive insan-
ity, or in the negativism of dementia praccox. 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, we say that he is in a state of confusion. Confusion!
states are common in epilepsy, and in advanced stages of dementia par
Ivticas in the latter, loss of memory and of the power of eritical judgmer
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 are combined with certain memories of previous
similar sensations into a perception. In disturbances of perception,
therefore, the cause may lie in the sensory element, 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 be
mentioned (1) the sense deceptions known as hallueinations, 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.

(@) Sense Deceptions
i. Hallucinations

By hallucinations we mean perceptions that appear in conscious-
ness without excitation of the sense organ concerned by an external object,
due 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 sees, the voices he hears,
and the contacts he feels, are more real to him, though subjective in their
origin, than are the sensory perception experiences of normal life.

ITallucinations may occur in any one of the various sense domains,
including (1) visual hallucinations (visions), (2) auditory hallucina-
tions (akoasmala, consisting of indefinite noises, and phonemes when
voices are heard), (3) gustatory hallucinations, (4) olfactory hallucina-
tions, (5) tactile or haptic hallucinations, (6) kinesthetic hallucinations
(feclings of movement), and (7) visceral hallucinations,

ii.  Pseudohallucinations
By pseudohallucinations are meant memories that are so lively as
fo possess almost the quality of perceptions, though the patients recognize

that they are internal in origin, and do not attribute them to external
stimuli,

i Musi
Tllusions arise when the perception resulting from actual stimulation
{a sensory conduction path undergoes distortion; these are pathological
vhen they are due to pathological processes in the cerebral cortex. Some
of the visions in delirium tremens are illusions, External objects are
vrongly interpreted. Ilarmless sounds may be interpreted as threats,
.

4 .
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iv. Tests for the Presence of 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 ears, of
the patient who hears voices, the defensive, or aggressive, movements of
the aleoholic 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 are revealed in answer to the
two questions: (1) IHave you seen anything peculiar, for example, any
strange visions ? and (2) Ilave 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.”

(b) 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 gimilar
experiences, or imperfect combination of the sensations with the memorics,
he is unable to recognize or identify the perception, he suffers from mental
anesthesia.

These perceptions may have to deal with symbolie things (conventional,
learned) like letters, words, figures, musical notes, gestures, in which casoe
the mental anesthesia is known as a sensory aphasia (e. g., alexia, word
deafness) ; or the perceptions may deal with non-symbolic things, in which
case the mental anesthesia is known as a sensory asymbolia (Meynert), or
as an agnosia (Freund). Motor disturbances of similar sort oceur, those of
symbolic character being known as motor aphasia (Broea) and agraphia,
those of non-symbolic character as molor asymbolia (Meynert) or apraria
(Steinthal, Gogol) ; these motor disturbances are described further on.

i. Loss of Power of Recognition or Identification in Visual Domains

The agnostie disturbances in the visual domain may be either (1) sen-
sory aphasic or (2) agnostic proper.

On the sensory aphasic side, the patient, while seeing letters, words,
pictures, ete., does not understand thieir meaning and is unable, therefore,
to read (alexia). 'This condition is not to be confused with the so-called
optic aphasia (Freund), in which the patient cannot name objects thut
he sees, but, after feeling them, can give the name.

On the agnostic side proper (sensory asymbolia), we have to considor
the so-called mind-blindness or optic agnosic. This is to be sharply distin-
guished from the so-called cortical blindness in which only visual peree)
tion is lost. In mind-blindness, the visual acuity is sufficient of itself o
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permit of optie recognition and identification, but the patient fails to recog-
nize objects seen because he has lost his visual memories, which give to his
visual sensations a meaning and a value.

ii. Loss of Power of Recognition or Identification in Acoustic Domains

Here the auditory acnity is great enough to permit of the recognition
of the meaning of sounds, but the meaning is not recognized because of the
loss of auditory memories or of the associations between auditory memories
and those of other sense domains.

On the sensory aphasic 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 sufticiently studied, but seems
undoubtedly to exist.

The so-called amusia oceupies 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 musie, although he
may still be able to sing.

iii. Loss of Power of Recognition or Identification in Tactile Domains

Under the topic of stereognosis (. ©.) we have pointed out that,
despite retained tactile sensation, there may be inability to recognize ob-
jeets felt, owing to the loss of tactile memories. This condition is known
as tactile agnosia (Wernicke's Tastlihmung). At least three forms may
be 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, we
receive at first simple tactile impressions (pereeption), which call forth
the tactile memories of an orange (primary identification), following upon
which there arises a total memory picture of the object (including visnal,
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 be named when looked at; it is due, 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 we know as yet
little or nothing.
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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 deseription, an analysis based upon the three subdivi-
gions is still useful. Under disturbances of the intellectual functions we
ghall consider those of (a) the attention, (b) the memory, and (¢) idea-

tion,
(a) Disorders of Attention

Psychologists scem very much at sea in their efforts to explain the
phenomena of attention. Everyone recognizes that of the many stimuli,
conducted centripetalward from the organs of special sense, and from the
bodily sense organs simultancously to the brain, and eapable of arousing
gensations, certain only are attended to, at any given time, and utilized
for the arousing of memories to combine with them in the formation of
perceptions,  'We focus our attention, as we say, upon a particular group
of sensations and memories, with resulting influence upon the current «
association of ideas. The portions of the field of consciousness to whi
our attention is directed are said to be focal, while the rest of the fic
is marginal, in consciousness. The capacity for “paying attention,”
directing thought toward a definite task (vigility) and of maintaining tl
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task despite intercurrent stimuli (lenacily) is of fundamental importance
as a part of the capacity of acquiring memory pictures and ideas—the so-
called recording facully. 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 associationists assume that the elementary psychie conditions that dom-
inate the process of attention are subject to the laws 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 inereased or pathologically diminished,
or inhibited as regards either 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; hypovigility is
combined with hypotenacity. The attention can be abnormally easily dis-
tracted, that is, changed in its direction (hypervigility), in clironie nerv-
ous exhaustion (acquired neurasthenia), in psychopathic states, and in
outspoken maniacal states. The greater the distractibility, the more
dirigible from without, the less thorough is the intellectual work. The
term hyperprosexia or exaggerated attention, though often applied to the
easily diverted feeble attention of the maniacal (inercased tendency to
change the task set, or hypervigility, with diminished tenacity), should
be reserved for hypertenacity, 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 manie-depressive
insanity the attention may be thus pathologically chained to sad ideas; in
hypochondriae states, to ideas of disease; in psychasthenic states, to the
troublesome obsessions.
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(b) Disorders of Memory

We distingnish between memories of recent events, dependent upon
the recording faculty mentioned above, and memory in the narrower
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sense, including all om earlier experiences, depending upon the firmness
of fixation and ease 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 (caleu-
lation ; national, religious, geographical, and historical facts). We ask
the patient the following questions:

1. Who discovered America? When?

. Name the larger rivers of the United States,

Who was the first President of the United States?

. Name the States in New England.

Repeat the multiplication table,

6. Subtract seven from one hundred, seven from the remainder, and

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 series 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 nseful in differentiating the dif-
ferent forms of dementia. In the non-paralytic dementias, school mem-

= (B

Fig. 6565.~Figures Used to Test Symbolie Intelligence, S8ince They Appeal to the Visual Under
standing. (After O, Veraguth, “Die klin, Untersuch, Nervenkranker,” published by J. F,
Bergmann, Wiesbaden.)

ories are often very well retained, in marked contrast with dementia
paralytica in which simple series of letters and numbers are often imper-
feetly remembered.  Tn catatonic dementia, loss of school memories may
be 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 melin-
cholia, the slowness of reply may deceive the examiner and make Lim
think that memory is injured.

t
el
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ii. Testing the Reproduction of Recent Impressions
(Recording Faculty)
We ask the following questions:
. Who came with you to this placet
What did you have for breakfast?
. Where were you yesterday ¢
. Where were yon a week ago to-day ?
Where were you last Christmas ¢

_a-hw_zc-—-

Recently, psychiatrists like Ranschburg and Boldt have provided us
with special optic and acoustic tests of the recording faculty. They are
briefly deseribed in my article in the last volume of Osler 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,

Loss of memory is known as amnesia, impairment as hypomnesia, exag-
geration as hypermnesia, and perversion as paramnesia.
be general or partial.

General Amnesia.—In general ammesia, we may have only an exag-
geration of normal forgetfulness, inasmuch as onr latent memory pictures
depending upon protoplasmie 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 oceurring in
dementia paralytica, in atheresclerosis, and in gyphilis, should powerfully
disturb the storing of memories. Tt 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 the events of his child-
hood and youth, and talks about them, though he may have lost track
entively of the events of his later life.

Partial Amnesias.—These are isolated or elective defects, which in-
volve certain groups only of the general store of memories (e. g., loss of
optic memory in optie agnosia, or anditory memory in anditory agnosia).

These agnosias have already been referred to (vide supra).

Paramnesias.——In the perversions of memory, several groups of dis-
turhance are included: (1) memory misrepresentations, in which constitu-
ents of actual experience are pathologically rearranged in groups and asso-

Amnesia may




| adaisstarc

302 DISEASES OF THE NERVOUS SYSTEM

ciatively united; (2) memory falsifications, in which the patient describes
as experiences things that are wholly imaginary, having no counterpart
in his past, though they appear to be 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-
tastica, in which the fancy of the egoistic person is given free rein, and
the most remarkable tales 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 déja vu). It is a disturl-
ance of identification, sometimes lasting only a few moments, sometimes
continuing for weeks or months, in which case the patient feels that he
leads a sort of double life.

iii. The Binet-Simon Tests, and Other Tests of Intellijence
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 are only very rough approximations, but with the modifications
that have 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 judy-
ment. We often meet with a good memory that has made the aceumulation 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 faets in the memory. In the feeble-minded we see,
usually, both defeets of memory and defects of judgment, though the memory is
often less defective than the judgment. For this reason, methods of testing the
intelligence that depend merely upon testing school-memories are insufficient.

Binet and Simon have devised a series of tests that give a fairly good ides
the intellectual capacities of ehildren between the ages of three and thirteen years,
obtainable in a very short time. These tests are not directed so much toward tle
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 0ld.
1. Where is your nose? Your eye? Your mouth?
2. Repeat sentences of six syllables. (It rains. I am hungry.)
3. Repeat two numerals (“6—4").
4. Show three Binet pictures representing some people and a situation, (*11 at
do you see?”) A child of three names the things, but does not desc o
actions.
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Four Years 01d.

1. Sex of child. (“Are you a little boy or a little girl?")

2. Name familiar objeets. 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 em. apart; one 5 em., the other
6 em. long. (“Which is the longer line?”)

Five Years Old.

1. Compare the weights of two blocks; 3 and 12 grams; 6 and 15 grams.
(“Which is the keavier?”)
2. Copy a square of 3 or 4 em.; with ink, not pencil.
3. Repeat sentences containing ten syllables, (“Ilis name is John. He is a
very good boy.”)
. Count, with the finger, four pennies placed in a row.
. Game of “Patience” with two pieces. Cut a visiting eard diagonally. Place
a whole eard 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 01d.

. Distinguish between morning and afternoon. (“Is this morning or is it
afternoon?”™)

2. Define known objects. (“What is a fork? A table? 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. Remember, 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.”)

5. Make an esthetie eomparison of 6 heads of women (Binet), in pairs. “Which
is the prettier?”

Seven Years 0ld.

1. Count, with the finger, 13 pennies placed in a row.

2. Deseribe 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 are shown the ehild.
(“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 01d.

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.




4]

304 DISEASES OF THE NERVOUS SYSTEM

4. Count one-cent and two-cent postage stamps placed in order as follows:
1,1,1,22 2 (“How much are they worth, or, How much money to buy
them? Count.”)

5. Repeat 5 numerals (“4—7—3—9—5").

Nine Years 0ld.

. Make change—9 cents out of 25.

. Define common objects other than by “use”.

. Name the day of the week, the month, the day of the month, and the year.

. Reeite the months of the year in order within 15 seconds.

. Arrange 5 weights in order. Use 5 wooden cubes of same size and appear-
ance, but loaded so as to weigh 6, 9, 12, 15 and 18 grams. Time limit, three
minutes.

O W -

Ten Years 01d.

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 6 numerals (e. g., 8—5—4—T7—2—6). Make three tests.

4. Answer simple questions involving everyday problems.

5. Usé three given words in a sentence (e. g., Baltimore, money, river).

Eleven Years 01d.

1. Criticize sentences containing some absurd or ridiculous expression.

2. Use three words in a sentenc

3. SBay 60 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—0—5—8—4—7; 9—2—8

—Hh—1—6—4.

2. Define abstract terms. (“What is charity? Justice? Goodness?”)

3. Repeat a sentence of 26 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 faets. (“What is it?”)

Fifteen Years 01d and Adults.

1. Cutting-out test. Have the child watch the folding of a sheet of paper in
four. With seissors 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 wlhen
unfolded.

. The reversed triangle. Cut a visiting-card along the diagonal. Ask the ¢hiild
to deseribe the resulting shape if one of the triangles were turned about a1
placed so that its short leg was on the other hypotenuse and its right an:'e
at the smaller of the two acute angles.

w
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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, sce the Binet-Simon Measuring
Scale for Intelligence. Revised edition, 1911.*

(2) The Yerkes-Bridges Point-scale

This scale, particularly suited to work with pre-adolescents, is a point-
scale and not an age-scale, the tests being arranged in order of diffienlty.
It originated in the Huey scale.  No matter what the age of the person
under examination, be 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 are subjected to test.

After the point-scale examination has been made, the results may be
expressed (1) by the “score,” (2) by the “mental age” as determined,
and (3) by the so-called “cocfficient 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 eredits” 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 subjeet’s chronological age is seen in the graph to be 77 points; his eo-
cflicient of mental ability is then 68/77 or 88 per cent. The coeflicient is entered
on the same line with the score, the norm being written on the line below.

In working with the Yerkes-Bridges point-scale, the examiner should be familiar

with Healy 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 Iealy tests (q. v.), consisting of moves on form
boards, completion of pictures, memories of observations, picture-puzzles,
ete,

| *On sale at the Training School, Vineland, N. J. Price 15 cents. Pietures and

ofher materials useful for the Binet tests can be obtained of €. H. Stoelting, 121
N, (ireene 8t., Chicago.]
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(2) The Knox scale, developed at Ellis Island for the examination of
illiterate aliens.

(3) Certain miscellancous tests 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 article by Rose S. Hardwick (see References).

References
1. Memory in General
Aschaffenburg (G.). Das Geddchtniss und seine Storungen. In: Allgem. Symptomatol. d
Psychosen (Handb. d. Psychiat.). Leipzig & Wien, 1915, 253-289.

Ebbinghaus (H.). Memory; a contribution to 4':K~‘i'inu'nlul psychology. Transl. by H. A.
Ruger tm] C. E. Bussenius, New York Cily, 1913, Teachers’ College,
Columbia Univ. 131 p. 8°.

Loveday (T.). The rile of repression in forgetting. Brit. J. Psychol., Cambridge, 1913-14,
vi, 161-165.

Semon (Richard). Die Mneme als erhaltendes Prinzip im Wechsel des organischen
Geschehens. 2. Aufl. Leipzig, 1908, W. Engelmann. 393 p. 8°.

Sollier (P.). Le probleme de la mémoire. Paris, 1900, F. Alcan. 8°.
Ziehen (Th.). DasGeddchiniss. Festrede. Berlin, 1908, A. Hirschwald. 50 p. §°.

2. Recording Faculty

Boldt (K.). Studien tiber Merkdefekte. Monatschr. f. Psychiat. u. Neurol., Berlin, 1905,
avii, 97-115.

Ranschburg (P.). Studien iber die Merkfihigkeit der Normalen, Nervenschwachen wnl
Geisteskranken.  Monatschr. f. Psychiat. w. Neurol., Berlin, 1901, xi, 21
259,
Das kranke Geddchtnis. Ergebnisse und Methoden der experimentellon
Erforschung der alltaglichen Falschleistung und der Pathologie des Gedic!-
nisses. Leipzig, 1911, J. A. Barth. 138 p. §°.

Watkins (S. H.). Immediate memory and ils evaluation. Brit. J. Psychol., Cambridy:,
1914-15, vii, 319-3/8.

3. Amnesias and Paramnesias

Healy (William) & Healy (Mary Tenny). Pathological lying, accusation and swindlin;;
a study in forensic psychology. Boston, 1915, Little, Brown & Co. 200
8.

Hochgeschurz (W.). Die epileptische Amnesie in Klinischer und forensischer Bedeutu .
Bonn, 1909, H. Ludwig.

Pick (A.). Zur Psychologie der Konfabulation. Neurol. Centralbl., Leipzig, 1905, zxiv, i1/~
Xid

616.

Strauss. Zur Psychologie der pathologischen Schwindler. Leipzig, 1914, F. C. Vogel.

4. Intelligence Tests (Binet-Simon Tests, ele.)

Aschaflenburg (G.). Die Storungen der Intelligenz und des Urleils. In: Allgem. Sy
tomatol. d. Psychosen (Handb, d. Psychiat.). Leipzig & Wien, 1915,
333-378.
Binet (Alfred) & Simon (T.). A method of measuring the development of the intelliy o
8 of young children. Authorized translation with preface and an apper
by C 'h";., Harrison Town. 3d ¢d, Chicago, 1915, Chicago Med. /i(m/ ()
s2p. &,

b
:



EXAMINATION OF THE MENTAL STATE 307

Dana (C. L.). Mental tests. Med. Rec., New York, 1913, lxzziii, 1-10.

Fernald (G. G.). The defective delinguent. (1u«u, differentiating tests.
Baltimore, 1911-12, lxviii, 525-594

Franz (S. L). Handbook of mental uunnnuhuu methods.
monograph serics, 1912, No.

Am. J. Insan.,

Nervous and meatal disease

Goddard (H. H.). Tuwo thousand normal children measured by the Binet measuring-scale of
intelligence.  Pedagog. Sem., 1911, xviii, June.
A remsion of the Binet scale.  Training School, 1911, viii, 56-63.
The form-board as a measure of the intellectual development of children.
Training School, 1912, ix, 49-52.
Standard method for giving the Binet test.  Training School, 1913, x, 23-30.

Hardwick (Rose S.). Program and directions for the mental examination of asocial, psy-
chopathic and doubtful subjects. Boston M. & 8. J ., 1915, clrzii, 817; 861;
935.

Hart (B.). Mental tests of dementia. Scient. Am. Suppl., New York, 1915, lexr, 206-208.

Healy (W.) & Fernald (G.). Tests for practical mental classification.  Psychol. Monog.,
Princeton, N.J., Psychol. Rev. Pub. Co., 1911, xiii, No. 54.

Kite (Elizabeth S.). The Binet-Simon measuring scale for intelligence: What it is; whai

it does; how it does it; with a bricf 'ul)yrlll!’”/ of its authors, Alfrﬂl Binet
and Dr. Thomas Simon. Philadelphia. The Commiltee on Provision for
the Feeble-minded. [n. d.).

Knox (H. A.). A scale, based on the work at Ellis Island, for estimating mental defect. J.
Am. M. Ass., Chicago, 1914, lxii, 741-747.

Kuhlmann (F.). Some resulls of examining a thousand public school children, with a re-
vision of the Binet-Simon tests of intelligence by untrained examiners.
Second article. J. Psycho-Asthenics, Faribault, Minn., 1914, zviii, 233~
2069, -
Phillips (B. A.). The Binet tests applied to colored children.  Psychol. Clin., Philadelphia,
1914-15, viii, 190196,

Potts (W. A).  What tests in_childhood are best calewlated to throw light wpon the mpvmlu‘a
of mental defectives for future work. Lancet, London, 1915, ii, 124-129.

Record Blank for revised Binet tests.  Depl. of Rescarch, Training School, Vineland, N.J.

Rieger (C.). Beschreibung der Intelligenzstirungen in Folge einer Hirnverletzung, nebst einem

lznlu urf zu einer allgemein anwendbaren \Itlhml(' der Intelligenzprifung.
Lfg. Wiirzburg, 1888, Stahel. 70 p.

l'nrnm Hft. 3 of: Verhandl. d. phys. -muI Gesellsch. in Whirzburg, 1888,
n. F., zzii.

Rogers (Agnes L.) & Mclntyre (J. L.). The measurement of intelligence in children by
the Binet-Simon scale. Brit. J. Psychol., Cambridge, 191415, vii, 265~
299.

Schmitt (Clara). Standardization of tests for defective children.  Psychol. Monog., Prince-
ton, N.J., & Lancaster, Pa., 1915, rix, No. 3.

Smith (M. H.). The Binet-Simon method and the intelligence of adult prisoners. Lancet,
London, 1915, ii, 120-123.

Whipple (G. M.). Manual of mental and physiwal tests. Warwick and York, Baltimore,

1914, 381 p. 8.

Yerkes (R, M.) & Bridges (J. W.). The point scale; a new method for measuring mental
capacity. Boston M. & 8. J., 1914, clrri, 857-866.

Yerkes (Robert M.), Ilrldau (James W.) & Hardwick (Rose S.). A point scale for

mumurmg mental ability. Baltimore, 1915, Warwick & York. 226 p.
2%

Zichen (T.). Die Prinzipien und Methoden der Intelligenzprifung. Berlin, 1908, S,
Karger, 61 p. 8°




308 DISEASES OF TIHE NERVOUS SYSTEM

(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.

i Tests of Association

We 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” we 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

Eadih > of the associations the
W test-words call up, and
! S0 from the time of the re-
% action for each word,

a important  conclusions

¢ - san be drawn regarding

; (1) the intellectual ca-

pacities of the patient,

and (2) the feelings
and emotions that in-
Fig. 656.—The Apparatus for Conducting a Psychogalvanic  flyence  his t]w“;_y]”‘
Examination, The Patient Holds in His Hands Two
Metal Electrodes That Connected with Two Le- I(‘.\'t-\\'ol‘(ls ﬂlﬂt fOr any
clanché Cells and a Gal meter. A Rheostat Is In- peggon  arouse an  1n-
cluded in the Circnit. The Lamp and Scales Serve to .
Record the Fluctuations of the Galvanometer, (Atter pleasant feeling  (or
O. Veraguth, “Die klin. Untersuch. Nervenkranker,” megative feeling-tonc),
published by J. F. Bergmann, Wiesbaden.) A »

as, for example, those
associated with unploas-
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 unusnal and unexpected in character
(Jung). The existence of such unpleasant feeling-tones may often he
recognized by the psychogalvanie test of Veraguth,
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The following list of words will be found convenient in making these

21 Ink 41 Mono{ 61 Law 81 Decency
22 Bad 42 Stupic 62 Dear 82 Narrow
23 Needle 43 Handle 63 Glass 83 Brothere
24 Swim 44 Suspect 64 Quarrel 84 Damage
45 Finger 65 Goat 85 Stork
46 Dear 66 Big 86 False
i 67 Turnip 87 Anxiety
68 Paint 88 Kiss
69 Part 89 Bride
70 Old 90 Pure
71 Flower 91 Doors
72 Strike 92 Choose
73 Box 93 Ha;
14 Stubborn . y 74 Wild 94 Content
15 Stem “hi 75 Family 95 Joke
16 Dance 1 76 Wash 096 Sleep
17 Lake o 77 Cow 97 Month
18 Sick Sad 78 Foreign 08 Lovely
19 Pride 59 Plum 79 Fortune 99 Dog
20 Look 40 Rid 60 Marry 80 Lie 100 Scold

The kinds of ideas that become associated with the given test-words may be
classified as follows:

A. BSense of test-words correctly understood.
y

(a) Internal associations.
(1) Associations of spatial and temporal eoexistence.
(2) Predicative associations.
(3) Causality associations.

(b) External associations.
(1) Associations of spatial and temporal coexistence.
(2) Identities.
(3) Speech-reminiseences.

B. BSense of test-words not understood.

(e¢) 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 conneetion.

Tnternal associations are those dirccted 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
objeet; in easuality-associations there is a relation of ecause and effect. In word-
supplementation the reaction-word taken with the test-wor! makes up another
word, a form of elang-reaction.
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In mediate associations a connection between the test-word and the reaction
can be understood by ing some intermediate member of an association series
(usually a elang-association).

Some observers classify reactions into those that are (1) objective, and (2)
subjective or egocentrie.

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 numler of repetitions and perseverations should
be counted. When an association is spontaneously continued, either 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 subséquent associations is known as perseveralion
In some cases this perseveratory tendency is so marked that the same
word or sentence may be 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 eagy for them ; they are restless, or ver
busy, people, with multiple superficial interests (pressure of activity).

Pathological slowing of associations is met with in the different foris
of inhibition or so-called psychomotor retardation. This is most marked in
conditions of so-called stupor. TIlere the associations are very slow. \
sensation may be very slow in reviving a memory, and thus perception i
made difficult; again, single ideas give rise only very slowly to othir
ideas normally in association with them, and it hecomes difficult for t)e
patient to pass throngh an associative series to a motor “goal-idea.” T
acconnts for the slow, difficult speech in such cases, whicly, in extreme
stances, may result in complete mutism. Similar difficulties are encor
tered in the use of the bodily musculature, and such patients may dro s
very slowly, sometimes requiring hours for the process. Sometimes 110
inhibition is so great that they lie for days and weeks in a state of ¢ -
plete relaxation (resolution), or in a state of hypertension and waxy flc i-
bility (catatonic rigidity).

R S e b
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iii. Pathological Dissociation of Ideas
(Incoherence)

In severe disturbances of association, the connections among ideas may
be 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 eause 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 months,

iv. Intensity, Duration and Content of Ideas

Among the results of disturbances of the association of ideas may be
mentioned the appearance of wholly abnormal ideas. We distinguish (1)
exaggerated ideas, (2) imperative ideas, (3) autochthonous ideas and (1)
the outspoken delnsions,

(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 eaused by abnormal viseeral sensations; and (e) pre-
monitions. The exage

rated ideas are not recognized by patients as in-
truders in consciousness, but are looked upon as an expression of their
innermost nature ; defending them, they feel themselves struggling for the
maintenance of their personality.

(2) Imperative Ideas or Obsessions.—These include ideas that
arising in the patient’s conscious:

ss are recognized by him as un-
justifiable, nonsensical intruders.  The patient says he knows the 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 (agora-
phobia), fear of contemination (mysophobia), fear of infection, fear
of doing others an injury, ete.). They are frequently accompanied by
nevative feeling-tones.  Patients subject to such imperative ideas are
often the vietims of ndecision, and of the doubling mania (folie du
doute).  These phenomena are characteristic of the so-called psychas-
thenie states.  In the severer forms, normal thinking is interrupted by
the intrusion of all sorts of nonsensical questions, the so-called mania of
inlerrogation (e. g., Why are scissors ealled scissors?; Why has a chair
four legs 3 Why is gold a metal ?).  Patients are unable to rid themselves
of the thoughts in spite of their desire to do so. Such a mania of inter-
rogation would seem to be closely allied to the hebephrenic states (g. v.).
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(3) Autochthonous Ideas.—In true aulochthonous ideas, arising
from pathological associative activity, the attention is, as in the impera-
tive ideas, forcibly dirccted toward the ideas that are felt as trouble-
some intruders; but they differ from imperative ideas in that the latter
are never regarded as foreign, as not belonging to the personality, and so
do not Lave the dangerous significance for the whole mental life that
attaches to autochthonous thoughts. The latter are closely related to
hallucinations; indeed, the hearing of voices is sometimes preceded by
a period in which autochthonous tlmnghls exist.

(4) Delusions.—Tle most important disturbance in the association of
ideas is the falsification of content seen in delusions. In health, the intel-
leetual activity, which leads to the formation of judgments and infer-
ences through the association of ideas, depends upon the regular connec-
tion of the memory pictures with the pereeptions corresponding to them
coming from the external world and the body. Faulty judgments in
health, known as mistakes, prejudices and superstitions, depend upon the
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 are derived, partly from personal
knowledge depending upon our perceptions and their memory pietures,
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, soeial 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 better 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
Jjudgments 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 gulfs that could not be erossed if we were to try to form
Jjudgments based entirely upon personal experience, This explains why everyone
is subject to mistakes, and why what we call knowledge is always undergoing
alteration. There is every gradation from the mistake to which any normal brain
is subjeet, to the “pathological mistake” met with in disease, which we eall a delu-
sion. No hard and fast line can be drawn between them; each is the result of
a wrong train of thought that does not correspond to the faets of the external
world.

Great care, therefore, should be taken in the examination of paticnts
to make sure whether the environment of a patient can aceount for the
origin of abnormal ideas in a brain that is not diseased, or whether (e
idea is one that could not arise in a normal brain exposed to the sime
environment. This task is not always easy. The beginner will be v ise
to deseribe as delusions, therefore, only ideas that are so grossly wrong

as to be nmmistakably the result of the activities of a pathological briin.
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v. Tests for the Presence of Pathological Ideas

Among the pathological ideas most important to recognize elinically
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) erpansive ideas (e. g.,
delusions of grandeur, and other megalomanic 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; he may think
that others are making fun of him, scoffing at him, scorning him, defam-
ing him, ete.; (4) ideas of persecution, in which the patient thinks that
others are treating him badly, that he does noi get Lis deserts, or that
conspiracies are formed against him.

Tsually, such ideas can be unmasked by asking a few simple ques-
tions; namely, (1) Are you sad? (2) llas any one been making fun of
you? (3) Have people treated you well? Ilas anybody “had it in” for
you? (4) Are you sick? (5) Iave you been unusually suceessful ¢

Patients usually cherish a delusion; it is hard, usually impossible,
to convince them that the idea is false; they lack discase-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, euphorie,
megalomanie; during the periods of depression, he is sad, hypochon-
driaeal, 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 (e. g., dementia praccox).
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5. Disturbances of the Affective Life

(Feelings, Emotions and Moods)

The intimate association of affective or emotional states with the intellectnal
activities has been seen above. Tt is desirable, however, in analyzing mental stales,
to pay some special attention to the feelings, emotions and moods. The tendoicy
in the mind is to refer sensations, memories of sensations and ideas to external
objects aeting upon an observing subject, while the feelings, and the emotional
states arising out of the feelings, are the more subjective elements of conseious: s,
and serve for building up that part of the content of consciousness that reiors
more particularly to the condition of the subject himself.

In neurological diagnosis, it will often be found that what eaices
pleasure and displeasure in life is the key to the understanding of puz: ing
nervous and mental states, The intellectual life of our patients is in 1izh
degree dependent upon feelings, moods and emotions; in other wo s
upon affective states, and upon the impulses to give expression to t!m.
Only a few of the abnormal affective states can be mentioned here.
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(a) Pathological Increase of Emotional Excitability
This is seen, for example, in hysteria, in the irritability of neuras-
thenia, in the furor epilepticus, in the violence of alcoholie 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, and in that of imbe-

cility. Sometimes the apathy shows itself in a lack only of the higher
feelings (moral, esthetic).

(¢) 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 aleohol and drug intoxications,
and the euphoria of dementia paralytica,

(d) Depression or Dysthymia

Here 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 are the result of the latent
after-effect of exciting experiences, fears, and expectations. Important
therapeutie results can sometimes be 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).

References

1. The Affective Life and the Emotions

Aschaffenburg (G.). Die Storungen des Trieblebens. In: Allgem. Symptomatol. d. Psy-
chosen (Handb. d. Psychial.). Leipzig & Wien, 1915, 424-438.
Das Gemviitsleben und seine Storungen,  1bid., 150-179,




316 DISEASES OF THE NERVOUS SYSTEM

Bailey (Pearce). Desire and fear as factors in human conduct. Tr. Am. Neurol. Soc., 1914,
Bleuler (E.). Affektivitdt, S ibilitt, Paranoia. Halle, 1906. 144 p. §8°.

Bloch (Iwan). The sexual life of our time in ils relations to modern civilization. Transl.
gmu the I;ilh German ed. by M. Eden Paul. London, 1908, Rebman, Lid,
o6 p. 8°.
Bridou (V.). L'éducation des sentiments. Paris, 1910. 420 p. 16°.

Cannon (W. B.). Bodily changes in pain, hll.llgﬁ‘, jcar and rage. New York & London,
1915, D. Appleton & Co. 324 p.

Davenport (C. B.). The feebly inhibited. 1. V: wk nl tempcr and its inheritance. J. Nerv.
Ment. Dis., New York, 1915, zlii, 593-628.

Fére (Ch.). La p(uholoqw des émotions. Paris, 1892, F. Alcan.
Frank (L.). Affektstorungen; Studien ubc-r die Aetiologic und Therapie. Berlin, 1913,

J. Springer. 406 p.
Monogr. a. d. bucamlg(b ‘d. Neurol. u. Psychiat. Heft 4.

Hall (G. S.). Anger as a primary emotion and the ap ];lu‘alwu of Freudian mechanisms to its
phenomena. J. Abnorm. Psychol., Boston, 1915, z, 81-87.

Hartenberg (P.). Les timides et la timidité. 8°. Paris, 1901.

McDougall (W.). The definition of the sexual instinct. Proc. Roy. Soc. Med., London,
191314, vii, Sect. Psychiat., 65-88.

Mott (F. W.). Psychic mechanism of voice in relation to emotions. Brit. M. J., London,
1915, ii, 845-847.

Ribot (Th.). La psychologie des sentiments. Paris, 1896, F. Alcan. 8°.

Savage (Sir G. H.). Clinical lecture on jealousy as a cause and a symptom of insanily.
Press & Cire., London, 1915, n. s., xcix, 710,

Shand (A. F.). Character and the emotions. Mind, London, n. s., v.

Talmey (B. 8.). Love; a treatise on the science of sex-altraction. New York, 1915, Prac-
titioners' Publishing Co.

2. General Articles on Psycho-analysis

Barker (L. F.) & Burrow (T.). Psychotherapeutic treatment. In: Therap. Int. Dis,
(Forchheimer). New York, 1913, 569-5681.

Bleuler (E.). Die Psychoanalyse Freuds. — Jahrb. f. psychoanalyt. . psychopath. Forsch.,
Leipzig & Wien, 1910, ii, 623-730.

Brill (A. A.). Psycho-analysis; ils theories and practical nppltmlmn 2d ed. Philadelphin
& London, 1914, W. B. Saunders Co. 337 p. 8°.
I’x:/rhmumlum ils scope and limilation. lnllrnml. Clin., 1915, 25. s.,
i, 132-135.

Freud (Sig d). Three contributions to the ucnm.l theory. New York, 1910, Nerv. &
Ment. Dis. Pub. Co. 100 p. roy. §
Ueber Psychoanalyse. Leipzig & Wi u-n, 1910, F. Deuticke.

Hitschmann (Eduard). Freud’s Neurosenlehre nach ihrem gegenwirtigen Stande zusom-
mengestellt. 2. Aufl. Leipzig w. Wien, 1913, F. Deuticke. 179 p.
/}1)51:;; (Fny Transl. by C. R. Payne, New York, 1915, Nerv. & Ment. Dis.
. Co

Janet (P.). Psycho-analysis. Tr. Internal. Cong. Med., 1913, London, 1914, Sect. X1,
Psychiat., 13-64, pt. 2.

Jones (E.). Papers on psychoanalysis. London, 1913, Baillitre, Tindall & Coxr. 447 p
The significance of the unconscious in psychopathology. Rev. Neurol. &
Psychiat., Edinburgh, 1914, xii, 474-451.
Professor Janet on psycho-analysis; a rejoinder. J. Abnorm. Psyclol,
Boston, 1914-15, iz, 400-410.

Jung (C. G.). On psycho-analysis. Tr. Inlmal Cong. Med., 1913, London, 1914, © .l
}M 1, Psychial., 65-71, pt. 2

On the importance of ‘the i in psychopathology. Brit. M. J.,
London, 1914, ii, 964-968.




EXAMINATION OF THE MENTAL STATE 317

Jung (C. G.). I’syclmlogy of the unconscious. Transl. by Beatrice M. Hinkle, M.D.
Chicago Medical Book Co., 1914,

The theory of payrho-mmlyuu New York, 1915, Nerv. & Ment. Dis.
Pub. Co. 135 p. &°.

Kaplan (L.). Grundzige der Psychoanalyse. Wien, 1914. 309 p. §°.

MacCurdy (J. T.). Ethical aspects of paﬁllo-armlyxu J. Nero. & Ment. Dis., New
York, 1915, zlii, 296-300.

Putnam (J. J.). On certain of the broader issues of the pxyrho—annll/lu' movement. Tr. Ass.
Am. Physicians, Philadelphia, 1913, rxviii, 513-5629.

Psychoanalytic Rcvlew (The). A journal devoted to the understanding of human conduct.
Ed.by W. A. White & S. E. Jelliffe, 1914-16. New York. Vol. i-iii.

3. Dreams; Myths; Special Complexes
Abraham (K.). Dreams and myths. New York, 1915, Nerv. & Ment. Dis. Pub. Co. 74 p. 8°.

Clark (L. P.). A critical digest of some of the newer work upnu hl)llw-sctwllily in man and
woman. State Hosp. Bull., Utica, N. Y.,

Freud (8.). The interpretation of dreams. Transl. of the 3d ﬁl mlh introduction by A. A.
Brill. New York, 1913, Macmillan Co. 510 p. §8°.

Glueck (B.). TheGod man or Jehovah complex. N. York M. J. lete.), 1915, cii, 496-499.

Hirschfeld (M.). Die Homosexualitit des Mannes und des Weibes. Berlin, 1914, L.
Marcus. 1084 p. §°.

Rank (0.). Myth of the birth of the hero. New York, 1915, Nerv. & Ment. Dis. Pub. Co.
100p. §°.

Ribot (T.). La pensée symbolique. Rev. phil., Paris, 1915, lrriz, 385-401.
Riklin (F.). Wish [ulfllmrul and nJmlmlwm in fairy tales. Psychoanalyt. Rev., New York,
1915, i, 218, 327.
4. DPsycho-analysis and Insanily

Campbell (C. M.). The form and content of the psychosis; the role of psycho-analysis in
psychiatry.  Rev. Neuwrol. & Psychat., Edinburgh, 1911, vx, 469-493.
9'1’:(' application of psycho-analysis to insanity. N. York M. J. [ete.],
1912, xev, 10791081,

Putnam (J. J.). Services to be r.r(n'rlul Sfrom the psychanalytic movement in the prevention
of insanily. m. M. Ass., Chicago, 1914, Lriii, 18911897 .
[Discussion), 1903-1905.

5. Psycho-analysis and Society

Burrow (T.). Psycho-analysis and society. J. Abnorm. Psychol., Boston, 1912-13, vii,
840-346.
’l‘;u' psucho-analyst and the community. J. Am. Med. Ass., Chicago,
1914, lxii, 1876-1878.

6. Disturbances of the Conative Functions
(Will; Conduct)

Conduet and behavior have already been briefly referred to under
Disturbances of the Iigher Motor Functions. From the psychic side,
lowever, some special mention of the functions of the will, observable in
the conduet, behavior or style of the patient, seems desirable.  We ecan
judee of the mental processes of men in health and disease only through
their motor reactions (ineluding, 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 gesticulatory distortions of the face and limbs that arc
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 are 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, ete., yield us the information that is
obtainable regarding Lis conative functions,

What we 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 are 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 apraxius.

(@) Suprapyramidal Disorders of Speech Movements, Writing
Movements and Learned Movements of the Extremities

Intermediate between the lower organie motor disturbances and the
motor disturbances met with in the psychoses stand certain disorders of
speech, of writing, and of non-symbolic movements of the extremitics
known as the aphasias, the agraphias, and the apraxias,

i. The Disorders of Speech M ts 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 e
pendent upon the general mental state (coma, psychoses, hysteria), inalil-
ity properly to perform the speech movements is known as aphasia.

The sensory aphasias, due to lack of understanding of speech, Live
already been referred to; in the disturbance of speech shown in the moor
aphasias the difficulty is on the expressive rather than on the recepiive
side.

The severest forms of aphasia are those in which the power of speh
is wholly abolished ; the patients are actually dumb. Such complete /-
lition of speech-sound-making power is very rare; usually, even in (he
very severe cases, some words or phrases can still be spoken, and thoizh
the patients cannot talk, they may pronounce one or more words over ud
over again, residues of speech that Tughlings Jackson called “recur: ing
utterances.”

In the milder forms of aphasia, the power of speech may be ily
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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 repeating what is heard, (3) the power of serial speech, and (4) the

power of reading aloud.

1) Disturbances of Spontaneous Speech
P P

Under spontancous speech we include (a) ordinary spontaneous con-
versation (descriptions, expressions of desires, answers to questions), and
(1) the naming of ohjects,

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 are met with: in one, phrases with
no words of concrete meaning, or only a few; in the other, almost exclu-
gively words of conerete meaning are juxtaposed without small words or
connectives (akataphasia, agrammatismus). The agrammatic cases 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 the latter, not.

In nearly all cases conglomerates of syllables or letters occur, which
at first seem to be utterly without significance; in the less marked in-
stances of this, the clues ean sometimes be discovered ; in the severe forms,
the whole expression is a jumble (jargon-aphasia).

In the naming of objects, it may be more difficult to find the word de-
sired (from the sensory impressions) than in ordinary conversation (from
association),  Often when the right word cannot be found (word-amnesia),
it will be recognized as right as soon as presented and can be correctly
repeated,  Substantives, especially conerete and proper names, give the
most tronble; adjectives and verbs less,

Sometimes the patient, recognizing the ohject, 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 he confuses words (verbal
paraphasia) or distorts them (literal paraphasia). In verbal paraphasia,
@ word nsed before, or one unsuccessfully sought before, may be spoken
instead of the right word, a perseveratory phenomenon; or, a word associat-
tively related (by sound, by coérdination or subordination, by causality,
by coexistence, ete.) may be produced. Literal paraphasia represents a
severer disturbance than verbal paraphasia ; syllables are displaced in the
words, and letters in the syllables.
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slightly injured, and all gradations between these mild forms and the
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(2) Disturbances of Repetition

Aside from true echolalia, or imperative 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 /
he 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 before him. Ile sometimes misunderstands our intent,
and thinks that we are asking him a question,

In some cases, though spontancous speech is greatly disturbed, every-
thing heard can be correctly repeated, even difficult test-words; more often
repetition is imperfect, short words being repeated usually better than
long ones, though oceasionally a patient who ean repeat a long polysyllalic
word perfectly will find it impossible to repeat a short sentence containing
only monosyllabic words (1leilbronner).

Familiar words ean be repeated better than unfamiliar words, or than
words of a foreign language. Sometimes short words can be repeated better
than the sounds of single letters (consonants). One should notice whetler
or not the patient tries to read the examiner’s lips when under test, as tlis
has an influence on the results obtained.

Entire loss of power of repetition does not occur except where the
power of speech is practically abolished ; 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 f
to repeat it. The patients are often reluctant to try to repeat words;
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 spontancons
conversation and only a little on naming objects. A eonfusion of worls

(verbal paraphasia) on attempts at repetition is not uncommon, often due
to perseveration, sometimes to other associative canse. 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 roact
with another word from the same series (Monday, Thursday), or witl a
word from a different series (a letter, a number).

18

(3) Disturbances of Serial Speech

Serial speech is very important in the study of aphasies; patients «ho
can faultlessly reproduce series (letters, numbers, days of week, nau

of

SRR e




EXAMINATION OF TIHE MENTAL STATE 321

months, prayers, poems) must be devoid of speech disturbance; moreover,
in the milder aphasies, a study of the errors in serial speech will often
vield clues to the nature of the disturbance, unobtainable by the tests of
spontaneous speech and of the 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
we wish him to say the series to us. In trying to get him to count, if
he does not understand our spoken request, we may make signs before him
(rhythmical elapping, serial movements of the fingers, use of beads on a
counting board, ete.) ; or to get him to say the days of the week, or the
names of the months, we may make clear what we want by showing him a
calendar,

Wo note whether on interruption in the course of a series, the patient
can begin again where he left off, or must begin all over again; as a rule
the series has to be given, as it were, automatically, in foto,

Omissions in a series are common ; thus, either:, ., 23, 24, 25, 35, 36,
37 ... 0r 37, 38, 39, 50, 51 ... ; again, the patient may wander off into
a different series, e. ¢., 17, 18, 19, 20, 30, 40 . . . or Monday, Tuesday,
February, March, Other examples are cited by Ileilbronner.

(4) Disturbances of the Power of Reading Aloud

Reading aloud is a complex process, involving both the receptive and the
expressive side of speech ; it is accordingly very often disturbed in aphasics.
We have to think not only of the words and syllables as awhole (the phonetic
word) but also of the words and syllables as made up of individual letters
(orthographic or alphabetic word). 1t is well to find out first what the
patient ean do with letters as such, and then to sce whether he ean com-
bine them with syllables and words and ean pronounce the combinations;
later we test the power to read sentences, both matter which is intelligible,
and matter unintelligible to the patient. An inability to read (alexia)
may be receptive, or expressive, in nature, or both.

ii. The Disorders of Writing (Adraphia)

These may be hard to test if there be paralysis of the right arm: if
there be only weakness, the patient may get on well enongh with chalk
and a blackboard ; we may also enconrage writing with the left hand (which
will be found to be not infrequently mirror-writing). We examine (1)
the writing without copy, either (a) spontaneously or (h) on dictation,
and (2) the writing when the patient has a sample before him (copying).

(1) Writing Without Copy

Most patients who ean write anything spontanconsly ean usually copy
insome way (either 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 be made on paper at all,
nor can signs resembling letters be made; attempts at writing result only
in lines and scratches, a meaningless serawl. Some patients seem to have
a memory of the forms of certain of the letters, Lut are unable to write
these forms, showing discontent with their fruitless attempts; others seem
content with their nonsensical seribbling and may even, subsequently,
try to read aloud what they have written. Often a few letters are 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 cases are distinguishalle:
in one, the patient can write single letters he 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 e
written without error, when otherwise there is almost complete agraphia.

Writing is the most complex of all the speech-performances, Agraphic
disturbances are more severe and less reparable as a rule than the disturl-
ances of vocal speech.

(2) Wriling from Sample (Copying)

One sets a copy and asks the patient to write as nearly like the samjle
as possible.

iii. The Disorders of Learned Movements other than Speech and Writing (Apraxias)

Speech and writing are, as we have seen, conventional and learid
modes of expressing the contents of our ideas—they are symbolic in
character, Tho suprapyramidal disturbances in this domain have leon
described as aphasic; suprapyramidal disturbances of the learned mo e
ments other than those of speech and writing are designated as apra
The normal condition in this domain is known as praxvia or eupras i;
pathological conditions here are known as aprazia or dyspraxia. (ur
newer knowledge of apraxia is due largely to the researches of Liepmi 1,
Pick, Bonhoeffer and Heilbronner,

In apraxia we see three main types of disturbance: (1) dimini:'
spontaneity or almost total abolition of movement, despite the absenc: of
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paralysis in the 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 Spontancily 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 spontancously lay it aside, though if
asked to do so he usually ean. The personal initiative seems to be lost for
the apraxie limb, though not all patients show this plienomenon.  Some-
times if the limb be 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.

wr,
he

b

(2) Distortions of the Movements in Apraxie Extremilies

These distortions can be best demonstrated, as a rule, by asking the
patient to perform certain complex movements in imitation of natural
movements but withont the presence of the natural object to which the
movement pertains; thus, we may ask him to make the movement of shak-
ing hands, of counting out money, of beckoning, of opening and elosing
a door, of leading 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 deseribed
as “grimacing of the extremities”; if the patient be not aphasie and ean
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-
lavior 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, he 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 coffee in a coffee-mill, and, immediately after-
ward, to turn the handle of a hand-organ. This test has been called by
Ucilbronner the shibboleth of apraxia-testing. Even in mild apraxia,

le
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where each of these two 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
ont 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 instrunment.

In sowe cases apraxic disturbances appear on attempts at imitation of
movement.  'We may passively move a non-apraxie extremity and ask
the patient to imitate the movement with the apraxic extremity, or we
may make movements before him ourselves, and ask him to imitate them,
standing either gymmetrically with him, or, to make the test more difficult,
facing hLim,

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.  Apr:
in the lower extremities are known, but have been as yet little studied.

Apraxie disturbances of the trunk have also been deseribed; 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. Dilateral apraxia of the muscles of the faco
and head manifest themselves by inability to blow or to whistle,

In severe apraxic states the patient may find it diffieult or impossille
to take a drink of water or to feed himself. e may bite at the gliss
or spoon, or make bizarre movements of the tongue, or be unable to holl
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, aphasic and
apraxie disturbances belong together in systematic description. Aphasia
and agraphia are, in reality, apraxia in the domain of the speech and
writing movements.

cie disturbances

(3)  Confusions of Movements in Apravia

Just as in aphasics we distinguish between verbal paraphasia or worl-
confusion and literal paraphasia or word-distortion, so in apraxia e
distinguish between confusion of movements and the distortion of mo -
ments above deseribed.
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When movements are confused, the attempt to make one movement
results in the performance of another different movement, usually due
to perseveration, the movement resulting heing 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 scen on attempts to manipulate objects; instead of making the
movement intended, the patient may scize the object in a convulsive way
and temporarily be unable to release it, his mistake leading him to at-
tempts foreibly to shake the object out of his hand.  Or, instead of
manipulating the object intended he may take another.  Sometimes while
Iving in bed such a patient will seize the coverlet and be unable to let
go of it. Ieilbronner deseribes a patient who eaptured his own thumb
in the hollow of his hand and conld not let it go.

The separation of the apraxie 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 he cannot trust his left hand; it will not do what he tells
it to do. Such patients deseribe 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 he is doing that.,”

Very peculiar confusions of movement are 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 ear as though it were a pen, or, beginning to peel an
apple, will suddenly cut it throngh 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 Heilbronner’s patients tried to peel a hard-boiled egg like an
apple.  The analogy to the verbal paraphasias is obvious.

In a systematic examination of an apraxie disturbance, the following
routine may be followed :

(1)  Can the patient move parts of his body withont applying forco
to any external object? (Wrinkle nose, show tongue, make a fist, spread
the fingers, eross the knees.)

(2)  Can the patient perform antomatic symbolie 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, affix-
ing a postage stamp, opening a pen-knife.)

(4) Can he make purposeful movements (in the absence of the
external objeet), that is to say, can he reproduce the movements from
memory 2 (Grind a coffee-mill, turn a hand-organ, catch a fly, count out
noney, lead an orchestra.)
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(5) Can he perform purposeful movements on his own body?
Brush the teeth, blow the nose, pull an ear, wipe an eye, scratch himself.)
) I I e
(6) When simple and complicated movements such as those above
deseribed are made by the examiner in front of the patient, can he imitate
v l t]
them ?
(7) How does the patient behave when spontaneously handling
objects ¢
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(b) Peculiarities of Conduct Met With in Abnormal Mental States
i. Motor Agitation

By motor agitation or excitation is meant a state in which voluntary
acts are performed in inereased numbers and very rapidly. Movements
appear to be easy for the patient; normal inhibitions are removed; there
seems to be no sense of fatigne, The highest grade of motor agitation is
met with in maniacal excitement (e. ¢, in manic-depressive insanity, in
dementia paralytica, in the episodie 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 intens
inhibitory processes.

Certain special perversions of voluntary activity are met with in di
ease. Among them may be mentioned (1) stereotyped movements anl
attitudes, (2) command-automatisms, and (3) impulsive acts.

iii. Stereotyped M. ts and Post

The patients may assume uncomfortable attitudes and maintain the
for long periods (stereotyped postures). They often resist both passiy
change of posture and request for active change thereof (negativism).
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o Other patients repeat monotonous, often rhythmieal, movements over i
\‘H'v.\ and over again (stercolyped movements). This frequent repetition of l
bove the same movement is sometimes called motor perseveration., [,
: £
itate . o . 1
iv. Cemmand-automatism '%
ling By command-antomatism is meant an abnormal suggestibility to move J#,
ment. Thus, a patient may repeat movements made before him (echo i'v';
rinesis or echopraxia), g
1914, or may repeat words
d pronounced before
b, him  (echolalia). The d
nrrnl\lwll repet i
‘/’l"'l'" tion of a movement at
command is closely re
1905, lated to these phenom
I der ena,
o If the limbs be
laced in a given posi
u this may be main
uned for a long time,
tes in waxy fexibility
nd in catale PsY-
Ty
it v. Impulsive Acts or Deeds
VoY By impulsive acts
w3 deeds we mean vol
" tary movements that
patient performs as
result of a tempo-
psychomotor over- Fig Catalepsy. (Med. Service, J. I, 11.)
ition.  They may
p bedne (1) to intense affective disturbances (e. ., anger, anxiety, patho
N 1l libido), (2) to imperative ideas, or (3) to delusions,
For a fuller disenssion of disturbances of will, and of other psychiatrie
1 phenomena, the reader may consult my article in the last volume of Osler
e MeCrae’s “Modern Medicine,” or ene of the modern text-hooks of

psvehiatry (see References).
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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.
X-ray examinations of the central nervous system, skull and spine.
3. Lumbar puncture, and puncture of the ventricles of the brain.
4, Electrodiagnosis and electroprognosis,

1. External Examination of the Head, and
Measurements of the Head and Body

(a) Inspection and Palpation

On inspection and palpation of the skull, information is obtained
regarding its form. It should be inspected from in front, from behind
and from each side.  'We pay attention especially to the mode of junetion
of the skull-capsule with the facial skull, the position of the root of the
nose, the prominence of the supraorbital ridges, the distance apart of tlo
frontal eminences and their prominence, the character of the temporil
region on each side, the skull just above the ears, and the shape of the bl
of the head. Asymmetry (scars, exostoses, ete.) can often be best mule
out by palpation with the eyes shut. Before palpating, we place the t
of the fingers close together in a single horizontal plane (say on a tal!
With the fingers held in this position, they are allowed to glide slo
over the surface of the skull, when abnormalities in form, and especi:
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asymmetry, can be far better made out than by the index finger alone.
The lines of the sutures should be especially palpated.

In children the
size of the fontanelles should be ascertained.

(b) Measurements of the Head (Cephalometry)

For clinical purposes, measurements are made (1) with a metal centi-
meter-tape, for curves and circumferences, and (2) with Benedikt's grad-
uated compasses for linear measurements,

i.  Measurements of Curves and Circumferences

The following measurements should be made:

(1) Greatest anteroposterior curve (Nt), from the middle of the
glabella (N) to a point (t), which lies 1.25 mm. higher than the lowest
sharply definable point of the external occipital protuberance as pal-
pated by the index finger of the left hand; in man Nt is about 35-37 em.

(2) Horizontal cirenmference, measuring around the head over the
end points (N and t) of the greatest anteroposterior curve; in man 49
0 em,

(3) Greatest transverse frontal curve, measuring from the root of
the zygoma (behind the jaw-joint) on one side, up over the skull and
down to the root of the zygoma on the other side; in man 20-34 em,

(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 (8).

(6) Length of sagittal suture (=Ng—Na).

ii. Linear Measurements (Compass)
(1) Greatest length (L) in the median plane, forehead to most pos-
terior point of oceiput; in man 16.5-19.0 em.
(2) Greatest breadth (Br), or linear distance between the points
most lateralward from the median plane on the two sides; in man 13.5
15.6 em,

100 Br

(3) The length-breadth index ( ), known as L.-Br.-I. Thus

are distingnished (a) the ])rurhyvvplmliu‘ or short heads, (h) the dolicho-

cephalie or long heads, and (¢) the mesocephalie or or liocephalic heads
(of medium length).

International Skull Indices
A, Dolichocephalic 55.5-74.9.
5. Mesocephalie 75.0-79.9.

I
C. Brachycephalic 80.0-99.9.
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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 fiir 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 cspecially noted. In this connection v. Thering’s profile-angl:
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
progunathia, 76° or more, (3) in opisthognathia, 91° or more.

(¢) Measurements of the Adult Body

AVERAGE
& OFFMANY 3 v
Sraristics or HoFFMANN Topinard's
Percentages

Men Women

ROAWIORER 1 2o an o wransvosswporsoupsss 156.5 100
Trunk-length (vertex to perineum).. . e 03.7 52.5
Height of head (vertex to angle of mandible ) 17.4 13.3
Length of neck (occiput to 7th cervical r([)lnl') 23.4 4.2
Distance from 7th cervical spine to perineum. 58.2 35.0
Lower l"dr(-mltv (erista ilii to sole of foot). . 08.4 5
Upper extremity (shoulder to npof middle fmg« r) G9.2 )
Shoulder-breadth. ‘ 35.2 )
Hip-breadth (iliac 31.4 18.8
Parls of Extremities
TIDOOE BRI s xx 52 &+ 60508 s 0 s b 0s aiaap ipnls 31.2-32 19.5
Forearm. . .| 24.6-27 14.0
B TR Uis s n.vpn s b sbina b wncain e wTeois o bimze s 8.4 11.5
Trochanter to sole........ T 80.8 S
Thigh (trochanter to knee)................. 41.943 20
Leg (knee to ankle)... o 39.6-43 23
Foot-height (lat. malleolus to mlq) .......... 7.8 7.8 4.5
Certain Other Dimensions (Krause)

D g 173.4 162.6 100
Vertex to navel. .. 69 65 40
Navel to symphysis. 14 16 a o
Navel tosole of f00t. . ... .......oovurunnnnnn] covvnnns t'% 60
Circumference of trunk g 81 84 Ie
Distance between trochanters. . 34 35

Width of hand at middle. . 11 9 6

Length of foot (heel to unm)” ket et
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(d) Stigmata of Degeneration

Of the hereditary stigmata sometimes indicating psychopathie or neuropathie
inheritance, but sometimes due to simple local developmental anomalies, may be
mentioned :

(a) Anomalies of the external ear.

(1) Absence or imperfeet development of the lobule of the car.

(2) Absence of the helix or antilielix,

(3) Targe outstanding cars with low ridges and flat grooves (Morel's
ear).

(4) Marked Darwinian tubereles.

(6) Markedly projecting antibelix (Wildermuth’s ear).

(b) Other developmental anomalies. These inelude harelip, eleft palate, arched
hard palate, anomalies of dentition, retinitis pigmentosa, albinism, congenital eolo-
boma, eecentrie pupils, polydactyly, syndaetyly, hypospadia and other ital
anomalies.

(e¢) Psychie stigmata of degeneration. These include:
1. Abnormal affective states, ineluding:

(a) Striking capriciousness of emotional life, with violent outbreaks
of anger or outspoken anxiety.

(b) Obstinate persistence in definite pathological moods (groueh;
depression).

(¢) Marked tendency to syncopes, eonvulsive states, unmotived
vomiting.

(d) Faulty development of higher intellectual feelings (soeial,
altruistic, esthetie), with abnormally great development of the
egoistie feelings, ineluding the sexual.

2. Abnormal disharmonious infellectual development, with dominance
of the fantasy, or one-sided intellectual endowment (e. g., unusual memory for
language, mathematical faculty, musical talent), while coneeptions and judgments
in other intelleetual domains are faulty. The psychasthenie phobias and obses-
sions belong here. Certain disturbances of sleep (e. g., pavor noeturnus, protracted

enuresis nocturna) are suggestive. Marked lack of toleranee to aleobol 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. Inereased sensi-
tiveness on percussion, if sharply circumseribed, 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 tympanitie tone, or a eracked-pot sound, on percussion may indi-
cate a thinning of the skully due to a foeal lesion (e. g., tumor), to hydro-
cephalus, or to osteoporosis.
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(fy Auscultation of the Skull

Auscultation of the skull should not be omitted.  Murmurs are heard
in aneurisms of the basilar artery (back of head) and of the internl
avotid artery (over temporal region).  Murmurs are sometimes heard
over vascular brain tumors,
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2. X-ray Examination of the Nervous System, the
Skull and the Spine

X-ray examinations of the skull are occasionally helpful in diagiosis.
The findings in sinus disease are described under the Respiratory

ratus; those in mastoid disease are becoming equally important. Ml
mations of the skull and spine, cervieal ribs, abnormalities of the
of the extremities in organic nervous diseases, can often he deter I
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x-ray examinations,  Enlargement of the sella turcica can often be elearly
made out in eysts and tumors of the hypophysis.  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 ean be
exactly localized. Tumors of the bones of the skull and tumors or caries

Fig. 508.—Calcitied Pipeal Glaud.  (X-ray Dept., J. I, 1L)

of the spine can be recognized in x-ray plates,
are visible only when caleified.
N‘I'\il‘ll!“

Tumors of the brain itself
A caleified pineal gland is sometimes ob-

When signs of root-lesion of the spinal nerves exist, x-ray plates should
always be made, sinee the nerve roots may be involved in some process
alfeeting the bones of the spine (arthropathies, caries, carcinosis, dislo-
cation, fracture, ete.).
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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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Nore.—See also references on Lumbar Puncture in Part IIT.

4. Cerebral Puncture through the Skull
(Method of Neisser and Pollak)

The head is shaved and the skin disinfected and anesthetized with ethyl ehlorid.
The soft parts and skull are perforated quickly by a rapidly rotating auger 2 wm.
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 ehannel 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 necdle
is shoved through the dura, a vacuum being maintained in the syringe a- it
proceeds gradually into the depth. The method has been employed as an ail in
the diagnosis of cerebral abscess, eerebral hemorrhage, brain tumors and hylro-
cephalus, After the needle has been removed the opening is elosed with a storik
dressing.

The part of the skull punctured will depend upon the nature of the patholoical
process suspeeted, but, in every ease, precautions should be taken to avoid artirics,
veins, and the sinuses, Temporal abscesses are usually sought by punciire
0.5-0.75 em. perpendienlarly above the upper attachment of the external cur.
For further details the directions of Neisser and Pollak should be consulted.

This method is of very doubtful value. On oeecasions when it would be res rted
to it is usually wiser to open the skull by a decompression operation, and tlien
explore with a needle.
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5. Electrodiagnosis and Electroprognosis

In electrical examinations of the muscles, both forms of enrrent, (1)
the faradic or interrupting, and (2) the galvanic or constant current, are
employed. The “indifferent” pole or large flat electrode (70 em.?), is
applied over the sternum or the back of the neck, the “different” pole or
stimulating electrode to the muscle or nerve to be examined. For the
latter, a small electrode is used (3 em.* for nerves, 10 m.* for direct
stimulation of the muscle) in order that the current may reach the point
to be irritated in the greatest possible density.

As is well known, the density (D) inereases as the transverse diameter (T) of
the eleetrode diminishes and as the intensity of the current (I) inereases; thus
1
D= T
On applying the electrodes, they should be moistened thoronghly with

warm water, or warm salt solution, in order to diminish the resistance to
conduetion as much as possible,

(@) The Faradic C rrent

In making examinations with the fur lie current, to test the so-called

faradic excitability, it is of course ¢ - secondary or induced current
that is used, and we express the iwth of the current required to
canse minimal but distinet contract (tetanus) by recording the distance

in millimeters to which the secondary coil has to be pulled out. The
further apart the two coils are, the weaker the current. The strength
of the faradie current can also be 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 (direet stimulation).

On stimulating a given nerve, it is important to notice whether or not
all the muscles supplied by it respond ; any musele failing to respond to

indirect faradic stimulation should be carefully tested by direct stimula-
tion,
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to ¢
(b) The Galvanic Current ons
In testing with the galvanic current for galvanic excitability we ean rise
stimulate in four different ways, according as we excite with the eathode Tn.v
or the anode, and, in each instance, as we close or open the eivenit; the mg
four stimuli are then (1) cathodal elosure, (2) cathodal opening, (3)
anodal elosure, (4) anodal opening.  We first apply the negative pole, or
cathode, to the nerve or muscle to be tested and begin by using the
cathodal-closure stimulus,
If one is in any doubt as to whieh is the anode and which the eathode, he may
immerse the ends of the condueting wires in water, when bubbles of hydroge
will appear at the eathode; or the wires may be immersed in a solution of pota 3
stum iodid and starch, when elonds of blue color will appear at the anode, owing B M corrap
to the setting free of iodin by the nascent oxygen. |
M hi

We apply at first very feeble currents, gradually inereasing the
strength by means of the rheostat until we have reached the strength
current that calls forth a minimal contraction of the museles at 1l

moment when the current is closed (eathodal elosure contraction, CaCl(

The strength of eurrent is vead off on the galvanometer,

By means of a commutator, the stimulating electrode may now |

changed from cathode to anode, and we next determine the amount of

AL quad

current necessary to canse a minimal eontraction on closing the enrrent

(anodal closure contraction, AnC1C). By the thumb on the interrupter,
we canse closing or opening of the current at will.  The electrodes are,

of course, to be held steadily on the spot to he stimulated.

Examination by Means of Condensor Discharge.

Another method of electrieal examination, sometimes employed, eonsists
charging an eleetrical condensor by a current the tension of whieh varvies (as 1
off on the volt-meter) and then discharging this condensor through the body of
patient.  The eapacity of the condensor usually chosen is one mikrofarad.

Knowing (1) the eapacity of the condensor and (2) the tension to whieh i
charged (in volts), the product of these two values gives (3) the amount of ¢
tricity (in mikroconlombs) that is discharged through the body; in other wor
the amount of eleetricity (Q) == eapacity (') multiplied by tension (V).

On using this condensor-method, extraordinarily brief impulses are employ o
and the time required for discha is so short that no alter
of excitability ean oceur,  The method, as used elinieally, has been deseribed by
Zanietowski.

1

ions of resistance or

(¢) Normal Electrical Findings

Under normal conditions the feeblest enrrents that are capable of
causing a contraction do so on eathodal closnre of the enrrent: h

somewhat stronger currents, this cathodal elosure contraction heco s

more marked, and anodal opening and anodal elosure contractions |
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to appear.  With still stronger eurrents, cathodal closure causes continu-
ons contraction, or tetanus, while anodal opening and closure still give
rise to a single coutraction only. If one cautionsly inerease the inten-
sity of the current still more, a point will be reached when cathodal open-
ing of the current also causes contraction,

M. frontalis--

M. corrup. supercilie-- <M. temporalis

M. orbic. ocull W - N. auric. temp.

e N. auric. pust. prof.
weee N. facinlis
M. biventer
M. splenins
M. stylohyoideus

M. nnsalis &

quadreat, Iab, su
AL zygomatic
M. orbie. orl

AL sternocleidomastoid
N. accessoriuz

1. cucullaris
encullaris

LML Loy, seap.
LN, phrenicus

- N, wrillaris

N, dorsalis seapulae
N. thoracalis ant
Fig. 669.—~Motor 'oints of the Head and Neck,

The series of responses on eleetrical stimulation with enrrents gradu-
ally inere

asing in intensity under normal conditions are shown, therefore,
in the following table:

1. Cathodal closure contraction: CaCIC,

2. Anodal elosure contraction: AnCI1C,

3. Anodal npvllill}_" contraction: AnOC,

I, Cathodal elosure tetanus: CaClTe,

5. Cathodal opening contraction: CaOC.  The strength of current
vecessary to vield CaOC is usually so great (7-15 milliampires), that the
as a rule not earried so far,
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This normal series of responses holds for indirect stimulation of the

muscles from the nerves; when the electrodes are applied directly to the glig]
muscles, responses occur chicfly on closure of the currents, the anodal ki
rela
/ -
M. deltoideus .
s M. pectoralis major
N musculocutancus
M. biceps brachit
N. radialis,
M. brachialls
N. ulnaris
M. brachioradialis N. medianus
M. pronator teres
M. flexor corpl radialis. M. palmaris longus
M. flexor digitorum profundus M. flexor carpl ulnarls M
e licls longus M. ext
WSauet ipallivg e 9 . flexor digitorum sublimis
M. t dratu
e e M. flexor digiforum sublimis
¥, sk (indicis et digit. quint.)
N. ulnaris
M. abductor pollicls brevis i e
M. opponens pollicls
M. abductor digit. quint.
M. flexor pollicli brevis
M. flexor digit. quint. brevis
M. adductor pollicis
M. opponens digit. quint.
M. lumbricalls
Mm, Interossel volares
Mm. lumbricales
Fig. 560.—Motor Points of Upper Extremity, Anterior Surface,
closure contraction occurring with currents almost as feeble as those (1t should

excite a cathodal closure contraction,

We apply the stimulating electrodes to the so-called motor poiils
(Erb). These are points on the skin where the motor nerves lie su
ficially, or near where the nerves enter the muscles,

The most important motor points are shown in the accompany’ g
figures. ¥ & dene

applyi
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of the We place the patient in a good light in order to be able to see the
to the slightest response of the muscle. A contraction can sometimes be felt
modal when it is too feeble to be seen. The patient should be instructed to

relax the muscles of the part undergoing examination. The examiner

M. deltoldeus
or §
-~ M,((rh‘(‘ s, brachil ¥
caput longuim) s
g e M. triceps brachil
N. radialis
M. brachioradialis
;{' M. extensor earpl radialis longus
’

M. extensor carpl radialls brevis

M. extensor carpl ulnarls M. extensor digitorum communis

M. extensor digitl quinti proprius . supinator

. extensor indicls proprius

AL itoome telilchs lenghk . abductor pollicis longus
+M. extensor polllels brevis
L5 M. abductor digitl quinti
3
p Mm. Interossel dorsales Mm. Interossel dorsales
L
Fig. 661.—Motor Points of Upper Extremity. Tosterior Surface,
y that : should always test the strength of the current on his own skin before
applying it to the patient.
woinls It is rarely necessary to make a complete electrical examination of
uper- all the muscles of the body ; this would be very time-consuming. The ex-
amination of a selected group of muscles in a suspected area usually
wing suflices.  One muscle tested carefully is often worth much more than

a general examination made superficially.
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On testing faradic reactions, we 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-

M. tensor fasciae latacsssesas.

N. cruralis

®s=+-==M. obturator externus
M. sartorins -
M. quadriceps femorls - LI
M. adductor longus

. adductor magnus
. gracilis

M. rectus femoris. caa. s
. vastus Intermedius

vastus rdinli
M. vastus lateralls- s medialis

N. Peroneus--=«»

M. peroncus 10ngus -« ceee.

M. extensor digitorum 1ongus ae...
=«see M. tibialis anticus

s 7

M. peroneus brevigi.....

M. extensor hallucls longus

M. extensor digitorum brevl;
Mm. Interossel dorsales - o . Mm. Interossel dorsales

KFig. 562.~Motor 'oints of Lower Extremity. Anterlor Surface,

tractions will become most evident, but we should not always expe
locomotor effect, and must often depend upon visible, or palpable, 1
ment of the musele beneath the skin,

il
Id

QGreat difficulty is often experienced in making eleetrical tests on small
dren. It is difficult to keep them quiet, and, often, the extremities must b
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by someone during the examination; one must try to distinguish the contractions
due to the eleetrical stimulation from voluntary contractions and reflex movements.
The thick layer of fat in young children also obseures the results of the test.

o+ M. glutens medins

M. glutens maximu,

N. ixchiadicus

M. adductor magnus
M. semitendinosus— M. biceps femoris (caput lougum)
M. gracilis-
M. semimembranosus-

wsee M. blceps femoris (caput breve)

N. Aibialig wene - N. peroncus

M. gastroeneming (enput laterale)
M. gastroeneming (caput mediale)..

1. solens

M. flexor digitorum 1ongus —mee-s]

meee M. flexor hallucls longus

N. tibialigeee - --2F

Fig. 663.—Motor Points of Lower Extremity. TPosterior Surface.

(d) Disturbances of Electrical Excitability

Pathologieal modifications in electrieal excitability may eonsist, (1) in
a quantitative change (inerease or decrease), or (2) in both a quantitative
and a qualitative change (reaction of degeneration).

i. Quantitative Changes in Excitability

Fleetrieal excitability may be increased or diminished either for the
furadie or for the galvanie eurrent.
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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. Tor
quick orientation one may test a few points: (1) N, frontalis, (2) N.
accessorius, (3) N. ulnaris, (+) N. peroneus.

On testing the galvanic excitability quantitatively, we read off the
amount of current in milliampéres on the galvanometer. As is well
known, most of the motor points respond on cathodal closure to a current
of 0.5 to 2-5 milliampéres. Exact figures for the different points as
tested by a definite instrumentarium are available in the following talles
of Stintzing:

Scare or Faravic Excrramiiry or Tae Nerves
(Coil-Distance in Millimeters)

Upper Limit | Lower Limit |  Average
1| N 2ooommonitl, .. .00c0000isannnssness 130 145 137.5
2 | N. musculocutaneus. . 125 145 135
3 | R. mentalis............. 125 140 132.5
4 | N. ulnaris I 120 140 130
5 | R. frontalis.......... 120 137 128.5
6 | R. zygomaticus 115 135 125
7 | N. medianus. ........ 110 135 122.5
8 | N. facialis. ... ot » 110 132 121
9| N ulnaris II..... .. 107 130 118.5
10 | N. peroneus. . 103 127 115
11 | N. cruralis. 103 120 111.5
12 | N. tibialis. . ; 05 120 107.5
13 | N. radialis......... 80 120 105

Scate oF Gauvanic Excrrasiuity oF THE NERVES
(Milliampéres 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. 1.5 0.3 0.9
5 | R. mentalis 1.4 0.5 0.95
6 | N. eruralis. 1.7 0.4 1.05
7 | N. peroneus. 2 0.2 1.1
8 | R. zygomaticus. 2 0.8 1.4
9 | R. frontalis. ... 2 0.9 1.45
10 | N. tibiais. 2.5 0.4 14
11 | 2 2.6 0.6 1.6
12 2.5 1.0 1.7
13 2.7 0.9 1

Increased excitability is scen in tetany, where very feeble currnts,
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 but 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 be met with in long-standing
paralysis not accompanied by degenerative atrophy of the muscles (e. g.,
upper motor neuron paralyses, arthritic muscular atrophies and the
various myopathies).

ii. Qualitative Changdes in the Reactions (Reaction of Degeneration)

For diagnostic purposes this is the most important form of change in
clectrical excitability, The reaction of degeneration is usually abbrevi-
ated as DeR. Tt may practically always be considered as a sigm 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 be complete or partial.

The complete DeR is characterized by (1) loss of excitability of nerve
to the faradic current; (2) loss of excitability of muscle to the faradie
current; (3) loss of excitability of nerve to the galvanic eurrent; (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 (AnCI(') is greater than the
contraction on ecathodal closure (CaClC); thus AnCIC > CaClC. The
increase of the galvanie excitability is present only in the early stages;
luter 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 be 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 deseribed above.
The milder forms of DeR are easily overlooked, but will usually be recog-
nized if the examiner keeps his attention focused npon 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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the DeR 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 (see Special Texts).

The DeR, once it has appeared, persists, unless, through regeneration
of the lower motor neurons, a normal condition is reistablished.  During
nerve regeneration, voluntary power over the muscle may reappear some
time before normal response to electrical stimulation returns.

In the so-called mixed Del, some fibers of a muscle retain their nor-
mal reactions, while adjacent fibers show Dell ; this is due to involvement
of certain only of the nerve fibers and musele fibers in the degenerative
process (e. g., progressive muscular atrophy).

The DelR 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 (¢) of the anterior
roots of the spinal nerves; indeed, it occurs in all diseases affecting tho
lower motor neurons in any of their parts (cell-body, axons, terminals).

Among these processes may be mentioned the following:
I. Diseases affecting the cell-bodies of the lower motor neurons.
A. Spinal.
(1) Poliomyelitis anterior.
(2) Amyotrophie lateral selerosis.
(3) Progressive muscular atrophy.
(4) Gliosis spinalis, affecting anterior horns.
(5) Forms of myelitis affecting anterior horns.
B. Bulbar.
(1) True bulbar paral
(2) Polioencephalitis in

II. Diseases affecting the azons of the lower motor neurons.

A. Axons of anterior roots of spinal nerves, or of roots of motor cor
bral nerves.
(1) Compression by neoplasms.
(2) Meningeal thickenings (e. g., lues, pachymeningitis corvicils
hypertrophica).
(3) Compression at intervertebral foramina in discases of the =jing
(caries, fracture, dislocatien, tumor).
B. Severe lesions of axons in their course toward the periphery.
(1) Traumatie.
(2) Toxie and infectious.
(a) Rheumatic (e. g., facial paralysis).
(b) Lead-palsy.
(e) Aleoholie neuritis.
(d) Arsenieal nenritis.
(e) Polyneuritis infectiosa.
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iii. Certain Special Types of Abnormal Electrical Reaction
In certain diseases, peculiarities of eleetrical response are met with,

Among these, the two most important are: (1) myotonie reaction, and
(2) myasthenic reaction.

(1)  Myotonic Reaction of Erb (MyR).

In Thomsen’s disease (myotonia congenita), a peeuliar 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 eanses a tonie contraction of the muscles with persistence
of the contraction after stimulation, while single opening induetion-stimuli
cause only a brief contraction. The direct faradie museular irritability
is inereased ; even feeble currents cause a tonic contraction with long
persistence.  On continuous faradic stimulation, one sometimes sees an
undulation of the muscles stimulated.

Galvanie excitability of the nerves is somewhat depressed. The di-
rect galvanic musenlar irrvitability is inereased, but only closure contrac-
tions oceur and usnally AnCIC is greater than CaClC.  The striking
feature is the slow, tonic character of the musenlar contractions and their
persistence. By steady application of the galvanie current, a rhythmical
indulation of the musele oceurs, a contraction-wave passing from the cath-
ode toward the anode with stronger enrrents,  This myotonie reaction is
also observable in some normal animals (new-born mammals, normal
toads) and in museles after certain intoxications (digitalin, veratrin,
oxalie acid, ete.).

(2)  Myasthenic Reaction of Jolly

In myasthenia gravis, if a tetanizing faradic current be applied, either
to nerve or muscle, and repeated at intervals of a second, the museular
contractions grow feebler with every stimulation until they finally disap-
pear, thongh the muscle, after a brief period of rest, may again show
its normal excitability.  Or, if one allow the eurrent to act continuonsly
for from 15 to 60 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 panse of less than a minute
suflices to restore the musele so that the stimulus becomes as active as
hefore. A pause of a conple of seconds may be long enough to restore
excitability of an exhaunsted muscle, and a muscle fatigued by the faradie
current may still respond to the galvanie.

(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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rhenmatic facial paralysis (Bell’s palsy), and in acute anterior polio-
myelitis (infantile spinal purul_ysis)

In Bell's palsy, if DeR is still present after two weeks, we can he
sure that at least several months or even a year will elapse bcfore 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 DeR present, the lesion has
been slight, and recovery may occur in a few weeks. If the DeR he
partial, recovery may require 8 to 10 weeks. Furthermore, the courso
of the electrical changes during convalescence is helpful for prognosis;
thus, if there be no return of mobility and no change in the DeRR after 50
wecks, the prognosis is grave, whereas a gradual improvement in the clec-
trical reactions is favorable.

In poliomyelitis anterior, if no DeR appear within 2 or 3 weeks, we
can be sure that the anterior horn cells have been injured only slightly,
but if the DeR become outspoken, the outlook for the paralyzed muscles

is bad.
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6. Mechanical Excitability of Nerves and Muscles

A blow on a muscle with a percussion hammer usnally ealls forth a eontraction
in normal muscle, characterized by a quick contraction of the longitudinal bundles
lying at the spot irritated and in the formation of a visible musele-ridge (idio-
muscular econtraction). This mechanieal excitability is inereased in eacheetic
states (e. g., anemia, neoplasm) and in all conditions in which the eleetrical DeR
with inereased galvanie excitability is present in the museles. In the latter case,
the response is not lightninglike but wormlike. There is also an inerease in the
excitability in myotonia congenita (Thomsen’s disease). Mechanieal excitability
of the nerves is an important diagnostie sign in tetany. Thus, on tapping the
skin over the facial nerve, or sometimes even on gentle stroking of the cheek, light-
ninglike muscular contractions oceur (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, eall forth tonie spasm in the forearm with the
hand in the obstetrical position (Trousseaw’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 eause intense pain or paresthesia in the distribution
of the nerve (Hoffmann’s symptom.)




Part XII

Skcrion 11

UTILIZATION OF ACCUMULATED NEUROLOGICAT, 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
svstem according to the plan outlined in the preceding seetion, one las
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 exuct
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).
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1. Distribution of the Neuroﬁ Systems and of the
Conduction Paths within the Nervous System

For topical diagnosis, a knowledge of the distribution of the wany
neuron systems and of the prineipal conduetion paths in the peripleral
and central nervous system is essential,  Anatomists have, it is true, viven

us information regarding a great number of conduetion paths (1ouron
chains) that as yet we are unable to use in our practical clinical work.
But clinicians must be acquainted with those more important condy tion
paths injury to which gives rise to specific disturbances of nenral ine-
tion that we can recognize and therefore locate. The student,  fore
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approaching this part of the subject, will then do well to refresh his
wemory by eonsultation of some good Anatomy of the Nervous System
(sce References) regarding the following paths:

A. The afferent (sensory) paths.
These include (1) the somesthetic path from the periphery
through the lemmiscus 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
optie paths; and (6) the olfactory paths,

B. The efferent (motor) paths.
These include (1) the lower motor neurons; (2) the upper motor
neurons (pyramidal tracts); (3) the subcorticospinal paths
(rubrospinal, thalamospinal, tectospinal, and vestibulospinal).

(. The paths underlying the chief reflexes (including lonus).

D. The autonomic paths.
These include the paths of the sympathetic and the parasympa-
thetie systems,

E. The higher associative palhs.
These include the paths concerned in aphasia, agnosia, and
apraxia.

Relerence

Barker (L. F.). The nervous system and its constituent neurones.  New York, D. Appleton
& Co., 1899, 1122 p. 2 pl.
The Brain and Sense-Organs.  In: Lab. Manual Hum. Anat., Phila-
delphia & London, 1904, 317-395.

[Note.—For other references see p. 125.]

2. The Larger Subdivisions of the Nervous System

While the most logical subdivision of the nervons system, anatom-
ically and physiologically, is the subdivision, as above, into nenron groups
and chains of neuron systems along funetional lines, it is also convenient,
clinically, to follow that rongher, older, anatomical subdivision into (1)
peripheral nerves (Nn. spinales et cerebrales), (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 (e) the end-brain (felencephalon), and (5) the cerebellum
(~trietly speaking, this belongs to the rhombencephalon). In our dis-
cussion of topieal diagnosis we shall, therefore, begin with the criteria
that permit us to localize lesions in the peripheral nerves and then go
on to the eriteria that permit of a loealization 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
Here we include the diseases of :
1. The cerchrospinal nerves; and
2. The autonomic nerves,

1. Diseases of the Cerebrospinal Nerves

The cerebrospinal nerves include (1) the spinal nerves (N'n. spinales),
and (2) the cerebral nerves (Nn. cerebrales).

(a) Diseases of the Spinal Nerves (Nn. spinales)
There are 31 pairs of spinal nerves; 8 pairs of cervieal nerves ()
cervicales, ('-("y) 5 12 pairs of thoracic nerves (Nn. thoracales, T,-1',.
5 pairs of lumbar nerves (Nn. lumbales, Li-Lg) 3 5 pairs of sacral nerves
(Nn. sacrales, S,-Sy) ; 1 pair of coec

al nerves (N. coceygeus).

Each spinal nerve is formed of a motor (anterior) and a sensor
(posterior) root, the latter having a special ganglion upon it.  These
two roots unite to form the main trunk of the spinal nerve, which, almos!
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 cervicalis) (C,-C,).

2. The brachial plexus (plexus brachialis) (Cy-Cy, and part of 'l

(The other thoracic nerves do mot enter into the formation
plexuses.)

3. The Tumbar plexus (plexus lumbalis), made up of L,-L, u
most of Lp

4. The sacral plexus (plexus sacralis), made up of part of 1., wl
Ly and S,-S,.

5. The coceygeal plexus (plexus ecoceygeus), made up of a part of
S, and of S, and the coceygeal nerve.

It will be noted that the diseases of the peripheral nerves incl

1. Those portions of the lower motor nenrons that lie outside f
the central nervous system; that is, all except their cell-bodies and
drites and the proximal portions of their axons;

2. Those portions of the peripheral sensory meurons that li
of the spinal cord and brain, including their cell-bodies (in the gang
their peripheral axons and their terminals, and the proximal portior
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their central axons, but not the main extent of the latter lying within
the central mervous system (exogenous sensory fibers of the cord and
brain). In lesions that affect the eell-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 we distinguish:

Fig. 564.--Areas Supplicd by the Cutancous Nerves of the [lead. (After F. Merkel)

1. Depression or abolition of conduction power, eansing (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 trophie center for the lower motor nenrons and for
the museles they innervate lies in the cell-bodies of these neurons, any
lesion of the peripheral motor nerves will eut off the muscles from their
nutritive centers and so lead to degenerative atrophy with the charac-
teristie eleetrical phenomena (See 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 be considered
when the diseases of the spinal cord (segmental diagnosis) and of the
medulla and pons are taken up.

Ilere 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 be variable cor i
nations of sensory and motor symptoms in the domain of the four uy or
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cervical nerves, The most important nerve here is the N, phrenicus,
which supplies the diaphragm. It may be 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 phrenie nerve
may also be involved alone 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 diaplragmatic 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 be involved by: (1) tumors near the spine or in the
supraclavienlar fossa; (2) direct and indirect traumaj (3) injuries due
to dislocations of the arm or fractures of the claviele; (1) pressure from
cervical ribs; (5) injuries to the new-horn-child during hirth,

Three main types of lesion in the domain of the hrachial plexus are
recognizable: (1) the upper lesion of the brachial plexus (Erl's type);
(2) the lower lesion of the brachial plexus (Klumpke's type); and (3)
the fotal lesion of the brachial plexus.

(1) Upper Lesion of the Brachial Plexus (Erl's Type)

When the lesion affects the roots of €5 and €'y or the superficially-
Iving cord of the plexus formed by the union of the anterior suldivisions
of the fifth and sixth cervical nerves, a particular paralysis results, due
to inability to innervate certain muscles (the deltoid, biceps, brachialis
internus, brachioradialis, sometimes the supinator brevis, sometimes the
infraspinatus, and ravely also the subseapularis). These are the muscles
that contract on stimulation of the so-called Erl’s point, a spot two
fingers’ breadth behind the margin of the M. sternocleidomastoidens
(See Electrodiagnosis).  The arm cannot be lifted to the level of the
shoulder, the forearm cammot be flexed at the elbow, nor ean the upper
arm be properly rotated lateralward.  Sometimes the hand cannot be suffi-
ciently supinated and the forearm and the hand are held in the prona-
tion position,

This lesion is usually due to: (1) direct trauma at Erl's point;
(2) compression between the clavicle and the first rih 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, Prout, Taylor). Thus
are explained the birth paralyses and the narcosis pnrulum (postopera-
tive or puqnnm(h(-nv)

There is DeR in the paralyzed museles. The periosteal-radial reflex i<
lost; the triceps reflex is retained; sensory disturbances are inconstant,
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(2) Lower Lesion of the Brachial Plexus (Klumpke's Type)

This lesion involves the part of the plexus arising from Cg and I
It may depend on cervieal rib, tumor, trauma, inflammation, ete.
There is atrophic paralysis of the small museles of the hand (then

g 066

hypothenar and interosscous groups) ; oculopupillary symptoms (nar:

ing of lid=slit, enophthalmos, miosis) ; anesthesias in the domains of ul

and median nerves; and, sometimes, partial paralysis of the flexors
the hand and fingers,

(3) Total Lesion of the Brachial Plexus

When the whole plexus is involved in a lesion, all the muscles of
upper extremity are paralyzed. Oeccasionally a few nerve fibers
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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 disturbanee of
function of the various motor and sensory nerves arising from the plexus.

£0.

—Areas Supplicd by the Cutaneous Nerves of the Upper Extremity (After AL
uber, “Lehrb, d. Anatomie d. Menschen,” published by Thieme, Leipzig) A, Volar
Nurface; B, Do ., Nn. supraclavienlares : N. axillaris; em, N, cutancus
brachil medialis N. cutancus antibrachii medialis; e, med', Aven of Upper Arm
Supplied by ¥ . cutanens antibrachil lateralis, a Dranch of the N,
musculocutanens ; taneus brachii posterior (Branch of N, radialis) : % N, entancus
wtibrachii dorsalis (Branch of N. radialis) : »%, Branch of N. radialis on the Back of
the Hand: w, N. nlnaris (ramus dorsalis manus and ramus volurls manus) in the Hand;
#'. ramus cutaneus palmaris of N. ulnaris; m, N. medianus In the Hand; w4 Its ramus
Imaris,

These total lesions are rare; they are nearly always traumatic, sel-
dom 1e uritie, 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 brachlahs (Cb—“l,)

Topography of

Movements Concerned Sensory Disturbance

Nerve Muscles Innervated in Paralysis or {.u\::;:'lh::‘?;r

Spasm Paresthesia)

N. supra- M. su in&: Lateral rotation off ............
scapularis. M. lul. arm; holding head of]
humerusin jointeavity .

bscap M. subscapularis Medial rotation, al- 1
ulares. M. teres major and |duction and extension

N. dorsalis

or.
. latissimus dorsi.
M. serratus poste-

rior inferior.
M. levntol: anguli

N. thoracicus
ngus.

Nn. thoracici
anteriores.

N. axillaris
(circumflex).

N. musculo-
cutaneus.

M. rhomboideus.

M. serratus posticus./when par:

M. serratus anticus|

M. pectoralis major.
M. pectoralis minor. arm.

major.

M deltoideus.
M. teres minor.

M. coracobrachialis.

M. bice,
M. bra

inter-

of upper arm.

These muscles hold
the seapula down and
bring it near the spine;
1, the
seapula isdis edup-
ward and lateralward
and its medial margin
stands out from thel
thorax like a wing.

This fixes the seapula
on elevation of the arm
ahove the horizontal;
in paralysis, this is no|
longer possible, and, at
rest, there is winglike
projection of lower part
of seapula; on extend-
ing arm forward, thel
whole seapula projects

Adduction of the]

Elevation of the arm|

level by the deltoid.
Funetion of the teres
minor is lateral rota-
tion of the arm.

Flexion of the fore-
arm in positions nﬂw
than that of supina-
tion; in paralysis this
is impossible, though
flexion may oceur in
the auplnu!mn position|
by means of the M.
brachioradialis.

n_over posterior

Ski
as far as the horizontal Inlfnl‘«lvllunl and back

of upper part of upper
arm.

Radial half of the
flexor surface of the
forcarm and a band
along the radial side of
the extensor surface.
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Motor AND SENsORY PHENOMENA AccompanyinG Lesions or SinaLe BraNcres o

THE PLEXUS BRACHIALIS

(G,

— Thy)—Continued

Nerve

Muscles Innervated

Spasm

[ Topography of
Movements Concerned| Sensory Disturbance
in Paralysis or

(Anesthesia,
Neuralgia or
Paresthesin)

N. cutaneus
brachii medialis
(purely sensory).

N. cutaneus
brachii medius
(purely sensory).

N. radialis.

N. medianus.

N. ulnaris.

1. M. triceps.
M. supinator.

2. M. extensor
ulnaris.

3. M. extensor
digiti communis.

and IL
4. All the muscles of|
the M. adductor.

1. Extension and su-|
pination of forearm; ir
M. brachioradialis. [paralysis, forearm ean
neither be extended nor|finge
supinated, and flexion|
in the semi-prone posi-|dle and terminal pha-
tion is enfeebled.

2. Dorsal flexion,ad-
carpi radialis and |duction, and abduction(surface of the forcarm
of the hand.
3. Extension of the
proximal phalanges of|surface of the upper
M. pollicis longus |the fingers, extensionjarm.

brevis. and abduction of the|
M. abductor pollicis/thumb.

fingers.
4. Flexion and oppo-|
the thumb except [sition of the thumb.

Skin on the anterior,
medial and  posterior
surfaces of the upper
arm.

Ulnar half of the
flexor and extensor sur-
faces of the forearm

1. Back of the hand
far as the middl
ks of first  thre
, except of the
terminal or of the mid-

langes. Dorsal surfue
of the thumb and lut-
eral domain of the
thenar eminence

2. Skin of the dorsul

3. Skin of the lateral

longus.
1. M. pronator 1. Pronation of the| Palm of the hand
quadratus. forearm, far as the fourth mea-
2. M. palmaris longus.| 2. Flexion of thejearpal bone; \..Iu I
exor carpi hand. face of the I
radialis. and radial side of the
3. M. flexor digitorum| 3. Flexion of thelfourth digit.
sublimis. middle phalanges, as|  Dorsal surface of the
M. flexor digitorum|well as flexion of thefsecond and third pla-
profundus (radial half)./terminal phalanges of langes of thumb, 1ndes
M. lumbricales the |u|nldf¢- and indexjand middle finger

1. M. flexor carpi 1. Flexion of the| Palm of the lund
ulnaris. hand (partly). corresponding 1ot

M. flexor digitorum fifth and the m of
rofundus (ulnar half). the fourth metocirpal
. M. interossei and | 2. Flexion of the/bones; volar sur o
lumbric. III and IV. [proximal and extension|the little fing nd
of the terminal phalan-{ulnar margin ol 11 ring

ges of the fingers; sep- finger. The back f the

aration and  approxi-{hand as far as I

mation of the fingers. |dle;dorsalsurfa he

\lmlv finger, rit ger

3. M. adductor pollicis., 3 Iduction of theland the ulnar f
metacarpal bone of the|the middle fing th

thumb. the
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Marie (P.), Cmu:qn (0.) & Chatelin (C.). Les symplomes nerveux provoqués par la
présence des eiles cervicales.  Tr. Internat. Cong. Med., 1913, London,
1914, Seet. X1, Neuropath., pt. 2, 229-231.

Streissler (E.). Die Halsrippen. Ergebn. d. Chir. u. Orthop., Berlin, 1913, v, 280-360,

Wilson (8. A. K.). Some points in the a{m plomatology of cervical rib, with special reference
g.w'("wlwd({‘ihlr;l‘mum. Proc. Koy. Soc. Med., London, 1912-13, vi, Clin.

5. Anatomical
Harris (W.). The true form of the brachial plexus and its motor distribution. J. Anal, &
Physiol., London, 1903-04, rrxviii, 309-422. 3 pl.

Herringham (W. P.). The minute anatomy of the brachial plexus. Proc. Roy. Soc. Lond.,
1886, ali, 425-441.

iii. Lesions of the Thoracic Nerves (Nn. thoracales)

The thoracie nerves send motor branches to the museles of the back,
the intercostal muscles and the abdominal muscles on each side (M. rectus,
M. obliquus externus, M. obliquus internus [partly |, and M. transversus
[partly]). They send sensory fibers to the skin of the chest, abdomen
and back. TLesions of the motor branches of the thoracie nerves seldom
canse 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 Bacl

In bilateral paralysis, on sitting, the trunk “sinks together” in kypho-
si<; 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 eanses lateral curvature (scoliosis),
with convexity toward the paralyzed side.

(2) Paralysis of the Abdominal Muscles

In unilateral paralysis, the navel is dislocated toward the healthy
side, a deviation that is inereased on coughing or straining.  On foreed
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 musele of the healthy side.

Iu bilateral paralysis, there is lordosis of the Tnmbar spine, the pelvis
leine inclined strongly forward so that a plumb-line suspended from the
thoricie vertebrae will fall against the middle of the sacrum.  There is
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N

(After A, Rauber, “Lehrb. d. Anatom
L, published by G. Thieme, Leipzig.) In B the Domain for the Dorsal Bra:
xus lumbosacralis Is Outlined on the Posteric uiface of the Hip, the Brar
da.l. Being Dorsal Branches of the Nn lumbales (Nn clunium superiores) ; d.s.
Branches of the Nn sacrales (Nn clunium inferfores) ; v.s., Area Supplied by th
perforans lig. tuberososacrum ; 4.h., N. ilohypogastricus; g, Area of Distributicn «
N. illoinguinalis and N. spermaticus externus; Li, Iumbo-inguinalis ; el, N, cuta
femorls lateralis; c.or, rami cuta anterfores of N. femoralis; o, N.
N. cutanens femorls posterior; sa, N, saphenus; p.l., lateral, pm , Poste
N. peroncus to the Leg: su, N. suralis: p.s,, N. peroncus superficialls (N. cutancu
salls medialis et N. cutancus dorsalis Intermedius et Nn. digitales dorsales
p.p., N. peroneus profundus (Nn. dizitales dorsales hallucis lateralls et digitl s
alls) ; m, N. plantaris medialls; I, N, plantaris lateralis,

A, Ventral Surface; B, Dorsal Surfi
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marked projection of the abdomen in front and of the nates behind.
Lying on his back, the patient cannot rise except through the aid of his
arms.  Forced expiration (in singing, coughing, crying) is no longer
possible; there may be 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 thoracie nerves
(or intercostal merves), sce atlases. Unilateral or bilateral loss of

the various abdominal reflexes may be helpful in localizing diagnosis
(sce reflexes).

References
Goldstein (K.). Ucher segmentire Bauchmuskellihmung bei Poliomyelitis acuta anterior.
Deutsche Ztschr. f. Nervenh., Leipzig, 1909, xrrviii, 93-108.

Strasburger (J.). Zur Klinik der Bauchmuskellahmungen, anf Grund eines Falles von iso-
lirter particller Lihmung nach Poliomyelitis anterior acwta. Deulsche
Zeitschr. f. Nervenh., Leipzig, 1906, rrxi, 52-67.

iv. Lesions of the Lumbar, Sacral and Coccygeal Nerves

Lesions of the lumbar and sacral plexuses, and of the nerves derived
from these plexuses, are 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 Tnmborum), and send sensory branches to the skin of the
Tumbar 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 Tumbar nerve helps to form the plexus sacralis,

The sacral nerves (and N. coceygeus) 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
tiumors 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, aleoholie, diabetic).

The distribution of the sensory disturbances accompanying lesions of
these nerves are well shown in the illustrations, The motor and sensory

distnrhances can be easily gathered from consultation of the following
tables,
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1. Branches of the Plexus lumbalis

Nerves Muscles Movements Sensation N. gl
) (pw
N. iliohypo- |Lower part of abdom-|  ............ Skin over the M.
gastricus. inal muscles. glutens  medius, and
(M. obliquus internus| over lowermost part of
and M. transversus abdomen.
abdominis).
2 IIRINBER ]  assaraaren T lmessnaiassie Skin of the groin and
(purely sensory). of the external genitals,
N pentiolew | saesaasssen 1 saswsetasers Skin of the subingui-
oralis. nal region.
(a) N.lumbo-in-
guinalis.
(b) N. spermati- M. cremaster, Retraction of thetes-|  Anterior part of skin /.,,,‘:,',
cus externus. ticle. of serotum and adjoin- (pur
ing thigh.
N.
o ORI 1. ciieevinese N avaeesieeaee Skin of lateral sur- (sei
femoris lateralis face of thigh.
(purely sensory).
N. obturatorius. M. gracilis. Adduction of the| Skin of the medial
M. adductor brevis. [thigh; crossing of thejsurface of the lower
M. adductor longus. |legs. Lateral rota-|half of the thigh.
M. adductor magnus.|tion (only in part), and
M. obturator externus.|this lessimportantthan|
the rotary function of|
the sciatic nerve.
2 Bran
N. femoralis. M. il'opsoas. 1. Flexion of the| Skin of the anterior
M. sartorius. thigh. 2. Raising the[surface of the thigh ind WA
M. pectineus. trunk in the recumbent|of the medial surface (
(M. quadriceps femoris.|position without use of|of the leg and foot a) |
the hands. en-| (medial malleolus, me-
sion of the I(,. \\ alk-/dial margin of the foot
ing and standing. as far as the great toe),

2 Branches of the Plexus sacralis

Nerves Muscles Movements | Sensation
N. glut, 1. Mm. glut: di 1. Medial rotation]  ........
superior nnd" minimus.  |and abduction of the
(purely motor). 2. M. pyriformis [thigh (paralysis causes
8. M. tensor fasciee [waddling gait).
latee. 2. Lateral rotation
of thigh.

3. Flexion of thigh.
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1. Brancues oF Tae PrLexus sacrauis—Continued

Nerves Muscles Movements Sensation

n N. gluteus inferior| M. gluteus maximus.[ FExtension of the] ... .......
(purely motor). thigh at the hip; on
fixation of the lower|
the M. extremity, it extends|
s, and and inclines the trunk.|
, part of Paralysis makes stand-|

ing upright when the
trunk is inelined for
ward impossible with-|
out the use of the arms;|
also causes inability to)
mount. steps, jump orf
rise from a chair,  At-]
tempt to stand on af
chair disloeates the pel-
vis markedly forward.

roin and
genitals,

ubingui-

No BN, .1 savssisminin ol assashdkenss Lower part of skin of

t of skin femoris posterior buttock and posterior
1 adjoin- (purely sensory), surface of thigh.
N. ischiadicus | In the thigh:

wral sur- (sciatic nerve). 1. M. gemelli.

M. &E:‘:;:?r "".Ll:fltl'irnl rotation of

M quadratus gh.
» medial femoris.
e lower
ligh. 2. M. biceps femor.|

M.h;?m'tml::: us, { Flexion of the leg.
branosus,

Branches of the
sciatic:
(1) N. peroneus.

anterior
thigh and

surface /Mm. peroneus longus| Dorsal flexion and| Skin of lateral and
and  foot (o) superficialis. \ and brevis. pronation of foot. of posterior surface of
olus, me- leg and of dorsal sur-
[ the foot M. tibialis anterior. Dorsal flexion andface of foot.
reat toe). supination of foot,
Mm. extensor digiti,| Extension of toes.
e () profundus. longus and brevis.
Mm. extensor Extension of great
hallucis, toe.
longus and brevis.
M. gastrocnemius. 1. Plantar flexion of| Skin of the heel and
. soleus. the foot, and addue-[sole of the foot and of
— M. plantaris. tion. the lateral margin of
! M. tibialis posterior, | 2. Flexion of the(the foot.
lon Mm. flexor digiti com. toes.

longus and brevis.

/) N. tibialis. M. flexor hallucis
longus,
Mm. interossei,
abductor and
adductor hallucis.
M. abductor digiti
minimi.
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3. Branches of the Plexus pudendus and Plexus coccygeus

Nerves Muscles Movements Sensation
Nn.h rhoidalisy, Mm. sphi ani ( ontinence of the] ............
inferior and and i bladder and rectum.

medius. M. levator ani; Vesica,
urinaria
(M. detrusor and M.

sphincter vesice).
N. pudend M. i perinei| Defecation; ercction| Skin of perineum,
M. bulbo- and  |of penis; quculuuon of posterior part of scro-
ischiocavernosus. [semen. tum (in the male) lahia
M. sphincter ani majora and minora (in
externus. the female).

W PO soisabaasuse  F sesiessesses Skin and mucous
membrane of the penis.
Plexus coccygeus.| M. sphincter ani Rectal function. Skin about the anus

externus and M. and over the coceyx

levator ani.
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(b) Diseases of the Cerebral Nerves (Nn. cerebrales)

Under this heading we shall consider briefly the topieal diagnosis of
lesions involving the twelve “pairs” of cerebral nerves. Some of these
nerves are purely sensory (e. g., Nn, olfactorii; Nn. optici; Nn. acustici,
ete.), some are purely motor (e. g., Nn. oenlomotorii), and some contain
both motor and sensory fibers (e. g., Nn. trigemini).
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i. N. L The Olfactory Nerves (Nn. olfactorii)

Loss of smell (anosmia) may be due to interference with breathing
from nasal obstruction (anosmia respiratoria), the olfactory stimuli thus
being unable to reach the beginnings of the nerves of smell, as in hyper-
trophie rhinitis, polyp, ete.  When it is the choanae that are thus ob-
structed, the loss of the smell of foods, such an important part of what
is popularly ealled their “flavor,” is known as anosmia gustaloria.

The olfactory area in the nose, with the nerve beginnings, may be
injured or destroyed in loeal disease (e. g., lnes), 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, ete.).
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il. N.IL The Optic Nerve (N. opticus)

The N. optieus is, in reality, anatomically a part of the central nervons
systom, - Developmentally considered, it is only the bipolar cells of the
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retina that are analogous to other peripheral sensory neurons. It is
customary, however, to consider the optic nerves and the optie tracts o
parts of the peripheral nervous system. When blindness exists or visuul
acuity is diminished, and when there is any limitation of the visual ficll
(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 disturl-
ance is dependent upon an optic neuritis (neuritis optica; choked disk ),
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
chronie lead poisoning. It oceurs also in acute febrile diseases (scarlit
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 digk) or primary and bilateral (e. 4., in
tabes, or in dementia paralytica). The optie atrophy of multiple scl
sis is usually partial and begins as a temporal pallor of the disks,

Retinitis occurs in nephritis, tabes, lenkemia, anemia, gout and sep-is
morely rarely in malaria, typhoid and pneumonia,

Choked disk when bilateral is most often due to brain tumor or to
hydrocephalus ; it may oceasionally depend upon brain abscess, hematoma
of the dura, sinus thrombosis or lues cerebri. Unilateral choked di
most often met with in disease of the orbit or of one of the parani-ul
sinuses,

Retrobulbar neuritis may be met with in nicotine poisoning, aleolil-
ism, tabes or multiple sclerosis,

When there is amblyopia withont marked change in the disk or veiina
we consider the following: (a) when there is concentric contraction of
the visual fields, neurasthenia or hysteria; (b) when there is hemiano; i,
some cerebral disease (apoplexy, lues cerebri, brain abscess, enceph
hydrocephalus, tumors of the base of the brain) ; (¢) when there is con/ral
scoloma, we think of retrobulbar neuritis optica. (See also The Sei-o of
Sight and Its Anomalies, and, Lesions of the Visual Conduction 1':11.)
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iii. N. III. The Oculomotor Nerve (N. oculomotorius)

This is a pure motor nerve. 1f 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 M. frontalis (innervated ly
the N. facialis); (2) the eyeball cannot be moved upward, downward,
or medialward, or be rotated by the inferior oblique (paralysis of the Mm.
rectus superior, inferior, medialis and obliquus inferior); (3) there will
be loss of the power of accommodation; the pupil will be 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 autonomie filirs
to M. ciliaris and to M. sphincter iridis).

In partial oculomotor paralysis, the branches to certain of the eye-
muscles may escape. Oceasionally the extrinsic muscles are paralyzed
(ophthalmoplegia externa) while the intrinsie smooth muscles (M.
sphineter iridis, M. ciliaris) retain their function. The latter, of course,
are innervated by autonomic nerves running in the oenlomotor nerve.

Oculomotor lesions are most common in basal meningitis (luetie) and in basal
neoplasms, but may be met with in polyneuritis (e. g., in diphtheria, typhoid, or
influenza). The hilateral paralysis of the accommodation musele (M. eiliaris), so
common in diphtheria, is a paralysis in the domain of the autonomic nervous
system.

It is sometimes diffienlt to distingnish an oculomotor paralysis due
to lesion of the peripheral nerve from one due to involvement of the
nuclei of origin of the nerve. DBoth are lower-motor-neuron paralyses,
As a rule, in peripheral paralysis all the muscles supplied by the nerve
are involved, while in nuclear affections single muscles are more likely
to be picked ont and the affection is more often bilateral than uni-
lateral. Simultaneous involvement of both the intrinsic and extrinsie
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 llood
supply of the peripheral nerve (anemia from vasoconstriction, comjpres-
sion from vasodilatation). Sece also, Examination of the Eye-nuscle
Movements (Strabismus, Diplopia).
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iv. N. IV, The Trochlear Nerve (N. trochlearis)

This is a pure motor nerve, supplying only one musele (M. obliquus
superior). When injured, there is interference with movement of the
eyeball downward and lateralward, with a slight squint medialward and
upward.  On looking downward, the patient sees 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 donble, and the patient usually feels a little giddy. There is
slight strabismus convergens.

v. N. V. The Trigemiual Nerve (N. frigeminus)

The motor root is small, and innervates the muscles of mastieation. 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 conjunetiva and cornea, the
mucous membrane of the paranasal sinuses and of a part of the nose; in this
branch run the seeretory (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 fur as the arcus palatopharyngeus; and that of the sinus maxillaris (antrum of
Highmore) ; it also earries 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
maustication (M. masseter; M. temporalis; Mm. pterygoidei), the M. tensor tym-
paui, the M. tensor veli palatini, the M. mylohyoideus and the anterior belly of the
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M. digastricus, and (b) partly sensory, supplying the skin over the lower jaw,
the external ear, and the temple; the mucous membrane of the tongue, check, and

lower lip: and the lower teeth,

The most common primary peripheral disease of the N. trigeminus is
in (tic douloureux) of one or all of its branches, hut

that causing nenr,
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lesions cansing anesthesias and paralyses may be due to basal processes
(meningitis, fracture of the hase of the skull, caries, tumo ['he
healthy nerve may be affected in the neighborhood of the gasserian wan-
glion, or any one of the branches may be injured in its peripheral conrse.

Total lesions of the trigeminal nerve canse (1) anesthesia in the do-
mains mentioned, (2) paralysis of the muscles of mastication, and (3)
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II. Nutritional Disturbances:
(a) Ischemia in Arteriosclerosis.

(b) Inflammation Extending lroml
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media, Eye diseases ..... j

(¢) Intoxications :
o IR,

Malaria, Lues, Influenza. .

Diabetes, Arthritis, Diges-
tive Disturbances ......

IIl. The Doubtful Causes of Syringo-

Flg. 570.—Survey of the Disturbances In the Functional Distribution of the N. trigeminus, (After O. Vi
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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
seeretion of tears, and the secretion of the glands of the nasal mucous
membrane, may be 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 mastica
toria) causes jaw-drop; in bilateral paresis, the chewing movements are
enfeebled (dysmasesia). TFatigue on chewing is often an early sign in
myasthenia gravis,

In unilateral paralysis of the masticatory muscles (monoplegia mas-
ticatoria), the patients can chew on the non-paralyzed side only; this is
easily made out on palpation of the M. masseter. The p.lti(-nt cannot
slm\(, his lower jaw over to the healthy side; and on opening his moutl,
the mandible deviates toward the paralyzed side.

Partial lesions cause symptoms of sensory irritation (hyperesthesios,
neuralgic pains), or localized anesthesins. In distinguishing peripheral
trigeminal lesions from central lesions, it may be borne in mind, (1) that
nuclear trigeminal lesions are always accompanied by other symptons
referable to the pons or medulla oblongata; (2) that unilateral cerelil
lesions never cause paralysis of the muscles of deglutition; and (3) that
trigeminal anesthesias of cerebral origin are probably, always, only a
part of a hemi-anesthesia,
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vi. N. VL. The Abducens Nerve (N. abducens)

This purely motor nerve innervates only one muscle (M. rectus lat-
eralis), a muscle that moves the eveball directly lateralward. TIn lesions
of this merve, the eyeball (and the center of the pupil) eannot be
directed lateralward further than the middle line; the paralysis is very
ensy fo recognize.  After a time, contracture of the antagonistic M. rectus
medialis eauses a convergent squint (strabismus convergens). The diplo-
pin, due to the paralysis, appears on looking toward the side of the lesion,
not 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
the musele paralyzed ; that is, in paralysis of the left lateral rectus, the
fulse image is to the left. The images grow farther apart on looking
toward the paralyzed side.

Abducens paralysis is not uncommon. Tt may be due to compression
from tumors, not only those sitnated at the base of the skull, but also
from tnmors elsewhere in the brain; to meningitic processes (luetic, tuber-
eilons, pyogenic) 5 or to congenital, or acquired, hydrocephalus. Periph-
cril Jesions of the merve arve distinguished from nuclear paralysis by
the pontile symptoms that accompany the latter,
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vii. N. VIL 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. buecinator, 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 autonomie fibers for the lacrimal,
1 salivary and sweat glands, and (2) centripetal gustatory fibers for the anterior
1 two-thirds of the tongue; the latter, passing from the lingualis (N. V,) into
the chorda tympani, go centripetalward through the facial nerve as far as the
geniculate ganglion of the N. intermedius. 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
I 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 ]nn]!h(rll 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) ; tear
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 sile

, is absent.  On expiration, the cheek bulges insta
1 on the paralyzed side (buccinator paral- fii
i ysis) ; and, on attempts at whistling, air invo
| escapes from the mouth on that side. pont
| . o . o
| Disturbances of taste, of salivary secre- ¥
fion, © at 8 ot ) :
ion, of sweat secretion, of tear secret Faci:
and of hearing, may or may not occur, betw:
Flg. 571.—Woman Exhibiting Faclal  according to the site of the lesion ( ] shan
I emispasm  (Right-sided). Tonle - o ¥ i : SU0TY
Phase of the Attack, (After 3. (Afr@). DeR is demonstrable in the injur
| Zabinskle, “La Nouvelle Teono-  paralyzed muscles, ;

graphie de la Salpétridre,” pub

lished by Masson et Cle, Parls.) Facial paralysis due to disease of o
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nerve must be distinguished (1) from nuclear paralyses, and (2) from
supranuclear or cerebral paralyses,

DeR is demonstrable in the paralyzed muscles in peripheral lesions
and in nuclear lesions, but not in supranuclear lesions. In both peripl-
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 forchead and eyelid—
are not paralyzed.

In nuclear lesions the paralysis is always associated with other pontile
symptoms (g. v.). These are absent in peripheral lesions, except in the

Fig. 672.—Complete Right Faclal Palsy, Complicating Herpes Zoster in the Genlculate Zone ;
FEdema 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 be simultaneously
involved and other general cerebral symptoms coexist (tumor of cerebello-
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 be facial paralysis without ageusia; if the
injury lies between 2 and 3 there will be, in addition to the facial paral-
yis, ageusia on the anterior two-thirds of the tongue, and the salivary
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seeretion will be abnormal. Tf, in addition, there be hyperemia, the
lesion will lie between 3 and 4, while if, still further, there be disturb-
ances of the secretion of tears, the lesion is probably situated at the level

TA

Fig. 573.—Diagram for Facial Paralysis Representing the Course of the Facial Trunk
the Base of the Skull to the Pes anserinus N.a,, Auditory Nerve: N.f., Facial N
N.p.s., Large Superficlal Petrosal Nerve: G.g., Geniculate Ganglion: N.e.ep.t., Com
eating Branch to Tympanie Plexus: Noaf, Stapedins N : Cht,, Chorda tyv
G.f., Gustatory Fily Aps., Seerctory Nerve to Salivary Glands; Fst, Stylon 1
Foramen ; N.a p., Posterlor Auricular Nerve, (After W, Erb.)

of the geniculate ganglion between 4 and 5; when the lesion lies bel
5 and 6, that is above the geniculate ganglion, there is no ageusia.
Causes of Peripheral Lesions of Facial Nerve.—\Muany cases of
paralysis are due to exposure to cold (“rhenmatic neuritis”) ; many de
pend upon extension of an inflammation from the middle ear; still ]
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‘

are due to infectious processes, to fracture of the skull, or to caries of the
temporal bone. Lesions of the nerve at the base of the brain are usnally

m
v i
Motor Fibers Cw Gland Lach.
pi N, ,
Gang, genic: Gang zﬂ\n:lk‘!‘
N.RS.Min. ) N. palat desc.
Gland. parotis.
NT
N.Stapedius. : ymp. ‘
Chorda Tymp. il i
,Tonque

. N.glossopharyn.
Gland. subling.

Pig. 574.—8chema of the Peripheral Conneetions of the Facial, Auditory,
Glossopharyngeal Nerves and the Sympathetie,  ( Modified from Veraguth.)

Blue = Fioers to Lacrimal and Salivary Glands; Red = Gustatory Fibers . Black — Motor
Fibers of N. faclalis ; il = N, ocul rius ;v = N, trig with Its Three Branches,
Vi Voo vy Gang. cll. = Ganglion eiliare ; Gland. lach. = Glandula lacvimalis, the Bundles
to This Gland Pass Out from vy in the Nervus zygomatico-temporalis, Passing ‘Then by
an  Anastomosis to the N. lacrimalis from v,: Gang. sphopalat. - Ganglion  spheno-
palatinum ; Gang. otic, = Ganglion oticum : N. palat, dese Nervus palatinus descendens ;
N. tymp. = Nervas tympanicus ; Gang, petros. = Ganglion petrosum ; N, glossopharyng,
Nervus  glossopharyngeus : Chorda  tymp. == Chorda  tympani: N. po = min = Nervus
petrosus superficialis minor ; N. p. 8. maj. = Nervas petrosus superticialis major ; Gang.
genie, = Ganglion genicull,

Trigeminal and

due to tnmors (especially those of the cerebellopontile angle), or to menin-
geal inflammations (tuberenlons, luetie).,
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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 proper, and the N. ves-
tibuli, which has to do with equilibrium and with the setting of the eyes
and of the head.

The peripheral lesions of the N. acustiens may be situated in the
internal ear itself involving the membranous labyrinth (inflammations,
hemorrhages, sclerotic processes), or they may be located in the nerve
roots at the base of the brain (meningitis, tumor, caries). For the dis
tinetion between deafness due to middle ear disease and labyrintline
disease, see The Sense of Ilearing and its Anomalies,

Cireumseribed disease of the cochlea canses partial deafness; total
destruction of the cochlea on one side causes complete unilateral deaf-
pess. In either case there may be subjective noises in the diseased ear;
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 are 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 the
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 entered,
it is obvious that combined cochlear and vestibular symptoms point to
peripheral injury, whereas lesions within the brain are more likely to
injure one path withont injuring the other.

If bilateral deafness (complete) oceur before the fourth year of life,

the
the
oee

cha
ane
thai
vert
tion
dist
(6)
of t

and

ther
ishe
sudd
(':'I"l
and

|
of tl
into
gout,
diatl

1
ﬂ\nu‘_
seion
ohjee
to lea
paroy
sist |

Corres

may |

Py




* phylo-
. Psy-

Neurol.
eralion,

genici-
M. Se,

, 1898,

Terent
{. ves-
e (\‘\'04

in the
ations,

nerve
he dis-
inthine

S tnLl\
| deaf-
Wl ears
ochlear
o have
ps near
es near

of the
a little
p canse
in the
uditory

m]m]\f'l‘
the ves-
antered,
wint o

kely to

of life,

LESIONS OF THE PERIPIIERAL NERVES 379
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
oceur after the seventh year, mutism rarcly results,

Vestibular lesions, such as those accompanying Ménidre's disease, are
characterized by equilibratory disturbances (vertigo, nystagmus, disturb-
ances of the Biriny reflexes).  Among the signs of vestibular disturbance
that should direct attention to its domain are: (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.
(6) 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 especialiy on
sidden movements of the head (Biriny). For further details of the
calorie reaction, and the “pointing error” tests, see the Vestibular Senses
and Their Anomalies,

Ménitre's Disease.—This is a form of vertigo occurring with disease
of the internal ear (vestibular apparatns), nsnally 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
thongh struck to the floor by a blow on the head.

Ile may even be uncon-
gcions for a moment,

e feels either that his body rotates, or that
objects in the external world are rotating about him. It is important
to learn the direction of these rotations (sce Vestibular Syndromes).  The
paroxysms may be accompanied by nausea and vomiting, which may per-
sist for several hours, There is usually labyrinthine deafness in the
corresponding ear and often persistent tinnitus.  Nystagmus and diplopia
wiy be concomitant.  The cases should be analyzed by Bériny’s methods.

Paralytic Vertigo.—((i/erlier’s Disease).—This is an endemie disease
prevalent in eertain parts of Switzerland.

The patients complain of
vi

nt vertigo, diplopia, temporary amblyopia, diflieulty in swallowing
il chiewing, and on examination show ptosis and paresis of the extremi-
tics and of the muscles of the neck. The paralysis is of the flaccid type.
The disease is paroxysmal in character.

paroxysms the patients feel quite well.

In the intervals between the
Each attack lasts a few minutes,

The Fubisagara of Japan, deseribed by Miura, is probably the same dis-
el

The nature of the disease is entirely unknown,
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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. stylo-
pharyngeus and the M. constrictor pharyngeus; and (4) the autonomic
secretory fibers to the parotid gland.

Loss of function of the nerve is characterized by (1) ageusia in the
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).
Oceasionally, 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 inerea-cl
salivary secretion.
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x. N. X. The Vagus Nerve (N. vagus)
The N. vagus or pnenmogastric nerve carries (A) cerebrosp il
axons, and (B) autonomic axons.
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(A) The cercbrospinal axons are partly (1) motor, innervating the striped
museles 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. ericothyroideus, which is supplied by the N. laryngeus superior), and
partly (2) semsory fibers, (a) from the posterior cireumference of the external
auditory canal, (b) from the mucous membrane of the pharynx, from the lower
margin of the velum palatinum downward, (¢) 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 eenter).

(h) Centrifugal fibers (preganglionie to the ganglia, and thence by postgan-
glionie fibers to the viscera), including :

(ba) Fibers to the smooth muscle of viscera of the thorax and abdo-
men (respiratory; digestive; urogenital (7) ).

(bb) Inhibitory fibers for the heart.

(be) Vasomotor fibers for the pulmonary and coronary arteries and
for the arteries of the abdominal viscera.

(bd) Seeretory fibers for the glands of the bronehi, 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, thongh this rarely causes marked disturbance
of deglutition; (3) laryngeal paralysis, the voeal cord on the paralyzed
side oceupying 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 are 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 congh (laryngeal musculature). In addition,
autonomie disturbances are met with (tachyeardia, 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 funetional groups: (1)
the closers of the glottis or adductors of the vocal cords (M. erico-aryte-
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noideus lateralis, Mm. arytenoidens transversus, Mm. ericothyroideus
externus and internus) ; 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 voeal cord, on the paralyzed side, occupics
a middle position between adduction and abduetion, the so-called cadaveric
position.  On phonation, it comes no nearer to the middle line; the vocul
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 voeal cords assume the cadaverie 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

Oceasionally this is involved alone, in which event the voice is hoarse
and deep, from faulty approximation of the thyroid and ericoid cartilages,
due to paralysis of the M. cricothyroideus; there is also anesthesia of
the laryngeal mucous membrane.

Vagal Irritation, and Vagal or Vasovagal Altacks

Vagus irritation may cause marked bradycardia, which disappears
under a hypodermic of atropin. Gowers has deseribed characteristic
vagal, or vasovagal, attacks, with gastric, respiratory, and eardiac symyp-
toms; in the attack, there is palpitation, the arms go to sleep, there are
subjective feelings of cold, there is slowness and difficulty in thinking,
and, sometimes, mental fatigne 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
teries. Some patients seem continuously to manifest an excessive vizot-
ony. (See Examination of Autonomic Neuron Systems.)

Vagus lesions may occur at the base of the skull (then usuglly so-
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, neop! -ms,
gumma, aneurism or periostitis.

Cervical lesions of the vagus are usually due to trauma, or to ~m-
pression from enlargements of the cervieal lymph glands. Recirens
paralysis may be due to mediastinal tumor, struma, aortic anevrism,
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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 be found in the article by Félix,

Vagus neuritis may occur in aleoholism, 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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Proc. Roy.

xi. N. XL The Accessory Nerve (N. accessorius)

This nerve yields the motor supply for (1) the M. sternocleidomas-
toideus and (2) the M. trapezius. The cervical nerves also send a few
fibers to these muscles, more, however, to the M. trapezius than to the
M. sternocleidomastoideus; it is asserted by some, probably erroneously,
that the cervical nerves mentioned contain only sensory fibers; others
believe that they contain motor fibers for the acromial portion of the
AL trapezius.

In unilateral sternocleidomastoid paralysis, the head inclines toward
the healthy side, the chin is turned toward the paralyzed side and slightly
clevated, the head and chin cannot be well rotated toward the ]m.lltln_v
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
nuscle, the patient cannot, while lying down, press his chin against his
cliest,

In unilateral accessorius lesion with paralysis of the M. trapezins,
the shoulder is lower than normal, is displaced forward, the elavicle being
lower and somewhat rotated ; the seapula is farther than normal from the
widline, is higher than it should be, and its lower angle is dislocated

A S PN 37 =
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medialward, and is separated a little from the thoracic wall, though the
whole scapula does 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 be lifted (except
by the M. levator anguli scapulae), and since the scapula cannot be rigidly
fixed, the arm movements suffer, especially elevation of the arm from
the side.

In bilateral accessorius lesions, both shoulders sink forward, tle
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 back (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, but this spasm does 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 cervieal spine offen
injures this nerve on one, or both sides; or the nerve may be involved in a men-
ingitie 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
ean sometimes be overcome by fastening its medial margin to the spine with a
picce of the fascia lata (Rothschild).
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xii. N. XIL. The Hypoglossal Nerve (N. hypoglossus)

This is the motor nerve of the tongue (supplying the M. geniogl <sus,
M. styloglossus, as well as the intrinsic muscles of the tongue); it alo
innervates the geniohyoid, omohyoid, sternohyoid, hypothyroid and « mo-
thyroid museles. For testing the hypoglossal functions, see Movercnts
of the Tongue.
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In unilateral lesions of the N. hypoglossus, the tongue is not pro-
truded straight, but deviates obliquely toward the paralyzed side; the
raphé 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 eleetrical DeR 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) are, 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 what has been said in the sections dealing with the method of exam-
ining the funetions of the eentripetal and eentrifugal autonomie neuron systems
(mesencephalie, bulbar, sympathetie, sacral), it will be understood that it is com-
paratively easy to refer certain symptoms to definite parts of the autonomie
system. It is by no means easy, however, as yet, to decide what symptoms in
these various domains depend upon lesions in the peripheral autonomie neurons
proper, and what depend upon the higher sets of neurons superimposed upon them,
since all the autonomie and sympathetic reflexes are 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 reetal reflexes, are deseribed elsewhere.  IHere attention
must still be ealled to (1) lesions of the eervical sympathetie, (2) ecertain 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
hiyperidrosis, sluggish reaction of the dilated pupil, and neuralgic pains along the
blood vessels, at the angles of the jaw, and in the ears.

Destruetive lesions eausing paralysis of the cervical sympathetic are character-
ized by the so-called Horner's symptom-complex: (1) eontraction of the pupil on
the sume side (migsis), 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 musele of the upper lid, the pupil not being
covered; the eapacity to lift the lid without contraction of the M. epicranius 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 (6) emaciation of the same side of the face.

Sympathetie 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 cervieal sympathetie, or upon a lesion of the ecentrum
ciliospinale in the spinal cord, but upon injury to the ventral roots of the first
or second thoracie nerves (T,, T,).

(b) Visceral Neuralgias

Violent neuralgie pains are sometimes felt in the internal organs when they
are diseased, or when the nervous system is diseased (e. g., gastrie erises, gastral-
gia, enteralgia, hepatalgia, nephralgia, ete.). The pains of renal colie, pancreatic
colie, hepatie colie, dysmenorrhea, ete., should
also be mentioned. The explanation of these
pains is not yet clear. Some of them are ap-
parently associated with smooth-musele-spasm.

The segmental pains, or hyperesthesias in the
skin (/ead's zones of referred pain) due to
viseeral disease, find their explanation, in my
opinion, in abnormal irritation of the eentrip-
etally condueting sympathetie neurons, which,
terminating upon the ganglion ecells 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. Diagnosis of Lesions of the Spinal Cord
(Medulla spinalis)

Tn localizing lesions of the spinal cord we 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
cach level affected.

For the localization of disease in the spinal cord it is essential to think

centrip- " 7 . .
, which, of it as made up of smglo segments, these segments 1n turn lu-mg
in the united manifoldly with one another, and, by means of long afferent and

al cere-
rise to
ce these
that is

efferent paths, with the higher parts of the nervous system (cerebrum,
medulla and pons, cerebellum).

This view is in accord with the original metamerie structure of the body of
vertebrate animals. For each metamere, or segment, there is a nervous part (neu-
rotome), a musenlar part (myotome), a eutancous part (dermatome), a general
mesoblastie part (selerotome), and probably a vaseular part (angiotome). Often
the viseera may be divided into portions (viscerotomes) corresponding to their
innervation, since a neurotome may have a definite visceral conneetion through the
autonomie nervous system.

Bagr o A single neurotome gives rise, in bilateral arrangement, to .(1) an afferent
on, 1983, neuron system (sensory nerve; posterior root ganglion; posterior root; intra-
896, i1, medullary eontinuation of posterior root fibers); (2) the motor, efferent, or een-
tripetal, neuron system (anterior horn cells and dendrites; anterior roots; motor

tiec aras
1 discose.

ancasier,

with 5=

der| spimal nerve) ; (3) an autonomie system (centripetal and centrifugal) including
* Or both preganglionie and postganglionie fibers in both instances; and (4) certain
::”"] associative neuron systems (ineluding (a) intercalated cells, the funetions of which
L

are limited to the segment itself, and (h) associative neurons, with longer axons,
which eonneet 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.

I 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 the 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 embryonie 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. 8. Sherrington). This explains why experimental seetion
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 metamerie 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 musele-tissue derived from a single myo-
tome). In develoy t, the dermat supplied by a given posterior root comes
to be dislocated somewhat caudalward 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 due to the lesion.

In our analysis of the symptoms (motor, sensory, reflex, visceral) due
to a disease of the spinal cord, we 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) Ias the spinal cord been injured more
diffusely, over a smaller, or larger, part of its cross-section, owing to, suy,
a lesion that has paid no regard to single neuron systems or conduc-
tion paths? When the symptoms are due to clean-cut involvement of
neuron systems (sensory, motor, or combined), we speak of simple or
combined system diseases (e. g., tabes; amyotrophie lateral sclerosis;
ataxic paraplegia); when this is not the case we speak of non-sysiem
diseases (e. g., complete and incomplete transverse lesions; hemilesions,
and the like).

The latter may be due either to foeal disease originating in the sil-
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 sen<ory
neurons or so-called exogenous sensory fibers, or (3) the conduction patls
in the cord, including (a) the spinopetal paths (pyramidal tract from the
cerebral cortex, thalamospinal, rubrospinal, vestibulospinal, cerelillo-
spinal, ete.), and (b) the spinofugal (including the upward relayed con-
tinuations of the afferent paths—the direct cerebellar tract, Gower’s (rct,
ete.).

In every case, after we have decided upon the localization of the
disease-process, we go on to a consideration of the special kind of /!l
logical process underlying it. Our conclusions regarding the latio are
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based usually upon the whole course of the disease and upon accompany-

ing phenomena in other parts of the body (see Diagnosis of the 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, we may illustrate the localization of disease (a) in the
upper motor neurons in the spinal cord, (b) in the lower motor neurons
in the spinal cord, (¢) in the upper and lower motor neurons simultane-
ously in the spinal cord, (d) in the peripheral sensory neurons in the
spinal cord, and (e) in the peripheral sensory neurons and at the same
time in other afferent and efferent neuron systems in the spinal cord (eom-
bined system diseases). For didactic reasons only the principal diag-
nostie points will here be referred to, free from bewildering detail.  Once

the main outlines have been thoroughly mastered, it is easy enough to fill
in with finer matter.

(@) 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 the more distal portions of their
medullated axons (the unerossed fibers in the anterior funiculus and the
crossed fibers in the lateral funiculus) that are present in the spinal
cord, since the cell-bodies of these upper motor neurons are located in the
motor areas of the cerebral cortex and the proximal portions of their
medullated axons lie in higher parts of the nervous system (centrum semi-
ovile, internal capsule, pons, and medulla). (See Fig. 589, p. 438.)

Lesions of the axons of the upper motor nenrons situated in the spinal
cord cause paralysis, or paresis, of voluntary movement of the extremities,
with hypertony (tendency to spastic contracture, increaso of deep re-
flexes) ; there may be patellar clonus and ankle elonus; the Babinski phe-
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nomenon is positive. The paralyzed muscles are not markedly atro-
phied ; DeR is absent ; sensation and the sphincters are normal (see Spastic
Spinal Paralysis).

(b) 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 a
lesion, flaccid atrophic paralysis, with DeR on electrical examination,
appears in the muscles innervated by the neurons affected.  Thus, if the
anterior horns in the cervical region are involved, the atrophie paralysis
will affect the muscles of the hands, forearms, or arms, 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
be diseased there will be 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 anl
dendrites of the lower motor neurons they contain, there is no disturbance
of sensation or of the sphincter-functions (exeept in the instances in which
the spinal sphineter levels 8,—S; are injured). Examples of such disea<o
involving the lower motor neurons in the spinal cord are (1) acute audl
chronic anterior poliomyelitis and (2) the spinal form of progressive
muscular atrophy.

(¢) 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 simultancously with the lo
motor neurons in the cord (anterior-horn cells), thus forming a syste
disease of the general motor conduction path in the cord. In such c¢i3
the atrophic flaccid paralysis with DeR and fibrillary twitching may
met with in the muscles of the upper extremities, while in the lower
tremities there may be spastic paresis, with exaggeration of the { p
reflexes. The sensibility and the sphincters are normal. Amyotro|
lateral sclerosis may be 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 the 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 matter, to the anterior-horn cells, to the cells of Clarke’s column, ete.
When the lesion is systemic and is limited to the sensory, eentripetal
neuron systems, the cutaneous sensibility and the deep sensibility (bones,
joints, fascia, muscles) are disturbed. Sometimes there is anesthesia for
all qualities of sensation; sometimes there is an elective loss of single
modalities. In addition to the sensory disturbance, the reflexes, of which
the degenerated neurons form the afferent limb of the are, are lost. There
is hiypotony of the muscles associated with the bathyanesthesia, 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 incoiirdination of the muscles (ataxia), owing to the bathyanes-
thesia and hypotony. The function of the bladder is often disturbed
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) are common.

The principal eriterion for distinguishing lesions of the radieular and
intramedullary portions of the peripheral sensory neurons (e. g., tabes)
from extramedullary lesions of the peripheral sensory neurons is the topog-
raphy of the sensory disturbance. In the radienlar and in the intra-
medullary lesions, the anesthesias are radicular or segmental in distribu-
tion; in extramedullary lesions (e. ¢g., in neuritis), the anesthesias corre-
spond in distribution to the domains supplied by peripheral nerves rather
than to the domains supplied by posterior nerve-roots (spinal segments).
Other eriteria lie in the accompanying symptoms and in the etiology (sce
Special Diagnosis).

(¢) Coinbined Lesions of the Peripheral Sensory Neurons (Posterior
Fun’culi) and of the Upper Motor Neurons (Pyramidal Tracts)
within the Spinal Cord

When the intramedullary continuations of the posterior roots and the
pyramidal troets of the lateral funieuli of the spinal cord are simultane-
onsly involved in a systemic disease, the clinical phenomena that result
are a combination of those met with in conditions a and d (above de-
sevibed) ; that is to say, the phenomena of spastic spinal paralysis are
combined with the symptoms of tabes. Sometimes the sensory symptoms
predominate, sometites 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.)
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2. Diagnosis of Lesions of the Spinal Cord not
Limited to Specific Systems

(Non-Systemic Diseases)

We have next to consider the lesions that are not confined to specit»
neuron systems, but that, owing to their mode of origin, have a distr
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tion regardless of the specific systems, involving sometimes more, some-
times less, of the different neuron systems present in the cord. Iere
belong: (a) the various transverse lesions, complete and incomplete, in-
cluding the hemilesions; and (b) the multiple, focal, lesions of the cord.

(@) Transverse Lesions of the Spinal Cord

Total or partial transverse lesions of the spinal cord may be due (a)
to foeal lesions in the substance of the cord itself (e. g., transverse mye-
litis, hematomyelia, intramedullary tumors, gliosis, trauma), or (b) ‘to
extramedullary eauses, leading to compression of the cord, ineluding verte-
bral diseases (caries, fractures, tumors), and meningeal diseases (tumors,
chronie inflammations). The origin and conrse of the disease, and the
accompanying phenomena, permit one to decide as to their nature (sce
Speeial Diagnosis).

i. Total Transverse Lesions

When the spinal cord is completely interrupted we try to determine
(1) the main division of the cord, whether cervical, thoracie, lumbar, or
sacral, involved (gross level diagnosis); and (2) the precise segmental
levels concerned (segmental level diagnosis). These level diagnoses will
be taken up a little further on,

ii. Incomplete Transverse Lesions

These include (1) hemilesions of the cord (or Brown-Séquard’s paral-
ysis), and (2) incomplete transverse lesions other than hemilesions.

(1) Hemilesions, or Unilateral Lesions, of the Spinal Cord
(Brown-Séquard’s Syndrome)

Such lesions, due to tranma, gumma, myelitis, ete., give rise to a very
characteristic clinical picture—the Brown-Séquard syndrome. On the
side of the lesion there is (1) non-atrophie, spastic paralysis for museles
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 tonch sensation; (4) loss of the deep
sensibility (bathyanesthesia) and (5) incoiirdination of the voluntary
movements (ataxin). 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 elinical picture is easily explained by our knowledge of
the conduetion paths in the spinal cord, since the paths for deep sensibility
run (uncrossed) in the homolateral posterior funienlus, while those for
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the cutaneous sensations of temperature and pain run (crossed) in the

lateral funienlus of the opposite side; the paths for touch run, ehiefl 1
crossed, through the white matter of the opposite side, but, partly un or g
crossed, through the white matter of the 1
same side. The spastic paralysis is, of vield
course, due to the involvement of the pyrai ing |
idal tract. When the lesion is, as mo-i of gl
often, in the thoracic part of the cord, the thesi
paralysis is a hemiparaplegia; if the lesion time
be in the cervical cord, paralyzing both tlie (see
arm and the leg, it is a hemiplegia spinalis,
The origin of the homolateral hyperesthesia
is not easily explicable.

In addition to the above phenomena, T
hemilesions are often accompanied by (1) affect
vasomotor paralysis, with red, warm skin is off
at first, later ¢yanosis and cold, on the side callec
of the lesion, due to severance of the homo- multi
lateral vasoconstrictor fibers of thie lateral T
funiculus, and (2) a narrow, unilateral possil
zone of anesthesia on the side of the lesion, when
at the level of the lesion, due in all probalil- have
ity to injury of the posterior root (peripl- asas
eral sensory meurons) entering the spinal may |
cord at this level. their

it Hyperesthesia Typical hemilesion is rare; more often is the

B Avesthesla the lesion takes in rather less than half the rule,

Fig. 576.—Brown-Sequard Syndrome, COTd ON one side, or, besides injury to one poral
Right-sided Hemilesion of Spinal side, the lesion encroaches somewhat upon spasti
- the other half also. both 1

The symptomatology of Brown-Séquard’s paralysis may be graphicaly
represented in the following table:

Conditions on the Side of the Lesion in the | Conditions on the Side Opposite the Bastiai
Spinal Cord ion in the Spinal Cord .
(Homolateral) (Heterolateral) van G

1. Spastic motor paralysis, 1. Analgesia. .

2. l&':uerutcd reflexes, 2. Thermanesthesia. Oppen:

3. Bathyanesthesia. 3. Hypesthesia for touch.

4. Hyperesthesia for temperature and pain. 4. Deep sensibility normal,

6. Narrow segmental zone of anesthesia at 5. Normal mobility.

level of lesion.
6. Vasomotor paralysis. Babins
7. Sometimes ataxia,
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(2) Incomplete T'ransverse Lesions Other Than Hemilesions

Here 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
vield elinical 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 (thermanes-
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).

(b) Multiple Focal Lesions of the Spinal Cord

In ('ortum diseases the spmnl 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., sclerosis
multiplex, myelo-encephalitis disseminata, lues cerebrospinalis).

The localizing diagnosis may be 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 foens exerts ; in other cases, small multiple foci of disease
may be 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 optie atrophy (tem-
poral pallor), along with loss of abdominal reflexes, may, in a case of
spustic paraplegia, lead us to the diagnosis of lesions disseminated through
both brain and cord (multiple selerosis).
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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
i the single segments of the cord, though far from what we woull
like it to be, is now sufficient to permit us tolerably sharply to localize
cireumseribed 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
cervieal, thoracic, lumbar and sacral portions of the spinal cord (see Gross
Level Diagnosis), but there are 8 cervical, 12 thoracie, 5 lumbar and 5
sacral segments, besides 1 coceygeal segment. Tt 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 viseer:l
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 throngh a long series of emlrvo-
logical, anatomical, experimental physiological and clinical-pathologicil
studies. The conditions in lower animals are much simpler than in 1

TasLe InLusTrRaTinG Gross Lever Diacyosis v Lesions oF THE Seinan Corp

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
ment of the spinal cord is, then, for elinicians, the immediate central |
jection of the anterior and posterior roots of one pair of spinal ne:
We assume that if one segment of the gray matter of the cord were
stroyed, the sensory and motor symptoms would be topographically i«
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the same as those that accompany destruction of the pair of Nn. spinales
attached to that segment. The theory of Brissand, according to which
there is a metamerism in the cord in which parts of extremities (hand,
forearm, upper arm, ete.) are definitely represented, is not now in favor;
anatomical and eclinical findings are 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 (Myotomes)

Knowledge here has been gained (1) by anatomical disseetions (J. Muller,
Herringham, Paterson, Bolk, Thorburn, Frihlich and Grosser) ; (2) by embr
cal studies of developing neurotomes and myotomes (W. His, F. P. Mall, 1. 1%olk,
Warren Lewis); (3) by histological studies of the eells in the cord by ™ il
method, (a) after section of nerves or extirpation of muscles (Marinesco, I'rhon
and Goldstein, Lapinsky); (b) after amputations (Flatau, Sano), or (¢) olter
aplasias of muscle or nerve, or lesions of single nerves or muscles (v. Mor Low,
Parhon and Goldstein); (4) by experimental-physiological methods, stin: g
the anterior roots and observing the museular contractions that follow (I rier,
Risien Russell, Sherrington); and by elinieal-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.

The peripheral motor nerve innervating a given musele rarely, if ever,
arises from a single segment, but, through the mediation of plexuses, has
its origin in a combination of fibers from the anterior roots of several
gpinal nerves, that is, from several adjoining segments of the spinal cord.
In other words, each muscle has a plurisegmental innervation. For tho
intercostal muscles only is the relation between the peripheral museles and
the spinal-cord segments more simple (unisegmental).

Again, a single anterior root may innervate, not only different mus-
cles, but also museles of different funetion. Furthermore, portions of a
myotome may become innervated by the root more eaudalward, or the root
more eranialward, than that of the corresponding neurotome, Finally,
in the innervation of the museles of the extremities, the more proximal
muscles are innervated by segments of a higher level than the segments
innervating the more distal muscles (ITerringham’s law) ; thus the muscles
of the hand are represented at a lower level (Th,) than the level for the
museles of the shoulder (C',-C';).

In the accompanying tables, the segmental innervation of the body-
museulature is graphically represented.

In these tables the more prox-
imal muscles of the extremities—that is, those nearest the spine—are
generally placed above the more distal; that is, those further and further
away from the spine are placed lower down.  The segments of the spinal
cord, from C'\-S; are presented as a continuous series passing from left to
right.  One can sce at a glance the relation of the several muscles to the
several segments (neurotomes).

A knowledge of the segmental distribution of disturbances of motility
is of elinical importance for the corrcet localization of certain disease
processes accessible to operation, which, withont surgical interference,
would be fatal.  Among the diseases of this sort may be mentioned some
obscure types of caries of the spine, pachymeningitis, serous arachnoiditis,
and, especially, tumors of the vertebral column, of the meninges, and of
the spinal cord.
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Abldign. d. Kgl.

(b) Segmental Representation of the Sensibility of the Skin
(Dermatomes)

In the accompanying figures, the cutancons arcas innervated by the
different segments of the spinal cord are graphically represented. It will
be noted that the eutaneous areas innervated by segments of the thoracio
cord run approximately horizontally, in girdle-shaped hands, around the
trunk, while the areas innervated by cervical and Iumbosacral 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
the destruction of a single segment
of the spinal cord does not cause a
total anesthesia of the cutancous area
innervated by it, owing to the over-
lapping innervation from adjacent
scgments  (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 sitnated above and below it
The upper level of the lesion will he
represented, therefore, not only by
the segment whose eutancous area is .
totally anesthetic, but by that higher "' ™ .-'_,m,f"m;.,'\"r“l.i-'r ;’;f.mlfl..rmwum
segment whose cutaneous area shows
ouly a hypesthesia; thus, for example, if the patient, on examination,
were found to have a total anesthesia in the cutancous domain correspond-
ing to Thy in the figure, and only a hypesthesia in the domain correspond-
ing to Thy and Thy in the figure, we would have to assume that the lesion
in the spinal cord extends upward as far as the Gth thoracie segment.

Though it may be comparatively easy to establish very preciscly the
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situation of the 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

Fig. 678.—Segmental or Radicular Innervation of the Skin. A, Anterior Surface of DBody
B, Posterlor Surface of Body. (After Kocher,)

spinal cord at any given level injure not only the peripheral sensory ne
ron systems of the level itself, but they also, simultaneously, interrupt «!l
the sensory conduction paths of the spinal cord carrying impulses upwirl
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 Thy causes, the
fore, not only anesthesia in the cutaneous band (dermatome) correspor!

|
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ition ing to Thg, but of all the cutaneons bands (dermatomes) on the trunk

level below this, and of the whole skin of the lower extremities,  The extent of
phe- an anesthesia is, therefore, often of great help in determining not only the
1 the upper segmental level of a lesion, but also the completeness of involvement

in the transverse section of the cord at that level,

Flg. B79.—Direction Lines and Thelr Relations to Dermatomes and the Sensory Innervation of
the Skin. A, Anterlor Surface of Body ; B, Posterior Surface of Body.

Some of the types of anesthesias depending upon total transverse
lesions at certain levels of the lumbar and sacral cord are represented in
the illustrations on page 416, Of conrse, in a transverse lesion, there is
aholition of sensation, not only in the dermatomes supplied by the segment
destroyed, but also in the dermatomes supplied by all the more caudally
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situated segments, owing to destination of their paths, which pass upward
in the white matter.

Direction Lines.—Recently, elinical attention has 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 €, 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 Bolk; ventral and dorsal axial lines of Sher-
rington).

Eleven of these direetion lines are of importance in elinical examinations (E.
Flatau). They are as follows:

1. Soldier's vertex-ear-chin line. This is the upper boundary of the eervical
domain. In front of it lies the domain of the N. trigeminus; behind it lies the
sensory domain of €,

2. The neck-trunk limit, or eervicothoracie limit. This important line sep-
arates the cervieal segments (C,; €')) from the thoracie segments (Th,). Behind,
this line separates C, from Th: in the lateral regions only. In the medial part,
elose 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 intermammillary line. In front, this lics between Th, and Th,; behind,
it crosses the lower angle of the seapula to reach the fifth thoracie spine.

5. The xiphoid line. This passes between Th, and Th,; in front, it is at the
level of the xiphoid proeess; hehind, at the level of the eighth thoracie spine.

6. The umbilical line. This lies in front between Th, and Th,, (Head and
Campbell) ; behind, it eorresponds 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 below the crest of the ilium, and corresponds, in
front, to a level just above the mons veneris,

8. Anterior aial line of the upper extremity. This eorresponds, 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
thoracie spine, runs across the spine of the seapula, and down the middle of the
extensor surface of the upper arm and of the forearm to the back 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 surface
of the thigh to the medial eondyle 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 eranialward, and then down acro-s
the erest of the ilium and the great trochanter; thence it runs down the middle of
the lateral su-face of the thigh to the lateral econdyle of the femur, then over tie
hehd of the fibula and forward and downward to end, in front, on the tibial erc ,
about its middle.

It will be noted that in the upper extremity the anterior and posterior a»
lines separate segments C-C'; whieh ocenpy the radial side, from segments -1,
which oceupy the ulnar side. Similarly, in the lower extremity, the two a .l
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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-

lation lap of the innervation of the dermatomes is most important in elinical work, The
ary” overlap is more mzrrkc-d in some zones 1l|nn~in others; thus, in the hand, it is very
, for pronc unced, while in the trunk, the 0\'l-rlx{|> is rn-lu(n'(-ll_\' slight. This overlap of the
le the innervation of the dermatomes occurs in the longitudinal direetion in the ex-

dary tremities.
Sher- 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
s (K. resulting is less than the analgesia; it is also in accord with the findings in herpes
zoster. The dermatomes are, therefore like the, myotomes, plurisegmentally inner-
. vated, and we have pointed out above that, for this reason, in localizing diag-
rvieal nosis the upper limit of an anesthesia points to lesion of the next higher segment.
s the 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-
.hT"l“]‘ vation of the dermatomes must be ki nt in mim!. The variability may take the
"' form of the “pm-f'ixvd" or “post-fixed” type of Paterson; lImlA is, a_cutancous
hp“ X zone may be supplied for half an area, or less, headward from its posterior root
v (pre-fixed type), or for half an area or less caudalward (post-fixed type). Such
n the dislocations of the area have been observed by Head and Campbell in human
i, cases. The post-fixation is usually bilateral, but may be unilateral (Sherrington).
it the Segmental Anesthesias in Di —Sensory disturbances with seg-
liana mental, or radicular, topography are met with not only when a single
segment or nerve root is the site of trauma, or disease, but also in certain
tween organic diseases of the spinal cord.  Among these, tabes; syringomyelia
teral and hematomyelia are particularly prone to give rise to segmental dis-
s, in turbances of sensibility. Ilere the disturbance of sensibility may be con-
e 3 fined to the dermatomes supplied by single segments, or groups of seg-
ttan ments, and not involve all the more candally situated dermatomes, as in

rearm the case of transverse lesions of the cord.

Thus in tabes, as has long been known (Oulmont), sensory disturb-
' first 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
S Alis girdle sensation of tabes is a well-known symptom, segmental in type. The
rface tactile hypesthesia of the trunk in tabes affects most often the thoracie
o end segments between the nipples and the umbilicus (Th-Th;). When the
sensory disturbance affeets the upper and lower extremities, the anesthetie
‘n.]:y areas take the form of vertical, or spiral, bands corresponding to the seg-
o of mental eutaneous zones we have deseribed (C-Th,; L,-S,).  The anal-
i the gesia, so often met with in early tabes on the back of the foot and toes,
ercd, will be recognized as segmental in topography (L;).  These segmental
disturbances in tabes have been especially studied by Lachr, Déjerine, and

axinl Patrick.
LTy, In many cases of syringomyelia, and of gliosis spinalis, the sensory
| disturbances (analgesia and thermanesthesia) are segmental in distribu-
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tion; they depend then on destruction of the posterior horns of the gray
matter of one or several segments,
In hematomyelia also, especially when it involves the conus or the

Fig. 680.—Hoerpes brachialls  (Med. Service, J. H. IL)

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 be true also of
the distribution of naevi (Klippel, Weil), and, in some instances, of
hypertrichosis (Flatau).
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(¢) Segmental Representatior of the More Important Spinal
Reflexes
The reflex are for the knee-kick is spread over at least three segments
( Ly, Ly, and L) of the spinal cord, and their corresponding anterior and
posterior roots; of these, L, is the most important for this reflex.
The ankle-jerk, or Achilles-reflex, appears to be represented in L
and S,, especially in S,.
been The abdominal reflexes extend over the segments between Thy and

Th,. 3 the supraumbilical reflex belongs to Thg-Thy, the infra-umbilical to
on fo Thye-Thyg.
1so of The plantar reflex are is mediated by S,-S,, probably chiefly by S,.

s, of The eremaster reflex belongs to I, and L,
The vesical and rectal reflexes are represented by the segments between

S, and S;.

References

Babinski (J.). Localisation organique d’apris les réflexes.  Rev. gén. de elin. et de thérap.,
Chur= Paris, 1913, xxvii, 630,

Babinski (J.) & Barré (A.). Compression de la moelle par tumeur ertradure-meriénne;
ue dire valeur localisatrice des réflexes cutanés de défense.  Rev. newrol., Paris,
1 1914, xxii, 262-268.

Déjerine (J.). Valeur séméiologique des modifications des reflexes. In: Séméiol. des affections
nil du syst. nerv., Paris, 1914, 9358-083.

Marie (P.) & Foix (C.). Inhibition: réflexe du clonus de la rotule et diagnostic Iu,m«]nlllhl:/rw

1911, des compressions médullaires. Rev, neurol., Paris, 1914, xrvit, 496,
ke (d) Segmental Representation of the Sympathetic Ganglia and
@ of the Viscera Innervated by Them
by The white rami communicantes of each anterior root helong to the

corresponding segment of the spinal cord, The relations of these to the
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single vertebral and prevertebral ganglia of the autonomic system and
the viscera they innervate have not yet been fully worked out. Among the
points fairly well established may be mentioned the following:

1. The verlebral ganglia, with the exception of the superior cervicul
ganglion, supply the vascular innervation, the sweat-gland innervation
and the pilomotor innervation of the skin of the trunk and of the extremi-
ties; the postganglionic fibers pass through a gray ramus communicans
into the corresponding N. spinalis and are distributed among its periph-
eral branches.

2. The skin of the head (scalp, forehead, temples and cheeks) receive
postganglionie fibers from the cervical sympathetic; the preganglionic
fibers arise from Thy-Th,.

3. The skin of the back near the middle line gets its pilomotors from
the thoracie vertebral ganglia.

4. The upper extremities get their sympathetic innervation from
Thy-Thy,, by way of the white rami communicantes, the truncus symjpu-
thicus, the ganglion stellatum, the gray rami communicantes and the
plexus brachialis,

5. The segmental representation of the sympathetic innervation of the
skin of the lower extremities is not yet well worked ont.

6. Certain spinal nerves are devoid of pilomotors for the skin. This
is especially true of (g and S;. It is sometimes true also of C;, Th,,
Sa, S,

7. In man the anogenital blood vessels (external genitals, anus, ree-
tum) are represented in segments S,-S,.

8. The sympathetic eye-supply (smooth musele of the eyelids, ).
dilator iridis, secretory fibers of lacrimal gland) are derived from the
superior cervical ganglion of the sympathetic; the preganglionic fibers
come, in man, from 'y and Th,.

The more exact representation of vasomotility and of secretory fune-
tion in the spinal ecord has not yet been worked out,

9. The visceral innervation from the prevertebral ganglia, and its
segmental representation in the spinal cord, is even less clear than the
innervation of the smooth muscle and secreting glands of the skin by
means of the vertebral ganglia. The prevertebral ganglia in the ¢o/inc
plexus innervate the stomach, intestine, liver, spleen and pancreas; in the
cat the preganglionie fibers come from the segments of the cord between
Thy and Ly, The inferior mesenteric ganglion innervates the descending
colon and the urogenital organs in the cat, the preganglionic fibers coning
from the segments of the spinal cord between L, and Lg.  The gan /ion
stellatum innervates the heart and the lungs, the preganglionie fibers < me
from segments Th,-Thy (for the heart) and from Thy-Thy (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 disturbance, English investigators (Sturge, 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: IHeart.
[Cyg3 Thyg]; lungs, [Cy-45 Thy=]; stomach, [Cy; Thyy]; liver, [Cyys
Thyyo]; gall-bladder, [Thg-,]; intestine, [Thy~.]; testicle, [Thy,];
ovary, [Thy,]; kidney and ureters, [Thyo-L;]; uterus, [ThyeL,]; pros-
tate, [Thygyas Sy ]; epididymis, [Thyyy.]; fallopian tubes, [Thy-L,];
urinary bladder (M. detrusor), [Thy,-L.]; cervix of uterus, [S,];
rectum, [S,,]; urinary bladder (mucous membrane and sphineter),
lss't]-
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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 he found the
most salient motor, sensory and reflex representations, corresponding to
the various segments. IHere are included only the points likely to be
uscful in elinieal segmental diagnosis.
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Fig. 581.-—Gowers' Diagram, II-
lustrating  the Topographical
Relatlons of the Several Ver-
tebrae to the Segments of the
Spinal Cord and the Roots of
the Spinal Nerves,  (After W,
R. Gowers,)

OF NEUROLOGICAL DATA

(f) 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 eolumn extends from
the foramen magnum to the coceyx, 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 eanal, from the
second lumbar vertebra on, contains only the
nerve roots derived from the lumbar anl
sacral segments of the spinal cord—the
called cauda equina.

In Gowers’s diagram (Fig. 581), the r
lations of the individual segments of the
spinal cord to the bodies and spines of the
individual vertebrae are illustrated. Cou-
sultation of this figure is important for the
surgeon who has to operate upon the spin:
canal, since, after the lesion has been defi
nitely localized in a given segment, or
ments, it is necessary, in cases in which op-
eration is indicated, to be able to exposc 1!
segment by performing laminectomy at i

proper level. This is well illustrat
Finkelnburg’s figure (Fig. 582). A«
that a neoplasm has given rise to a L
thesia in the skin, the wppermost lev
which belongs to the Tth thoracie segn
the spinal cord. This segment of the eo
is seen in the figure, lies opposite the
of the Gth thoracic vertebra and th
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1The names of the zoves

TasLe orF Moruury, SexsisiTy axp Reruexes—Continued
Muscles* Movements m
1. Hypothenar muscles; Medial surface of

2. Mm. interossei;
3. Mm. lumbricales.
1. Muscles of the back:

Intercostal muscles (nu-nu)
. Muscles of abdominal wall
mr 1)

(Cs and Th)). Movements of the
hum| fingers.

Tha.

_Ths.

In front about midway between
and_ navel.
Mid-epigastric zone.”

In front, ‘hanﬂnunl.bv
hlnd.lu.honlnhmbu
* Supra-umbilical zone.”

« preceding table : here o only the dominant segment is given.

les soe
in quotation marks are thowe used by Head

NTATION OF Moriury, SexsisiLiry axp RerLrxes—Continued
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thoracie spine. The surgeon would, therefore, begin to expose the tumor
at the level of the 5th thoracie spine, and might have also to remove the
Gth and 7th, and possibly also the 5th spine,
since experience teaches that the site of the
tumor more often has been assumed to be
too low than too high.

Certain levels, it is especially helpful to keep
in mind.

1. The junction of the cervieal and the thor-
acie spine, or the level just beneath the eighth
pair of eervical roots, eorresponds to the inter-
space between the spines of the 5th and 6th cer-
vieal vertebrae,

.
Bite of
Operation

2. The junetion of the thoracie and lumbar
portions of the spinal cord, or the level just be-
neath the 12th pair of thoracie roots, corresponds

Disgram (From 3rd to 10th

to the spine of the 9th thoracie vertebra, Thoracle  Vertehra)  Showing
. . the Relation of the Spinous

3. The Jjunction of the lumbar and sacral por- Processes to the Bodies of the
tions of the spinal cord, or the level just heneath v o and the Relative o
the 5th pair of lumbar roots, corresponds to the 'N‘“l““T of 'l'" »;'“‘;“'"‘\" "'I""l'
3 * the 19 n At pinal Cord and the Vertebra
spinous proecess of the 12th thoracie vertebra. Bosles. T 5 Asstued that
4. The level of the cord opposite the spine of there Is a Lesion of the Im:
the 1st lumbar vertebra is an important one; it Tharacle Segment of the Spisa

&+ ord,  (After Finkelnburg i
corresponds to the position of the 3d, 4th and B Sl NG G i

. Krause's “Lehrh. A, klin
th sacral segments of the spinal cord. Diagnostlk — inner.  Krankh.,”

published by G. Fischer, Jena.)
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(9) 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 eanal, downward, for some distance, close beside one another,
we sometimes encounter great difliculty in definitely localizing the lesion;
for it is obvious, that a lesion of the canda equina in the region of the
lower Tumbar or sacral vertebrae may give rise to a group of symptoms
very similar to those that follow upon a foeal lesion at the level of the
lunbar enlargement. By consulting Fig. 583, it will be seen that a lesion
at (), at the level of the 12th thoracie vertebra, involving the spinal
cord (but not the adjacent N. femoralis) will give rise to the game motor
and sensory disturbances in the domain of the N, ischiadicus, as a lesion
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at (B), in the cauda equina, situated below the level of exit of the N. pan
femoralis (N, er.). reg|
In differentiating between lesions of the lumbar enlargement and
lesions of the cauda, therefore, we have to consider, in addition to these of |
motor and sensory symptoms, (1) ac- pur
companying phenomena referable to the
lesions in the spinal column itsclf of t
(history of trauma, x-ray examination, to ¢
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Fig. 584.—Leslon In the Reglon of the 5th
Lumbar Segment. Balin
Billai
Flem
Van ¢
Flg. 583.—Diagram of the Ao
Vertebral Column with
the Lower Portlon of .
the Spinal Cord and the Mino
Cauda equina. A, Leslon
at the Level of the Osler
Lower Part of the Spl-
nal Cord Just Below the
12th Thoraele Vertebra. Raym
B, Leslon at the Level of
the 3d Lumbar Verte- Rouss
bra Involving the Cauda Fig. 685.—Leslon in the Reglon of the 24
equina, (After Schultze.) Lumbar Segment.
3 3 Russe
local tenderness, ete.), and (2) the serial sequence of the single « mp-
toms, and the rapidity with which they develop. Tumors of the i Schle:
equina more often cause unilateral symptoms, and are more freq ntly
associated with severe radiating pains; and they are less often uoom- Spitle
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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 S,—;), 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 be due either
to conus lesion, or to a localized canda-lesion 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 are characteristic.

The epiconus (Minor) includes the segments L;—S,. 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 be limited to the gray matter of the epiconus, the Achilles-reflex
is abolished, but the knee-kick can be 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
(nuelei of Nn. XII, XI, X, IX, VII, VI, V). The sensory roots of the cerc-
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 Quadrigemina

pons
Fig. 686.—Diagram of Nuclel of Cerebral Nerves I11-XII. Motor Nuclel Stippled; Sen

Nuelel Black.  (After Villiger in M. Rothmann's article in “Handb, d. inn. Med.,”
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 terminatc
more distant gray matter; these latter fibers correspond to the posterior fun
of the spinal cord, which terminate in the nuclei of Goll and Burdach.

In the formatio reticularis, there run, from these various nuclei of terminal
of the sensory cerchral nerves, sensory neurons of the second order, which ¢
impulses (1) to the cerebellum, and (2) to the cerebrum; the latter are, for s
distance, separated from the similar fibers that conduct impulses upward 1
the cord.

In addition, in the medulla and pons, the great bundles of fibers of the »
conduction paths (corticonuclear path to the motor eerebral nerves; pyrat
tracts passing toward the spinal cord)—all axons of upper motor neu
downward, ventrally, on each side of the middle line. Of these, the fibers ¢
to the nuclei of the cerebral nerves cross at different levels; those going t
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nuclei of N.IIT and N.IV have already erossed in the midbrain; those going to
the motor nueleus of N.V eross in the upper part of the pons; those going to
the nuclei of N.VI and N.VII eross at about the middle of the pons; those going
to the motor nuclei of N.IX, N.X and N.XII eross at suecessively 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 axons of the upper motor neurons going to the anterior-
horn eells of the spinal cord, the erossed fibers going through its lateral funiculus
as the fascieulus pyramidalis lateralis, the unerossed fibers going down in the ante-
rior funieulus as the faseiculus pyramidalis anterior. (See Fig. 589, p. 438.)

The great afferent, or general sensory, conduction path also presents ecertain
definite features in the pons and medulla that must be kept earcfully in mind.
The posterior funiculi of the spinal cord (uncrossed axons of peripheral sensory
neurons) end in the nuelei of Goll and Burdach at the lower end of the medulla
oblongata. These fibers carry homolateral impulses of deep sensibility and toueh.
The neurons of the second order, with eell-bodies in the nuelei of Goll and Bur-
dach, give off axons that form the internal arenate fibers, which undergo decus-
sation at the raphe of the medulla (sensory decussation or decussatio lemniscorum)
and then run forward in a eompact bundle on each side as the interolivary layer
of the lemniscus, and higher up in the pons as 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 earry the impulses of pain
sense and temperature sense from trunk and extremities; their path is already
erossed in the spinal cord. The fibers are continued upwards in the medulla oblon-
gata in the ventrolateral portion of the formatio 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 ecerebral nerves also form conduction
paths, not yet well localized by the histologists. There is evidenee that they run,
at first, separate from the spinal fibers and that, later, they join them in the
upper portions of the lemniseus medialis,. An exeeption, however, must he made
for the sensory neurons of the second order of the cochlear path. These run,
first, in the eorpus trapezoideum (erossing of the fibers) and in the striae acusticae,
and then form a compaet bundle, on the opposite side, known as the lateral lem-
niscus, or “lateral fillet,” which runs upward to terminate, partly in the inferior
funienlus of the eorpora quadrigemina (acoustie reflex mechanism for movement
of the head and eyes), and partly in the medial geniculate body, where a new
neuron system starts, which carries impulses thence to the acoustie sense area
in the eortex 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
cerchellar peduncles.  The inferior cerebellar peduncle (corpus restiforme) in the
pons, earries mainly ecentripetal neurons of the second order (continuations of
direet cerebellar tract and other spinocerebellar traets concerned in museular
coirdination).  The middle eerebellar peduncle (brach'um pontis) earrvies fibers
weting the nuelei of the pons with the cerebellum; and the superior cerebellar
peduncle (brachium conjunctivum) carries fibers eonnecting the cerebellum (espe-
ciully the nucleus dentatus) with the red nucleus and the cerebral cortex of the
opposite side, the erossing oceurring just eaudal from the red nuelei in the decus-
sulio brachii conjunetivi. 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 coirdinating activities of the eere-
bellum. The functions of the eerebellum are to a large extent subordinated in turn
to the activities of the cerebral cortex, partly through ecerebellopetal impulses
arriving through the superior peduncles, more largely through eerebellopetal 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 rhombeneephalon, the very important vestibular mechanism has its seat.
Through Deiter’s nucleus, which reccives impulses from the vestibular nerve, on
the one hand, and the cerchellum, on the other, and gives off a descending path
that goes to the anterior-horn cells of the spinal cord, the tonie innervation of
the musculature is in all probability kept up, and the regulatory, coirdinating
influence of the cerebellum on the movements of the extremities and trunk (see
“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 coirdinating, 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-
Jjugate 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, ete.

2. Tetraplegia; Hemiplegia cruciata; Hemiplegia
alternans

All these structures, local and conducting, are erowded together into
a very narrow space, so that a small lesion of the medulla or pons,
whether it be unilateral or bilateral, may produce large effects, Thus, in
the medulla oblongata, a small lesion may involve a pyramid and can-e
paralysis of the opposite arm and leg, or both pyramids simultaneous!y,
causing paralysis of all four extremities (fefraplegia). TIn one sitnation
in the medulla a lesion will paralyze the arm of the opposite side anl
the leg of the same side (hemiplegia cruciata).

Most lesions of the medulla oblongata proper (or so-called bullur
lesions), whether they involve the other motor and sensory paths or 1
canse some injury to the nuclei of origin or of termination of the cercliil
nerves arising or ending in it (N.XII, N.XI, N.X, N.IX) or to tlir
roots, and cause dysarthria, aphonia, disturbances of deglutition, or t:
According as the paralysis of the tongue is due (1) to lesions of the lov r
motor neurons (nucleus N. hypoglossi, or radix N. hypoglossi), :
usually the case in bulbar lesions, or (2) to lesions of the upper m or
neurons (corticonuclear path), DeR with atrophy in the muscles of o
tongue will, or will not, be present.

Focal lesions in the uppermost part of the pons, above the level w
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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 allernans, 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 above, the level of the
nucleus N. facialis, then the through motor path of the upper motor
neurons (corticonuclear path to N.IX, X, XI, XII; pyramidal tract
to opposite arm and leg) may be involved, simultaneously with involve-
ment (a) of the corticonuclear fibers to the facial nucleus after they have
crossed the raphe, (b) of the nuclens N. facialis itself, or (¢) 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 side of the body. This form of hemiplegia, the Millard-Gubler
type of hemiplegia alternans, or hemiplegia alternans inferior, is highly
characteristic of lesions in the pons. The facial paralysis is then usu-
ally a flaceid, degenerative paralysis owing to the involvement of the
nueleus N. facialis or the radix N. facialis (lower-motor-neuron 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 nuclens N.
facialis  (supranuclear facial paralysis; upper-motor-neuron lesion).
(Of eourse if these supranuclear facial fibers are injured before they
cross, the facial paralysis will be on the same side as the paralysis of the
arm and leg.)

Other forms of hemiplegia alternans may occur in focal lesions of
the pons and medulla; thus we 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 alternans infima).

One especially interesting type of hemiplegia alternans 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
allernans). Tt is obvious that this type differs from the Millard-Gubler
type in the addition of associated lateral eye-movement paralysis (due
to injury to the medial longitudinal bundle or to the pontile center for
iated lateral movements of the eyes). In some cases, the facial
paralysis may be contralateral, like the paralysis of the extremities,
Other forms of hemiplegia alternans occur with lesions of the midbrain

(q. v.).
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3. Hemianesthesia cruciata

Occasionally, in a lesion of the upper lateral region of the medully
oblongata, involving the tractus spinalis N. trigemini along with part
of the corpus restiforme, the fibrae areuatae internae, the nucleus -
biguus, and the upward continuation of Gowers’ tract, a crossed hemi
anesthesia (hemianesthesia eruciata) is met with; there is anesthesia o
areflexia of the face of the same side, and of the .n‘ln, trunk and leg of 1
opposite side; the disturbance of sensibility in the arm and leg usu:

shows a dissociation (analgesia and thermanesthesia only). Someti
there is homolateral bathyanesthesia with ataxia and slight tactile hy;
thesia. This lesion is most often due to embolism or thrombosis of
posterior inferior cercbellar artery. Dysphagia, dysphonia and singu!
may be temporary symptoms (IL M. Thomas, W. G. Spiller, Gordi

Wallenberg, Marburg and Breuer).
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Berlin, 1901, zrziv, 923-959. 2 pl

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 eye
muscles,

Bilateral lesions of the pons cansing paralysis of all four extremities
are usually associated with bilateral involvement of the corticonuelear
paths of the motor cerebral nerves, resulting in a supranuclear, non-de-
speech and deglutition,
Similar lesions in the medulla oblongata are prone to involve the nuelei

generative bulbar paralysis with disturbance of

of the cerebral nerves rather than to be suprannclear 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).

Foeal lesions in the pons are most often due to softening from thrombosis.
Hemorrhages are rare, but they do oceur; I have more than onee seen them at
autopsy.

The eell-bodies of the nuelei of the motor nerves in the pons and medulla
are not infrequently involved in poliencephalitis (corresponding to poliomyelitis
anterior in the cord). In multiple selerosis there are nearly always nodules in
the pons.

The motor nuelei of the medulla and pons are also involved in progressive
bulbar paralysis and in amyotrophie lateral sclerosis; not infrequently a progres-
sive. museular atrophy beginning in the extremities extends to the motor nueclei
of the bulb,

I'he medulla oblongata and pons are also frequently subjected to compression,
peeially 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 15 the supranuclear motor paths, or corticonuclear axons of the upper motor
irons, that are involved, somewhere between the cerebral cortex and the nuelei
origin of the motor cerebral nerves. In myasthenia gravis (q. v.) we have to
I with a bulbar paralysis without known anatomieal basis.

R

B




424 TOPICAL NEUROLOGICAL DIAGNOSIS

References

1. Lesions of the Pons

Bregman (L. E.). Ueber eine diffuse Encephalitis der Bricke mit Ausgang in Heilung.
Deutsche Ztschr. f. Nervenh., Leipzig, 1906, xxz, 450-461.
Ueber einen melastatischen  Abszess der Brucke. Deulsche Ztschr. f.
Nervenh., Leipzig, 1906, xrxi, 86-95.

Dana (C. L.). Acute bulbar paralysis due to hemorrhage and softening of the pons and
medulla; with reports of cases and aulopsies. Med. Rec., New York,
1903, lxiv, 361-374.

Dilley (T.). A falal case of pontile hemorrhage, with autopsy. Am.J. M. Sec., Philadelphia,
1908, cxxxv, 408-411.

Finny (J. M.). Tubercular tumor of the pons. Tr. Roy. Acad. M. Ircland, Dublin, 1889,
vit, 318-325. 1 pl.

Hektoen (L.). Pons sarcoma. Med. Standard, Chicago, 1893, ziii, 70-72.

Hirsch (R.). Die bei Erkrankungen der Bricke und des verlingerten Markes beobachteten
Symptome, unter specicller Beriicksichtigung der ocularen Symptome. Ztschr,
J. Augenh., Berlin, 1903, ir, 268-251.

Hun (H.). Gliomalous hypertrophy of the pons. J. Nerv. & Ment. Dis., New York, 1887,
xiv, 624-626,
Also: Med. News, Philadelphia, 1887, li, 386-388.

James (A.). Clinical lecture on a case of pons lesion. Clin. J., London, 1896-97, vii, 125
130.

McConnell (J. W.) & Bundy (Elizabeth R.). A case of pontile lesion with ocular sym -
toms. Ann.Ophth. & Otol., St. Louis, 1896, v, 166-164.

Meyer (A.).  Traumatic lesion of the pons and tegmentum with direct and retrograde degencra-
tion of the median fillet and pyramid and of the homolaleral olive. J. N
& Ment. Dis., New York, 1907, xxxiv, 699-700.

Miils (C. K.). Tumor of the pons Varolii, with conjugate deviation of the eyes and rolatior
of the head. J. Nerv. & Ment. Dis., New York, 1881, n. s., vii, 470-451

Reinhold (H.). Beitrdge zur Pathologie der acuten Erweichungen des Pons und der Oblon-
gata. Deutsche Ztschr. f. Nervenh., Leipzig, 1894, v, 351-37}.

Starr (M. A.). A case of alternate hemianalgesia, with some remarks upon the sensory dis-
turbances in discases of the pons Varolii. Med. Rec., New York, 1893,
zliii, 168,

Third (J.). Carcinoma of the pons.  Kingston M.Quarl., 1896-97, i, 76-78.

Valkenburg (C. T. v.). Zur Kenntnis der Radix spinalis nervi trigemini.  Monatsschr. |
Psychiat. w. Newrol., Berlin, 1911, xrix, J07-437. 3 pl.

Wandinger (Sebastian). Uecher Ponslisionen.  Minchen, 1902, C. Wolf & Sol
32p. 8.

Wood (C. A.). Glioma of the pons, with the eye symptoms and report of the autopsy, in n
child seven years old. Ophth. Rec., Chicago, 1904, ziii, 520-532.

2. Lesions of the Medulla Oblongata
Babinski (J.) & Nageotte (J.). Il:'-n_:iun'_l/urrm'f._ latéropulsion et myosis bulbaires o e

hémianesthésie et hémiplégie croisées.  Rev. meurol., Paris, 1902,
358-365.

Beriel (L.). Remarques cliniques sur les syndromes bulbaires supérieurs (Babinski- Nageo
Lyon méd., 1914, cxxii, 729.

Berkley (H. J.). A case of bulbar apoplexy; bilateral facial paralysis; partial paralys: f
the trigeminus; hemiplegia. Arch. Med., New York, 1882, viii, 97-1

Brissaud (

«  Diagnostic d'une tumeur du corps restiforme; autopsie. Progrés n ',
Paris, 1894, 2¢ 5., xiz, 41-46,

Koh
Leyd
Marl
Mari
Osler
Sabir
Striir
Taylo

Thom
E

T
or di
(1) ¢
and

the ec

C
crania
or up
skull-¢
the cey
pons, 1
() d
(T) ge
neck.

As l
in diag,
the brai
headach
(n) toi




feilung.

ichr. f.

ns and
York,

lelphia,
, 1889,
‘chteten
Zlschr,

| 1887,

symp-

1enera-
Ner

olation
0-481
Oblon-
ry dis-

1893,

whr. f.

Sohn

LESIONS OF THE CEREBRUM 425

Clarke (J. M.). Tubercle of medulla oblongata. Bristol M -Chir. J., 1889, vii, 194-197.
1pl.

Dercum (F. X.). Tumor of the oblongata presenting ataxia and astereognosis as the most

prominent early symploms. J. Nerv. & Ment. Dis., New York, 1899,
zIvi, 477-4H.

Kohnst; (0.) & Q l (F.). Studien zur physiologischen Anatomie des Hirn-
stammes. J. f. Psychol. u. Neurol., Leipzig, 1908, riii, 89-96.

Leyden (E.) & Goldscheider (A.). Erkrankungen der Medulla oblongata
u, Therap. (Nothnagel). Wien, 1897, x, pt. 2, 2. Abth., 67

Marburg (0.). Zur feineren topischen Diagnostik der Krankheiten der Medulla oblongata.
Jahrb. f. Psychiat., Leipzig u. Wien, 1903, xxiii, 411.

Marie (P.) & Foix (C.). Sur la dégenération pseudohypertrophique de Uolive bulbaire.  Rev.
neurol., Paris, 1913, xrvi, 48-52.

Osler (W.). Glioma of the medulla oblongata. J. Nerv. & Ment. Dis., New York, 1888, xv,
172-176.

. Path.

Sabin (Florence R.). An atlas of the medulla and midbrain. Baltimore, 1901, Frieden-
wald. 146 p. 8pl. 5°.

Striimpell (A.). Zur Casuistik der apopleltischen Bulbirlahmungen. Deutsches Arch. f.
klin. Med., Leipzig, 1880-81, xxviii, 4362,

Taylor (E. W.). (h:,mmll of the oblongata. J. Bost. Soc. M. Sc., 18991900, iv, 111-118.
1pl

Thomas (H. M.). Decussation of the pyramids; an historical inquiry.
Hosp. Bull., Baltimore, 1910, xxi, 504-311.

E. Topical Diagnosis of Lesions of the
Cerebrum

The cerebrum ineludes the midbrain or mesencephalon, the interbrain
or diencephalon, and the end brain or telencephalon.  We 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.

Johns Hopkins

1. General Cerebral Symptoms

Certain general cerebral symptoms are due to an inerease of intra-
cranial pressure, following upon an increase of the cerebrospinal fluid
or upon the presence of some abnormal gpace-oceupying mass, within the
skull-cavity, They represent, in part, interference with the funetions of
the cerebrum itself, in part injury to other parts of the brain (cerebellum,
pons, medulla oblongata). They inelude: (1) choked disk, (2) headache,
(4) dulling of conscionsness, (4) vomiting, (5) vertigo, (6) bradyeardia,

(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 organie disease of
the brain (e. g., brain-tumor), it must not be forgotten that several of them, like
headache, vomiting, dulling of consciousness, and general eonvulsions, may be due
(1) to intoxications of the brain (e. g., uremia, aleoholism, lead-poisoning), (b) to
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general infection (septicemia, searlet fever, typhoid), or (¢) to local infections
(meningitis, encephalitis). Even the presence of choked disk, or neuritis optiea,
does not necessarily indicate the presence of a brain-tumor; for this condition may
be met with in atheroselerosis, 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 organie disease of the brain, it 1lso true that a real
organie disease of the brain may for a long time eause only single subjective symp
toms like vertigo, or headache. Not infrequently in such ecases, the diagnosis
of a psychoneurotie state (psychasthenia; neurasthenia; hysteria) is erroneounsly
made, when in reality we have before us a beginning brain-tumor, a eerebral athero
selerosis, or some other form of organie cerchral disease. In all such cases, it
is well to hold the mind open until observation, over a considerable period, ha
shown the absence of any progression of the cerchral symptoms, or the persistent
absence of objective symptoms like choked disk and of definite foeal 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 |
ganie dis
time without the appearance of such focal symptoms, especially if the

sion of definite areas in the brain are most important. Oy

ase of the brain may exist, as we have already said, for a long

called silent areas ave first involved, but, sooner or later, if the disease Lo

progressive, symptoms will usually appear, (1) throngh direct extension
of the pathological process to the non-silent areas (focal symptoms), (2

throngh action of the disease in the silent areas upon the neighborin

non-silent areas (neighborhood-symptoms), as when, for instance, a

ease, beginning in the nuclens candatus or in the thalamus, causes 1o
symptoms until the adjacent internal eapsule is pressed upon and canses
disturbances of motility or sensibility like those that are 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 funetion norm
supplied by the cerebral substance injured by the focal lesion (diasch
symploms of v. Monakow).

The symptoms due to diaschisis are dynamie in origin like the syuip
toms due to shock. If a piece of intestine or the stomach be erushed,
symptoms extend far bevond the nenron complexes directly injured;
lent centripetal impulses are set up, which affeet deleterionsly gronp
neurons far removed from the site of the injury; serions svmpt
(cardiae, respiratory, vasomotor, secretory) appear in the form of ger
prostration with psychic disturbance. The disturbances in shock
severe but transitory ; the patient either dies or he recovers quickly.
action at a distance after a lesion of the central nervons system is som
different. Thus, after a cerebral hemorrhage, the knee-jerks may
appear entirely for some time.  Or, with a lesion in the left hemispl
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not directly involving the speech areas at all, there may be, at first, severe
aphasice disturbances,  Again, with a very small destruetive lesion in the
\Ii('('(']l ar

there may be severe speech disturbance at first, and, later,
all will disappear except a slight residual defeet.  Thus, after
focal lesion, the neurons at a distance connected with the

1 central
neurons de-
stroyed cease temporarily to funetion or show diminished funetion (phe-
nomena of dinschisis) ; later, the distunt function may be restored
whole or in part through adaptation, the dynamie disturbanee disappear
ing (“wearing off” of the diaschisis). There is a good deal of ditference
of opinion as to how far we may justifiably apply v. Monakow’s doctrine
of diaschisis in explaining nervous symptoms,

By focal lesions of the cerelrum, we mean those that are not diffuse.
but are cirecumseribed, involving certain arcas (foei) only. A foeal, or
cireumseribed lesion, if it affect a silent area, may not eause symptoms,
but when the foeus is in a non-silent area, symptoms of disturbance of
motility, of eutancous or deep sensibility, of the special senses, of speech,
of writing, ete., will appear; these symptoms are called

“focal symptoms.”
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3. Lesions of the Midbrain (Mesencephalon)

The midbrain, though anatomically a part of the cerchrum, is perhaps more
closely related in structure to the pons and medulla. Tt is divisible into two parts:
(1) that lying dorsal from the level of the aqueductus cerebri, known as the cor
pora quadrigemina, and (2) that lying ventral from it, known as the eercbral
peduncle (pedunculus cerebri).

The corpora quadrigemina eonsist of four “hillocks,” the two upper ones (su-
perior colliculi) being (1) an optie reflex eenter, and, to a cerfain extent, perhaps,
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Pig. 587.—Diagram of Section T h the Midbrain, at the Level of the Corpora
quadrige nd the Cerebral Peduncles
(2) concerned in visual acu central vision; the two lower hillocks (inferior

colliculi) are acoustie reflex centers.

Each eerebral peduncle consists of two parts, (1) a dorsal part, or tegment
and (2) a basal part (basis pedunculi), sometimes called the “foot of the «
bral peduncle,” or pes pedunculi.

The tegmentum and basis are separated from one another by the
stantia nigra.

In the tegmentum, there is a mass of gray matter surrounding the aquedu s
cerebri, known as the “central gray matter,” in which are situated, on each
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