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PREFATORY NOTE.

During his tenure of assistantship in the medical
clinic of this place Dr. Jakob has busied himself in a
most industrious manner with the normal and patho-
logical anatomy of the nervous system. By means
of most approved methods of investigation he has
prepared with great care a large collection of histo-
logical preparations, and these in connection with the
uncommon talent for drawing which he possesses have
put him in a position to prepare the following atlas
almost entirely from his own preparations and draw-
ings. Every unprejudiced observer will, like my-
self, I think, be convinced that the illustrations con-
vey everything that can be thus given. They give
the actual relationships in a clear and lucid manner,
and they depict with great completeness nearly all the
numerous important discoveries which the last dec-
ades have brought forth. The student as well as the
practical physician who wishes to keep in touch with
the advance which medical science has made from
the standpoint of the neurologist is given the oppor-
tunity to get a clear conception of it by means of this
atlas. The intimate relationship existing between
clinical pathology on the one hand and normal and

pathological anatomy on the other is scarcely so strik-
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AUTHOR'S PREFACE.

IN the present atlas I have endeavored to portray
an important chapter of medicine, which usually re-
mains, for the majority of students and physicians of
all classes, foreign and unenjoyable. I have, more-
over, endeavored to take this bugbear and to place its
usual normal and pathological anatomy in compre-
hensible form. It has been my idea to make easy of
comprehension for students the clinical picture asseen
at the bedside and the processes on which it de-
pends; and at the same time to make it possible for the
practical physician, who has heretofore stood aloof
from this subject, to understand the meaning of the
most important recently developed facts of neurology.
To this end I have made the freest use of illustrations.
In the text everything unnecessary, especially of a
histological nature, I have relegated as much as pos-
sible to the background.

The illustrations serve substantially to show the
facts as they actually exist, without being schematic.
The exhibition of stained specimens was unavoidable.
Unstained fresh specimens have, however, been used.
The actual study of the fresh brain can be substituted
by no form of illustration, even photographic. The
reproduction by lithographs and woodcuts has been

v



AUTHOR'S PREFACE.

carried out with unusual care under my entire con-
trol.

The source of the illustrations is the pathological
collection which I have been able to arrange during
my assistanceship of several years in the medical
clinic at Erlangen from its very rich material. I
owe the greatest thanks to my former respected chief,
Prof. Dr. Striimpell, for the liberality with which
he has always placed everything necessary at my
disposal, for the gracious support which he has al-
ways given me in every question, and in this place
I may be permitted to make acknowledgment of the
same.

A few words on the study of the illustrations: From
the natural limitations of the pages devoted to text it
has been impossible to describe in detail the wealth
of facts which are to be seen in the figures. The pie-
tures, therefore, contain decidedly more material than
18 explained.

I consider this indeed rather an advantage for the
book. I hope that by this means actual close study
will be directed toward the illustrations. And thus
the formation of an independently reached decision of
the greatest importance for our science may be made
possible. The material presented appears to me in a
certain way to tend in that direction.

CHRISTFR. J AKOB.
BAMBERG, Summer, 1895.
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Explanation of Plate 13.
STRUCTURE OF THE NEURONS.

Every neuron consists of a nerve cell and its prolon-
gations, the nerve fibres. The cells as well as the
fibres ramify multifariously. Two kinds of mneurons
are differentiated: neurons with a long nerve prolonga-
tion (Deiters’ type) and neurons with only a short nerve
prolongation (Golgi’s type).

Fia. 1.—A Pyramidal Cell from the Cerebral Cortex
with its Tree-like Ramifications (dendrites, protoplasmic
prolongations). Each prolongation has numerous bud-
like, later twig-like branches. The never fibre of the
cell (axis-cylinder prolongation) is designated by a. Its
terminal ramification oceurs remotely in another part of
the brain or of the spinal cord and takes place around
the dendrites of ganglion cells there lying (Fig. 2).
This neuron has its course and termination entirely in
the central organ, and is therefore called central neuron.

Fia. 2 represents a ganglion cell with its dendrites
from the anterior horn of the spinal cord. Between its
ramifications lies the terminal arborization of the nerve
fibre of the central neurons. Its nerve fibre (a, axis-
eylinder prolongation) after a short course goes out of
the central organ and passes peripherally to the soft parts.
The entire neuron is therefore called peripheral neuron.

Fia. 3 shows the schematic construction of the nerve
tracts from such neurons, especially the motorial (cor-
tico-muscular tract) is represented above. The central
motor neuron (red) splits up around the cells of the
peripheral neuron (blue); similarly in part i1s the con-
struction of the sensory tract from two neurons. The
peripheral sensory neuron (brown) ends with its ter-
minal arborization around the cells of the central sensory
neurons (green). The fibre arborization in the centrif-
ugally conducting motorial neurons occurs in a reverse
sense to that of centripetally conducting sensory.
These are then the projection tracts. In the cortex are
other neurons (green), which from their manifold connec-
tions are called the association tracts. (More in text,
Section ITL.).
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Explanation of Plate 15.

CErEBRAL (CORTEX.

Fi1G. 1 shows the Covtex of the Frontal Lobe.

Fic. 2 that of the Occipital Lobe, Strong Magnification.

The left half shows the pyramidal cells, the right half the fibres ;
both naturally lie together.

The cortex of different convolutions is individually very differ-
ently constructed, nevertheless there is certain uniformity in the
proton.

In the layer of pyramidal cells there can be differentiated an
upper, a middle, and an inferior formation. The upper layer
has small pyramidal cells ; the middle, large, contiguous, pyram-
idal cells. The largest cells are found in the middle layer (es-
pecially numerous in the frontal lobes and the central convolu-
tions). In the inferior Jayer smaller cells are found.

The nerve fibres of the cortex come in part from the medullary
substance of the hemispheres (5). These radiate, arranged in
tufts, in a straight manner into the cortex, and end somewhat
beyond the middle of the cortex (radii). Between these verti-
cally passing medullary fibres ramify the remaining cortical
fibres, thus forming the tangential fibre network, a part (2, 3)
above the radiations, superradiating, a part within the radia-
tion, interradiating network. Between both () is a thick collec-
tion of tangential fibres (Baillarger’s, Gennari's, Vic d’Azyr’s
layer), which can be seen distinctly in the cortex of the cuneus.
Close beneath the pia and very superficially lies () a layer of
such tangential fibres. In it and beneath it until the first pyram-
idal cell layer is reached and also in that are seen small oval
cells (not represented) with short ramifications (Golgi’s type).
All these cells are built on the same principle as the pyramidal
cells of Plate 13, Fig. 1. The entire tangential network is in
connection with the ramification of the fibres. The medullary
radiations are in connection in part in the cortex with the nerve
fibres that arise from its cells, and in part with fibres that come
from one portion of the cortex and undergo terminal distribution
in another, such as the projectios and association fibres. See
scheme of the cortex, Plate 13, 3, above.

19



Explanation of Plate 16.
Brain CorTEX AND MENINGES.

Fi1c. 1.—Scheme of the Meninges.

The dura (d) covers over the bony tables of the
skull cap, representing the position of the periosteum;
beneath 1s the subdural lymph space.

The arachnoid («) united with the pia (p) lies in
close apposition to the brain and passes over the fis-
sures like a bridge. DBeneath it the multi-compartment
subarachnoidal space in communication with the ven-
tricular cavity, which forms large spaces (filled with
cerebro-spinal fluid) at the base in front of and behind
the pons. The Pacchionian hodies (G.P.) are connec-
tive-tissue accumulations of the arachnoid. The pia in-
ternally lies on the outer layer of the cortex and sends
its blood-vessels in all over the cortical substance;
it covers, therefore, the sulci as well. Beneath the
brain cortex 1s the radiating medullary substance.

Fic. 2 is a tuft of the choroid plexus, the vascular
prolongation of pia in the third ventricle. One recog-
nizes the cubical cpithelium and the vessel walls.

Fi1a. 3 is a single small cortical convolution from the
cerebrum; the radiating black-colored (nmaturally white
substance) medullary substance passes out bush-like
(photograph).

Fic. 4 shows the somewhat different architecture of
the cortex of the cerebellum compared with the cortex of
cerebrum. The medullary substance (black) is smaller.
Close to it is the nuclear layer (zona granulosa) of the
cortex (blue), on the borders of which are the large
cells of Purkinje (see Plate 14, Fig. 2). Their rami-
fications form, as well as those of other medullary fibres,
the molecular zone of the surface. Then comes the
closely apposed pia covering (not represented). A por-
tion of the nuclear cells form (not represented) short
ramifications of Golgi’'s type.
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Explanation of Plate 17.
CereEBrAL CONVOLUTIONS.

Figs. 1 and 2 show schematically the convolutions
and fissures of the cortex on the external and median
surfaces of the hemispheres.

One recognizes in the frontal lobe three gyri (gyrus
superior, middle, and inferior). These are separated
behind from the central convolutions (4. centr. ant. and
post.) by the central suleus. On the median surface
the lobus centralis is called the lobus paracentralis.
The parietal lobe divides into the upper and lower group
of convolutions, the lower being divided into the supra-
marginal gyrus, the angular gyrus, and the pre-occipital,
and on the median surface the upper appears as the pre-
cuneus. In the occipital lobes are the three gyri—
superior, middle, and inferior—and on the median sur-
face there is found the cuneus and lingula separated by
the calcarine fissure. The temporal lobes have likewise
three convolutions, the superior, middle, and inferior
gyri, and on the median surface the temporo-oceipital
gyrus borders on the inferior marginal convolution, the
gyrus hippocampus (anteriorly the uncus). The upper
marginal convolution constitutes the gyrus fornicatus.

Fic. 3.—The Position of the Psycho-Motorial and
Psyeho-Sensorial Cortical Centres in the Skull Cavity.

The central representation for motility and sensibility
of the periphery of the body is in the cortex of the cere-
bral hemispheres. Parts known with certainty to be the
seat of such representation are the central convolutions,
the inferior frontal and the upper temporal lobes, and the
cortex of the occipital lobe (especially its median surface).
The apportionment and limitations are given in the figure.
LI C motor centre for the lower extremites, 4C for the up-
per, VIIC for the face musculature, X7/C for the hypo-
glossal; MSpC motorial, SSpC, sensorial speech centre,
SC centre for vision; Ss, sensory sphere (trigeminus and
extremities). For further, see Section IV. The upper
end of the central suleus (fissure of Rolando) is to be
found 5 em. hehind the coronary suture. A sagittal section
through the root of the nose and the external protuberance
passes somewhat beneath the fossa of Sylvius. With this
line the central sulcus forms an angle of about 65°.  If the
so formed Rolando’s line is divided into three parts, the po-
sition of the motor centres will be practically determined.
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Explanation of Plate 19,

LATERATL ViEw oF THE MEDULLA OBLONGATA WITH
THE SCHEMATIC REPRESENTATION OF THE NUCLEI
AND THE INTRAMEDULLARY COURSE OF THE (CRANIAL
NERVES.

The uppermost nerve is the motor oculi (Z1I). Its nucleus,
of long extent and consisting of several parts, lies in the central

ray matter of the ventricle beneath the aqueduct of Sylvius.

ehind it lies the nucleus of the trochlear nerve ; the nerve (/1)
passes dorsally as one of the cranial nerves out behind the pos-
terior quadrigeminal bodies, decussates with its fellow of the
other side, and then passes to the base.

The trigeminus (}) arises in two portions; the anterior mo-
torial ( Vin) arises from the motor (V) nucleus, to it is joined
the probably motorial nasal descending root (rn), which arises
laterally from the aqueduct (here represented as sensory root).
The posterior sensory (V3) originates from the Gasserian gan-
glion and separates in the pons in three portions: one portion
ends in the sensory vagus nucleus; a second portion passes as
the caudal ascending root (r¢) through the medulla as far as the
first cervical segment, where it ends by de%rees; a third portion
passes to the cerebellum. The facial ( V/I) arises from its ex-
tensive and deeply situated nucleus in the medulla, gathers itself
together to the knee of the facial, passes around the adducens
nucleus (V1) with an outward curvature, and finally emerges
beneath it. The course of the abducens is simple. The audi- -
tory (VIII) ends as the cochlear nerve (VIIle.) in the ventral
nucleus, and as vestibular nerve ( ¥/I») in the dorsal nucleus and
its environs ; one portion passes as descending root of the V/II,
a short distance further toward the spinal cord (not represented).
The sensory glnssnphﬂ.rj'nﬁeal—?agus fibres come out from the
petrosal and jugular ganglia and end in the sensory JX and X
nuclei in the posterior end of the calamus scriptorius (X, green) ;
a portion passes as descending root of the X some distance
toward the spinal cord (solitary fascicle). The motor fibres
arise in part from the nucleus ambiguus (X, blue), and in part
from the spinal accessory nucleus.

The hypoglossal (X7I7) nucleus lies in the ecaudal dorsal se%-
ment of the medulla and sends its fibres out through the medulla
laterally to the pyramids. The nucleus of the spinal acces-
sory (XI) reaches far down in the upper cervical cord and its
fibres pass out through the lateral columns; 7.p=posterior,
upper cerviacl root from the spinal ganglia, r.@=anterior upper
cervical roots.
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Explanation of Plate 20.

i

Tae NucLeaAr LAveEr or THE PERIPHERAL Moror
NEURONS.

Fra. 1 shows a segment from the anterior gray horn
of the cervical cord with its motor ganglion cells. From
these cells the roots of the anterior motor nerves origin-
ate (ra), which pass through the adjoining white sub-
stance of the antero-lateral columns (the medullated
nerve fibres stained black on transverse section).

The medullated fibres which are woven around the
cells subserve in part the transportation of reflexes (ve-
flex collaterals from the posterior roots).

Fia. 2 represents a part of the hypoglossal nucleus.
The numerous large multipolar cells give rise to the
fibres of the hypoglossal nerve. Coursing around the
cells are innumerable medullated nerve fibres of varying
diameter which form a fine network. These fibres are
in part central tracts, and in part unite the nuclei of
the two sides, especially the inner parts (in this way
the unison of action of both halves of the tongue is ex-
plained) and thus serve for transmission of the reflexes.
In an entirely similar way the facial, the motor oculi,
ete., nuclei are constructed.

In these two territories, therefore, begins the periphe-
ral motor neuron, while simultaneously the terminal
ramifications (the latter are not perceptible with this
staining) of the central neuron take place about these

cells.
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Explanation of Plate 22.

Fic. 1.—Sehematic Representation of the Composition
of the Cervical Cord on the Left, of the Lumbar Cord on
the Right.

Between the anterior fissure (suleus anterior, S.a)
and the anterior roots (r.e.) lies the anterior column.
It consists of the anterior uncrossed pyramidal column
(pyramidal tract, Pye) and the anterior ground bundle
(f.ez.). DBetween the anterior and posterior roots (rp)
lies the lateral column. It is divided into the column
of Gowers ((r), the lateral pyramidal tract (Cb), the
crossed pyramidal tract of the lateral column (Py), the
lateral ground bundle (fa/) (ground bundle of the lateral
columns), and the lateral limiting layer (f).

The posterior columns are divided into the columns of
Goll (&) and the columns of Burdach (B). In the pos-
tero-lateral portion of the latter the posterior roots enter
(the posterior root zone). At the apex of the poste-
rior horn Lissauer’s column is situated (L) (medullary
bridge) ; z. ». =postero-external, ». =the ventral field of
the posterior columns. The gray substance is divided
into the anterior (C.a.) and the posterior (C.p.) horns;
between them in the middle line lie Clarke’s columns
(CTy.

I]n front of the central canal (c.c.) lies the anterior
white commissure (C.a.), and behind the same the poste-
rior gray commissure. The ganglionic cells of the ante-
rior horns are divided into a lateral and a medial group,
each of which is further divided into an anterior and
posterior portion. In the base of the posterior horn is
the substantia gelatinosa (S.g.); contfiguous with this 1s
the zona spongiosa, and with the latter the above-men-
tioned white medullary bridge.

Fia. 2.—The Central Canal and its Environments;
Strong Magnification.

The canal is lined with cylindrical epithelium. One
recognizes the medullated fibres of the anterior and pos-
terior commissures,
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terior useles (intercalation of the ciliary ganglion), ciliary muscle for accommoda-
[t tﬁgﬂpmn:mat the pupil for contraction of the pupil.
{ () exterior eye muscles; levator palpebrm superioris: rectus superior, intornal, inferior—
i inferior obligue, movement of the eyeballs upward, inward, and downward.

rior oblique of the eye (movement downward and outward).
%‘u’;ﬁlea of astication;. masseter, temporal, Ftermnld. mylo-hyoid—ant. digastric, tensor
tympani, tensor and levator veli palati. Secretion of tears?

. Externsl rectus of the e{e {outward movement).
, The mimic face musc

es; frontal, orbicular of the efca and mouth; zygomatici, mental:
gl.atyamn. Of the ears, stapeding, posterior digastric, etc. Nasal secretions. Tear secretion?
alate musculature
Throat musculaturs (eonstrictors), cnco-thyroid, secretion of gastric juice. Movements of
Tomgue musculature, sternc-hyoid, thyreoidei. eart and breathing.
Larynx musculsture (voice formation), palate, pharyngeal musculature (with the vagus)
{act of smallowing) —sterno-cleldo-mastoid (rlraw{ng the head laterally and nodding). Trape-
zins (in part) (shrugging the shonlders). 1 [head).
Posterior superficinl and deep head and neck muscles (elevating and lateral movements of
Deep posterior and anterior back muscles. Trapezius in part (movement of head and throat).

Bealeni (elevators of the ribs, breathing), longus colli

Diaphragm (breathing).

Deep neck muscles. -

Pectoralis major (anterior adduetion of the llf‘per arm), pectoralis minor, subelavius.

Levator scapilm, rhomboids (dorsal nerves of the scapula) (draws the s:cn]{n]a inward and up-

ward), serratus anticus major (long thoracie nerve) fixes the shoulder blade and draws gﬁg

same in conjunction with the arm above the horizontal.

Supraspinatis (raises and rolls the arm outward), infraspinatus, teres minor (rolls outward).

Subscapularis, teres major (rotates inward), latissimus dorsi (adducts the arm and draws it

Dreltoid (raises the arm to horizontal. ) 2 [backward ).

: e b I{_ﬂ exor of forearm and supinator), brachialis anticus (fexor of forearm), coraco-

hrachialis.

Flexor communis digitorum (radial portion) (bends the terminal phalanges), ﬂcxorlunT.m pol-

licis {end phalanx), fexor carpi radialis, pronator radii teres, and quadratus, palmaris longus,

thenar muscles (opponents of thumb fex the primary phalanges and extend the terminal pha-

langes), lumbricales 1, 2, seldom 3 (flex the peripheral phalanges and extend simultanecusly

the terminal phalanges).

Triceps (extensor of forearm), radial portion of brachialis anticus, supinator longus! (flexes

ronates the forearm), extensor communis digitorum (sxtensor of the peripheral phalan-
= tan=or pollicis—abductor pollicis, supinator bravis, extensor carpi radialis and ulnaris,

Flexor profundus digitorum (ulnsr portion), see 20. Flexor carpi ulnaris, hypothenar, inter-

ossed (flex the peripheral phalang), lnmbricales (3 and 4), see 20, adductor pollicis.

Deep back muscles.
Intercostal muscles.
Deeps back muscles (extensor of trunk).

. Intercostal muscles.

Back muscles,
Intercostul muscles, abdominal muscles (reetus, external obligue) (compressor of abdomen).

Back {lumbary muscles.

Transverse abdowinal, internal obligue (compressor of abdomen).

Cremaster, transverse, oblique.

. External obturator, adductor of thigh, gracilis (adductor).

Paoas (lumbar plexns), 11§ i =
Paoaa iho f) biexus), iliacus internus (draws up the thigh, flexes the trunk), quadriceps {ex

Glutens medios, mini > . 3
{xioronus (abd m:,tmj_mm (abductors of thigh), tensor vagine femorls, pyriformis, obturator

mlltumf maximus (extends the thigh).
gmﬁl&,\. biceps, semitendinosus, semimembranosus (fex the leg), quadriceps femoris (ad-

Tdiiglln‘nr-_-nw.tli:gsi 1 raises the inner border of foot), peronel iraise outer border of foot), extensor

Guastroenemiug, soleus (plantar flexion of the foot}, flexor digiti, tibialis posticus.

| Small muscles of foot (flexor brevis, interossel, ete.).
Levator, internal sphincter ani, sphincter vesicms.

. Bphincter ani, perineal musculature, bulbi cavernosi, ete.

External sphincter and.
29

Explanation of Plate 23.
DivisioNn oF THE Bramwy axp Seizvar Corp NERvVES,

One is able to recognize the level of a brain or spinal
cord segment by the individual nerve roots which come
from it. An exact representation of the segments of the
brain stem and of the spinal cord are given in the text
(Fig. 6, page 48). Of greatest importance is the rela-
tion of an individual segment of the spinal cord to the
spinal column (spinous prolongations) and a knowledge
of the point of exit of the spinal nerves. The nerves of
the lumbar cord pass far below the segments from which
they have their origin before they make their exit.
This knowledge and a knowledge of plexus formation is
presupposed.

The segments are represented in red; the motor nerves
are blue, and the sensory after their exit from the plexuses
are brown. In the same way the color of the lettering
is represented. The further divisions of the sensory
cutaneous nerves are given pictorially and more lueidly
than by written description, in Figs. 10, 11, 12, text
p. 102 and the following.

The motorial nerves (the most important) are num-
bered, aud there is also a table setting forth the muscles
that are innervated by these nerves and such essentials
of their function as is carried by their names,
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Explanation of Plate 28.

Fra. 1.—Section through the Parietal Lobe (ante-
rior portion).

The brain stem passes farther and farther out from
the hemisphere. The peduncle (Ped.) is entirely free;
the thalamus (pulvinar) is connected only by its upper
and posterior stalk. Between the peduncle and the
internal capsule (posterior segment) the lateral genicu-
late body (c.g.l.) (in which the optic tract ends) and
the medial geniculate body (e.g.m.) have pushed them-
selves in. The inferior horn of the ventricle (¢.i.) has
opened out and one easily recognizes the condition of it
produced by the rolling in of the hippocampal gyrus,
from the free border of which the fimbria (/) passes up-
ward. Laterally from the lateral geniculate bodies the
optic radiation (S') passes through the posterior limb of
the internal capsule toward the cortex of the occipital
lobes. From the vicinity of the subthalamic region the
most important part of the tegmental area has its origin,
the subthalamic body has disappeared, the fillet (S5) has
broadened out, the red nucleus (n.7.) has become larger.
The third veutricle passes beneath the posterior commis-
sure (c.p.) into the aqueduct of Sylvius (4.S5.). The
medial peduncular fibres are covered over by the most
anterior of the transverse pontal fibres (#). Posterior
insular convolution, lenticular nucleus disappeared;
pineal gland (¢).,

Fia. 2.—Section through the Parietal Lobe (poste-
rior portion).,

The brain stem with the pulvinar has completely sepa-
rated itself from the hemisphere, The picture is similar
to the first cross-section through the frontal lobe.

Corpus callosum (e.c.), posterior horn of the lateral
ventricle (v.p.), assnmatmn bundle (Fli., Fare.), the
optic radiation ((.0.) passes from the primary optic
centres (corp, genic, lat., corp. quadrigem. anterior,
pulvinar) farther in the oceipital lobes.

Parietal convolutions, gyrus angularis (g.ang.), cal-
carine fissure ( f.c.), supramarginal gyrus (g.smg.), lin-
gula (L.l.), cuneus (cun).
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Explanation of Plate 34.

Fra. 1.—Section through the Posterior End of the
Pons.

The facial (». V1) and the abducens nuclei (n. V1)
have made their appearance in the tegmentum. The
fibres of the facial (FII) pass as indicated on the
right, arch around the abducens nucleus, collect at the
knee (g), and then pass horizontally and eventually
basalward out of the medulla (VI!). The course of -
the abducens (FVI) is more simple. Its nucleus is
clearly in connection with the superior olive.

Substantia reticularis (Srt), fillet (Ls), etc., as be-
fore. Laterally from the trunk of the facial passes the
caudal (descending) trigeminus root (F.e.) which has
now made its appearance, with the sensory root of the
fifth. To the outside of these the processus cerebelli ad
pontem passes downward (Fr.a.p.), and between this
and the brachium conjunetivam lie the restiform bodies
(s.C') (process. cerebelli ad medull. oblong.) which can
be seen more distinctly in the following section.

Fia. 2.—Section through the Auditory Nucleus.

In the medullary substance of the cerebellum is the
corpus dentatum (C.d.), in the medullary substance of
the vermis (#7) and other lobes the nucleus tegmenti
(n.t). Medially from the flocculus (#¥) of the cere-
bellum the acusticus ( VZ/[I) passes in. Its cochlear
branch (VIIl.c¢) ends in the ventral acoustic nucleus
(n. VII1.c.) laterally to the restiform body (e.».) (sche-
matic on the right). Its vestibular branch (n. VIIILv.)
ends in the dorsal acoustic nucleus (n. ViIld.) and in
the nucleus of Deiters just lateral to it (».D.) (con-
tinuation of the locus cceruleus). From the central
nuclens of the eighth the corpus trapezoides (e.#r.)
passes transversely through the medial fillet (L.s.) (also
to the superior olive) to the lateral fillet of the other
side. Another portion of the (central) aeuustii tract
passes in the stri@ acoustice (str.e.) (schematic on
right) to the same place. The pyramids (Py) have
passed from out the pons.

(From here on the illustrations are photographs.)
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Explanation of Plate 37.

]!'m 1.—Section through the Right Tegmental Region
at the Level of the Facial Nucleus,

One should compare the lettering with Fig. 1, Plate
34. From the deeply lying facial nucleus (n. VIl) the
individual fibres pass upward.

Likewise the pathway from the superior olive (ol.s.)
to the abducens nucleus (N V1, white), (which last was
more clearly recognizable somewhat further forward) is
to be seen. From the cerebellum pass the restiform
body (Cr) and the processus cerebelli ad pontem (C%).

From the genu facialis (g V1Il) passes the united
trunk of the seventh over the ependyma of the fourth
ventricle (vfV). To the fillet passes from the neigh-
boring ventral acoustic nucleus the corpus trapezoides
(through the inner fillet).

Lateral from the trunk of the facial lies the descend-
ing root of the fifth (Ve¢), immediately in front of the
substantia gelatinosa (S¢), which is the continuation up-
ward of the posterior horns of the spinal cord. Dor-
sally therefrom is the dorsal nucleus of the eighth
(nVIIl) and the nucleus of Deiters (n..D.); superior,
inferior fillet (Ls.i.); substantia reticularis (Srf);
central tegmental tract (¢f); raphe (K).

Fic. 2.—Section through the Ventral Acoustic Nucleus
af the Left Side.

‘The restiform body (¢r) has passed entirely out of
the cerebellum and helps to form the lateral Wall of the
fourth ventricle. Laterally from it lies the semiciren-
lar ventral auditory nucleus in which the cochlear
nerve goes. This is more developed in Fig. 2, Plate
34. From its central tract the black-colored fibres of the
strize acusticee (sftra), which can be distinctly seen here,
pass over the floor of the fourth ventricle to the median
line. They cross on the raphe (&) and pass farther for-
ward in the lateral fillet. Dorsal nucleus of the eighth
(n VIIId), medially therefrom the nuclear region of the
glosso-pharyngeal (nIX), facial nucleus (nVII1), sub-
stantia reticularis (Srf), central tegmental tract (cf),
median fillet (L), pyramid, posterior longitudinal fas-
ciculus ( 1), flocculus of the cerebellum (/2), descending

acousticus root (ad).
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Explanation of Plate 38,

Fi1c. 1.—Section through the Cerebellum and Medulla.
(Posterior portion of the Fourth Ventricle.)

The fourth ventricle (vZ¥7) is here closed laterally
only by the meninges as the restiform bodies (er) have
entirely passed out of the cerebellar hemispheres. The
roof of the ventricle is formed by the vermis (¥), the
superior vermis (vs), the inferior vermis (vi).

In the cerebellum the corpus dentatum (ed) and the
nucleus tegmenti (#£). The borders of the hemisphere
are cut away. Nodulus (n).

In the medulla one recognizes the pyramids, the
olives, the restiform bodies, etc.

Frc. 2.—Section through the Medulla at the Level of
the Glosso-Pharyngeal —Vagus Nucleus.

Laterally from the pyramids the inferior olives (ol)
have made their appearance. From the restiform bodies
(¢r) pass the cerebellar fibres (fol), decussating to the
olive of the other side. Between the olives near the
raphe (K ) is represented the “interolivary layer” of the
(superior) fillet (Z); dorsally to it passes the posterior
longitudinal bundle (f). Between the posterior longi-
tudinal bundle and the restiform body lies the substan-
tia reticularis (Srt) of the tegmentum. Dorsally to it
the ninth and tenth sensory nuclei. Laterally from it
the dorsal nucleus of the eighth. In front of the resti-
form body the descending root of the ninth, the tenth,
and the solitary bundle (s) pass downward; beneath
these the descending root of the fifth (7e), laterally
-from the substantia gelatinosa (Sg). The fibres of the
ninth and tenth nerves pass near by the solitary bundle
out of the medulla. Medially from these in the tegmen-
tum lies a nucleus (nucleus ambiguus), a cell group which
is represented as a part of the motor nucleus of the
vagus (ne) and which can be seen better in the following
sections. Median olive (olm), posterior olive (olp).
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Explanation of Plate 41.

Fra. 1.—Section of the Medulla Immediately Above
the Pyramidal Decussation.

The pyramids (Py) are more deeply situated in the
medulla and displace one another and thus push asunder
the small fillet layer ( f«). At their apices the posterior
longitudinal fasciculus (/) is still to be seen. The in-
ternal arcuate fibres (fai) pass distinctly out of the nu-
cleus of Goll’s column (#G) to the crossed fillet layer.

The nuclei of the posterior columns (nG, nbB) are
smaller, the substantia gelatinosa (S¢) gets continually
larger (beginning of the posterior horns). In the sub-
stantia reticularis tegmenti (Srf) the area alongside of
the remains of the fillet and the posterior longitudinal
fasciculus is later to be the position of the anterior horns
(corn.a). Laterally from this the substantia reticu-
laris is displaced by the appearance of the antero-lateral
ground bundle (/) .and the column of Gowers () and
posteriorly the lateral cerebellar tract (C/). In the
middle the nucleus «f the twelfth which has nearly dis-
appeared and the nucleus of the eleventh which is still
distinet. The accessory olives have disappeared. The
spinal portion of the eleventh nerve arises from a group
of ganglionic cells lying in the lateral segment of the
anterior horn.

Fic. 2.—Section through the Pyramidal Crossing.

The nuclei of the pesterior columns have disappeared,
the territory is entirely taken up with the fibres of
the posterior columns, Goll’s and Burdach’s columns
(fG, 7B).

The pyramids pass decussating, severing the anterior
horns (D Py), deeply into the lateral columns of the op-
posite side.

The posterior horn (Sy) is distinetly recognizable.
All the other parts as in the cut above.

Anterior horn (Ca), central canal (ce), sulcus anterior
(Sa), sulcus posterior (Sp).
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Explanation of Plate 42.

The sections from here on, in conformity with the usual cus-
tom, are represented reversed. The dorsal portion (Sp) down-
ward and the ventral (Sz) upward.

Fre. 1.—S8ection through the Cervical Cord Immediate-
ly Beneath the Pyramidal Decussation,

The pyramids (Py) have in large part disappeared
from the anterior columns and are found in the erossed
pyramidal tracts. In the anterior columns remain the
small uncrossed pyramidal tract (Pye) and the anterior
ground bundle (f«) (from the posterior longitudinal fas-
ciculus). In the lateral columns are found the crossed
pyramidal tracts (Py); the antero-lateral ground bun-
dle (fal), the lateral limiting layer (), and Gowers’
bundle as a continuation of fibres from the substantia
reticularis tegmenti; the lateral cerebellar tracts (C&)
from the restiform bodies (ventral segment).

In the p{]‘-‘.tﬁllﬂl‘ columns lie the columns of Goll (/&)
and Burdach

At the bnttﬂm of the anterior longitudinal fissure lies
the anterior commissure (), the spinal prolongation of
the pyramidal decussation, behind it the central canal

e.) and the posterior commissure.

The anterior g}’m ) and posterior (¢p) horns are com-
pletely developed and in the posterior horns the sub-
stantia gelatinosa (Sy), which was remarked above, has
become prominent. The roots of the uppermost cervical
nerve pass here out of the anterior born (anterior root),
and in the lateral segment of Burdach’s column is seen
the entering posterior root (in the posterior root zone).

Fia. 2.—Section through the Upper Cervieal Cord,
Level of the Fourth Cervical Nerve.,

Lettering as in Fig. 1. The substantia gelatinosa
(¢cp) of the posterior horn is much smaller, as it is in all
the following sections. Origin of the phrenic in the
anterior horn cells (Ca).

50



Tafel 42.




Tafel 43,







Explanation of Plate 44.

Fic. 1.—Section through the Lower Dorsal Cord, Level
of the Eleventh Dorsal Nerve.

The anterior horns (Ca) increase in size and their
configuration becomes changed; Clarke’s columns with
their cells are large and sharply defined. From them
fibres pass to the lateral cerebellar tract of the same
side (C7) and pass with this tract to the crossed nu-
cleus of the tegmentum in the restiform body. The
lateral pyramidal tracts (Py) pass, below the starting-
point of the lateral cerebellar tract, quite out to the
periphery.  The anterior pyramidal tract becomes
smaller and is lost in the upper portion of the lumbar
cord. All the othier columns become smaller because
they have given off the greater portion of their fibres in
segments higher up.

Fie. 2.—Section through the Upper Lumbar Cord,
Level of Second Lumbar Nerve.

Fic. 3.—Section through the Lower Lumbar Cord,
Level of Fourth Lumbar Nerve.

The anterior and posterior horns become very much
extended. This is due principally to the increase of the
gray substance. The cell groups in the anterior horns
are similar to those in the cervical region. From them
arise the peripheral neurons for the leg muscles. The
posterior roots (rp) enter in thick bundles the posterior
root zones, and their collaterals and short branches radi-
ate bow form into the posterior horns.

For further details see Plate 47, 2.
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Explanation of Plate 48.
MepuLLATION OF THE F@®ranL Brain (photographs).

This plate follows immediately after Plate 11 and is used for
the first time now on account of being more readily comprehended.

F1es. 1 to 5 represent the unstained sections from the
brain stem of a feetus eight months old. By far the
greater number of fibres which in the fully developed
brain are medullated are here unmedullated (therefore
unstained). Nevertheless there are individual phylo-
genetically manifest old and important tracts which are
on account of their medullation easily recognized macro-
scopically. They appear brilliantly white in contrast
with the remaining gray matter of the brain stem.
The most important of these tracts are: the medullary
radiation to the red () nuecleus (Fig. 1, L), the ansa
lenticularis and the fillet (Ls, L7). In addition to this
there are also medullated the posterior longitudinal
bundle, the nasal (descending) root of the trigeminus,
the peripheral cranial nerves, the optic tract, the poste-
rior commissure, and others.

Fias. 1 AxDp 2.—Section through the Middle and Pos-
terior Segment of the Optic Thalamus. One observes
that the crusta (motor pyramidal tract, etc.) is not yet
medullated.

Fic. 3. Section through the Anterior Corpora Quadii-
geman.

Fic. 4.—S8ection through the Middle of the Pons.

Fic. b.—Section through the Medulle Oblongata.

The fillet passes in the first section at the height men-
tioned above almost entirely as a portion of the ansa
lenticularis and further through the globus pallidus and
(probably not interrupted) in the so-called tegmental
radiation (the first medullated pathway of the cerebral
hemispheres, sensory tract! See text, Seetion 1V., p.
65) to the cortex of the posterior central convolutions
and the parietal lobes.

Fics. 6 and 7 are sections through the cervical cord
and dorsal cord of a new-born. One recognizes the not
yet medullated pyramidal tract (Py) sharply differen-
tiated from the fully developed lateral cerebellar tract

Ch). For description of the dorsal cord see Plate 10,
%‘ig. 2 (medullary sheath staining).
i}
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Explanation of Plate 50.

Fias. 1 and 2 show the relationship of the tegmentum
and the foot of the cerebral peduncle to the cerebral
hemisphere tracts.

Fic. 1 shows the hemisphere on frontal section, Fig.
2 on horizontal section.

In Fig. 1 are seen on the left the connections of the
crusta, on the right the connections of the tegment.

Crusta: frontal pons tract (blue), pyramidal tract (red),
temporo- (parieto-) occipital pons tract (blue stippling).

Tegment: fillet tract (green), thalamus—red nucleus
(brown).

In the section of the hemispheres there are represented
schematically the long and short association tracts
(brown), and the corona radiata to the thalamus (su-
perior and inferior stalks) (brown).

In Fig. 2 in addition, the optic radiations (ocecipital
cortex—optic centres—optic tr a-::t} (yellow).

Fie. 3.—Scheme of the Optic and Motor Oculi Tracts
and their Connections. {The fibres of the left optic tract
are colored.)

Optic: peripheral neuron (brown) in the retina
(b=0ulb); central neuron (green), in the optic nerve to
the chiasm (decussation of the nasal bundle); from there
in the optic tract to the lateral geniculate body, pulvi-
nar, anterior quadrigeminate body. Here the fibre arbo-
rization occurs.

From there the fibres pass in the optic radiations to the
cortex of the ecuneus of the occipital lobes (it is doubtful
if there exist direet fibres from the tract to the cortex
collaterals?).

Motor oculi: central neuron (red) from the cortical
centre (angular gyrus?) crossed to the motor oculi nu-
cleus on the floor of the aqueduct.

Peripheral neuron (blue), from there as peripheral
nerve (of crossed origin also, for the rectus internus) to
the musculature of the bulb.

Pupillary reflex tract: optic fibres—corpora quadri-
gemina—reflex collaterals (stippled yellow, where?)—
motor oculi nucleus—peripheral nerve (blue)—sphineter
pupille (intercalated in ciliary ganglion),

a8












Explanation of Plate 52.

SCHEMATIC REPRESENTATION oF THE COURSE OF THE
Figres 18 THE SrINAL Corb.

I. The Motor Tract.

a. Central neuron (red) : Lateral pyramidal tract (Py!) and
anterior pyramidal tract (Pya) ; terminal arborization in the an-
terior horn. &. Peripheral neuron (blue) : anterior horn cells—
anterior root (r.a@) —motor nerve muscle.

I1. The Sensory Tract.

@. Peripheral neuron (brown) : sensory nerve (n.p), spinal
ganglion (Sp)—posterior root (r.p) of the spinal cord. In the
posterior root zone of the posterior columns each fibre divides
into an ascending and a descending branch (short and long
fibres). The short tracts curve into the posterior horn as:

1. Reflex collaterals to the anterior horn, shorter reflex are,
longer reflex tracts (intercalation of another [green] neuron).

9. Fibres to the cells of the middle zone of tiﬂ gray substance.

3. Fibres to the cells of Clarke’s columns (¢).

4. Fibres to the central and especially the medial anterior horn
cells (commissural cells).

5. Fibres to the posterior horn cells.

The long tracts (6) pass first into Burdach’s column, higher
also into Goll’s column, and thus to the nuclei of the posterior
columns in the medulla. (Here they join the fillet.)

b. Central neuron (green). It begins with the cells of the
terminal places of the peripheral, enumerated under 2 to 6.

1. From those which have been enumerated under 2 as “col-
umn cells” arise the fibres of the anterior grﬂuud bundle of the
same side (fad) (/) and the columns of Gowers ().

2. From those mentioned under 3: the lateral cerebellar tract
of the same side (Ch).

3. From those under 4 : fibres which cross in the anterior com-
missure to the anterior lateral column (fal) (fl) to ascend in the
other side.

4. From those under 5: fibres to the lateral limiting layer (/)
and to the ventral field of the posterior columns.

In addition to this is represented the manner in which the col-
laterals are given off and the termination of the central short
tracts (which quickly bend again into the gray substance) of the
anterior lateral columns, the “inland cells” (green, Golgi) in the
posterior horn ; the decussation in the posterior commissure is
not clear. There are contained in the posterior roots apparently
other individual fibres which have their neuron cells in the an-
terior horn, but in man this is not yet satisfactorily established.
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SECONDARY DISEASES OF THE NER-
VOUS SYSTEM.

Explanation of Plate 53.

Fia. 1.—Section through the Cortex and Meninges of
the Brain in a Case of Epidemic Cerebro-Spinal Menin-

itis.
g@Tha preparation is from a soldier, 23 years old, who
was taken suddenly ill with general febrile manifesta-
tions, vomiting, and headache. Stiffness of the neck, as-
sociated with pain, continuous high temperature (40° C.);
herpes labialis, and leucocytosis of 36,000 established
the diagnosis. Following this there was increasing dis-
turbance of consciousness, motorial irritation symptoms
such as twitchings of the face musecles and the arms, espe-
cially the right, and delirium. Death in deep coma six
days later, the stiffness of the neck and trunk muscles
still continuing.

Autopsy: On and in the meninges of the brain and
spinal cord were found purulent, thick, white masses
which covered the convexities especially. The process
was most severe in the middle of the left central convo-
lutions. In the pus the diplococeus of Fraenkel. The
purulent infiltration (colored red) sunk into the fissures
following the pia into the cortex. The cortical cells
were very much damaged by the inflammatory products,
and thus their function was inhibited.

Fic. 2.—Cerebral Cortex from a Case of Tubercular
Meningitis.

A 30-year-old woman, who had suffered previously
from tuberculosis of the lungs, was admitted twenty
days before her death. Symptoms: high fever, head-
ache, delirium, gradually developing coma. Ptosis of
the eyelids, dilatation of the pupils, convulsions. Diag-
nosis: miliary tuberculosis.

Autopsy : the meninges studded with small whitish-
gray particles. On the base of the brain an exudation
in the sulei which completely embedded the motor oculi.

The preparation shows one of these tubercles in the
depths of a suleus. It has caused by its increase in size
displacement of the cell layer of the cortex. A collec-
tion of such solitary tubercles may form a large tumor
gapeeially in children). Here we have the opposite to

e disseminated variety of tuberculosis.
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Explanation of Plate 54.

Fig. 1.—An aneurism gin), lying closely over the
corpora quadrigemina which has produced softening, es-
pecially in the region of the tegmentum of the cerebral
peduncle (7) and the corpora quadrigemina. The pa-
tient, a man 53 years old, had the following symptoms:
headache, vertigo, paresis of the left arm and leg, com-
plete hemianasthesia of the same side, ocular paraly-
sis in the right eye, such as ptosis, paralysis of the
sphincter pupille of the superior rectus, ete.

Fia. 2.—Caries of the Spinal Column.

The preparation from a woman, 45 years old, who be-
came sick with pain in the back and sides, associated
with increasing weakness of the legs. After three
months inability to stand and the presence of mild sen-
sory and bladder disturbances. Tendon reflexes exag-
gerated. Irregular fever; nothing abnormal in the spinal
column. Eventually complete paralysis of the legs, con-
tracture formations. An intercurrent cold abscess in the
thorax corroborated the diagnosis of compression of the
spinal cord secondary to caries of the vertebral column.

Autopsy: Carious focus in the eighth dorsal vertebra
(C); numerous granulations and caseous masses filled
the spinal canal and caused compression of the cord and
the outgoing roots (r). v, body of vertebra; pr. sp,
spinous process.

Fic. 3.—A tumor (7'), arising from the inner surface
of the dura (d), extending into the central canal, devel-
oped in a woman, 38 years old, with symptoms of se-
vere pain in both legs, and in the course of three months
complete spastic paralysis of both legs, as well as com-
plete anwesthesia of the same (except cold was taken for
hot) and incontinence of urine. Death resulted from
cystitis and pyelitis.

Diagnosis: Compression of the spinal cord (earei-
noma?). The tumor proved to be a sarcoma which com-
pletely filled the vertebral canal from the second to the
sixth dorsal segments.
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Explanation of Plate 56.

Fia. 1.—Gumma of the Base of the Brain.

The syphiloma (g) has its origin from the meninges,
lies in the vicinity of the adventitia of a blood-vessel (a),
and is in part proliferated from the latter which shows
the characteristic luetic endarteritis. Proliferation of
the tunica intima has gone on to such an extent that the
lumen of the vessels has become narrowed and nearly ob-
literated. The process has extended so that.the neigh-
boring branch of the vagus is encroached upon.

The preparation is from a patient, 20 years old, who
had suffered repeated strokes and in whom paralysis of
the left abducens and facial nerves persisted.

The autopsy showed several small gumma formations
in the basal meninges, adhesive and cloudy condition of
the latter, arteriosclerosis of the blood-vessels of the
brain, and multiple foei of softening in the hemispheres.

PRIMARY DISEASES OF THE NERVOUS
SYSTEM.

Fia. 2.—Section through the Anterior Horn of the Cer-
vical Cord in a Case of Spinal Muscular Atrophy.

The cells of the anterior horn are primarily diseased,
atrophied, their protoplasmie prolongations are very much
less numerous than normal, and in part they have en-
tirely disappeared (compare Plate 20, 2). The anterior
roots are atrophie, secondary to the disappearance of the
anterior horn cells. The degeneration extends seconda-
rily thronghout the entire extent of the neurons. There
is degenerative atrophy of the motor nerves as well as
of the muscles, due to the loss of the protoplasm. The
nerve cells exercise a preservative influence on the fibre
of the neuron and the muscles to which it is distributed.

Fic. 3.—Sclheme of Secondary Degeneration in the
Spinal Cord (see Plates 65-68).

If the continuity of a spinal-cord tract is interrupted
by disease [or injury] there will result secondary column
degeneration, because the neuron fibre is severed from its
cell. The tracts that degenerate downward (“descend-
ing’") are especially the pyramidal tracts (neuron cells in
the cortex), Goll’s columns (spinal ganglion cells), the
lateral cerebellar tracts (cells of Clarke’s ecolumns), and
Gowers’ column (cells in the middle zone of the gray
substance). 65



DISEASES OF THE GANGLION CELLS.

Explanation of Plate 586.

Fra. 1.—Section through a Portion of the Hypoglossal
Nueleus in Bulbar Paralysis.

The nucleus is poor in fibres, its cells have become
extremely small, shrunken, their protoplasmic prolonga-
tions have disappeared (compare Plate 20, 1), and in
consquence of this the elinical manifestations were par-
alysis and atrophy of the musculature of the tongue and
severe form of speech disturbance.

Fic. 2.—Cortical cells from a necrotic area of soften-
ing in the brain which was secondary to embolic ocelu-
sion of an artery; the area is seen to contain innumerable
small fat bodies, products of destruction which have
been stained black with osmic acid.

Fic. 3.—Nucleated cells unstained. The free fat
corpuscles are carried into the protoplasm by leucocytes
and in the same way transported further.

F1e. 4. —In foci which are the result of hemorrhages,
coloring matter of the blood remains in the form of clumps
of pigment and partly in the form of crystals stored in
cells where it may be recognized a long time afterward.

F1e. 5.—Amyloid bodies are found among other places
in parts of the spinal cord which are the seat of degen-
eration, such as in tabes. Their significance is not en-
tirely clear.

F1a. 6.—Advanced degree of cell and fibre atrophy in
the anterior horns of a spinal cord affected with amyo-
trophic lateral sclerosis. Many of the cells are scarcely
recognizable (compare Plate 20, 2).

Fic. 7.—Acute inflammatory process in the anterior
horn of the lumbar cord in a case of anterior poliomye-
litis. Numerous dilated blood-vessels surround the af-
fected ganglionic cells, which latter are undergoing par-
tial dissolution (granular disintegration). The process
terminates by the formation of scar tissue after the de-
struction of the nerve elements.

Fia. 8.—Scar in the anterior horn, the result of a
former hemorrhage into the substance of the spinal eord
(hzematomyelia). The gray substance (cells and fibres,
etc.) is destroyed and its place is occupied by cicatricial
connective tissue with embedded clumps of pigment.
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Explanation of Plate 58.

DiseAses oF THE MuscrLE FIBREs.

Fic. 1.—Normal transverse section of musele in com-
bination with transverse section of polygonal musecular
fibre of small size with few cells.

Figs. 2 and 3.—Transverse and longitudinal section
of muscles from a case of spinal muscular atrophy (bi-
ceps muscle). There is great dissimilarity in the thick-
ness of individual fibres. One part has entirely disap-
peared, another is very much smaller (). The muscle
nuclei are very much increased and constitute rows of
nuclei. The transverse striation of the protoplasm has
disappeared in the degenerated fibrill2 and the proto-
plasm has become granular.

Fic. 4.—Juvenile muscular atrophy (progressive mus-
cular dystrophy. Quadriceps muscle). Here whole
bundles of muscle fibre have disappeared, the nuclear
proliferation is striking, and many fibres are hypertro-
phic. Transverse striation remains for a long time in
spite of the extensive atrophy of the fibres. Frequently
there is a deposition of fat between the muscle fibrille
that are preserved (pseudo-hypertrophy). At % a so-
called hypertrophic muscle fibre.

Fic. 5.—Neurotic form of muscular atrophy (oppo-
nens pollicis muscle). One recognizes the great lessen-
ing in size of the fibrillee and the nuclear proliferation.
The transverse striations remain clear for a long time.

Fic. 6.—Unstained muscle fibre:

. Degenerative muscle atrophy from the quadriceps
muscle in a case of lumbar myelitis. There is a gran-
ular, cloudy condition of fibrille, the transverse stria-
tions have disappeared, the fibres have become irregular
and small. Toward the end there is a resorption of the
destroyed protoplasm, the empty sarcolemma sheath re-
maining.

e. Slight neural muscle atrophy, small fibres with
nucleated cells and preserved transverse striation.
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Explanation of Plate 61.

SECONDARY DEGENERATION IN THE CRUSTA.

Fies. 1 and 2 are cross sections through and closely
beneath the anterior corpora quadrigemina. There is a
complete atrophy of the right pes pedunculus cerebri (z).
The preparation is from a case of extensive primary de-
struction of the cortex of the brain. As the fibres of
the peduncle have their neuron cells in the cortex, it fol-
lows that after the degeneration of the latter a second-
ary descending degeneration must follow.

The fillet tract is smaller on the right side than on
the left, but it is not totally degenerated (simple, not
degenerative atrophy). The fillet fibres have their
neuron cells not in the cortex, but partly in the nuclei
of the posterior columns and partly in the subthalamic
region and in the thalamus. Clinically there had been
total left-side hemiplegia).

(tro, optic tract; Sn, substantia nigra; L, lemnis-
cus; cqa, anterior corpora quadrigemina.)

Fia. 3.—Section through the anterior quadrigeminal
bodies in total secondary atrophy of the most mesial pe-
duncle bundles (frontal pontine tract) (x). This partial
‘pes pedunculi degeneration resulted secondarily to an
area of embolie softening which had destroyed the limb
of the eapsule and the lenticular nucleus.

Clinically there had been no indicative symptoms.

(egm, medial geniculate body; eg, lateral geniculate
body; e, pineal gland, etec.)

These and the following examples of secondary de-
generation in the brain and spinal cord are for neurology
especially of great significance, because it is by the course
of such degeneration. that the different tracts have
been made certain. We utilize the experiments made
on animals inferentially in man. On such grounds have
been developed the considerations here given. It forms
a good repetition of what is given in Section III.
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Explanation of Plate 64.
SECONDARY DEGENERATIONS IN THE MEDULLA.

Fra. 1.—Section through the Medulla just behind the
Pons.

The left pyramidal tract (z) shows total secondary degenera
tion, the result of primary destruction of the posterior limb of
the internal caspule by a hemorrhage (right-sided hemiplegia).

One sees here the well-known course of the left striz acustice
passing from the ventral acoustic nucleus decussating over the
floor of the fourth ventricle (to the fillet).

Fi6. 2.—The Medulla from a Case of Infantile Cerebral
Palsy.

The preparation is from a man, 30 years old, who developed
in his early youth (congenital ? acquired ?) a cessation of develop-
ment of the entire right side of the body. There was flexion
contracture, and paresis of the right arm and weakness of the
right leg. Epileptiform attacks, athetosis.

Upper arm. Forearm.
Right,21 cm. Right,19cm.
Left, 24 “ Left, 24

{ Right, 35 cm. Right, 29 cm.
| Left, 39 © Left, 38 =

Autopsy : The left central convolutions are shrunken (agene-
sis?), the left pyramid (z) entirE]f' atrophied, likewise the left
fillet without strict degenerative loss of fibres, due to the fact
apparently that the disease confined itself to one side, as the
medullary sheaths were also involved. The raphe was entirely
displaced toward the left side and the right pyramid almost
hypertrophied (compensation?).

Fia. 3.—Medulla Oblongata, Case of Atrophy of the
Fillet.

The right fillet (Za) is degenerated in a descending direction
and with it the internal arcuate fibres (fai, y) of the substantia
reticularis (Sr) of the left side! These arciform fibres form the
direct continuation of the crossed fillet and connect it with the
nuclei of the posterior columns (n(7) which pass up in the resti-
form bodies (Cr). Pyramids (Py x).

The clinical condition was hemianwesthesia of the left side of
the body.

Length of { Right, 29 cm. Circum-
Arms, % Left, 81 “ ference, %

Circumference of thigh, Calf, %
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Explanation of Plate 72.

Fra. 1. —8Section through the Medulla of & Case of Chronic Bulbar
Paralysis with Amyotrophic Lateral Sclerosis.

A man, 306 years old, was taken sick with a slow, progressive
atrophy and paralysis of the small muscles of both hands. Soon
following there was distinct hindrance of speech (bulbar speech),
the movements of the lips and tongue became slow, and the in-
volved muscles continued to atrophy and there were lively fibril-
lary muscular contractions of the tongue. The gait was very
slow and stiff. After two years there was complete atrophy and
paralysis of the tongue and lips, paralysis of swallowing, speech
impossible, arms entirely atrophic, and spastic paresis of the
legs. Death from pneumonia of swallowing.

Preparations show : severe loss of cells and fibres in the hypo-
glossal nucleus (see Plate 56, 1), lightening in the pyramids. In
the facial nucleus also a loss of cells.

Fia. 2. —Section through the Lower Cervical Cord of a Case of
Amyotrophic Lateral Sclerosis.

The clinical course of the disegse was very similar to the
above-described case, except that in uncomplicated cases bulbar
symptoms do not show themselves. Degenerative, slowly in
creasing atrophy of the muscles of the upper extremities begin-
ning in the thenar and interossei groups; spastic paresis of the
legs ; sensibility and bladder intact. Increased, lively reflexes.

Preparations show : severe loss of cells and fibres in the anterior
horns (diminution in size of the same) and degeneration of the
pyramids on both sides.

Fia. 3.—Section through the Anterior Horns of the Cervical Cord
in a Case of Sptnal Muscular Atrophy (Striimpell). :

A man, 35 years old (bad heredity), became sick with atrophy
and paralysis of the thenar muscles and of the interossei. In the
course of years the atrophy involved all the muscles of the arms,
the shoulder girdle, the rib and neck muscles. Reaction of de-
generation in the musecles, fibrillary twitchings, sensibility nor-
mal. No bulbar manifestations, no disturbance of gait.

Preparations : Striking lessening in size of the anterior horns.
Marked cell disappearance in the anterior horns (see Plates 56,
6 and 55, 2). The anterior roots are also atrophic (compare
their radiations in Plate 47, 1). In the anterior horns a close
network of cicatricial glia tissue. Lateral columns normal.
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Explanation of Plate 78.

MuLTiPLE NEURITIS.

Fies. 1 AND 2. — Preparations from Severe Casesof Alcoholic Neu-
ritis (I from the Crural Nerve, 2 from the Sciatic).

A man, 40 years old, heavy drinker, was taken sick rather
acutely with general weakness of the extremities which rapidly
became complete paralysis. Great sensitiveness on pressure over
the nerve trunks, loss of patellar reflexes, disturbances of sensi-
bility, rapidly developing muscular atrophy. Strychnine injec-
tiens made his condition worse. Presence of psychical disturb-
ance. Death after two and one-half months.

An advanced degree of destruction of nerve fibres in all the
peripheral nerves was found. In many bundles but from six to
twelve (see Fig. 2) normal transverse sections of nerves are to be
seen (compare Plate 46, 2). This degeneration extended up as
far as the anterior roots of the spinal cord.

F16. 5.— Transverse Section of the Cervical Cord of this Case.

One recognizes the uncommonly distinct atrophy of the an-
terior roots in their passage through the antero-lateral tracts
(ra) ; there can be seen also in the anterior horns a perceptible
lightening, particularly in the middle portion (m), which is
;ecundﬂ.ry to the degeneration of the anterior roots which enter
ere.

In Goll’s columns slight ascending degeneration (long fibres
of the posterior roots).

Fi1c. 3.—Post-Diphtheritic Neuriiis.

Cross section of a bundle from the crural nerve showing high
degree of fibre degeneration. Taken from a 15-year-old boy,
who, after convalescence from a severe pharyngeal diphtheria,
developed acute pharyngeal paralysis and shortly afterward
paralysis of the extremities. Patellar reflexes were lost within
ten days, slight pain and disturbances of sensibility. Death
from paralysis of the vagus.

Fi6. 4. — Longitudinal Section of a Nerve Bundle from the Sciatie
Nerve of a Patient with Infectious Multiple Neuritis (Landry's
Paralysis).

In a part of the degenerated nerve fibres are seen the products
of cell destruction (little balls of myelin) which have not been
transported away. The nerve fibres are found in all conceivable
stages of degeneration.

he preparation is from a case in which the cause of the dis-
ease was unfathomable. A woman, 30 years old, sudden severe
sickness (fever?), complete paralysis first of the legs, then soon
after of the arms (ascending paralysis). The patient soon be-
came unconscious, was very much neglected for the first two
day, but death came while under treatment by a physician,
(Spinal cord not examined. )












2 ATLAS OF THE NERVOUS SYSTEM.

flows into the internal jugular vein from the sinus
venosi (sinus falciform, superior, inferior, cavernosus,
petrosus, transversus, etc.).

Prolongations of the dura pass into the interior of *
the skull cavity. The vertical portion of the dura
that passes from above downward in the sagittal
median line is adherent anteriorly to the crista galli,
great falciform process (sickle process), which di-
vides the skull cavity in the upper half into two
parts. The transversely coursing tentorium serves as
a roof for the posterior cavity of the skull.

The dura surrounds the brain and spinal cord
loosely, and beneath it is found a space filled with
lymph, which is known as the subdural lymph space.

The second envelope is a thin, cobweb-like cover-
ing, the arachnoid. It is in close apposition to the
brain, but less so to the spinal cord; it bridges over
the depressions in the brain without sinking into
them. The Pacchionian bodies on each side of the
falciform process are structurally connective-tissue
constituents of the arachnoid. Under the arachnoid
is the subarachnoidal lymph space, containing cer-
ebro-spinal fluid, consisting of numerous compart-
ments which communicate one with another. The
most internal envelope, the pia mater, in conjunction
with the arachnoid form what are usually called the
“meninges.” The pia dips into all the fissures and
depressions of the brain in close contact with the
nerve substance. The inward prolongations into the
depressions are known as tela choroidea. It trans-
ports the proficient vascular supply of the brain and
spinal cord.

The brain consists of two hemispheres and the
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brain stem. The direct continuation of the latter
portion is the spinal cord. The latter passes nearly
perpendicular to the position of the former, owing to
the fact that the brain stem below bends downward
at an angle of nearly 90°.

The weight of the fully developed brain varies
from 1,300 to 1,400 grammes.

The two hemispheres, which are connected one
with another only on their median surfaces, consist
of a superficial enveloping gray substance, the corti-
cal substance, cortex cerebri, and of a central white
mass beneath the cortex, the medullary substance.

The cortex does not spread itself smoothly over the
medullary substance of the hemispheres; on the con-
trary, following the formation of the numerous sulei
it is arranged in worm-like gyri or convolutions. It
is to this arrangement that the greater area of the
gray matter is due.

Of the convolutions, one part is constant while the
other depends on individual variation. Kach hemi-
sphere is made up of various lobes; each lobe com-
prises several cortical convolutions and one portion
of medullary substance.

In the anterior part of the cranial cavity lie the
frontal lobes, constituting the anterior pole of the
brain. They have two principal fissures, superior
and inferior frontal sulei, which divide the frontal
lobes into three convolutions, the superior, the mid-
dle, and the inferior frontal gyri.

Behind the frontal lobes, somewhat posterior to the
middle of each hemigphere, passing from posteriorly
above to anteriorly below, is a deep sulcus, the cen-
tral fissure of Rolando. It separates the two central
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convolutions, the anterior central gyrus and the pos-
terior central gyrus. Behind the central convolutions
lies the parietal lobe, which is divided by the inter-
parietal sulcus into the superior and inferior parietal
lobes.

On these lobes border the ocecipital lobes, constitut-
ing the posterior pole of the brain. They are sub-
divided like the frontal lobes into three convolutions
—the superior, middle, and inferior occipital gyri.
The basilar surface of the occipital lobes rests upon
the tentorium. The temporal lobes lie toward the
middle of the cranial cavity. They have three fis-
sures, the superior, middle, and inferior temporal
sulei; and three convolutions, the superior, middle,
and inferior temporal gyri. The temporal lobes in
front and above are separated from the frontal and
central convolutions by a very deep broad fissure, the
fissure of Sylvius, which posteriorly passes directly
into the inferior parietal convolutions. It thus gives
rise to three arciform convolutions which in the in-
ferior parietal lobe are known, enumerating from in
front backward, as the supramarginal gyrus, the
angular gyrus, and the preoccipital gyrus. At the
bottom of the Sylvian fissure lies a lobe covered over
by the neighboring convolutions, especially by the
temporal and central lobes. This lobe is composed of
a number of small convolutions and is known as the
igland of Reil.

The convolutions that have thus far been consid-
ered are on the external convex surface of the hemi-
spheres. On the median surface are found in front
the upper continuation of the superior frontal convo-
lutions. The central convolutions unite in the para-
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central lobes and the parietal lobes continue as the
praecuneus. The latter is separated from the median
surface of the occipital lobe by the parieto-occipital
fissure. The median surface of the occipital lobe is
divided into the cuneus above and lingual lobe be-
low, separated by the calearine fissure.

On the under surface of the temporal lobes, the
median portion of the occipito-temporal gyrus bor-
ders on the inferior temporal gyrus, and separated by
the occipito-temporal fisssure lies the inferior margi-
nal convolution, the gyrus hippocampus, which ends
anteriorly as the uncus. On the base of the frontal
lobes, the fissures of importance are the straight sulcus
and laterally to this the tri-radiate sulcus, to which
belongs the middle frontal gyrus. Aside from the
above-mentioned convolutions on the median surface
of the hemisphere there are other relationships to be
considered. The cortex terminates superiorly as the
gyrus fornicatus and below as the gyrus hippocam-
pus (superior and inferior marginal convolutions).
Beneath the superior marginal convolution the white
substance breaks through both parts, unites and con-
stitutes the corpus callosum.

Above the inferior marginal convolution the white
medullary substance passes out of the two hemi-
spheres converging as in the corpus callosum and
uniting to form a part of the brain stem at its begin-
ning (crusta).

Between the corpus callosum and the cerebral
peduncles are a number of formations and spaces
which will be considered later on. Here it only re-
mains to call attention to the fact that the entire
middle portion named, bordering upon the marginal
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convolution, has no longer a covering of cortical sub-
stance.

The corpus callosum, which connects the two hemi-
spheres, is made up of thick layers of white sub-
stance. Its larger, middle portion passes in a nearly
horizontal direction. The anterior part, the knee of
the corpus callosum, bends basalward and just be-
fore its termination somewhat backward. The pos-
terior end thickens into a cushion-like prominence
and is known as the splenium of the corpus callosum.
In the interior of each hemisphere is found a mass of
white medullated substance, constituting the core of
the various lobes of the hemispheres as previously
described. In its upper half, up to the level of the
corpus callosum, this mass of white substance is
formed by the radiation of fibres from this structure.
As shown in cross section at this level, it is called
the centrum semiovale of Vieussens. In its basal
portion there 1s seen embedded in the medullary sub-
stance a grayish-red mass the size of a goose egg.
This constitutes the root ganglion of the brain—the
corpus striatum. It is divided into the lenticular
nucleus, situated laterally; and the caudate nucleus,
situated mesially. This separation is produced by
a white tract passing through this region from the
cortex of the various cerebral lobes. It emerges from
the base of each hemisphere as the crusta.

In the interior of each hemisphere is a system of
cavities filled with lymph, the lateral ventricle (ven-
tricul. lateral.). The roof of each lateral ventricle is
formed by the median half of the centrum semiovale
of that side, and because of this circumstance it is
here known as the tegmentum of the ventricle. The
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basal ganglia, under the name of the corpus striatum,
pass out of the medullary substance as a free surface
and project outward and below into the lateral ven-
tricles.

The part of the lateral ventricle that is situated be-
tween the under surface of the lateral portions of the
corpus callosum above and the basal ganglia below is
known as the middle cell (cellula media). The ventri-
cle from here extends by its anterior horn (cornu an-
terioris) into the anterior lobe, by its posterior horn
(cornu posterioris) into the occipital lobe, and by its
inferior horn (cornu inferioris) into the temporal lobe.
The anterior and posterior horns are entirely sur-
rounded by the white substance of the hemisphere.
The inferior horn, on the other hand, is not closed in
the median line (inferior aperture). This results
from an involution and contraction of the inferior
marginal convolution, which forms in consequence a
cushion or pad-like projection into the inferior horn,
known as the cornu Ammonis. The exact end of the
cortex of the gyrus hippocampus forms the small
gyrus dentatus (fascia Tarini). This relationship is
well seen in the section, plate 27.

From the free end of the cornu Ammonis arises the
medullated fimbria, forming the termination of the
white substance of the gyrus hippocampus. It
passes along with the superficially indentated Am-
mon’s horn “digitationes corpus Ammonis” from the
anterior end of the inferior horn backward and up-
ward. At the point of divergence of the inferior
horn from the cella media, the fimbria separates from
the cornu Ammonis, uniting with its fellow of the op-
posite side as the ascending pillars of the fornix
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“ecrus ascendens fornicis,” converging toward the
inferior surface of the posterior portion of the corpus
callosum, and thus forms in the middle a triangular
space, the psalterium. The united fornix passes be-
neath the corpus callosum and unites with it some dis-
tance forward. It divides, however, before it reaches
the genu of the corpus collosum and again descends
as the two descending pillars of the fornix. At the
base the descending crura of the fornix turn back-
ward and terminate in the bilateral mammillary
bodies.

Between the knee of the corpus callosum and the
descending pillars of the fornix there remains in the
middle, in consequence of the relations already de-
scribed, a free space which is filled out by two small
partitions, the septa pellucida, with a small cavity
lying between, the ventricle of the septa pellucida.
To the side of each septum lies the lateral ventricle
beneath the corpus callosum.

From the floor of each lateral ventricle, passing up
abruptly out of the medullated substance of the hemi-
sphere, there projects into the ventricle the free
upper surface of the corpus striatum. Its anterior
broader portion, extending toward the anterior horn,
is called the head of the corpus striatum (in section
nucleus caudatus). From the head there passes
backward and outward the small tail of the latter,
which bends downward at the place of departure of
the inferior horn and finally continues forward from
here as a portion of the roof of the inferior horn.

In a direction median to the corpus striatum runs
a small white band parallel with it, the stria cornea.
It separates the corpus striatum from a structure that
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rises posterior and median to the corpus striatum, the
optic thalamus, a mass which on cross section ap-
pears like the basal ganglion of a reddish-gray color.

The two thalami approach each other posteriorly
and somewhat toward the median line. The cavity
between them is the third or middle ventricle. The
lateral ventricles of the hemispheres, particularly the
cella media, are in direct connection with the third
ventricle by means of a small aperture immediately
behind the descending pillars of the fornix, the fora-
men of Munro. The fornix with the corpus callosum

lying above it would constitute the roof of the third

ventricle were it not that from the pia mater beneath
the splenium corporis callosi (transverse fissure) a
process of this membrane projects into the third ven-
tricle, which in this locality is open. This vascular
projection of the pia passes beneath the fornix cover-
ing the third ventricle and spreads out thinly anteri-
orly as the tela choroidea superior. It carries in its
central portions two band-like, granular-looking struc-
tures, plexus chorioidei medii. These pass through
the foramen of Munro out of the third ventricle into
the lateral ventricles as the plexus chorioidei late-
rales. In the lateral ventricles they pass backward
resting on the lateral border of the thalamus, finally
turning about into the inferior horn. Here they
hang together with the pia, which has pressed in
through the aperture in the inferior horn.

As deseribed above, the white substance of the
hemispheres is compressed in the middle portion of
each hemisphere owing to the gray masses of the
basal ganglia and of the optic thalamus, which take
their origin in that locality (the middle part) and
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increase in extent toward the base of the hemispheres.
The medullary tracts which pass out of the centrum
semiovale deeper down break through the basal gan-
glion as the anterior limb of the internal capsule and
thereby divide the lateral lenticular nucleus in the
direction of the insular lobe from the nucleus cauda-
tus. Another portion of the white substance of the
hemispheres passes downward as the posterior limb
of the internal capsule between the lenticular nucleus
and the optic thalamus. Both limbs come into con-
tact at the knee of the internal capsule. The constit-
uents of the medullary substance of the internal cap-
sule pass in part into the basal ganglia and optic
thalamus, disappearing therein; in part they con-
tinue in the internal capsule further toward the basal
region and make their exit as the crusta from the
hemispheres at the base of the brain.

The wedge-shaped lenticular nucleus which forces
itself between the internal capsule and the lobes of
the island of Reil divides into several parts, a lateral,
larger putamen, and several internal portions, which
lie in a median direction. These are from a devel-
opmental point of view to be distinguished from the
putamen. They are called globus pallidus. The
putamen and the nucleus caudatus together comprise
the actual basal ganglion. Lateral to the putamen
the white substance of the hemisphere is continued
inferiorly as the narrow external capsule. Between
this and the medullated substance of the lobe of the
insula lies another small gray mass running parallel
to the island, the claustrum. The medullary sub-
stance of the hemispheres, which, as has already
been described, is compressed into small bands (cap-



MORPHOLOGY OF THE NERVOUS SYSTEM, 11

gula interna and externa), increases again in extent
below the lenticular nucleus, especially in the pos-
terior direction where it constitutes the medullated
substance of the temporal lobe. Another small,
round, gray mass, the nucleus amygdale, 1s found
embedded in the medullary substance at the base of
the brain below the anterior portion of the lenticular
nucleus between the frontal and temporal lobes.

After removal of the corpus callosum with the for-
nix and tela choroidea the thalamus opticus lies with
its upper and median surface free. It exhibits an-
teriorly a little elevation, tuberculum anterior, and
expands posteriorly as the pulvinar.

The median surfaces of the thalami constitute the
lateral walls of the third ventricle. Passing along
the upper inner edge of the thalami extends the
small tenia medullaris (semicircularis), rising up
from below, converging posteriorly as the pedunculus
conarii, and decussating with the peduncule of the
other side. Laterally to the place of decussation lies
on both sides the small ganglion habenulse. The
decussation has no connection with the pineal gland,
a structure of about the size of a hazelnut (epi-
physis conarium, glandula pinealis). Three short
commissural bands run transversely across the space
of the third ventricle between the two sides. Imme-
diately in front of the descending peduncles of the
fornix, deeply placed, is the large white anterior
commissure. Through the middle of the third ven-
tricle passes the soft lacerable gray commissure, and
immediately under and in front of the decussating
pedunculi conarii is found the posterior commissure.

Below the thalamus, on both sides of the brain, lies
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a region into which a portion of the medullary sub-
stance enters from the lenticular nucleus, optic thala-
mus, and internal capsule, the so-called subthalamic
region. In it lies the oval subthalamic body and the
beginning of the red nucleus, the main portion of
which is situated more caudad in the brain stem.
The third ventricle terminates anteriorly between
the two descending, somewhat diverging limbs of the
fornix. Inferiorly it narrows like a funnel to the in-
fundibulum, the termination of which is made by the
hypophysis cerebri in the sella turcica of the sphe-
noid bone. Posteriorly the ventricle becomes shal-
lower in consequence of the median surfaces of the
thalamus, whose lower portions converge gradually
and continue beneath the posterior commissure. This
closes in the ventricle from above and forms a narrow
canal, the aqueduct of Sylvius. While the lower
halves of the thalamus unite, the upper halves are
pressed apart in their caudal portion by the corpora
quadrigemina. These bodies take their origin behind
the posterior commissure. They are divided into the
two anterior and the two posterior portions—the
anterior and posterior quadrigeminal bodies. Lat-
erally from the corpora quadrigemina pass the two
arms (brachia), the brachium anterior and posterior,
to the two geniculate bodies, the lateral and median,
which lie between the corpora quadrigemina and the
pulvinar. From the lateral geniculate body the
white optic tract passes toward the base of the brain.
In front of the broad pontal fibres the white cere-
bral peduncles converge. In the space between the
crura cerebri is the posterior perforated substance, in
front of which are two white bodies about the gize of
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peas, the mammillary bodies or corpora candicantia.
In front of these is the continuation of the third ven-
tricle, the infundibulum with the hypophysis. In
front of the latter is the chiasm of the optic nerves,
made up of the continuations forward of the optic
tracts of the two sides after they have rounded the
cerebral peduncles. Beneath the corpora quadri-
gemina the system of cavities continues as the aque-
duct, the walls of which are composed of the central
ventricular gray substance which line the third ven-
tricle, covering the surface of the thalami.

Beneath the corpora quadrigemina lies the teg-
mental region, which is formed from the subthalamic
region by the junction of the thalami. Basal to the
tegmentum are found the converging crura cerebri,
which emerge from the two hemispheres and which
seem to be the continuation of the white substance
of the internal capsule. Beneath the tegmentum
they form the crusta. Between the tegmentum and
the pes lies a brownish, half-moon-shaped mass, the
substantia nigra. Behind the corpora quadrigemina
is the cerebellum, thrusting itself, covered by the
tentorium, beneath the occipital lobes, into the pos-
terior cranial fossa. In the median line and between
the two cerebellar hemispheres lies the worm (vermis).

Beneath the corpora quadrigemina the brachium
conjunctivum (processus cerebelli ad corpora quad-
rigemina) passes from the tegmental region into the
cerebellum. Between these the thin anterior medul-
lary velum forms with the lingula, the direct passage
to the vermis (the valve of Vieussens).

The aqueduct passes beneath the valve of Vieus-
sens and spreads out into the fourth ventricle bounded
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by the diverging superior cerebellar peduncles. The
accompanying Fig. 1 illustrates the connections of
the ventricular system.

The floor of the fourth ventricle constitutes a part
of the fossa rhomboidalis. Beneath this are continued
the component parts of the me-
dulla oblongata. They are con-
tinued from the tegmentum and
" pes of the crura cerebri.

The roof of the fourth ventri-
cle is formed by the under portion
of the worm (vermis inferior).
A process of the pia, known as
the tela choroidea inferior, enters
into the ventricle from ‘behind.

The hemispheres of the cere-
bellum are composed, like those
of the cerebrum, of the superficial gray cortex, and
the central white medullary substance. They are
divided into innumerable small, generally parallel
convolutions which are arranged in single lobes.
Every lobe is in continuous connection with the cor-
responding portion of the other hemisphere by means
of a part of the vermis.

On the upper surface are two hemisphere lobes, the
lobus superior, anterior and posterior (semilunaris),
both united by the superior vermis (lobus centralis,
monticulus, folia cacuminis).

On the under surface are found, enumerated from
in front, the following hemisphere lobes: flocculus,
tonsilla, lobus cuneiformis, posterior inferior lobe
(semilunaris). The inferior vermis supplies the
connection of these lobes (nodulus, uvula, pyramis,

Fig. 1.
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commissura brevis, are the several components in re-
spective order). In the interior of the medullated
area of the cerebellar hemispheres lies a gray puck-
ered substance, the corpus dentatum cerebelli, and in
the medullary area of the vermis the nucleus teg-
menti (roof nucleus). Other smaller gray masses,
emboliformis nucleus and globosus, lie between these
two.

From the medullary substance of the cerebellum
the superior cerebellar peduncles already described
converge anteriorly, while inferiorly passes the pro-
cessus cerebelli ad pontem, composed of white medul-
lated bundles which converge posteriorly over the
descending cerebral peduncles and at the base of the
brain form the pons (pons Varolii). In a posterior
direction run convergingly the processus cerebelli ad
medullam oblongatam or the restiform bodies. The
superior cerebellar peduncles form the lateral bound-
aries of the anterior half of the rhomboid fossa, the
restiform bodies form the posterior half. The shape
of the rhomboid fossa is determined by the conver-
gence of these two medullary tracts as they passfrom
the cerebellum.

The fourth ventricle is covered with a layer of gray
substance (central gray matter), and in the middle of
the cavity the medullary white substance of the strise
acusticae pass transversely toward the two sides at
an obtuse angle.

Beneath the gray matter lies the continuation of
the constituents of the tegmentum; beneath this,
the continuation of the crusta encircled and divided
by the transverse pontal fibres of the cerebellum. In
addition to this there is a number of small gray
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masses (nuclei) lying between all of these interlaced
medullary pathways. All of these together with the
nerves that passout constitute the medulla oblongata.
On the posterior border of the pons, at the base of
the brain, pass the pyramids, the continuation of the
crusta. Laterally to the pyramids in the medulla are
the olivary bodies which on cross section appear as
variously involuted puckered gray leaves.

Dorsally to the passage of the pyramids the fourth
ventricle becomes narrower, owing to the converging
restiform bodies which unite at an acute, angle the
calamus scriptorius. At the most posterior portion
of the angle the ventricle sinks deeper into the sub-
stance of the medulla and soon disappears entirely
from the surface, lying toward the centre of the
medulla as the central canal and continuing in this
position throughout the entire spinal eord.

The medullated bundles of the restiform bodies,
shortly before their junction, form into a median
bundle, the funiculus gracilis, or Goll’s column, and
a lateral bundle, the funiculus cuneatus, or column
of Burdach. Both of these continue seemingly unin-
terrupted throughout the cord as the posterior col-
umns. Ventrally the pyramids approach one an-
other at the surface, while deeper in the medulla
they may be seen to constitute the motor crossing
(decussation of the pyramids). In conjunction with
the most ventral portion of the restiform bodies,
which does not go to the posterior columns, these
crossed pyramidal fibres form the lateral columns
or tracts of the spinal cord (funiculus lateralis).
The anterior columns (funiculus anterior) arise
from the parts that lie under the pyramids and



MORPHOLOGY OF THE NERVOUS SYSTEM. 1%

which come into view after the disappearance of the
latter.

Around the central canal, in the centre of the spinal
cord, there are grouped together as a continuation of
the gray substance of the ventricles with its nuclear
masses, the anterior and posterior horns. The gray
substance is, therefore, like the ventricles, pushed
toward the centre, while the white substance lies on
the periphery. The medulla oblongata is thus trans-
formed into spinal cord.

The spinal cord consists of a round white bundle
about the size of the little finger. It is enclosed in
its membranes and extends in the spinal canal as far
as the upper border of the second lumbar vertebra.
It gradually diminishes in size as it passes down-
ward, but there are developed in its course two en-
largements, one in the cervical and one in the lumbar
portion. These enlargements result from a marked
increase in the central gray matter of the anterior
and posterior horns. Between these two enlarge-
ments lies the dorsal portion of the cord. The lower
termination of the cord is known as the conus medul-
laris. The three columns, the anterior, lateral, and
posterior, pass, as portrayed above, circumsecribing
the gray substance of the anterior and posterior horns.
In the conus medullaris terminate the columns and
horns of the cord. In the conus the lateral column
is the most, the anterior column the least prominent.
In this portion of the cord the gray substance pre-
dominates over the white; in the cervical cord, ete.,
the reverse is the case.

Between the two anterior columns runs the deep

anterior longitudinal fissure. Between the two pos-
-
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terior columns is the narrow posterior longitudinal
fissure. From the stem of the brain and from the
spinal cord the peripheral nerves pass out. They
are the continuation of medullary columns gathered
together in bundles.

The nerves are divided into the twelve cranial, and
the thirty-one pairs of spinal nerves. At the base of
the brain the twelve cranial nerves, up to the fourth,
take their origin in the following order:

I. The olfactory nerve. It is composed of the
small numerous nervi oifactorii which pass through
the lamina cribrosa of the ethmoid bone. These
enter into the olfactory bulb, which lies in the
straight sulcus (sulcus rectus) of the frontal lobe.
The bulb passes posteriorly as the olfactory tract and
terminates laterally in front of the chiasm in the tri-
gonum olfactorium. The olfactory tract, ete., in
man comprises an undeveloped portion of the brain,
but in the lower animals it is for the most part de-
veloped into a very considerable cranial lobe.

II. Optic nerve. Both nerves pass from the eye-
balls and converge to the chiasm, undergo partial de-
cussation (nasal, most considerable bundle) and pass
as the optic tract over the cerebral peduncles farther
upward as far as the lateral geniculate bodies in
which they seemingly disappear.

ITI. Motor oculi. It passes beneath the quadri-
geminal bodies in many bundles, through the sub-
stance of the tegmentum and reaches the surface
mesal to the peduncle at the anterior border of the
pons.

IV. Trochlear nerve. It passes dorsally behind
the posterior quadrigeminal bodies, totally decus-
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sates in the velum medullare, passes toward the base
and then over the peduncles farther forward.

V. Trigeminal nerve. It passes out with an an-
terior (motor) and a posterior (sensory) root through
the lateral fibres of the pons. The posterior root
forms the Gasserian ganglion. Then the nerve
divides into its three branches.

VI. Abducens nerve. It arises from the floor of
the fourth ventricle, passes through the medulla, and
passes out at the posterior border of the pons lateral
to the pyramids.

VII. Facial nerve. It emerges in company with
the following nerve externally from the olive at the
posterior border of the pons.

VIII. Auditory nerve. It is composed of two
roots, the vestibular nerve (anterior median root) and
the cochlear nerve (from the cochlea) (posterior lat-
eral root) and emerges with the facial.

IX. Glosso-pharyngeal nerve.

X. Vagus nerve. Both of these pass out together
ventral to the restiform bodies in many roots. The
first forms with others the petrosal ganglion; the
second the jugular ganglion.

XI. The spinal accessory nerve. It emerges by
many roots that pass out through the lateral columns
from the upper cervical cord and medulla. Its inner
branch goes to the pneumogastric.

XII. Hypoglossal nerve. It passes out in many
bundles between the pyramids and the olive.

The spinal nerves are divided into the eight cervi-
cal, the twelve dorsal, the five lumbar, the five sacral,
and the one (seldom two) coccygeal. Each arises
from an individual spinal cord segment; conse-



20 ALTAS OF THE NERVOUS SYSTEM.

quently from the eight cervical, twelve dorsal, five
lumbar segments, etc. Every nerve emerges from
its spinal segment in two separate portions—* roots.”
Between the anterior and lateral columns emerge
the anterior motor root (radix anterior); between
the lateral and posterior columns the posterior (sen-
sory) roots (radix posterior). Both roots unite into
one nerve trunk. Before uniting svith the anterior
root the posterior root forms the intervertebral
ganglion, a knuckle-shaped swelling in the inter-
vertebral foramina. The nerves for the neck, the
extremities, ete., comprise, before they pass into the
soft parts through their numerous anastomoses,
the nerve plexuses (plexus cervicalis, brachialis,
lumbalis, sacralis, etc.). In the strict sense of
the word the peripheral nerves arise primarily from
the plexuses. Consequently the peripheral nerves
are composed of mixed fibres from the anterior and
posterior roots, not only of a single spinal segmental
level, but of different levels. (For further details
see Plate 23.) The nerve roots for the lower extremi-
ties, in consequence of their level of origin (level of
the first lumbar vertebra, see Plate 23) run for some
distance together with the conus medullaris before
their departure through the intervertebral foramina,
and below the conus constitute the cauda equina.
The chain of the sympathetic divides into a series
of small prominences (ganglia) which from their
beginning at the neck (cervix) (ganglion supremum,
medium, imum) are situated at the anterior border
of the vertebral column. In front of each vertebra
lies a ganglion. These are united with one another
by attenuated bands of nerves. Nerve fibres pass
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also to the ganglion from the cranial nerves and the
spinal plexuses. At the coccyx the sympathetic chain
terminates in the median ganglion, ganglion impar.
From the sympathetic ganglia pass the sympathetic
nerves, partly following the blood-vessels, partly con-
tinuing farther in the nerves of the cerebrum and
spinal cord to the innervated organs (to all smooth
muscle fibres). «In part they form in the neighbor-
hood of these organs other ganglia (heart-muscle
ganglia, ganglia of the mesentery, stomach, etc.).

The arterial blood-vessels of the brain take their
origin from the internal carotid arteries and from the
vertebral arteries and from the basal circle of Willis,
which is formed from the anastomoses of these two
(see Plate 5). From it arise the arteries which con-
tinue their course in the pia—arteria corpus callosi
(for the corpus callosum, median brain surfaces),
artery of the fossa of Sylvius (for the environment of
the ventricle and basal ganglia), arteria choroidea (for
the ventricle), arteria profunda (for the occipital and
temporal lobes, etc.). The blood-vessels of the brain
substance are what is called terminal arteries, that is,
they do not have such profuse connections through
anastomoses that neighboring vessels may in case of
necessity take their place. The arteries of the spinal
cord arise in part from the vertebral artery as an-
terior and posterior spinal arteries; but in part they
proceed from the arteriz intercostales, etc. The
vessels enter from all sides, especially, however, from
the anterior longitudinal fissure.

The accompanying illustrations show the divisions
of the blood-vessels: Fig. 3 those of the fossa of Syl-
vius (4.f.S.) to the basal ganglia and the internal
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capsule (4.l.st. = arteria lenticulostriata, w hich from
a pathological point of view is one of the most im-
portant branches). Fig. 2, a cross section of the
spinal cord with its blood-vessels; one observes the
vascular supply of the gray substance through the
anterior sulcus artery.

The return of the blood from the brain is accom-
plished by means of the pial veins which empty in the
venous sinuses (from the third ventricle, the vena
magna Galeni), which in turn pour into the internal
jugular.

In the spinal cord the return circulation is aceccom-

Fia. 2.

plished by means of the richly anastomosing Breschet’s
plexus of veins which ramifies in the dura mater.

The lymph tracts of the brain and spinal cord
communicate with the lymph spaces which are dis-
tributed throughout the meninges, the ventricular
cavities being in open communication with the sub-
arachnoidal space (liquor cerebro-spinalis).

The nerves of the pia and dura are of sympathetic
origin, a part of which (those for the dura) arise
from the sensory divisions of the trigeminus.



SECTION II

Development and Structure of the Nervous
System.

(Plates 11 to 48.)

THE central nervous system develops from the outer
blastoderm, the ectoderm of the embryonic primary
constituent. In the middle of the embryonal area a
couple of folds develop from the ectoderm in a longi-
tudinal direction. These, coming together and dip-
ping below, form the medullary groove. By the
closing of the lateral walls of the primitive tracts, at
the dorsal portion; the medullary canal is formed.
From the layers of the epithelial cells of the neural
canal is developed the matrix or foundation substance
(glia) of the central nervous system and the nervous
substance proper. The membranes and blood-vessels
are of mesodermal origin.

Latero-dorsal from the medullary groove itself
there is formed a border studded with cells (gan-
glion border or furrow), which runs alongside of the
medullary channel, throughout its entire length.
From the furrow arise the intervertebral ganglia and
the analogous ganglia of the sensory cranial nerves,
such as the olfactory ganglia, Gasserian ganglion,
the jugular, cochlear, petrosal ganglia, ete.

In the first embryonal month the medullary groove
divides at its nasal club-shaped end into three pri-

mary vesicles. These are the primary anterior vesi-
23
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cle or fore-brain, which later divides into fore- and
tween-brain, the primary middle wvesicle, and the
primary posterior vesicle dividing secondarily into
the hind-brain and after-brain. These constitute
therefore three, or after later subdivision five, cere-
bral vesicles. From these develops the entire brain.
The cavity of the medullary canal becomes the sys-
tem of the ventricles, the walls of the canal and vesi-
cles expanding into the structures of the spinal cord
and brain.

In the process of development the fore-brain is
divided into two parts (the rudimentary cerebral
hemispheres) by the falciform process of the dura
which grows in from above and presses in the roof
of the vesicle (pallium). Through their more rapid
growth the hemispheres soon exceed in area the re-
maining portions of the brain. The wall of the fore-
brain vesicle expands to form the cortex and medul-
lary substance of the hemispheres, while from its
floor the primary constituent of the basal ganglia
projects into the primary cavity, which has now be-
come the lateral ventricle. Externally it adheres to
the lateral wall (at the external capsule), but mesi-
ally it remains free (the nucleus caudatus).

The corpus callosum extends from the vesicles of
the hemispheres on their median surfaces, bridges
over the middle line, and unites the two hemispheres.

The cortex, which at first is smooth, develops
through involution (second to third month) its pri-
mary fissures and convolutions, the fossa of Sylvius
being the first to develop (see Plate 12).

From the tween-brain arise the optic thalami and
the remaining structures such as the hypophysis,
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conarium, tractus opticus, tractus olfactorius, ete.,
which surround the cavity that has been transformed
into the third ventricle. The thalamus unites at the
putamen with the most posterior portion of the basal
ganglion. Here, therefore, the fore-brain is in re-
lationship with the tween-brain.

From the mid-brain develop the corpora quadri-
gemina, tegmentum, and pes of the crura cerebri,
while the cavity narrows into the aqueduct.

From the hind-brain develops the cerebellum, and
from the after-brain the medulla.

A downward cerebral flexure, the pontine arch, is
formed quite early in the mid-brain.

Microscopic investigation of the central nervous
system reveals its structure to be of two varieties of
tissue: the matrix, glia, and the nervous substance
contained in it, the nerve cells and fibres. Both de-
velop in such wise from the ectodermal epithelial
cells of the neural canal that a part of the same, the
spongioblasts, increasing from the central canal, send
“out numerous fibrils in all directions, forming a fine
network and thus developing the glia (spider cells,
astrocytes).

Cells of different structure, the neuroblasts, develop
- as germ cells, soon sending out a long, thick process
and later numerous finer twigs. From them develop
the ganglion cells and nerve fibres. Collections of
such germ cells are found in certain definite portions
of the central nervous system. Thus they are found
in all the cortex of the cerebrum and cerebellum and
in the basal ganglia, the latter being looked upon as
modified cortex. Further they are located in the
thalamus, in the corpora quadrigemina, etc., and
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finally from the mid-brain in the neighborhood of the
central canal as far down as the end of the spinal
cord in an arrangement known as the “central nu-
clear area.”

The remaining portion of the central nervous sys-
tem is developed principally from the long processes of
these cells. Collectively these form later the medul-
lary substance, the “white” substance, whereas the
aggregation of cells forms the “gray” substance.

The complex “mnerve cell with its accompanying
nervous prolongations” in its entirety is designated
a neuron (¢ vepoy, nerve unit).

The long prolongations of the ganglion cells of the
cortex, basal ganglia, and optic thalamus run their
course almost entirely within the central organ; that
is, they have their beginning and ending there, con-
stituting central neurons. Those from the peri-
canalicular nuclear areas grow in part from the cen-
tral organ toward the periphery of the body and
constitute peripheral neurons. The last-named com-
prise the motor cranial nerves, which grow out of the
mid- and hind-brain, and the motor spinal nerves
which project from the ventral nuclear areas of the
spinal cord (anterior horn). The latter develop as
the anterior roots from the anterior horn, springing
direct, as long processes, from the ganglion cells
gituated there.

The arrangement of the sensory nerves is exactly
reversed. These grow from the cells of the spinal
ganglia into the dorsal nuclear area of the spinal eord
(posterior horn, etc.) as the sensory spinal nerves.

In a similar way the sensory cranial nerves grow
into the brain from the cells of the Gasserian, petro-
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sal, cochlear, and jugular ganglia and from the cells
of the retina and mucous membrane of the nose (ol-
factory bulb, mid-brain, hind-brain). At the same
time there pass out from these cells just mentioned
other processes to the periphery which constitute the
peripheral sensory nerves. This neuron consequently
has its cell about in the middle of its course.

In the course of development, the neuroblasts
transform themselves little by little into ganglion
cells. Their nervous processes may attain to a con-
siderable length. From about the fifth month these
nervous processes become surrounded with a sheath
which accompanies them throughout their entire
course, following the protal formation of the medul-
lary sheaths. Every long process is surrounded with
a soft white medullary sheath and becomes thereby
a definite, functionating nerve fibre.

Development of the medullary sheath occurs, vary-
ing at different times for the different neuron-com-
plexes, from the already named period of embryonal
life to the age of childhood and beyond. Successively
one portion of the processes after another becomes
medullated. Thus results the well-known white
color of the medullary substance. As a rule medul-
lation occurs first in those parts that are the earliest
to functionate. Thus the first to develop their med-
ullary sheaths are the peripheral reflex tracts, the -
central sensory conducting pathway before the
motor, and the projection fibres before the associa-
tion tracts, ete. (see Plate 48).

The fully developed neuroglia is made up of nu-
merous small cells, supporting cells, glia cells. The
enormous number of prolongations of these cells form
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a fine fibrillar network in which are embedded the gan-
glion cells and nerve fibres. The walls of the central
canal and of the ventricles are lined with eylindrical
epithelium (ependyma), the primitive epithelial cells
of this area.

The mature ganglion cells are in part large cells of
different shape having well-marked nuclei and made
up of protoplasm of very different structure, fre-
quently impregnated with pigment. In part they
are small nuclear cells consisting almost entirely of
nuclear substance. From the cells there pass off
small side prolongations which branch or divide near
the cell as do the branches of a tree, and these are
called dendritic or protoplasmic prolongations. The
process which arises as the direct prolongation of the
neuroblast and which has been considered above is
known as the axis-cylinder prolongation.

After its exit from the ganglion cell this axis-cylin-
der prolongation becomes ensheathed with medullary
substance and is then known as a nerve fibre.

The nerve fibre consists, therefore, of an axial core
or thread, which in turn is composed of numerous
individual fibrillee and the surrounding segmented
medullary sheath. These nerve fibres pass out from
the central neuron system as peripheral nerves and
become covered with a second, very thin envelope
around the medullary sheath, known as the sheath
of Schwan, or the neurilemma.

The axis-cylinder prolongation may be of various
lengths, but it always terminates in an arborization, a
gplitting up of the fibres. Before this it gives off
at different levels lateral branches known as collat-
erals, which end likewise by splitting up, that is, by
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terminal ramification. The cells with long prolonga-
tions (cells of Deiters’ type) make up the preponder-
ating majority, in contrast to those with the very
short processes which have their terminal arborization
close to the cell itself (Golgi’s spindle cells).

Ganglionic cells with their cell branchings, to-
gether with their axis-cylinder processes and ter-
minal arborizations, constitute anatomical and physi-
ological units—the neurons.

All nerve tracts are made up of a collection of such
neurons. Direct anatomical continuity between neu-
rons does not seem to exist.* They seem to be like
the cog-wheels of a machine in which the axis-cylin-
der termination of one neuron embraces the cell rami-
fications of the other. The brain, the spinal cord, the
peripheral nerves, and the sympathetic nervous sys-
tem are made up entirely of such neurons.

Transference of excitation from one neuron to an-
other takes place through the occurrence of motion
in these terminations. The conduction in the axis-
eylinder prolongation is cellulifugal, in the cell rami-
fications cellulipetal. No neuron is in individual rela-
tionship to another neuron only, but to many neurons
(intercalary cell neurons), a condition which is made
possible by reason of the countless cellular ramifica-
tions, and the giving off of numerous collaterals.

The gray substance of the nervous system, the
cortex, the ganglia, and nuclear deposits, consist of a
groundwork of glia in which are embedded the gan-
glion cells, their dendrites, and their more or less

% In all probability there exists a neuron anastomosis be-
tween protoplasmic prolongations.
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numerous nerve fibres which are partly medullated
and partly non-medullated (white fibres of Remak).

The white substance, the centrum semiovale of the
hemispheres, corpus callosum, internal capsules, pe-
duncles, columns of the spinal cord, and peripheral
nerves consist merely of medullated nerve fibres, the
medullary envelope being responsible for the color
and consistence of the substance.

The finer microscopical structure of individual
parts of the central nervous system is to be found in
the description of Plates 13 to 21 and is far more
easy to comprehend from illustrations than from
verbal desecription.

To recapitulate briefly the inner relationships:

In the cell layer of the cerebral cortex the medul-
lary fibres of the centrum semiovale arise and end.
They belong to three different systems.

I. THE COMMISSURAL TRACTS.

They constitute the greater part of the central me-
dullary deposit as fibres of the corpus callosum and
unite symmetrical localities in the convolutions of
one hemisphere with those of the other. Those por-
tions of the cortex that are not thus united through
fibres of the corpus callosum, such as the basal, tem-
poral, and occipital lobes, are connected by means of
the deeply situated anterior commissure.

II. THE ASSOCIATION TRACTS.

These are made up of medullary tracts which con-
nect different parts of the same hemisphere. Adja-
cent convolutions are connected by the fibrae pro-
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prise; distant convolutions and lobes by means of
the short and long association bundles. They course
within the hemispheres from convolution to convolu-
tion and are mostly collected into definite bundles,
which pass through the white substance to break up
in the more distant ones.

Some of these bundles have special names, such as
the cingulum, fasciculus uncinatus, fasciculus longi-
tudinalis inferior, etc. The latter unites the tem-
poral lobes with the frontal and occipital lobes, while
the superior longitudinal fascicle and subecallosus
unite the temporal with the occipital lobes, ete. Por-
tions of the temporal and occipital lobes are connected
with especial closeness by numerous association fibres
within their own territory and with the remaining
portions of the cortex.

1II. THE PROJECTION TRACTS.

These are the most important fibre tracts. They
arise from all parts of the brain cortex, or end in
the same, and pass between the transversely coursing
commissural fibres and the longitudinally coursing
association fibres further downward. They bring
more deeply lying portions of the brain stem and
spinal cord into connection with the cortex. The
totality of these tracts is called the corona radiata.

The tracts of the corona radiata are divided accord-
ing to the locality of their axis-cylinder ramifications
into short tracts and long tracts.

The corona radiata tracts which come from all
parts of the cortex are collected in the internal capsule
in the anterior and posterior limbs, and pass further
caudad. They thus break through the basal ganglia.
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1. THE SHORT CoRONA RADIATA TRACTS.

a. One portion of the corona radiata tracts passes
from all the convolutions of the cortex into the optic
thalamus, coming from out the internal capsule as
anterior, posterior, and inferior stalks of the thala-
mus, and disappears in the thalamus, the corona ra-
diata of the thalamus. A part covers the surface of
the thalamus before their entrance, stratum zonale.

b. Another portion passes in a similar way into
the nucleus caudatus and there disappears. This
portion is to be considered as association tracts.

¢. A portion arising from the occipital lobes, the
cuneus, collects in the hindermost portion of the
posterior limb of the internal capsule and passes to
the primary optic centres, to the pulvinar of the
thalamus, to the lateral genmiculate body, and to the
anterior quadrigeminal body. This portion is known
as the optic radiation of Gratiolet. From here the
optic tract passes farther.

2. THE Long CoroNA RapIiaATA TRrRACTS.

These come from all parts of the cortex, descend
in the internal capsule, and pass under the thalamus
in the subthalamic region into the tegmentum of the
cerebral peduncles, and in part into the crusta.

a. Tegmental Tracts.

A part of these pass directly out of the posterior
limb of the internal capsule; another part, after pene-
trating the inner segment of the lenticular nucleus
(ansa lenticularis from the globus pallidus) and
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This segment is also the only continuation of the
crusta fibres which pass through the pons on its pos-
terior border as pyramids and which course farther
downward through the spinal cord as the pyramidal
tracts. This tract passes in the lateral columns after
the larger part of the fibres has crossed over to the
opposite side; the uncrossed, smaller portion remains
in the anterior columns. This tract is the longest of
all the corona radiata fibres, it being possible to fol-
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low the longest fibres in the lateral columns (crossed)
as far as the conus medullaris. From the cerebral
peduncles on, this tract continues to give off fibres
which pass to the motor nuclei of the opposite side.
It constitutes the central motorial tract.

The position of this tract is well illustrated by the
accompanying schematic representation of the cap-
sule, which is modified from Edinger (Fig. 4). The
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direction and position of the tracts are as have been
described.

To these corona radiata fibres which arise from the
cerebral cortex come yet others that originate in the
basal ganglion and optic thalamus, coursing down-
ward as short tracts. To these belong:

1. Those fibres which pass from the nucleus cau-
datus and putamen to the optic thalamus, to the inner
member of the lenticular nucleus, and farther down-
ward to the substantia nigra of the cerebral pe-’
duncles.

2. Those tracts which arise from the optic thala-

mus and pass to the tegmentum and there terminate
(red nucleus, substantia reticularis).
- In the tegmentum of the cerebral peduncles there
begin new fibre tracts. Omne of these, which passes
close beneath the gray matter of the aqueduct, the
posterior longitudinal bundle (fasciculus longitudi-
nalis posterior), connecting individual cranial nerves,
can be traced into the cervical cord. A larger one
likewise passes out from the red nucleus, crosses with
its fellow of the opposite side, and goes to make up
the brachium conjunctivam (processus cerebelli ad
corpus quadrigeminum), passing to the hemispheres
of the cerebellum and ending in the corpus dentatum
and cerebellar hemispheres.

From the cerebellum fibre tracts pass in or out.
Such are the processus cerebelli ad pontem, which
crosses to and ends in the pons of the other side, and
the processus cerebelli ad medullam oblongatam, the
restiform bodies; they consist of fibre tracts from
the cerebellum to the olivary bodies and to the pos-
terior and lateral columns of the spinal cord (late-
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ral cerebellar tract), partly long and partly short
tracts.

In addition to these the cerebellum, like the cere-
brum, contains commissural and association tracts.

The constitution of the spinal cord, as it is made up
of the projection fibres of the cerebrum and cerebel-
lum and of the pyramids and restiform bodies, is
easily understood from what has been said on page
16. On cross section of the spinal cord we recog-
nize both halves separated anteriorly by the anterior
longitudinal fissure. In the median line is the white
commissure, passing transversely from one anterior
horn to the other; just behind this is the small cen-
tral canal, posterior to which is the posterior com-
missure.

The gray substance in the anterior and posterior
horns is surrounded by the anterior, lateral, and pos-
terior columns.

1. The anterior column consists of the uncrossed
fibres of the pyramidal tract and the anterior ground
bundle which is the continuation of a portion of the
substantia reticularis of the tegmentum.

2. The lateral column: the crossed pyramidal
tracts comprise the lateral cerebellar tracts from the
restiform bodies, Gowers’ bundle, the anterior lat-
eral bundle, and the lateral limiting layer which
comes in part from the tegmentum.

3. The posterior column consists of the column of
Goll and the column of Burdach and the root zones.

A more detailed specification of the course and sig-
nificance of the tracts that have been spoken of, as
well as of others not mentioned, follows in Section
ITI. What has been said will be more readily under-






SECTION III.

Anatomy and Physiology of the More Im-
portant Nerve Tracts.

(Plates 49 to 52.)

By the word tract it is proposed to designate the
anatomical substratum in its entire connection, that
serves to conduct a physiological excitation from a
ganglion cell as far as the excited end organ.

Every individual physiological functionating tract
consists of many neuron complexes in connection.
Fach individual neuron complex has, however, its
own anatomical and physiological individuality.

There exist tracts which are made up of two,
sometimes three, perhaps more neuron complexes
“coupled” one after the other.

The more important of these, the tracts belonging
to the projection system of the cerebrum and cere-
bellum, are the following:

A. TRACTS WITH KNOWN FUNCTION.

1. The motorial, cortico-muscular, centrifugal con-
ducting pathway, consisting of two neuron com-
plexes.

2. The sensory, centripetal conducting pathway,
consisting of at least two, probably three or more

neuron complexes.
88
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Both tracts come into connection in two parts of
their course.

(@) There exists an inferior connection: the reflex
pathway, independent of the influence of the will, in
the subcortical nuclear layer.

(b) A superior connection (in the cortex); the
tract of conscious will reaction.

The course of the motorial pathway is much sim-
pler and much better known than that of the sensory.
We now consider these tracts and their connections
in the above-named order:

1. THE MoTORIAL TRACT.

. The tract in its entirety is made up of two or more
neighboring neuron complexes, the central and the
peripheral motor neuron.

The cells of the central neuron, situated in the cor-
tex of the central convolutions, 7.e., the pyramidal
cells of the cortex, send out their nerve fibres, to the
pyramidal tract, in the well-known way through the
corona radiata, through the knee and anterior third
of the posterior limb of the internal capsule into the
crusta. Passing through the pons, they continue as
the pyramids.

In the pyramidal crossing, the greater part of the
fibres pass into the lateral columns and continue as
the tract of the crossed pyramidal lateral column.
In the cervical cord this tract lies at the depth of the
lateral columns. But it approaches more and more
to the periphery in its descent to the conus medul-
laris, where it terminates. A small portion of this
tract passes, without crossing, in the anterior col-
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umns and is known as the anterior pyramidal tract.
It can be traced only as far as the upper lumbar cord.

Throughout the length of this extended pathway
there pass off at all levels between the crusta and the
inferior termination definite fibre tracts which cross
over to the opposite side (see Fig. 5, which shows the
pyramidal tract viewed from below). These fibres
ramify and end in the mo-
tor nuclei region of the
brain stem and spinal cord.
The total mass of the py-
ramidal tract, in conse-
quence of this, diminishes
continually as it passes
2 downward. In addition
collaterals pass from the
continuous fibres to nuclei
lying higher up.

The total central neuron
mass, therefore, is finally
split up within the sub-
stations which lie, as has
been mentioned, at various levels (segments) of the
brain axis and spinal copd. This ramification of the
fibres surrounds the cell processes of the ganglion cells
of the peripheral motor neuron which begin from this
point.

The nervous process of these cells passes out from
the brain axis and anterior horn of the same side as
the anterior nerve root and runs as a fibre of the
motor nerves to the muscle, in the single muscle
fibrils of which the terminal ramification of the fibre
takes place (motor end plate).
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The central motor neuron runs therefore crossed,
the peripheral uncrossed. See Fig. 7 of the text. In
the tract which is thus made up of these two neu-
rons, the motor impulses that originate in the cells
of the cerebral cortex pass to the muscles. In conse-
quence of the decussation of the central neuron, they
pass from the cortex of each hemisphere to the mus-
culature of the other side of the body.

Every neuron cell exercises a preservative influence
upon its processes, including the long axis-cylinder
process. The cessation of this influence results in
atrophy of the involved nerve fibre, and even the
ganglion cell itself suffers alteration after profound
changes within the neuron continuity. The cells of
the peripheral neuron exercise in addition a similar
influence upon the muscle fibre which it supplies.

In detail, the most important ‘members of the
motor tract are the following, stated in order from
above downward.

1. Oculo-Motor Nerve.—Its central neuron com-
plex arises at some unknown location in the cerebral
cortex (gyrus angularis?). It runs through the
knee of the internal capsule, separates, however,
from the pyramidal tract, in the cerebral peduncles
probably as a constituent of Spitzka’s bundle (see
Plate 35, 2, s). The latter arises from the most
mesially lying portion of the pyramidal region in the
peduncle, turns mesal and upward, and terminates
after trespassing beyond the middle line in the
nucleus of the motor oculi of the opposite (and of the
same?) side, which lies in the central wventricular
gray matter beneath the aqueduct of Sylvius.
Around the ganglion cells of this locality is found
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the terminal ramification of the central neuron of the
motor oculi. With these cells and their arborization
begins the peripheral neuron. The nerve fibres pass
out of the nucleus as the roots of the motor oculi on
the same side, in lesser part also decussating with
fibres of the other side, and run in the motor oculi
trunk to the muscles of the eye. (For further de-
tails concerning subdivision and function see explan-
ation of Plate 23.) The position of the motor oculi
nucleus, ete., is shown in Plates 18 and 19 and also
in Fig. 6 of the text, p. 48. Herein is also to be
seen the supposed order of the portions of the nucleus
corresponding to the separate eye muscles.

2. Trochlear Nerve.—Central neuron runs as in
the preceding. After decussation, the terminal
ramification of the fibres is found in the crossed
trochlear nucleus, below the posterior corpora guad-
rigemina behind the motor oculi nucleus. The pe-
ripheral neuron begins there and passes out as the
trochlear nerve behind the corpora quadrigemina,
decussating completely with the nerve of the oppo-
site side.

3. Motor Branch of the Trigeminus.—Its central
neuron originates in an unknown locality of the
cerebral cortex (inferior parietal gyrus?), passes
through the knee of the capsule behind the nerve
fibres of the eye muscles, separates from the erusta
in the bundle of Spitzka (?), decussates in the raphe
of the tegmentum, and terminates, surrounding the
cells of the motor nucleus of the fifth, which is situ-
ated laterally in the pontal part of the tegmentum.
From here the motor root of the fifth continues its
course farther as peripheral neuron. It passes as
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anterior root out of the pons and receives also fibres
from the motor nucleus of the other side. Even the
nasal root of the fifth (descending root) is said to
convey motor (trophic?) fibres. This root arises
from the lateral portion of the central ventricular
gray substance of the aqueduct and of lower parts
from large cells situated there until it unites with the
anterior root of the fifth as it passes outward.

4. Abducens Nerve.—Its central neuron runs as
related in 1. Beyond the decussation the terminal
endings of the fibre take place in the nucleus of the
abducens beneath the floor of the fourth ventricle,
near the middle line. The peripheral neuron passes
- out from its cells as the abducens nerve and runs
through the posterior part of the pons.

5. Facial Nerve.—Its central neuron complex
arises from the cells of the lower third of the central
convolutions. The tract passes in the posterior limb
of the internal capsule, behind the knee, separates
from the pyramidal tract in the bundle of Spitzka (?),
decussates in the raphe of the tegmentum, and enters
the facial nucleus of the other side which lies later-
ally, long drawn out in the tegmentum situated deep
in the medulla. From here pass upward and inward
the single facial fibres as peripheral neuron, and col-
lecting together at the genu facialis they finally bend
outward in a great bow and then downward, when
they for the first time pass out of the medulla as
the facial nerve. This is the lower, mouth-cheek
facial.

The central neuron for the upper facial, temporo-
facial, appears to pass otherwise in some unknown
manner. Its peripheral neuron is said to pass out of
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the hindmost portion of the oculomotor nuclei and
to reach the trunk of the facial.

For the orbicularis oris branch the involvement
of fibres from the nucleus of the hypoglossus is as-
sumed (?).

6. Motor Portion of Glosso-Pharyngeal— Vagus.
The central neuron arises from unknown portions
of the cortex (middle frontal convolution [?]), passes
with the pyramidal tract downward and reaches, after
decussating, in some unknown manner the nucleus
ambiguus, which it may be assumed is the motor
nucleus for this neuron, situated deeply in the poste-
rior portion of the medulla. From this point on the
fibres of the peripheral neuron accompany in great
part the vagus.

7. Hypoglossal Nerve.—The central neuron arises
from the lower third of the central convolutions in
front of the facial centre, runs downward in the in-
ternal capsule behind the tract of the facial, separates
in Spitzka’s bundle (?) from the pyramidal tract, de-
cussates in the raphe of the tegmentum, and reaches
the nucleus of the hypoglossal of the other side,
about whose cell it branches. From here the periph-
eral neuron passes out through the medulla as the
hypoglossal nerve.

The tracts described under 5, 6, and 7, particu-
larly those that arise from the left hemisphere, are
specially used for the act of speaking. These cen-
tral neurons, therefore, together comprise the central
speech tract; the peripheral, the peripheral speech
tract. A particular speech tract has also been as-
sumed, but not demonstrated.

8. Spinal Accessory.—The central neuron is said
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to come from the basal median frontal convolution,
running along with the pyramidal tract; it reaches
in an unknown manner the nucleus of the accesso-
rius of the opposite side in the lower portion of the
medulla and in the uppermost cervical cord. From
here the peripheral neuron passes out as the spinal ac-
cessory nerve. An important portion of the nerve, the
inner branch, continues farther with the vagus nerve.

9. The Motorial Tracts of the Upper Extremity.
—Their central neuron complex arises from the cells
of the middle third of the central convolutions, espe-
cially of the anterior convolution, passes downward
through the posterior limb of the internal capsule (an-
terior third), and continues along with the pyramidal
tract through the crusta and pons into the pyramids.
In the decussation of the pyramids the greater part
passes into the lateral column of the other side. The
smaller part (here are found individual variations)
passes downward uncrossed in the anterior columns.
At the level of the cervical cord the fibres bend in
succession at right angles and run out of the lateral
pyramidal tracts into the anterior horn of the same
side; from the anterior pyramidal tracts through the
anterior commissure into the anterior horn of the
other side.* Here they ramify about the cells of the
anterior horns, especially about the lateral groups and
their dendrites.

With these cells the peripheral neuron of these
tracts begins. The nerve fibres of these cells pass

* This last crossing of the anterior pyramidal tract has been
questioned recently, and very properly; in consequence the
termination of this tract in the anterior horn of the same side
must be regarded as hypothetical,
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out as anterior roots and (fourth cerviecal to first dor-
sal root) extend to the brachial plexus, from which
they pass out, forming the different nerves of the arm
(see Plate 23 for explanation). For the position of
the cells of the anterior horns and their relation to the
single muscles the text figure on page 48 gives the
clearest representation.

Above these tracts those for the anterior and pos-
terior neck muscles pass, and under the latter those
for the chest and trunk muscles. Their topography
can be readily seen by reference to the plate just
mentioned. The central course of these tracts is very
little known. The centre for the movement of the
trunk is in the upper frontal convolutions. For
these tracts the descent is not only from the crossed
but in all probability likewise from the hemisphere
of the same side. Many other muscles, especially
those which functionate bilaterally (eye and fore-
head muscles), receive in all probability innervation
from the hemisphere of the same side, and, as has
already been described, from the crossed hemisphere.
Nevertheless these crossed (or double crossed) central
pathways are not in man further known (uncrossed
anterior pyramidal tract).

10. The Motorial Tracts for the Lower Extrem-
ity.—Their central neuron arises in the upper third
of the central convolutions and the lobus paracen-
tralis, passes in the pyramidal tract through the pos-
terior limb of the internal capsule (in the middle of
the limb), then farther down, as described in 9, under-
goes partial decussation, and the greater portion
reaches the lumbar region by way of the lateral py-
ramidal tracts. Here its fibres turn and pass to the
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anterior horn, where they have their terminal rami-
fication. From the anterior horn cells, especially
from the lateral cell groups, the anterior roots (1-5
lumbar and 1-5 sacral) pass as the peripheral neuron.
The latter pass into the lumbar and sacral plexus and
subsequently constitute the nerves of the lower ex-
tremity; see Plate 23 and text figure 6, in which
the relationship of the muscle to the segments of the
brain axis and spinal cord is given on the right side.

11. The Motor Tracts for the Bladder, Rec-
tum, and Sexual Organs arise from unknown re-
gions in the brain. Their central neuron does not
pass downward in the lateral pyramidal tracts, but
in all probability in the anterior lateral ground bun-
dle. It ends in the gray substance of the sacral
cord. From here the peripheral neuron passes out
through the second to fourth sacral roots to the
pudendal plexus, etc., and eventually to the muscles
of the above-mentioned organs (see Plate 23).

12. To the sympathetic system pass central motor
fibres, of unknown cortical origin, through the lat-
eral tracts and which appear to terminate in the an-
- terior horns (lateral horns). Here begins the periph-
eral neuron which goes out through the anterior root,
ending in the ganglia of the sympathetic chain and
in their analogues. In the cells found here begins
the motor sympathetic neuron whose fibres pass to
the various unstriped muscles, blood-vessels, intes-
tines, heart (?), glands, etc.

2. THE SENSORY PATHWAY.

As sensory impressions are carried from the pe-
riphery to the centre we shall follow that direction
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in our consideration of them, starting with the pe-
ripheral neuron. The peripheral sensory neuron
complex of the extremities and the trunk passes in
the sensory fibres of the peripheral nerves (their
exact distribution in the skin is shown in text figures
10-12, see also Fig. 6, left side) spinalward through
the plexus fibres, and terminates before its entrance
into the spinal cord in the cells of the spinal ganglia.
From each cell there passes a fibre in the opposite
direction. These fibres gather to the posterior roots.
The sensory peripheral neuron passes into the spinal
cord first by way of the posterior root fibres. They
enter in two portions at the border of the posterior
horn and posterior column. The two portions are:

1. The small, lateral portion of the posterior root.
It enters at the apex of the posterior horn into Lis-
sauer’s area. Here its fibres divide into an ascend-
ing and a descending branch. Both are short tracts.
They pass with a sharp turn into the posterior horn
and split up around cells which are there situated.

2. The medial, which is the most developed por-
tion of the posterior root fibres, passes into the lat-
eral portion of the posterior columns (Burdach’s col-
umn, likewise known as the posterior root zone).
Here its fibres fork into ascending and descending
branches.

The descending branches are shorf tracts; they
soon turn at right angles into the posterior horn and
branching, there terminate. The ascending divi-
sions are in part short, in part long tracts.

The short tracts soon turn and a part of them pass
into the posterior horn, while the remainder have

their termination in the cells of Clarke’s column and
4
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the anterior horns. The long tracts pass at first up-
ward in Burdach’s columns. Soon after their en-
trance, however, they approach very much nearer
the middle line, principally on account of the recently
entering ascending long root fibres. The long fibres
that pass into the lumbar cord continue in the cervi-
cal cord in Goll’s column, to the outer side of which
pass the posterior root fibres which enter at a higher
level (in the dorsal and cervical cord).

These long, ascending tracts have their terminal
ramifications around the cells of the posterior col-
umns of the medulla, the nucleus funiculus Goll, and
nucleus funiculus Burdach).

All of these variously coursing fibres constitute to-
gether the peripheral sensory neuron complex. The
cells of this neuron consequently lie outside of the
spinal cord in the intervertebral ganglion. The cell
ramification (dendrites) is the very much elongated
peripheral nerve, considerably extended in the longi-
tudinal direction, together with its cutaneous ter-
minal branchings. The nervous process is the pos-
terior root fibre with its fibre ramifications that
terminate in different parts and levels in the spinal
cord.

The fibres split up or ramify about cells that lie:

1. In nuclei of the posterior columns of the me-
dulla (Goll’s and Burdach’s nucleus).

2. In the posterior horns in their various portions.

3. In the so-called middle zone (between the ante-
rior and posterior horns).

4, In Clarke’s columns.

5. In the anterior horns.

From 1-4 inclusive, the central sensory neuron
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complex takes its origin. The ramifications that end
under 5 may be regarded as reflex tracts. So far all
the facts are comparatively certain. Although the
further course of the central sensory tract is better
understood than formerly, it is still very obscure.
The mooted points will be briefly considered later on.
The course of the sensory tracts given here will be
that which harmonizes best with the postulates of
pathology. Anatomically, the course of the sensory
tract in man is not yet completely established.

The central sensory neuron begins, in keeping with
the terminal ramifications of the peripheral, partly
in the already mentioned portions of the medulla,
partly in the anterior and posterior horns of the
spinal cord. The individual parts will be consid-
ered in the order (1-4) cited above.

1. From the cells of the posterior column nuclei,
the nucleus of Goll and of Burdach, in the medulla
begins the central neuron; the fibres pass as the in-
ternal arcuate fibres in form of a bow downward and
turn toward the raphe. Here they pass over the me-
dian line (fillet decussation the beginning of which
i8 to be seen in Plate 41, 1. It terminates at the level
of Plate 39, 2). After this decussation the fibres
uniting reach, dorsally, over the pyramids that have
already decussated deeper down, to the neighborhood
of the anterior ground tracts, where they are known
as the layer of the fillet (principal fillet, laqueus supe-
rior). The fillet increases in area in its further cen-
tral course and forms, between the olives, the inter-
olivary layer lying close upon the median line.

Farther up the fillet continues its course in the
tegmental region and lies, widely expanded, trans-
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versely beneath the same; here it is also known as
the median fillet. = Thus it continues throughout the
pontal tegmentum. In the tegmentum of the erura
it swerves completely from the median line and lies
lateral to the red nucleus. From this region the
superior fillet reaches the subthalamic region, about
the level at which the red nucleus terminates. The
fillet passes partly through the internal capsule (fibres
of the peduncle), running transversely as a part of
the ansa lenticularis, breaking through the inmner
portions of the lenticular nucleus, and rising in the
posterior limb of the capsule to the cortex of the pos-
terior central convolutions and parietal lobe. The
terminal ramification of the fibres of the neuron
takes place about the bodies of cells that lie in these
cortical regions. This part apparently is in some
manner interrupted in the globus pallidus.

Another portion of the superior fillet emerges ap-
parently from out of the subthalamic region, and
passes directly into the internal capsule, in which it
ascends behind the pyramidal tracts, terminating in
the above-mentioned cortical areas.

A portion or all (?) of these fillet fibres seems to be
interrupted in the ganglia of the subthalamic region,
the globus pallidus, and the optie thalamus (lateral
basal nuclear portion). For cortical conduection it is
necessary, therefore, to conceive of a third, centro-
cortical neuron (in the optic radiations of the thala-
mus?). Concerning this, we have no satisfactory
knowledge.

This is also called the superior or cortico-thalamus
fillet.

2. The central neurons beginning in the cells of
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the posterior horns constitute short tracts that termi-
nate for the most part within the spinal cord. Their
fibres pass into the border zone of the lateral tracts
of the same side (funiculus lateralis of the serial sec-
tions, Plate 39, and the following) and also into the
posterior tract (ventral field of the same). After
a short course upward, in part also downward, they
terminate, bending again into the gray substance and
splitting up. Similar tracts then connect with these;
the conduction, therefore, takes place in the manner of
relays in that one short tract connects with another.

In the medulla these fibres enter into the reticu-
lated substance of the tegmentum and terminate in
its nuclei.

From the cells of the reticulated substance (nucleus
magnocellularis in its entirety) it is supposed that
fibres pass to the cortex, annexing themselves to the
fillet. :

3. From the cells of the middle zone originate three
varieties of fibres, partly long, partly short tracts.

a. Fibres that enter into the anterior lateral tract
of the same side passing upward in it. One portion
is short and terminates bending inward into the
gray substance. Another portion passes farther up,
reaches the substantia reticularis tegmenti (lying
adjacent to the fillet?) fal of the sections.

b. Fibres that enter Gowers’ tract of the same side
and pass up to the medulla as long tracts. All long
tracts send throughout their course at different levels
collaterals to the gray substance.

Gowers’ tract passes likewise into the substantia
reticularis tegmenti of the medulla. Its termination
in the brain stem (thalamus?) is still doubtful.
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¢. Fibres that arise from the median group of
cells, especially of the anterior horn, pass (cells of the
commissure) to the median line, decussate in the
anterior commissure, and pass through the anterior
horn of the other side into the anterior lateral tract of
this side and pursue their course as long (?) tracts
with those mentioned under a. In the medulla they
probably join the fillet, no doubt interrupted in the
cells of the substantia reticularis of the tegmentum,
and run upward with the same toward the cortex.

4. From the cells of Clarke’s columns fibres of
the central tract pass into the lateral cerebellar tract
of the same side (CD in the sections), run upward in
the medulla with the restiform body in its most
ventral portion and reach with it the medullary sub-
tance of the cerebellar hemisphere, terminating in the
vermis (in the crossed nucleus tegmenti?) of the
same.

This is therefore in brief the course of the sensory
central neurons for the trunk and extremities. We
see that a part of the same runs through the fillet
direct to the cerebral cortex, crossing in the decus-
sation of the fillet. Another part reaches the cere-
bellum direct through the lateral cerebellar tract.
On the other hand, a third part the anterior lateral
tract reaches only to the substantia reticularis teg-
menti of the medulla (in part crossed in the anterior
commissure); from here on, we must assume a cen-
tral cortical neuron to the cortex, beginning in the
nuclei of the substantia reticularis [?]. These
fibres are said to join in part the upper fillet (border
of the anterior tract). In the fillet consequently run
the chief masses of the central sensory meurons, to
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qualities the following is from pathological experi-
ence to be posited as probable for man.

The entire conduction of sensibility from the skin,
the deeper soft parts in the extremities and trunk,
takes place in the peripheral neuron through the sen-
sory nerves, through the cells of the spinal ganglia,
by way of the posterior root into the spinal cord.
Whether different tracts for the various qualities are
already present in this part of the course i1s not yet
determined, but is probable.

We know that sensations of touch go by a differ-
ent way or at least can go by some other way than
do temperature and pain sensations. The last-named
are conducted by way of the tracts that enter the
posterior horns, ete., and must pass on in the antero-
lateral tract (central neuron). A portion of the same
certainly passes in crossed tracts (anterior commis-
sure [?]) and reaches with the fillet to the cerebral
cortex and thus to consciousness.

Touch sensations and muscle sensations are con-
ducted in the long tracts of the posterior columns to
the nuclei of the posterior tracts and thence by the
way already described, internal arcuate fibres to the
crossed fillet, and from there to cortical consciousness.
(Conduction in the posterior tract for the touch sense,
at least, appears, however, to be replaceable by other
tracts (short tracts conducting in the manner of re-
lays). Certain, however, is the further conduction in
the fillet (for the most part but not completely in the
crossed).

The sensory nerves of the bladder, rectum, ete., pass
through the third, fourth, and fifth posterior roots
of the sacral nerves into the spinal cord. Their pe-
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the raphe, decussates there, and unites with the me-
dian superior (according to others the lateral, see
below) fillet tract. With this the central neuron
complex passes toward the cortex, and splits up about
cortical cells at the terminal points of the fillet tract
(posterior central convolution [?], for taste fibres in
the basal inferior frontal convolution?).

2. Sensory trigeminus. Its peripheral neuron
fibres pass out from the three sensory branches of the
fifth, unite and pass into the cells of the Gasserian
ganglion, and out again as the posterior portion of
the root. This neuron passes through the fibres of
the pons and ramifies about the cells of the sensory
nucleus of the fifth. A part of it, however, passes
for a considerable distance as descending caudal
(Ve) root of the fifth (formerly falsely called as-
cending root) into the upper cervical cord, decreas-
ing gradually in size in its course. This descending
root of the fifth is seen in all sections of the me-
dulla lateral to the remains of the posterior horn (the
substantia gelatinosa of the tegmentum) the upper-
most end of which constitutes the sensory root of the
fifth. Until the present time the anterior, nasal, root
of the fifth, described as motor root, was thought
to be sensory; its significance is still uncertain. If,
as is very probable, motor, it must also be called de-
scending. Finally another part is said to reach the
cerebellum direct from the sensory root of the fifth
(direct sensory cerebellar tract). It is therefore to
be considered as the analogue of the lateral cerebel-
lar tract of the spinal cord.

The central neuron takes its origin from the cells
of the sensory nucleus and from those of the environs
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of the descending root. Its fibres, decussating in the
raphe of the tegmentum, cross the median line and
reach the (median ?) tract of the fillet, passing toward
the cortex to the posterior central convolution. Here
it has its terminal fibre ramification.

3. Auditory nerve. Itisdivided into two branches
the nervus cochlearis and the nervus vestibularis,
each subserving different functions.

@. The cochlear nerve: the true nerve of hearing.
Its peripheral neuron begins in Corti’s organ in the
cochlea, passes into and again out from the cells of
the ganglion cochleare lying in the cochlea (analogue
of the intervertebral ganglion); as nervus cochlearis
it passes to the medulla and ramifies about the cells of
the ventral auditory nucleus. Laterally it embraces
the restiform body, and continues as central neuron
above the corpus trapezoides below the tegmentum.
Above the tegmentum the strize acusticae pass to-
ward the raphe (doubtful). The neuron decussates
and continues its course as the lateral inferior fillet
of the corpora quadrigemina, lying external to the
median superior tract of the fillet. Omne part pursues
its course uncrossed in the lateral fillet of the same
side and comes into conection with the superior
olive through fibres of the corpus trapezoides; the
lateral fillet passes as far as to below the corpora
quadrigemina in the locality already mentioned and
ends partly in the posterior corpora quadrigemina
and median geniculate bodies (thereto connected
with a third central cortical tract?). From here the
central acoustic tract reaches the subthalamic region
and thence into the posterior limb of the internal
capsule, behind the above-described direct sensory
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superior fillet fibres of the internal capsule. From
it the fibres pass into the cortex of the superior tem-
poral lobe.

b. The vestibular nerve. Its peripheral neuron
arises from the semicircular canals of the labyrinth
where it has its neuron cells and terminates, splitting
up about cells of the dorsal auditory nuecleus and neigh-
boring cell groups (Deiters’ nucleus). One portion
constitutes the descending eighth root, while another
ascends to the cerebellum as direct sensory cerebellar
tract. From the sensory nucleus passes. the central
neuron (corpus trapezoides?), crossing in the raphe to
the median fillet and thus toward the cortex; corti-
cal location unknown.

The optic and olfactory nerves differ from the pre-
viously described sensory nerves. They are not to
be considered as peripheral nerves but as modified
portions of the brain. This is shown by their struc-
ture and development.

4. Optic nerve. Its peripheral neuron lies entirely
within the external layers of the retina. Adjoining
this, its central neuron takes its origin in the internal
layers. The neuron fibre runs in the optic nerve to-
ward the centre. A partial decussation takes place
in the chiasm in such wise that the fibres from the
left retinal halves run in the left optic tract, while
those from the right halves run in the right optie
tract. The two fibre bundles from the nasal halves
of the retina consequently decussate.

Each optic tract contains therefore fibres from both
optic nerves, and there are apparently long and short
tracts.

The long tract passes in the optic tract to the lat-
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This is the course of the sensory tract. Its central

neuron runs therefore in greatest part crossed, its

N. sers & st peripheral uncross-

i ed (see Fig. 7). In

consequence, most

sensations reach the

opposite hemi-

. sphere, but a small

part the hemisphere

of the same side.

This arrangement is

entirely analogous

to the arrangement
o of the motor tract.

We turn now to a
consideration of the
connections between
F:él, .?.—‘_r:;._PEI_‘i;!I)hara'l, I ~rt:entnaﬂ neuron: d, motor and sensory

351(";'1?-;31;?1:;;;'(} ud::nng, b, short peripheral sen- racts.

The peripheral motor and sensory neuron (reflex
tract) and the central motor and sensory neuron
(tract of conscious voluntary reaction) are in physi-
ological connection.

a. The Reflex Tracts.

We understand by reflex, a non-voluntary move-
ment that has been aroused by a sensory stimulus.

The entire process takes place within the periphe-
ral neurons.* These comprise therefore the reflex
tracts, reflex arch. This reflex tract is divided into

!

L4

* Whether there are reflex tracts within the sympathetic
system (reflex centres in the sympathetic ganglia) is not
known.
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the sensory portion (sensory peripheral neuron partly)
and the motor part (motor peripheral neuron) together
with a connecting portion—the reflex collateral—a
branch that separates from the sensory neuron after
its entrance into the spinal cord or brain stem. This
has already been described (p. 50) as a short process
of the posterior roots of the spinal cord, passing to
the motor cells of the anterior horn (under 5).

The reflex tracts are the first in the fibre primary
constituent of the feetus to become medullated. This
corresponds to the fact that the first embryonie proc-
esses of movement are of reflex nature.

1. The Skin and Tendon Reflex Tracts.—They
are in their course the best known. Their sensory
limb is formed by the peripheral sensory neuron.
Their connecting branch is the reflex collateral that
ramifies about the cells of the anterior horns. Ap-
parently not all of the motor cells of the anterior horns
serve this purpose but only a part of them. There
18 to be distinguished a long and a short reflex arc.

(@) The short is composed of a collateral that
passes direct from the posterior tract, through the
posterior horn to the anterior horn (plantar reflex,
patellar tendon reflex, spinal reflexes).

(b) The long reflex arc arises from the ramifica-
tions of a reflex collateral about a cell of the posterior
horn. From this cell an ascending and a descending
branch with a number of collaterals pass out to one
or more motor ganglion cells (in various levels of the
anterior horns, and eventually even in the brain
stem). In this manner reflex conduction to distant
muscle areas is made possible. Hereby is also made
clear the possibility of the activity of the brain, that
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is postulated on clinical grounds for different re-
flexes. The fibres of the posterior longitudinal bun-
dle appear to functionate in this manner.

The localization of a few reflexes belonging to this
class can be seen by referring to Fig. 6, page 48 (for
details see Section IV., 3).

2. The Complicated Reflex Tracts.—Their de-
tailed course is still very little known.

The deglutition, sneezing, and coughing reflex
tracts are composed of the sensory trigeminus-glosso-
pharyngeal-vagus fibres and the corresponding motor
nerves of the vagus-accessorius.

The conjunctiva reflex is composed of the trigemi-
nal-facial fibres.

The pupillary reflex is composed of the optic and
motor oculi fibres (corpus quadrigeminus and motor
oculi nucleus).

The reflex collateral must pass from the sensory
nerves concerned to a corresponding motor nucleus.
For some reflexes the participation of the cortex is
also supposed. Facts are at present wanting for the
localization of other important reflexes manifested
through the optic, the auditory, ete., nerves.

See further details concerning these reflexes in Sec-
tion 1V ., 4.

The functions of the bladder, rectum, ete., under
reflex control have their reflex arc in the sacral por-
tion of the cord (see sensory and motor tracts of the
same).

b. The Tract of the Will.

Above the reflex arc, which is constituted from the
two peripheral neurons, there is as it were a second
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long before the central motor tracts. The cells or
neurons lying there have the specific property of
preserving these impressions in some way through
chemical [?] or physical processes, and of reprodue-
ing them again under proper circumstances as mem-
ory pictures.

In post-feetal life there come, besides these, memory
images of sound waves, from the external physical
world through the lateral auditory fillet, that have
been stored up in the superior temporal convolutions.
In the same way those of visual sensation which are
deposited in the occipital lobes, especially in the cor-
tex of the cuneus around the calcarine fissure, coming
by way of the optic radiation. A similar condition
obtains with smell and taste sensations.

All of these different qualities of memory images
that are thus localized in spatially separated portions
of the cortex are again connected with one another,
by the agency of association processes, with memory
images in the same hemisphere, by the association
tracts in the strict sense, as well as with others in
the other hemisphere, by commissural tracts.

The construction of ideas arises first through the
processes of association; every idea is therefore com-
posed of a sum of associated memory images. Asso-
ciations of a higher order are the ideas whose combi-
nation form the processes of logical thought. The
reproduction of these associations is called an idea.
Only a small part of all possible associations is at
any given time in operation; the remainder are
latent.

The sum of these associations that are at one par-
ticular time operative, plus the sense impressions en-
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tering for the first time, make up together the chief
component of the content of consciousness. This
content 1s consequently subject to a persistent
change. A portion of the associations, supposedly
not small, runs its course below the threshold of con-
sciousness (unconscious associations).

In addition to those already mamed there is still
another species of sensation that reaches the cerebral
cortex; it is this which is particularly subject to a
development into unconscious associations. These
are the muscle and articular sensations that are con-
ducted toward the centre at the time, when move-
ment processes take place, which are so early reflexly
produced. These store themselves in the central con-
volutions, probably in the immediate neighborhood
of the motor centres, as the sensations of the inner-
vation of those movements that are called forth by
the activity of the various muscles, kinsesthetic mem-
ory images.

Through the reproduction of memory images of
innervation sensations which are being continually
deposited in post-feetal life and through (unconscious)
association further developed, the conscious volun-
tary muscle activity is in some unknown manner
made possible and its purposive function controlled.
The tract in which this conduction takes place from
the terminal portions of the central sensory neuron to
those of the central motor neuron (it must lie in the
cortex) is the real analogue of the reflex collateral of
the peripheral neurons.

An example may illustrate what has been said.
On Plate 11, 3, is shown the reflex tract, its sensory
part brown; the reflex collateral, its motor part blue.
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Above is placed the central tract for conscious activi-
ties, its sensory part green, connecting neuron black;
its motor portion red. The memory images of sense
impressions and muscle sensations store themselves
about the sensory (green) cortical ramifications, con-
sequently in the (black) commissural and association
neurons of the cortex. These last-named tracts pass
to and come from other localities of the cortex.

If the toe be pricked, the leg of the side in the first
nlace draws back reflexly (reflex course in brown
neuron to blue, reflex conduction in the lumbar
cord), at the same time the sensory stimulation
reaches the cerebral cortex in the green neuron.
This is associated with various memory images and
consequently causes the conscious pain sensation.
This causes, now that a new prick threatens associ-
ation with fresh optical sense impressions, through
the arousal of the proper innervation feelings (lobus
paracentralis) impulses in the motor tracts (red, blue)
that are necessary for the withdrawal of the leg and
thereby the muscles that are supplied by it of the dif-
ferent cortical activities that in this wise take place.

The process of vocal speech interests us chiefly
here.

In the upper temporal lobe of the left hemisphere
are deposited, by the child that is learning to speak,
the sound images of heard words (auditory word
centre, sensory speech centre). The recognition of
the significance of word images, the development of
their signification, is first made possible through an
extensive assoclation activity.

From here a pathway (connecting part) leads to
the word speech centre, motor speech centre, in the
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foot of left inferior frontal convolution Broea’s con-
volution. Here or at least in the immediate vicinity
are deposited through practice and repetition the
innervation impressions, kinsesthetic memory pic-
tures, for all muscles concerned in the act of speech,
the muscles of the tongue, mouth, palate, larynx.
The reproduction of these innervation sensations,
stimulated from the sensory speech centre, finally
arouses the complicated movements that are neces-
sary for the production of letters, words, and sen-
tences. If through some mishap the hearing of a
child is lost, it will be impossible for it to learn to
talk (deaf-mutism). All of these processes in the
acquirement of speech are in close association with
the memory pictures from other centres, especially
with the optic and the tactile. The more memory
pictures that are stored up in the cortex and the more
purposive they become through associations, the

greater is the intellectual fund of the brain. '

The speech centres lie, like the centres for reading
and writing which will be considered hereafter, only
in the cortex of one hemisphere; in right-handed
persons in the left hemisphere; in left-handed in the
right hemisphere. The motor speech centre is prac-
tically identical with the centre for the facial, hypo-
glossal, ete.

In learning to read, the scriptoral memory images
are stored up in visual centres (occipital lobe) and
reach consciousness first through association with the
auditory (sound-image) centre and also with the
motor speech centres; because in learning to read we
always transform the scrint images into sound images
and a speech motor image (reading aloud). In later
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years many persons may emancipate themselves
from these association processes.

In learning to write the scriptoral memory images
deposit themselves as sensations of innervation of the
writing movement in the right arm centre in the mid-
dle third of the central convolution of the left hemi-
sphere. They stand in the closest associative con-
nection with the optic and auditory memory images
of this side.

In some individuals the optic, in other the kinzes-
thetic script associations stand more in the fore-
ground.

The chief regions of the hemispherical cortex in
which these processes take place are therefore in the
central convolutions, the upper temporal convolu-
tions, the parietal and occipital convolutions. For
the higher psychical functions of the intelligence the
frontal lobes are designated as the peculiar anatomi-
cal substratum. Still one must always bear in mind
that the complicated processes of the faculty of
thought consist only of more complicated and more
extensive association processes, and that the sum of

Fia. B,

these associations cannot possibly be determined by
the activity of a single lobe.
In Fig. 8 can be seen the difference in the distribu-
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ordination is required in complicated movement proc-
esses that are composed of many different single acts
following in sequence (for example, walking, talk-
ing, etc.). In these cases not only must the single
movement be adaptively controlled, but the temporal
order must be regulated in proper sequence.

Muscle groups functionating together draw their
peripheral as well as their central neuron, or at least
a part of these, from cell stations, the individual cells
of which are united together in a peculiarly close
connection (co-ordination centres and tracts of the
brain and spinal cord). Thus, for example, the eye-
muscle nuclei and the hypoglossal nuclei are pecul-
iarly close in their connection. The motor impulses
from even a single cell may, through collaterals,
be conducted to different muscles and thereby sup-
port the co-ordinated muscle action.

The control that is exercised by the sensory sensa-
tions (particularly muscle sensations) is important
for the development of co-ordination. This as well as
the influence of the cerebellum upon static co-ordina-
tion still remains to be considered.

The cerebellum without doubt exercises an influ-
ence upon static co-ordination and equilibration of
the body in standing erect and in walking. For this
purpose it receives through centripetal conducting
tracts the muscle sensations (also optie, tactile, ete.)
from the periphery of the body. The restiform bodies
conduct the part of the posterior tract which does not
reach the fillet from the nuclei of the posterior tract
to the cerebellum. In a similar manner the lateral
cerebellar tract (function unknown) and fibres from
the vestibular nerve (semicircular canals, organ of
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equilibration?) and trigeminal nerve (direct sensory
cerebellar tract) pass to the cerebellum.

But in what manner the cerebellar influence upon
co-ordination is to be understood there exist only
doubtful hypotheses.

The cerebellum stands in manifold conneetion with
the cerebrum. It is therefore conceivable that it may
exercise a controlling influence upon the motor corti-
cal area of the latter and so indirectly on muscular ac-
tivity. But it is with these centres particularly that
the cerebellum appears not to be directly connected.

The fibres of the pons pass from the cerebellum to
the crossed ganglion of the pons; in these terminate,
as we have already seen, both the frontal and tem-
poro-oceipital pontal tracts.

HKach cerebellar hemisphere consequently appears to
be in direct connection with the frontal, temporal, and
occipital lobes of the opposite cerebral hemisphere.

Further, the connecting arm comes from the red
nucleus of the tegmentum, which is further connected
with the thalamus (fillet [ ?]), ete., and passes to the
crossed hemisphere of the cerebellum. That these
cerebro-cerebellar tracts exist we know, but their
function is obscure, although they appear to be con-
nected with co-ordination.

A direct influence upon the musculature from the
cerebellum is also anatomically conceivable. From
the cerebellum, the olivary fibres pass in the resti-
form body to the contra-lateral olive, and from here
the central tegmental tract passes upward and the
olivary tracts pass in the lateral pathway downward
to the cells of the anterior horns (7).

In conclusion, very little definite knowledge has as
yet been acquired in this field of investigation.
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¢. Tumor formation of all sorts, such as sarcoma,
carcinoma, osteoma, solitary tubercle, gummatous
infiltration, cysticerci, ete., may develop in the in-
volved tissue, the consequences of which in the main
are compression of the adjacent nerve substance.
Cicatricial formations can injure in a similar manner.

d. Metastatic formations from purulent foci in
other organs, such as abscess of the lung, tubercular
areas, malignant tumors, pysemia, ete.

e. Through intoxication after the reception of poi-
sons in other and distant parts of the body and their
absorption into the blood, as in diphtheria, septi-
ceemia, erysipelas, typhoid fever, syphilis, nephritis,
diabetes, ete.

f. In association with general constitutional dis-
eases, such as ansmia, cachexia, chlorosis, ete.

Those enumerated under e and f may be considered
the most common causes of “primary” diseases of
the nervous system. Aside from these there belongs
in this category a number of other toxic conditions
and infectious diseases which manifest their sinister
influence on the nervous system directly; such are
lead, arsenic, ergot, alcohol, and acute poliomyelitis,
tabes, acute neuritis, etc.

We must likewise consider here all those diseases
which are the result of defective protal or embryonal
development, such as the muscular atrophies, heredi-
tary system diseases, etc., and the class of diseases
known as functional.

We designate as functional those diseases in which
we are unable by present methods of investigation to
demonstrate the presence of anatomical changes in
the nervous system. In these diseases the exact seat
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as well as the character of the disease are unknown.
They have been heretofore considered, correctly or in-
correctly, to be disturbance of function dependent
upon altered nutrition, molecular or chemical in
nature. The scope of these diseases is continually
becoming narrower as methods of irnivestigation be-
come more comprehensive. In this category belong
hysteria, neurasthenia, and a group of psychical dis-
eases such as melancholia, mania, ete.

In contrast to the diseases designated as func-
tional, diseases in which some anatomical change can
be found are known as organic and localizable diseases.

A further subdivision has been made of nervous
diseases according to their etiology. They are thus
divided into endogenous when their origin is within
the human body, and exogenous when the disease de-
velops from external sources, such as the toxic and
infectious diseases. -

In recognition of the incompleteness of our knowl-
edge of the cause of nervous diseases and especially
from didactic and diagnostic considerations, it is
urgent to seek for the other causative factors.

For the comprehension of the endogenous diseases,
that is, those resulting through detective embryonal
development, it is necessary to bear in mind the fol-
lowing: There are a number of diseases which may
occur in the various members of a family in the
same or in similar forms. In what way the error in
the generative series is determined cannot be said.

In senility most organs of the body, such as the
‘heart, kidneys, liver, do not have complete repara-
tion made for the parenchymatous material that is
used up by the functionation of the organ, and the
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result is that an atrophy called “senile” of the organ
results. This atrophy is especially marked in the
parenchyma of the organ. In a like manner one can
imagine that in many individuals whole organs or a
part may “wear out” prematurely, especially when
such parts have not had an excess of vital resistance
from the beginning. In these cases after the repara-
tive ability for the utilized material fails, there comes
an atrophy, as in cirrhosis of the liver, atrophic
kidney, etc. In various nerve pathways a similar
condition goes on. As the result of protal defect of
the tract there goes on before the death of the indi-
vidual, frequently for many years, a slow and un-
checkable process which eventually leads to destruc-
tion of the tract (involution diseases).

Recently the hypothesis has been put forward that
election of any tract for disease or the wvulnerability
of it is dependent upon its function, and that the
tracts that are most active in functionating, such as
the reflex tracts, the sensory tracts, and the pyram-
idal tracts, are the readiest to lend themselves to
such degeneration, especially in those who have dis-
turbances of nutrition from other causes, such as
cachexia, intoxication, ete.

Aside from these an undefinable inherent or ac-
quired “disposition,” which although we do not un-
derstand we must admit, exists in the production of
the exogenous nervous diseases.

In many nervous diseases some more or less con-
current factors, such as mental strain, excesses of all
forms, and before evervthing else a great number of
bodily ailments and diseases, seem to play an impor-
tant role.
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2. THE PATHOLOGICO - ANATOMICAL CHANGES IN
NERVOUS DISEASES IN GENERAL.

A disease can seemingly without election affect
either a certain segment of the nervous system with
the nerve fibres and cells of an area which in the
brain is called diffuse or focal disease and in the
spinal cord transverse disease, or it may involve a
number of cells and fibres that have an anatomical or
functional connection, or an entire neuron, or indeed
an entire pathway, and it is then known as a sys-
tem disease.

Simultaneous involvement of two or more different
neuron complexes or paths constitute the combined
system diseases.

In focal diseases an effusion of blood into a certain
area and the consequent destruction of nerve sub-
stance will cause on the surface of an organ a defect,
while in the substance of the tissue there will be a
cavity formation in which long after the ocecurrence
the blood stain is recognizable while the effusion is
itself resorbed.

From disturbances of nutrition, such as from plug-
ging of the arteries, compression, inflammatoi1y proc-
esses, there follows softening, or purulent forma-
tions when purulent sources are present. The cells
and nerve fibres involved become necrotic and en-
tirely destroyed. The fat and albuminoid corpus-
cles, the result of this breaking down, are further
transformed by the white corpuscles into nucleated
cells. FEventually there results a defect, a cyst.
Around all such defects the glia tissue becomes



=0 ATLAS OF THE NERVOUS SYSTEM.

thickened into a firm sheath which partly fills up the
cyst, and later by means of this process of cicatriza-
tion there follows a shrinkage of the focus.

From each such focus of disease there results a
series of other disease processes secondarily. There
occurs, starting from the point of focal disease, the so-
called secondary degeneration in. a descending as
well as in an ascending direction (different for dif-
ferent pathways), which degenerations are to be fol-
lowed in part throughout the entire nervous system.

These degenerations develop according to the fol-
lowing principles:

Every neuron cell exercises, as we have already
seen, a nutritive influence over its entire prolonga-
tion. A destruction of the cell or a disturbance of
the relationship of the cell and cell fibre causes a sec-
ondary destruction of the distal portion, z.e., the part
separated from the cell. The degeneration begins
immediately after the disturbance of the connection
of the neuron and its prolongation, generally in the
peripheral portion of the involved neuron segment
but also in the terminal fibre ramifications, and oc-
curs eventually in the entire course of the involved
portion. The process of degeneration goes on cellulip-
etally in those fibres which are separated from their
cells. If the solution of continuity be complete and
sudden, as from a trauma, the degeneration occurs
simultaneously in the entire course of the fibre. If
the degenerative process ceases, which after a period
from a few weeks to a few months is the case, there
results in the spinal cord:

A descending degeneration of the motor (centrif-
ugal) neurons, the neuron cells above the area, and
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an ascending degeneration of the sensory (centrip-
etal) neurons, the neuron cells beneath the diseased
area, and also a degeneration of the tract in the
direction of its conductivity.

In addition there exist tracts that may degenerate
in both directions—for instance, the fillet tract. This
phenomenon has been attributed in part to cessation
of funetion and is known as “functional atrophy.”
It is possible that these tracts conduct fibres which
have different sources of origin. The neuron cell it-
self suffers secondary changes after the continuity of
the fibres has been severed and the performance of its
function hindered. For a more detailed considera-
tion of these degenerations see Plate 55, 3, and Plates
61 to 68.

The recognizable microscopical anatomical changes
in primary and secondary destruction of the nerve
tissues appear to be essentially the same. Aside
from the gross morphological alterations, we know
generally speaking very little accurately of the more
minute pathological process that goes on in the nerve
cells and nerve fibres. The ganglion cells suffer a
cloudiness of their protoplasm, crumble, shrink, lose
their prolongations, and eventually completely dis-
appear.

The nerve fibres likewise become swollen, their
medullary sheaths liquefy into drops and eventually
become completely resorbed, the axis cylinders dying
first. This constitutes the process of degeneration.
In the place of the nerve cells and fibres that have
disappeared there forms a dense, felt-like formation,
newly formed, excessively vascular, glia tissue, the

walls of the blood-vessels being very thick. Round-
6
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cell infiltration, and in the beginning granular cells
are frequently to be seen. KEventually there results
in this way the so-called *sclerosis,” pigmented con-
nective-tissue formation replacing the former fibres
which have suffered disintegration. Instead of the
sclerosis there may result simple atrophy of the in-
volved part. This depends in part on the variety of
the disease and the rapidity with which the process
goes on, and in part on other causes (see description
of Plate 64, 2).

3. GFNERAL AND SPECIAL REMAREKS ON THE SYMP-
TOMATOLOGY AND LOCALIZATION OF NERVOUS
DISEASES. TOPICAL DIAGNOSIS.

The nervous organism can react in two ways to the
various disease processes. It can either be stimu-
lated to morbid activity or its function may be en-
croached upon and eventually entirely annihilated.
Frequently both of these procedures go hand-in-hand
or rather follow the one on the other, so that in the
beginning of the disease the pathological process is
of an irritative nature, while a continuance of it
causes paralytic manifestations; and symptoms point-
ing to loss of the function of the organ come promi-
nently into the foreground.

Disease of the motorial cortico-muscular tract can
call forth as irritative symptoms the severest con-
vulsive attacks, convulsions, tonic or clonie, fas-
cicular or fibrillary muscular twitching; and as para-
Iytic symptoms, weakness, paresis, or paralysis of
single muscles or of members of the body, depending
upon the extent of the disease.

Disease of the sensory tract can have its irritation
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The reflex tracts are not interrupted, the occurrence
of the reflexes are facilitated, and increased reflexes
are the consequence. If the seat of the disease be in
the vicinity of the cell bodies of motorial neurons
(cortex of the brain, central convolutions), the re-
sulting irritative symptoms may be manifested as
involuntary contractions of the muscles to which
they are distributed—that 1is, motorial irritative
manifestations, tonic and clonie convulsions, epilep-
tiform convulsive attacks; half-sided or bilateral,
slow, involuntary, choreic, irregular movements;
spontaneous, determinate, athetoid movements of the
fingers, etc.

A lesion of the peripheral motorial neuron leads
likewise to a paralysis of the muscles to which these
neurons are distributed. The paralysis, however, in
accordance with the uncrossed course of the neurons,
is on the same side of the body as the lesion. The
paralysis is of a flaccid nature, that is, there is no
resistance to passive movement, the tonus of the
musculature is lost, and there is no tendency to con-
tracture. The muscle undergoes, in a longer or
shorter time after the onset of the disease, depending
upon the nature of the lesion, a degenerative atrophy.
The protoplasm of the muscle is involved, it becomes
granular and is resorbed, the muscle changes into a
fibrous mass and the protoplasm of the muscle fibre
completely disappears. See also under electro-diag-
nosis, part 4 of this section.

If the reflex arc is interrupted the reflexes are lost.
As irritative symptoms there often appear fibrillary
muscular contractions in smaller muscular bundles,
which oceur without producing any movement of the
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part, and as a result of this the musecle may pass into
a condition of fluctuation, of unrest, which, however,
eventually disappears by itself.

Lesion of the sensory tract entails disturbances of
sensibility on the opposite side of the body in disease
of the central neurons and on the same side in dis-
ease of the peripheral neurons. Aside from this there
is no essential difference in the resulting symptoms,
such as there is, for instance, in disease of the motor
tract. Attacks of severe, neuralgic, lancinating
pains are considered somewhat significant of in-
volvement of the posterior roots (peripheral neuron.)*

The motor pathway runs through the entire ner-
vous system and in every point of its course it con-
tains central and peripheral fibres, the latter going
successively at all levels toward the periphery.
Therefore we use, in making exact localizing diag-
noses of focal areas of disease, the above discussed
motorial symptoms in disturbance of the central tract
in much the same manner as the axis of abscissas on
which other focal symptoms indicate the height of
the lesion as ordinates.

We shall consider only the focal and system dis-
eases.

I. Symptoms of Focal Disease.

A. OF THE BRAIN.

These are divided into the direct focal symptoms
in the narrowest sense, and into the indirect, which
are operative remotely as well as in neighboring por-
tions of the brain, and into general symptoms, such

* Pain of central origin may occur andsbe of great severity.
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c. The Parietal Lobes.

Lesions of these parts are often accompanied by
disturbance of sensibility in the opposite half of the
body, especially disturbance of the muscle sense and
of cutaneous sensibility. Nevertheless the nature of
this disturbance (hemianesthesia) is not sufficiently
elucidated. A focus in the angular gyrus can pro-
duce disturbance of the ocular muscles of the opposite
eye, ptosis, and equinanimous deviation of both eye-
balls toward the seat of the focus (conjugate devia-
tion).

Lesion of the left inferior temporal lobe, the supra-
marginal gyrus, may cause inability to read (alexia),
while the ability to speak is in nowise disturbed.

d. The Occipital Lobes.

Unilateral destruction is followed by the disturb-
ance of vision known as hemianopsia, 7.e., blind-
ness of similar sides of the retins. For instance,
destruction of the left occipital lobe causes blindness
of the left half of both retinze, or, what is the same
thing, loss of vision in the right half of the two
visual fields, thus constituting right-side hemianop-
sia. In multiple peripheral lesion of the left hemi-
sphere there develops loss of the optic memory picture
and the capability of their association, thus causing
psychical blindness, inability to grasp the conception
of a seen thing or object, and eventually even to rec-
ognize it, 7.e., optic aphasia.

When the focus of disease is on both sides there
may result complete (cortical) blindness.
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there occur the well-known symptoms, total hemi-
plegia, facio-hypoglossal-brachio-crural type, of the
opposite half of the body with hemianzsthesia.

The ocular muscles, muscles of mastication, and

- those of the upper face, throat, and trunk, muscles

that functionate bilaterally, are involved only if the
lesion be a double-sided focus.

4. Lesion of the BASAL GANGLIA, nucleus cauda-
tus and nucleus lentiformis, may apparently be
symptomless; the symptoms which so often accom-
pany lesion of these parts being attributable to in-
volvement of the adjoining internal capsule and may,
therefore, be called indirect symptoms.

5. Sequentially to LEsION of the THALAMUS, espe-
cially if the focus be double-sided, there follows dis-
turbance of psychical functions, especially of the
psychical reflexes, such as laughing and erying.

There are also disturbances of co-ordination mani-
fested by choreic movements, not infrequently rapidly
developing muscular atrophy on the opposite side of
the body.

Destruction of the posterior portion of the thala-
mus, the pulvinar, causes partial hemianopsia.

6. LESION in the SUBTHALAMIC REGION causes
crossed hemiansesthesia (lesion of the fillet).

7. LEsioN oF THE CORPORA QUADRIGEMINA.

As an irritation symptom there appears a peculiar
disturbance of locomotion, a reeling, uncertain gait,
a cerebellar ataxia, which is possibly explained by
involvement of the cerebellar peduncle or by influ-
ence on the neighboring cerebellum. Such a gait in
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combination with other symptoms speaks in favor of
lesion of the corpora quadrigemina. These symp-
toms are paralysis of the ocular muscles, ophthalmo-
plegia. The latter can be the result of nuclear in-
volvement or of involvement of the nerve fibres, and
the seat of the lesion may be unilateral or bilateral.
Lesion of the most anteriorly situated cells of the
nucleus would seem to cause paralysis of the interior
eye muscles, the ciliary and sphincter pupille mus-
cles, while lesion of the anterior inferior portion of
the corpora quadrigemina paralyzes the internal and
superior rectus, the levator palpebrze superioris; the
remaining eye muscle nuclei being situated more
posteriorly.

If the tegmentum beneath the corpora quadrigem-
ina is simultaneously involved there results crossed
(incomplete) hemiansesthesia (fillet).

If the crusta are damaged there results crossed
hemiplegia of the brachio-crural type and also of the
facio-lingual.

If the lesion is only one-sided, there results a total
crossed hemiplegia with paralysis of the motor oculi
of the same side (peripheral same-sided neuron).
This form of hemiplegia which involves the crossed
descending central neuron for the hemiplegia as well
as the uncrossed peripheral neuron for the oculo-
motor paralysis is known as hemiplegia alternans.
Where the disease focus is double-sided, other symp-
toms bespeak the extensiveness of the lesion.

The eye muscles that are thus paralyzed undergo a
degenerative atrophy, while the paralyzed extremi-
ties develop a spasticity without severe injury to the
muscles.
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Aside from these there may be paralysis of the
hypoglossal of the same side (peripheral neuron,
hemiplegia alternans), the tongue when protruded
deviating toward the side where the focus is situ-
ated. The involved half of the musculature of the
tongue undergoes degeneration. g

Consequentially to this there is articulatory speech
disturbance, bulbar speech (without the existence of
central speech disturbance) which is known as dys-
arthria labio-lingualis.

Furthermore, there may result paralysis of swal-
lowing, disturbances of respiration, aphonia (paraly-
sis of the voeal cords), and disturbances of the circu-
lation, especially if the foci are bilateral. Destruction
of the inferior olive is followed by difficulty of equi-
libration.

10. LEsioNns oF THE CERERELLUM.

The symptoms are often very dubious and unclear.

Disease of the vermis is followed by disturbance of
equilibrium, attacks of vertigo, cerebellar gait (reel-
ing gait), vomiting, ete.

Lesion of the processus cerebelli ad pontem is also
followed by failure to maintain equilibrium, by ver-
tigo, compulsory movements such as turning on the
long axis, etc.

Lesions of the hemispheres may occur without
symptoms.

11. FocAL DISEASES OF THE BASE OF THE BRAIN.

These are characterized especially by the simul-
taneous development of paralytic symptoms in sev-
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B. FOCAL SYMPTOMS OF THE SPINAL CORD.

In contrast to the typical cerebral palsy, hemiple-
gia, the typical palsy of spinal origin is paraplegia,
1.e., paralysis not only of one extremity but of both
simultaneously.

This results because of the fact that the motorial
pathways for both sides of the body pass in their
course close to one another and it becomes easy for
one focus to involve both.

Nevertheless there occur half-sided spinal-cord in-
juries, from stab wounds, tumor formation, ete., and
these have, to differentiate them from the ordinary
spinal-cord disease, a different but very typical symp-
tom complex known as Brown-Séquard’s paralysis.

As the result of a unilateral spinal-cord lesion there
develops a paralysis of the extremity of the same side,
varying according to the seat of the lesion, while the
sensory disturbances are on the opposite half of the
body; this because of the fact that the motor fibres
in the spinal cord are in a great measure decussated
(crossed pyramidal tract), but the central sensory
pathway in a great measure is not (antero-lateral
bundles, anterior commissure, ete.). Aside from
these there results a small anzesthetic zone at the level
of the lesion and on the same side, the result of injury
to the uncrossed peripheral sensory neurons of this
gide, and likewise occasionally a small girdle-shaped
area of hypersesthesia which must be looked upon as
a symptom of irritation. Frequently this symptom
of unilateral lesion of the spinal cord is not of such
constant occurrence as the above mentioned.
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illustrated by text figure 6, Section III., p. 48. The
most important segments of the cervical cord that
become involved are:

a. Fourth segment: paralysis of the diaphragm.

6. Fifth and sixth segments: paralysis of the
upper-arm type, deltoid, biceps, brachialis anticus,
supinator longus, and eventually paralysis of the
shoulder muscles.

y. Seventh and eighth segments: paralysis of the
lower-arm type, the muscles supplied by the ulnar
and the triceps.

6. Highth cervical and first dorsal segments: par-
alysis of the small muscles of the hand and even-
tually oculo-pupillary symptoms (see under C., 1).

In all these muscles degenerative atrophy takes
place.

b. Lesions of the Dorsal Cord.

In these lesions the upper extremities are not af-
fected except when the first dorsal segment is the
seat of disease, the small muscles of the hand are in-
volved.

There is a spastic paralysis of the lower extremi-
ties, the reflexes are increased (patellar clonus, ankle
phenomenon); from the level of the body downward
from the place where sensory fibres enter above the
focus of disease there is complete anzesthesia, analge-
sia, thermo-tactile ansesthesia, diminished muscle
sensibility, ete.

In addition there is paralysis of the bladder and
rectum. Those muscles of the trunk which are cut
off from their spinal-cord innervation by the focus
of disease undergo a degenerative atrophy; just what
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muscles it is difficult to demonstrate (intercostal,
lumbar, dorsal, abdominal muscles, etc. See under
electro-diagnosis, p. 116). When such paraplegia is
of long standing the tendon reflexes may become
very much limited owing to secondary contractures
in the extremities (?).

c. Lestons of the Lumbar Cord.

These cause disturbance of mobility and sensibility
of the lower extremities only. _

This consists of a flaccid paralysis (involvement of
the peripheral neuron) with complete anaesthesia.

The muscles of the legs undergo a degenerative
atrophy, the reflexes are lost.

There is total paralysis of the functions of the
bladder and rectum (preservation of the sphincter
reflex, see page 133).

If the focus of disease is in the upper lumbar cord
there will be degeneration of the muscles supplied by
the crural nerve, the quadriceps and psoas, as well as
of those supplied by the sciatic, the gluteal, pero-
neal, and calf muscles. For further elucidation of
these muscle paralyses see text figure 6, p. 48.

d. Lesions of the Sacral Cord.

With these lesions the thighs remain intact, while
some of the small foot muscles become paralyzed
and atrophied. There is anesthesia of the outside
of the feet and of the toes, and likewise of the anal
region. There is complete paralysis of the functions
of the bladder and the rectum owing to loss of the
sphincter reflexes. The patellar reflex is preserved,
the focus being too low down to involve the reflex are.
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e. Leston of the Cauda Equina.

The symptoms are, in short, those of involvement of
the lumbar-sacral cord, as the cauda is really a collec-
tion of nerve fibres that spring from this part of the
cord, having merely a lower location. If the upper
fibres that pass to the thigh are spared, there will be
essentially a sciatic paralysis, that is, flaceid paralysis
of the leg and peroneal muscles, also of the flexors of
the thigh and eventually of the gluteal muscles and
of the small muscles of the feet. In addition there
will be disturbances of sensibility in the areas sup-
plied by the sacro-seciatic nerves.

Total paralysis of the bladder and the rectum oc-
curs in many cases of disease of the cauda. The
patellar reflex is preserved, the Achilles tendon and
sphincter reflexes being lost.

If with this disease of the spinal cord the posterior
roots corresponding to the diseased segment are in-
volved, there will be in addition severe pain of a neu-
ralgic character in the peripheral distribution of the
same, but this frequently bespeaks simply an involve-
ment of some roots above the area of the focus. Fre-
quently there appear reflexly produced involuntary
muscular twitchings in the paralyzed extremity.

C. SYMPTOMS IN LESION OF THE PERIPHERAL NERVES.

Lesion of the peripheral nerves is followed by
motor and sensory symptoms which bespeak exactly
the extent of involvement by the lesion, and the rec-
ognition of this is therefore indispensable for an
exact diagnosis (see Plate 23).
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The paralysis resulting from lesion of these strue-
tures is a flaccid one; the muscles involved undergo
atrophy of degeneration when the process is at all
severe. The sensory disturbances that result are
limited exactly to the distribution of the cutaneous
nerves, and frequently there is excessive sensibility,
painful in character, as well as abnormally acute sen-
sibility-parsesthesia (formication, sticking, feeling of
fur, burning, etc.). The reflexes are lost or dimin-
ished if their tracts pass through the involved nerves.

I. PLEXUS PARALYSIS.

The symptoms of plexus paralysis are a mixture of
the paralytic phenomena of the nerves collectively
involved. The consequences are that the symptoms
vary a great deal; nevertheless when the lesion is in
certain locations they are sufficiently characteristic
to be designated by special names. They are:

a. Erb’s type of brachial palsy. In this the in-
volvement is of the fifth and sixth cervical roots, de-
struction of which causes a paralysis and atrophy of
the deltoid muscle, biceps, brachialis, supinator lon-
gus, supra- and infraspinatus. Thus results ina-
bility to raise and abduct the arm and to flex the
forearm.

b. Inferior plexus paralysis of the brachial plexus
results when the eighth cervical and first dorsal roots
are the seat of disease. It causes a paralysis and
atrophy of the small muscles of the hand and anzes-
thesia in the distribution of the ulnar nerve. In ad-
dition to these manifestations there may be oculo-
motor pupillary symptoms (first dorsal segment), such
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as myosis, narrowing of the palpebral fissure, sinking
in of the eyeball. The lower extremities are not
involved, in contrast to the symptoms which re-
sult when the corresponding segments of the cord are
diseased.

II. LEsioNns oF THE CRANIAL NERVES.

-

The area to which the sensory manifestations of
the different nerve trunks are limited is shown in
text figures 10 to 12.
In detail their lesions
call forth the following
symptoms:

1. The olfactory
nerve: anosmiaon the
- corresponding side of
the nose, also parosmia
(disagreeable odors).

2. The optic nerve:
amaurosis of the cor-
responding eye, of the
entire visual field;
eventually only lack of
visual acuity; narrow-
ing of the visual field; atrophy of the optic nerve
(white atrophy); mydriasis; reflex pupillary slug-
gishness; consensual limitation. This in contrast to
the condition of hemianopsia and half-sided blind-
ness which results when the optic tracts are diseased.

Lesion of the chiasm causes bitemporal hemian-
opsia, due to destruction of the inner retinal bundles
which cross here.

3. The oculomotor nerve : ptosis, paralysis of the

Fie. 10.
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levator palpebrz superioris, immobility of the eye in
an inward and upward direction (internal, superior,
and inferior recti, and the inferior oblique), crossed
diplopia, fixation of the eyeball on turning it out-
ward on account of contracture of the fixed rectus
internus; immobile pupils, and mydriasis the result
of interference with accommodation and the sphine-
ter action through ciliary muscle paralysis.

4. Trochlear nerve: diplopia when the eyes are
turned downward (superior oblique muscle).

5. Trigeminal nerve:

@. Supraorbital branch: ansesthesia of the skin of
the forehead, of the conjunctiva, and back of the nose
(see Fig. 10, V).

b. Infraorbital branch: ansesthesia of the cheeks,
of the alae of the nose, and of the gums, and distur-
bance of the sense of taste (Fig. 10, I).

¢. Inframaxillary branch: ansesthesia of the skin
of the face over the lower jaw, of the tongue, and the
mucous membrane of the mouth (Fig. 10, V).
Also disturbance of the sense of taste (anterior seg-
ment of the tongue), paralysis of the muscles of mas-
tication, disturbance, in the secretion of saliva, tris-
mus, i.e., cramp condition of the masticatory mus-
cles, an irritation symptom.

The irritation symptom of the sensory branch is
neuralgia of the trigeminus, which may be of exten-
sive distribution, depending upon the seat of the dis-
ease. Trigeminal parsesthesia may also occur.

6. Abducens merve: limitation of the mobility of
the eye externally, due to involvement of the external
rectus; deviation of the eyeball internaily, and simul-
taneous diplopia when the eyes are directed outward.
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7. Facial nerve: paralysis of the mimetic mus-
cles of the face (upper and lower facial), of the mouth,
the nose, the orbicularis oculi, and the forehead. The
face-wrinkles become obliterated, closing of the lids
is impossible (lagophthalmos), inability to pucker the
mouth in whistling and to draw back the angle of the
mouth in laughing.

Paralysis of the bellies of the stylo-hyoid occurs
without symptoms.

If the seat of the lesion is the nerve in 1its course
in the petrous portion of the temporal bone (Fal-
lopian canal), there may result impairment of the
chorda tympani from the second (or third [?]) branch
of the trigeminus. Thus may arise disturbances of
the sense of taste in the anterior portion of the tongue.

As irritation symptoms there may result spasm of
these muscles, facial convulsion (tic convulsif);
blepharospasm can also be produced in this way
either reflexly or by central involvement.

8. Auditory nerve.

a. Cochlear nerve: deafness, parsesthesia.

b. Vestibular nerve: disturbance of equilibrium,
attacks of vertigo associated with severe ringing and
splashing sensations in the ears, whistling noises,
and vomiting, thus constituting the symptom com-
plex known as Méniére’s disease.

9. Glossopharyngeal nerve : partial destruetion of
the sense of taste in the posterior section of the
tongue. Ansesthesia of the mouth and of the cesoph-
agus.

10. Pneumogastric :

@. Sensory branch (entirely vagus): anssthesia of
the throat, larynx, eesophagus, trachea, and bronchi.
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b. Motor branch (in part from spinal accessory):
paralysis of swallowing, paralysis of the cesophagus,
disturbance of the function of the stomach, heart, and
respiration. Paralysis of the recurrent laryngeal,
paralysis of the vocal cords, and when the lesion is
double-sided there will be aphonia.

11. Spinal accessory :

a. Its vagus recurrent branch (inferior laryngeal):
palate and fauces paralysis.

b. External branch: paralysis of the sterno-cleido-
mastoid and in part of the trapezius. Inability to draw
the head to the side and to shrug the shoulders. As
irritation symptom there will be spasmodic torticollis.

12. Hypoglossal nerve: paralysis of the tongue
on one side, deviation of the tongue toward the para-
lyzed side on efforts to protrude it, articulatory speech
disturbance, defective formation of letters.

ITI. LesioNs oF THE MORE IMPORTANT SPINAL
NERVES.

For details which cannot here be considered, the
reader is referred to Plate 23 and the accompanying
text. The distribution of sensory disturbance which
1s not mentioned can be seen in Figs. 11 and 12.

1. Oceipitalis major nerve: occipital neuralgia,
anaesthesia (see Fig. 10, oma).

2. Phrenic nerve: paralysis of the diaphragm and,
as an irritation symptom, contraction of the dia-
phragm manifested by singultus.

3. Circumflex nerve: paralysis of the deltoid, in-
ability to raise and abduct the arm, ansesthesia, see
Fig. 11.
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gers and thumb on the radial side, that is, all except
the flexor carpi ulnaris and the ulnar half of the flexor
profundis digitorum. Paralysis of the antagonistic
muscles of the thumb and of the extensors of the end
phalanges of the second, third, more rarely the fourth
fingers due to involvement of the lumbricales.

For the ansesthesia see Fig. 11, median and volar
median branches.

9. Ulnar nerve: paralysis of the flexor carpi ul-
naris and the half of the flexor profundus digitorum
supplied by this nerve (end phalanges of the fourth
and fifth fingers), flexion of the proximal phalanges
impossible, inability to extend the terminal phalanges
of the fourth and fifth fingers and likewise inability
to adduct the thumb and flex its terminal phalanx.

Through the unopposed contraction of the antago-
nistic muscles the so-called claw-hand results. For
the anesthesia see Fig. 11, superficial and posterior
ulnar.

In paralysis of the ulnar, median, and musculo-
spiral, there is great difficulty in writing, in grasp-
ing and holding an object, etc. In complete paraly-
sis of only one nerve the hand is greatly handicapped
in the performance of its function.

10. Intercostal nerve: sensory irritative symptom,
intercostal neuralgia, herpes zoster intercostalis. An-
msthesia.

11. Crural nerve: paralysis of the psoas and quad-
riceps femoris, inability to raise the thigh and extend
the leg. Inability to walk, to rise from the sitting
posture, absence of patellar reflex. For anssthesia
see Fig. 12, cutaneus femoris, internal and median
and saphenus nerve.
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12. Obturator nerve: paralysis of the adductors of
the thigh. (Ansesthesia, see Fig. 12.)

13. Seiatic nerve: complete paralysis of the feet and
toes, as well as inability to flex the leg. Anssthesia
(see Fig. 12) of peroneal nerve, sural, cutaneous, and
plantar nerves. Irritative symptoms, neuralgia of
the sciatic (sciatica) and its branches.

14. Peroneal nerve: paralysis of the peroneal mus-
cles, tibialis anticus, extensor longus digitorum and
extensor hallucis; dorsal flexion of the foot impossi-
ble, foot drop, the outer border of the foot hangs
lower than the inner.

'On account of contracture of the oppposing mus-
cles (calf muscles) there develops pes equinus and
eventually pes varus when only the extensor digi-
torum is involved. Angesthesia of the peroneal (see
Fig. 12). |

15. Tibial nerve: paralysis of the calf muscles, in-
ability to perform plantar flexion and to flex the toes.

Development of pes calcaneus, through contracture
in the opposing muscles (peroneal and extensors).
Angesthesia, see Fig. 12.

D. SYMPTOMS OF DISEASE OF THE SYMPATHETIC.

Paralysis of the cervical portion causes myosis,
narrowing of the aperture of the lids, retrocession of
the eyeball (oculo-pupillary fibres from the first dor-
sal segment), and anomalies of sweat secretion on
the same side of the body. As irritation symp-
toms there may be dilatation of the pupil and disturb-
ances of circulation.

From affection of the cardiac and splanchnic
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branches there may arise disturbance of the heart,
stomach, and glandular activity, but the actual symp-
toms are not well known. It would appear that such
disturbance is very largely motor, possibly somewhat
secretory.

II. Symptomatology of the System
Diseases.

By the term system diseases we understand, as
has been said above, such processes as involve sym-
metrically lying tracts or neurons which are funec-
tionally and anatomically connected, or (in the be-
ginning) parts of neurons. KEventually the disease
does not confine itself to a portion of a neuron (cell or
fibre) but the entire neuron becomes the seat of dis-
ease. The localization of the primary seat of the
disease is frequently of great importance in pointing
the clinical course. Concerning the direction in
which this process extends and as to its point of
origin there is yet a great deal of obscurity.

1. System Diseases of the Cortico-Muscular
Tract : the Motorial Pathway.

a. Of the central neuron: purely spastic spinal
paralysis. Cases of this kind are of rare occur-
rence. Anatomically there is a slow, progressive de-
generation of the pyramidal tract in its entire course,
the starting-point being the pyramidal cells of the
cortex (?). Clinically there is a slowly developing
gpastic paralysis of the extremities, with lively re-
flexes, without muscle atrophy and without disturb-
ances of sensibility or of the bladder.
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b. Of the peripheral neuron: there results a flaccid
paralysis cf the muscles with degenerative muscle
atrophy. The reflexes are lost.

The primary seat may be either in the neuron cell
or in the neuron fibre.

a. Primary diseases of the cell. These are divided
according to the seat of the lesion into disease proc-
esses which have very different symptoms.

Chronic and acute ophthalmoplegia (seat of lesion,
the nuclei for the eye muscles).

Bulbar paralysis, acute and chronic (seat of lesion,
the bulbar nuclei of the facial, the hypoglossal, and
trigeminal nerves).

Spinal muscular atrophy (seat of lesion, the gray
anterior horns, especially of the cervical portion).

Poliomyelitis anterior, acute and chronic. The
inflammatory process is in the gray anterior horns
and the ganglionic cells situated there are very soon
destroyed.

A. Primary disease of the fibre, neurotic muscular
atrophy, peroneal type of progressive muscular
atrophy (peroneal, ulnar, and median nerves). In-
volvement of the ganglion cells cannot be entirely
excluded.

The motor form of multiple neuritis which may in-
volve all the different motor nerves.

y- Progressive muscular dystrophy. The disease
confines itself to the terminal portions of the neurons
in the muscles.

c. The entire tract: in this there is a degeneration
of the pyramidal tract and the peripheral neuron,
the ganglion cell, the outgoing fibre, and the periph-
eral nerve, thus constituting amyotrophic lateral
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sclerosis (eventually bulbar paralysis). The clinical
symptoms are those of a spastic paralysis of the ex-
tremities with degenerative muscular atrophy.

In all probability there exist between these various
forms others not yet clearly differentiated.

2. The System Diseases of the Centripetal
Sensory Tract.

In this category isolated disease of the central tract
is unknown. Nevertheless there ocecurs a striking
degeneration of the peripheral neuron in tabes dor-
salis, in which the neuron in its entire extent may
be involved. Much more rare is disease of the
central tract, although it may occur, such as degen-
eration of the lateral cerebellar tract and the anterior
ground bundles. The symptoms consist of painful
sensitiveness, disturbance of sensibility and of co-or-
dination, and loss of reflexes. To this division be-
longs the sensory form of multiple neuritis,

3. The Combined System Diseases.

They consist in simultaneous degeneration of the
motor and sensory tracts. To this category belong:

a. Hereditary ataxia, Friedreich’s tabes. In this
disease the central motor neuron (pyramidal tract), in
addition to the peripheral and central sensory neuron
(posterior columns and direct cerebellar tracts), are
involved. For symptomatology see special portion.

b. Combined tabes, genuine tabes with involve-
ment of the lateral columns (disease of the pyramidal
tract) ; and likewise other portions, e.g., the periph-
eral motor neurons, may be diseased at the same time
(motor oculi, abducens paralysis).

h—tu -
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the condition of the lungs, the heart; the abdominal
functions and an examination of the pulse and urine.
The patient should be carefully observed for symp-
toms of lues, tuberculosis, purulent foci, malignant
tumors, disease of bone, diabetes, and for affections
of the eye and ear.

I. EXAMINATION OF THE MoTOR SPHERE

involves (1) the external appearance of the musecles,
atrophy, hypertrophy, muscular depressions, infor-
mation of which can be obtained by inspection con-
trasted with the normal contour of the body. In this
way is to be detected atrophy of the muscles of the
hands, peroneal atrophy, facial paralysis, atrophy of
the shoulder girdle, abnormal position of the extrem-
ities, ete.

Measurement of the atrophic extremity and com-
parison with the normal side comes under this
heading.

(2) The motorial irritative symptoms. Under this
are to be reckoned muscular twitching, tremor of the
extremities (in alcoholism, morphine hLabit, neuras-
thenia, Basedow’s disease, etc.). Two forms of
tremor are differentiated: a rapid, about twelve per
second ; and a slow, about six oscillations per second.

A special form of tremor is that of paralysis agi-
tans and the intention tremor of multiple sclerosis,
which, however, should be looked upon more as a
disturbance of co-ordination than a tremor. Nystag-
mus of the eye muscles belongs in this ecategory.

Contractions (spasms) of individual muscles or
muscle groups, occur as tonic (continuous) or clonic
(interrupted) form. Tetanus is a tonic spasm of the
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muscles of the body. Contractures are permanent
tonic spasm conditions, while convulsions are exter-
nal convulsive manifestations generally of a clonic
but also of a tonic form. Kpileptiform spasms are
periodically occurring convulsions and so likewise are
hysterical spasms. Choreic movements are involun-
tary uncontrollable movements, not of a brusque order
like true spasms, which occur even when the patient
is quiet; athetoid movements are more or less
rhythmical and purposive movements, generally of
the fingers or toes. This latter condition occurs
after localized disease of the cortex, apoplexies, ete.,
and also spontaneously.

Fibrillary muscullar twitchings have been con-
sidered above.

(3) The examination of motor conductivity (mo-
torial strength). This is important for all the more
important muscles. To measure the strength we
may use the dynamometer, but in most instances it
is to be estimated by comparison with the other hand,
or with the grip of one’s own hand.

The eye muscles are tested by examining seriatim
the function of the different muscles in the order of
their nerve supply (Plate 23 and the accompanying
text). Active and (for the extremities) passive mo-
bility are to be considered after the size and strength
of the parts have been examined. The condition of
the joints should be carefully observed.

Very important likewise is the gait, whether it is
paretic, slow, due to weakness of the muscles; spas-
tic, stiff, the result of muscular stiffness; ataxie,
unsteady, due to disturbed co-ordination; hemiplegic
with one leg dragging, abducted, slightly contracted,
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the result of central paralysis, or peroneal with “drop
toe,” the result of paralysis of the peroneal muscles.

(4) The examination for the power of co-ordina-
tion.

This is done by testing for some more or less com-
plicated action, such as placing the finger on the tip
of the nose, ete., for the arms, and by requesting the
patient to place the heel of one foot on the opposite
knee to test the legs. Disturbance in the certainty
of purposive movements is called ataxia, and it occurs
in multiple sclerosis, tabes, hereditary ataxia, multi-
ple neuritis, etc. Static co-ordination is tested for
by asking the patient to stand with the feet together
when the eyes are closed. If swaying results, the
symptom is known. as Romberg’s phenomenon.
Cerebellar ataxia, a tumbling gait like that seen in a
drunken person, is easily recognized.

(5) Examination for the electrical conditions of the
muscles (electro-diagnosis). ;

Electricity is a diagnostic aid of the first rank.

One uses for the electrical examination the gal-
vanie, primary, constant current and the faradic, in-
duced, secondary, interrupted current. The galvanic
1s the more important.

a. The Galvanic Examination.

The necessary apparatus consists of

: Zine in H,S50,
(1) E]etrﬁemﬁ; with {Bunsen B elerong ‘1 garbun i}nI Iggﬂt
two fluids. - inc in H,S0,
Grove’s element. 1 Platinum in HNO,

Leclanché’s | Zinc :
li?:i';hEda?;regzse ,{ element. %Mﬂ-ngauesg in HCI,
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fluid. element. { Manganese '™ KMnO+-H.S0,
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with the addition of neutral sulphate of mercury to
offset the used-up zine amalgam.

From the chemical process going on in the elements
(salt formation) there occurs at both poles (the zinc
pole, oxygen pole, negative; and the carbon or the
positive, hydrogen pole) a difference of electrical ten-
sion, for the equalizing of which a wire connection
suffices.

The current flows from the positive pole (anode)
to the negative pole (cathode), that is, from the car-
bon to the zinc (mnemonically C before Z). The
electromotive force depends, independent of the re-
sistance of the elements—that is, the internal resist-
ance—upon the resistance which the external current
has to overcome. The dry human skin forms, if it be
interposed in the circuit, at first a very high resist-
ance, which, however, diminishes as the current con-
tinues to pass until it finally remains constant.

The intensity of the current is measured by the
galvanometer. It is expressed on the absolute gal-
vanometer in milliampéres (MA), an arbitrarily
chosen, now universally used unit of measure.

The intensity of the current can be graduated by
means of the rheostat, that is, by the interposition of
resistance coils.

At every excitation with the galvanic current the
healthy muscle reacts by contracting with the closure
of the current as well as with the opening. These
contractions are characterized by their quick begin-
ning and lightning-like rapidity. On application
and increase of the current contractions occur in the
following series (formula of contractior): Cathodal
closure (KaCC) first, then with a stronger current
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they occur with anodal closure (AnCC); then follows
a contraction with the anodal opening AnOC, and
last with a stronger current a contraction with catho-
dal opening, KOC.

If the current be made stronger there develops a
tetanic contraction, KCTe before AnCTe.

The response of degenerative muscles is quite dif-
ferent. In these the contractions are not quick and
lightning-like, but slow, indifferent, vermiform,
wave-like which may be followed by the eye. At
the same time AnCC occurs before KaCC.

This perverted response is known as the reaction
of degeneration.

As degenerative muscular atrophy follows lesion of
the peripheral motor neuron alone, we have in the
presence of reaction of degeneration a diagnostic fac-
tor of paramount importance in differentiating disease
of the central from disease of the peripheral motor
neurons. Reaction of degeneration is present if the
cell or the fibre of the peripheral motor neuron is
diseased, and is not present if they are not the seat
of disease.

A complete and partial reaction of degeneration is
recognized.

In complete reaction of degeneration it is impossi-
ble to cause contraction of the muscle by irritating its
motor nerve (indirect irritation). Possibility to ex-
cite the muscle directly (direct irritation) is the next
to be lost in reaction of degeneration. If the degen-
erative atrophy has gone on to a marked degree and
the muscle has been transformed intc a mass of con-
nective tissue, direct irritability of the muscles will
be lost; if muscular tissue eventually returns, the re-
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quantitative diminution or increase of muscular irri-
tability, but quantitative changes have not the
pathognomonic gignificance that qualitative have.

Before speaking of these changes we wish ﬁrst to
refer briefly to

b. The Faradic Examination.

The customary faradic (induction) apparatus con-
sists, in addition to the necessary primary current
which is produced by a galvanic element (generally
a modified Bunsen or Leclanché cell), of a Du Bois-
Reymond sliding inductorium, 7.e., a sliding roll of
wire, an induction coil. The primary current passes
through the primary coil and excites by induction in
the secondary coil which is wound about the primary,
a current which runs in the opposite direction.

Since it is a fact that by an interposed interrupter,
for instance a Wagner’s hammer, the primary cur-
rent is continually interrupted and its direction re-
versed (electro-magnetic action), then secondary cur-
rents are induced in the induction coil in the reversed
direction (also alternating), the action of which is
strengthened or weakened according as the secondary
coil approaches or recedes from the primary. The
intensity of the current may be read off in centi-
metres from the scale attached to the sliding coil.
The greater the distance in centimetres the weaker
the current.

With the changes in qualitative reaction to the
galvanic current which constitutes reaction of de-
generation, faradic irritability is always found to be
lost. This is shown as well when the current is ap-
plied to the nerves as when applied directly to the
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diseases, such as tetany, myelitis, etc. (also excessive
faradic irritability). There is decrease of electrical
irritability of all kinds in simple atrophy (central
paralysis).

Pathologically increased resistance to the conduc-
tion of the electrical current is found in Basedow’s
disease and in conditions where there is diminished
moisture of the skin.

II. EXAMINATION OF THE SENSORY SPHERE.

1. Investigation of subjective complaints made by
the patient such as sensitiveness to pain, its localiza-
tion and kind, and likewise of abnormal sensations or
parasthesias, such as burning, feeling of fur, formi-
cation, conditions which are found with neuralgia,
neuritis, tabes, and myelitis.

2. Objective examination to test the preservation
of the different qualities of cutaneous sensibility.

a. Tactile sense is tested at the same time as the
sense of pressure.

In making these tests one requests the patient to
differentiate between the hand and the point of a pin,
to differentiate between a bit of cotton wool and the
end of the finger, and the moment contact is felt to
say “now.” As a control one should make false
touches and observe if the patient answers. Par-
ticular care should be taken not to exhaust the patient
by such examinations. Frequent repetition of this
examination at different times is absolutely essential
in order that safe conclusions may be drawn. When
it is possible the sensitiveness of the disordered side
should be compared with the healthy side and the
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entire cutaneous region should be examined. Like-
wise cutaneous sensitiveness to the faradic current
should be investigated. There may be anssthesia,
entire loss of the sense of touch (in total interruption
of conductivity especially by focal diseases, see this
Section, 3, and also in hysteria); hypeesthesia, a par-
tial loss of tactile sense caused by partial interruption
of eonductivity such as in neuritis, tabes, ete.; and
hyperaesthesia, a pathological increase of sensitiveness
(see under Sensitiveness to pain). The extent of an
anaesthetic area can be made out with exactness; it
corresponds to the distribution of one or more periph-
eral sensory nerves. It signifies lesion of a periph-
eral nerve and its ramifications (see Figs. 10, 11,
and 12).

b. Localization of Sensations (tactile sensibility).
This is tested simultaneously with the sense of touch.
The patient should tell the localization of a touch
when the eyes are closed.

The ability to recognize two points as such is tested
by a pair of calipers. The following table, taken
from Weber, indicates the shortest distances and the
parts of the body on which two points can be recog-
nized.

Milli- Milli-

metres, metres,
Tip of the tongue ........ 1 Upper arm. .. veiae e 65
Mucous membranes of lips 4 v R R 39
Tip of the nose........... 6.5 Hewd % volar side........ 11
Skin of cheek............ 11 dorsal side....... 28
IBOTRBRRE L s 80  Pingertips ... i 000 2
Skin of chest ............ 44 Thiph ... it 65
Middle of back........... 65 ] BT e e 39
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The less the distance in which two points can be
recognized the greater is the sensibility in that part.

In polyzesthesia simple contact will produce multi-
form sensations (tabes).

c¢. Pain Sensibility.

This is tested by needle pricks of varying severity
on the individual parts of the body. [Simple pinch-
ing of the skin and deeper tissues between the ends
of the fingers is often more serviceable than needle
pricks.] A measurable test for pain we have in
cutaneous faradization, the current being increased
until it produces painful sensations, then the amount
is read off on the scale. This is only necessary for
the more refined clinical examinations.

Sense of pain may be diminished (hypalgesia) or it
may be entirely lost (analgesia).

Analgesia is associated with anzesthesia to touch in
hysteria, tabes, neuritis, focal diseases, and without
ansesthesia in syringomyelia.

Delayed sensibility to pain, that is, recognized only
when there is a summation of stimulation [long con-
tinuation| is often present in tabes, myelitis, neuri-
tis. In testing for this it will be noticed that the
patient will first indicate the time of contact and
some time afterward the time of the painful sensation,
T A T R ugh.”

Abnormal continuance of pain sensations (linger-
ing) is also sometimes found in tabes and in neuritis.

Hyperalgesia, abnormal sensitiveness to contact
and to heat and cold, is present in focal diseases as a
symptom of irritation, in hysteria, neurasthenia, in
unilateral lesions, and in neuritis.
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d. Temperature Senstbility.

Testing for sensibility to heat and cold should be
done with test tubes, one filled with warm (not hot)
the other with ice water.

Sensibility to heat and cold may be diminished or
increased. There may be thermo-anssthesia for both
or only for one in focal diseases, tabes, syringo-
myelia, myelitis, neuritis. The two sensations may
be transposed, cold for warm and vice versa, 7.e.,
perverse temperature sensibility sometimes seen in
tabes, myelitis, and neuritis.

3. SENSIBILITY OF THE DEEPER PARTS.

a. Sensibility to weight is tested by placing ob-
jects of different weight on different parts of the
body, such as the hands, and comparing the impres-
sion that it makes on the patient with the normal side
or with a normal individual.

b. Sensibility to passive motion is tested by perform-
ing some small excursive movements on the patient.
With closed eyes he is requested to state the flexion,
extension, raising, and lateral bending of the various
joints.

¢. Sense of position is tested by requesting the pa-
tient to put the hand, the arm, the leg, ete., in a
position corresponding to its fellow when the eyes
are closed.

Disturbance of these and other sensations more
difficult to test, such as the articular sense, muscular
sense, etc., are classified together under the caption
of disturbance of the “ muscle sense.” They are to be
sought for in hysteria, tabes, hereditary ataxia, neu-
ritis, and in focal diseases.
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4. THE HIGHER SENSIBILITY.

a. The Sense of Sight.

Each eye and its homologous half of the retina is
to be carefully examined.

The exact determination of visual acuity and of the
visual field by the perimeter is often necessary (see
text-books on diseases of the eye).

Casual orientation of the state of the visual field
can be obtained by placing the fingers or a small bit
of white paper beyond the visual field and then grad-
ually bringing them into it, vision being directed to
a point straight ahead. If, for instance, on the left
side (of the patient) the finger is not seen until it ap-
proaches the middle, while on the right side it is
recognized at a considerable distance outward, one
may be sure that the patient has left-sided hemian-
opsia, bilateral and homonymous—an affection of
either the optie tract of the right side, or of the pri-
mary optic centres, the optic radiation of the occipi-
tal lobes of the right side.

[n a similar way one ig able to recognize concen-
tric limitation of the field of vision or central defect in
the visual field, scotomata. Loss of vision in the
temporal fields, hemianopsia, points to affection of
the chiasm.

If the optic nerve is affected, there will exist a
more or less severe amblyopia, eventually amaurosis
of the affected eye. Diplopia points to affection of
the muscular apparatus of the eye.

It is indispensable in many nervous diseases to
make a careful ophthalmoscopic examination. In this
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way most important information, such as choked
dises (a prominent forward projection of the papille
with ill-defined border) may be obtained. Choked
dise arises sequentially to impediment to the return
lymph circulation in the sheath of the optic nerve,
and by increase of the intracranial pressure, as from
tumor. Similar optic neuritis with slighter exuda-
tion accompanies multiple neuritis, brain syphilis,
meningitis, etc. This may eventuate in atrophy of
the optic nerve, an atrophy which is manifest by a
white or pale papilla and a sharply defined border.

Optic atrophy may develop primarily with tabes,
multiple sclerosis, and dementia paralytica.

b. Sense of Hearing.

Each ear should be tested separately with the
watch, with the voice at a whisper, and with sounds
at greater distance.

In order to determine if the difficulty of hearing is
dependent upon labyrinthine affection or affection of
the bone conductivity to the middle ear the tuning-
fork is made use of. If, when there is difficulty of
hearing, a vibrating tuning-fork is placed against the
skull and the sound is not heard, 7.e., through bone
conductivity,

(@) more acutely than if held before the ear, this
constitutes a positive Rinné, a condition which be-
speaks disease of the labyrinth (meningitis, disease
of the auditory nerve);

(b) Or if it is not heard here, negative Rinné, then
it indicates disease of the middle ear.

Bone conductivity is entirely lost in nervous dis-
turbance of a severe degree.
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Under auditory parsesthesia may be reckoned
sowsing and ringing in the ears, which accompany
otitis, Méniére’s disease, ansmia, etc. Auditory
hypersesthesia occurs in hysteria, hemicrania, ete.

¢. The Sense of Smell.

Each side of the nose should be tested by placing
before it some odoriferous substance, but which does
not, like ammonia, irritate the terminal ramifications
of the trigeminus. For this purpose oil of pepper-
mint, oil of cloves, or asafcetida may be used. Loss
of the sense of smell, anosmia, occurs, aside from
disease of the nasal mucous membrane, in peripheral
lesions, such as tumors, injury to the anterior fossa
of the skull, atrophy of the olfactory nerve, with cen-
tral disturbances, and also with hysteria.

d. Sense of Taste.

Each side of the tongue should be tested in its an-
terior two-thirds (trigeminal), and its posterior third
(zlosso-pharyngeal). These should be tested sepa-
rately by applying a bit of salt solution, sugar, vine-
gar, and quinine; thus testing for the salt taste, the
sweet, the sour, and the bitter. Loss of the sense of
taste (ageusia) accompanies peripheral nerve lesions,
lesion of the facial nerve in the temporal bone, lesion
of the trigeminal, and hysteria, but it is seldom found
with disease of central origin.

ITI. INVESTIGATION OF THE REFLEXES.

The reflexes may be increased, diminished, or lost.
Increase of the reflexes may be brought about by
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men, are of comparatively slight diagnostic signifi-
cance. Both of these reflexes appear to be lost with
focal areas of disease in the brain, on the side oppo-
site to the lesion, and on both sides in multiple scle-
rosis.

The conjunctival reflex, which causes closure of the
lids on irritation of the conjunectiva, is lost in paraly-
sis of the fifth and seventh nerves.

The winking reflex, which causes closure of the lid
when anything is suddenly brought before the eyes,
is lost in lesions of the optic nerve and paralysis of
the seventh. The pharyngeal reflex, brought about
by irritation of the mucous membrane by a small
brush or a bit of cotton, and which ecauses a choking
movement, is lost in paralysis of the vagus and ac-
cessorius. The palate reflex causes a contraction and
elevation of the palate.

2. The periosteal and tendon refiexes.

(1) The patellar tendon reflex is the most impor-
tant. [Tendon reflex is a glaring misnomer. The
reflex effect is not in the tendon but in the muscle.
The expressive terms, knee jerk, ankle jerk, ete., are
to be preferred.] Tapping of the patellar tendon is
followed by a contraction in the quadriceps extensor,
which causes the foot and leg to rise quickly into the
air. The vigor and intensity of this contraction may
be increased by what is called reinforcing the reflex
(Jendrassik’s method). In order to do this the at-
tention of the patient is occupied by asking him to
pull the clenched hands at the moment when the ten-
don is struck, or to squeeze the closed eyelids tightly
together at that time, etc. The patellar reflexes are
best tested by having the patient sit on a moderately
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low seat, the feet squarely on the floor and the legs
slightly forward, forming a very obtuse angle with
the thighs.

This reflex differs physiologically in different in-
dividuals. Increase of the reflex is the rule in neu-
rasthenia, in lesions of the central motor neurons
(reflex inhibitory fibres in the lateral pyramidal
tracts), in any condition which causes irritation of
the reflex arc, as meningitis, tetanus, neuritis, and
in exhausting diseases.

Loss of the reflexes occurs whenever the reflex arc
is interrputed as in tabes, neuritis (crural), anterior
poliomyelitis, lumbar myelitis, in coma, epileptic
attacks, after recent spinal-cord injuries (irritative
symptom of the inhibitory fibres?).

(b) Similar conditions prevent the occurrence of
the Achilles reflex, a phenomenon which consists in
a contraction of the calf muscles on tapping of the
Achilles tendon. Exaggeration of this constitutes
foot [ankle] clonus, the foot phenomenon which is
produced by forcible and sharp dorsal flexion of the
foot.

Of the periosteal and tendon reflexes of the arm,
the following are the most important:

The radial and ulnar periosteal reflex, a contraction
following tapping of the styloid process of the radius
or the ulna; the triceps tendon reflex, produced by a
smart blow on its tendon just above the olecranon
process.

Aside from these the masseter reflex deserves in-
vestigation. This is produced by tapping the chin
when the mouth is partly opened, the result is a
quick, partial, or complete closure of the mouth.
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The clinical significance of the reflexes considered
under this caption is not very great; the patho-
logical changes which they attend being practically
those mentioned above.

3. The pupillary reflexes.

The following subdivision is made.

1. Light reaction; narrowing of the pupil of the
same eye, by contraction of the sphincter on exposure
to light (irritation of the optic nerve).

2. Consensual light reaction, contraction in one eye
when the other is exposed to light.

3. Reaction to accommodation, narrowing of the
pupils on accommodating for near objects, essentially
an associative movement.

4. Convergence reaction, of very slight clinical
significance. ‘

The light reaction is tested separately for each eye
(to eliminate consensual reaction) and in cases of
hemianopsia likewise the impressionable halves of
the retina. This is best done by means of reflected
light, ordinarily enough shade is given by the hands;
then to get the reflex of the one eye, the hand cover-
ing is taken away quickly.

Before the test is made one should observe care-
fully any abnormal dilatation or contraction of the
pupils. |

Enlargement of the pupils, mydrisias, occurs with
atropine and cocaine poisoning, in blindness, coma,
during an epileptic attack, and with paralysis of the
motor oculi, ete.

Narrowing of the pupil, myosis, occurs in mor-
phine poisoning, tabes, dementia paralytica, menin-
gitis, affection of the first dorsal segment, iritis, ete
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These are conditioned through central disease and
may be of a cortical nature (cortical foci), of trans-
cortical origin (disturbance of the association tracts),
and of a subcortical form (interruption of the con-
ducting path from the centre to the periphery).

(1) If the patient cannot speak voluntarily but can
understand everything that is said to him, then the
speech disturbance is known as (motor-ataxie) apha-
sia. Lesion as in II., Fig. 9; for explanation see
page 71.

If the patient cannot speak a single word volun-
tarily, he is said to have total motor aphasia.

If he can say only individual words, such as yes
and no, ete., he is said to have monophasia.

(2) If the comprehension of words fails him with-
out disturbance of speech, the patient is said to have
sensory aphasia, word deafness. Lesion in I. In
this condition there is a disturbance in the proper
association necessary to speech—z.e., an abolition of
the necessary association between I. and II. Speech
is false, non-pertinent, wrong words are used, and
there may be also defective sentence formation, a
condition known as paraphasia. A form of this is
literal paraphasia in which there is stumbling in
the syllables, the placing of letters and syllables in
wrong connections (in dementia paralytica). If there
iz loss of word memory so that the patient cannot
quickly remember names, designations, ete., as for-
merly, although no comprehension of the word or its
meaning is lost, this condition is known as amnesic
aphasia.

(3) Inability to write voluntarily is often asso-
ciated with motor aphasia and very frequently with
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Examination of these central speech and other dis-
turbances can be done in the following way :

One begins the examination with a question, “ Have
you been sick long?” If there is no answer there
may exist (excluding deafness and lack of psychical
comprehension) :

a. Deaf-mutism, which is to be recognized by the
gesticulations which at once begin.

b. Total motor and sensory aphasia, which is cor-
roborated by having to get the history from a third
person.

If the patient nods his head and likewise answers
other questions correctly by means of gesticulations
or mimic movements without, however, being able
to bring forth a word, it may be taken for granted
that the patient has motor aphasia. If he does not
respond at all to the question or if he does not do
some simple thing that is asked of him such as to
close the eyes, it may be concluded that he has sen-
sory aphasia; but if all questions or requests are
quickly and properly responded to by gestures or
mimicry, this can be entirely excluded.

If the patient answers all questions with one and
the same word, for instance, “mno,” “no,” then he has
monophasia. '

If he answers incorreetly, especially if he misplaces
words, syllables, or letters, then he has paraphasia.
For exact corroboration of this the patient should be
asked to repeat certain polysyllabic words such as
electricity, artillery brigade, or other long words.

After this certain familiar objects are exhibited to
the patient such as a match, a lead pencil, ete., and
he is questioned as to their use. If the patient is un-

P -
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syllables. This is determined exactly by requesting
the patient to place words together and to count sin-
gle figures and ciphers.

2. Mental Examination.

Much has already been said of this in speaking
of the disturbances of speech in connection with in-
tellectual disturbance and in discussing amnesic
aphasia, alexia, and agraphia.

Aside from these the patient should be examined
as to early memories, first impressions and memories,
and also the most recent ones, for instance, the de-
tails of his illness.

Examination for recent impressions is dome by
bringing out simple and complicated processes of
association.

Disturbance of memory is known as amnesia; it
frequently attends injuries of the skull, compression
of the brain, foci of disease in the brain, and demen-
tia. It is tested through the various associations,
auditory, optic, tactile, etc. Its course cannot be con-
sidered further in this connection.

3. Other Psychical Disturbances.

It is of great importance to determine if conscious-
ness is disturbed (coma, sommnolence, stupidity); if
the intelligence is mnormal or disturbed (dementia,
idiocy); if pathological motor or sensory irritative
conditions are present, such as delirium, state of ex-
citement with limitation of conseciousness, hallucina-
tions, delusions, and morbid delusions of central
origin; and further than this, if there are any sys-
tematized ideas, fixed or fluctuating, or obsessions.
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Conditions of melancholia (pathological depres-
sion), mania (pathological exaltation), and hypo-
chondria are to be looked after.

By the presence or absence of such symptoms one
reaches a conclusion as to the psychical condition and
as to the diagnosis.

C. THE MAKING OF THE DIAGNOSIS.

The diagnosis follows principally after the complete
examination which has just been outlined and the
taking of the patient’s history.

The most important questions to be considered are
the following:

1. Does the patient suffer from a nervous disease or
is nervous disease only simulated by ansemia, tuber-
culosis, tenia, ete.?

2. Is the cause of the nervous manifestations that
have been found some disease of another part of the
body and can such disease be made responsible for
them? Such, for instance, as arteriosclerosis, tumor,
disease of the heart, lungs, blood, kidney, stomach,
ete., or a disease such as diabetes.

3. Is the disease of a functional or an organic
nature? This is a question that cannot be settled off
hand and frequently it requires prolonged observation
of the patient. Choked dises, degenerative muscular
atrophy, reaction of degeneration, loss of patellar and
pupillary reflexes are, for instance, attributes of or-
ganic disease. One must always take into careful
consideration the genesis of the disease.

4. What is the seat of the postulated organic dis-
ease (see General Symptomatology, Section 1IV., 3)
and is the disease a focal or a systemic one?
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5. Of what form is the disease? One must con-
sider its mode of onset, its apparent connection with
other diseases, such as infectious disease, tumor, ete.,
the location of the lesion, and the attending symp-
toms, the presence of fever, cachexia, ete.

Very frequently it is impossible to answer these
questions satisfactorily after one examination and
often 1t is necessary to watch the disease process and
its course for some time. In many cases the complete
diagnosis remains in suspense while the probable or
provisional diagnosis may be made. One cannot be
too careful, without the weightiest data, in making
such diagnosis as dementia paralytica, tabes, tumor
of the brain, from one examination alone.

5. GENERAL REMARKS ON THE TREATMENT OF
NERVOUS DISEASE.

The treatment of nervous disease requires more
than does any other form of disease that the physi-
cian be grounded in psychology and capable of treat-
ing his patient from that standpoint. Unfortunately
this side of the development of our physicians leaves
much to be desired. A knowledge of the anatomical
and clinical facts is by a long way not enough.

The treatment involves

1. THE PROPHYLAXIS.

In no other class of patients can so much ill health
be prevented and so much misery through ulterior
consequences be mitigated as in the cases of which

we speak.
The individual points to be attended to are: The
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advice of the physician against marriage of those
individuals afflicted with severe mental and nervous
disease and possibly of those handicapped through in-
heritance (hereditary systemic diseases, etc.). Con-
tinual observation by the physician of the nutrition
and hygiene of children during the years of their de-
velopment and the anticipation and prevention of
sinister methods of living which include the abuse of
alcohol, tea, tobacco, excesses of every form, the use
of morphine (even by the physician), the prevention
of mental strain, irregularity in work and diet,
hygiene of places of employment and likewise obser-
vation of personal hygiene, under which must be in-
cluded personal cleanliness, bathing, clothing, exer-
cise, ete.

o C_AUSAL THERAPY.

Unfortunately this form of therapy has until now
been possible in but a few diseases.

a. Intoxication conditions (from lead, arsenie, al-
cohol, morphine, cocaine) may be cured or at least
very much bettered, for the first-named poisons, by
interdicting the factory work through which they
were obtained or by some regulation of it; for the
last-mentioned by abstinence, or treatment in an in-
stitution.  Sudden withdrawal of alcohol, morphine,
and cocaine is often followed by disagreeable but not
dangerous consequences. In alcoholism abstinence
manifestations do not appear when stimulants are
stopped, statements to the contrary notwithstanding,
and although such symptoms do appear in abstinence
from morphine and cocaine and although they make
the patient very wretched, they rarely signify real
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danger. None of the so-called cures “ without com-
pulsion or pain” are of permanent benefit. The ad-
ministration of large quantities of aleohol to coun-
teract the symptoms of abstinence from morphine is
a dangerous procedure and should be avoided.

It should not be understood that, in severe cases of
morphine habit, within the first three or four days
complete abstinence can be reached. On the con-
trary, during the first few days of treatment, or to
ward off threatened collapse, a small quantity of
morphine should be given.

b. All syphilitics, as soon as the diagnosis is made
(or when the suspicion of syphilis is strong), should
be subjected to an energetic inunction cure, 3 to 5
grams ( I ss.— 7 iss.) of gray ointment a day. Ilodide
of potassium may be administered simultaneously or
later, 3 grams (45 grains) daily. Never should the
attempt be made to treat syphilis with iodide of po-
tassium alone.

Malarial neuralgia should be treated by the admin-
istration of quinine 8 to 20 grains daily.

¢. The third class of diseases, the recovery of
which we may facilitate by treating the condition
directly, are those in which surgical interference is
possible. The number of diseases that are amenable
to this form of treatment has in recent times been
much increased.

Aside from conditions dependent upon direct
trauma to the nervous system, there may be placed
in this category:

(1) Diseases of the brain which may be exactly
localized, tumors, bone fragments, localized purulent
areas when they are in or very near to the cortex.
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the beneficial results of any operation, no matter how
successful it may be, must remain very slight.

(3) Peripheral nerve diseases.

Here the best results are got, because the power of
regeneration in these parts is markedly better than in
the brain or spinal cord. Even after a long time has
elapsed since the continuity of the nerves has been
severed, entire reparation of the nerve is possible.

The recovery of a nerve whose continuity has been
severed may be hastened by plastic operation.

The most important factor leading to success in
any of the conditions that allow of surgical interfer-
ence is an early and exact localizing diagnosis.

3. SYMPTOMATIC THERAPY,

This form of therapy may be used with good effect
in all diseases in which severe degenerative processes
have not gone on.

Degenerative diseases of the cell-fibre-muscle, es-
pecially if they be of central origin, give a bad
prognosis. Individual symptoms require individual
treatment and in this way they may be transitorily
dissipated or improved

(a) Psychical Treatment.

Quiet consolation, reasonable explanation, prompt
dissipation of trifling worries, and assurance in a
proper way and manner, and possibly also a certain
amount of didactic severity, are often of great and
righteous influence.

It is of paramount importance that the physician
counteract depressing influences. This is facilitated
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ones (at the seashore or the mountains), is often at-
tended by surprisingly beneficial and rapid results.
Massage, gymnastics, and occasionally the reassuring
statement of the physician are often of great benefit.

Electricity, whether it operates directly on the
somatic functions or indirectly through the mind, is
often an ultimate refuge.

The galvanic and faradic currents are the most
used. The galvanic current reaches the deeper parts
and generally is more serviceable than the faradic.
(Galvanic treatment is more applicable in painful and
deeply situated disease processes (the anodal pole is
soothing, the cathodal exciting, therefore the anode
should be placed on the painful parts), while the
faradic is more used for peripheral diseases, espe-
cially for paralysis of the muscles.

Care should be taken not to use too strong a current
and never without measuring the current with a
galvanometer.

(¢) The Administration of Drugs.

These constitute, where they are not indicated by
some special reason, not the first but the last aid
which we invoke.

The chief maxim is here nil nocere, for as it is
often impossible to help, the risk is unequal. Pre-
vent the unnecessary expenditure of money !

A few medicines operate with considerable cer-
tainty on the nutrition: arsenic (acid. arsen. & to
vz of a grain, Fowler’s solution 5 to 15 drops per
diem) ; iron (Blaud’s pills, pills of iron and quinine,
and pills of iron and arsenic).

As quieting measures the bromine salts are to be
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such as convulsions, paralysis of the monoplegic type,
and hyperaesthesia. Later still deep coma, trismus,
opisthotonus, retention of urine and faeces, and
Cheyne-Stokes respiration.

- In severe cases death occurs at the end of the first
week (meningitis siderans); in severe, protracted
cases the disease may last eight weeks and longer.
Nevertheless recovery from the severe forms is pos-
sible.

The sequelee of the disease are deafness, lesion of
the auditory nerve, blindness, persistent cephalalgia,
paralysis, and abscess of the brain.

Diagnosis.—It must be differentiated from typhoid
fever (by the slow onset, no herpes, no leucocytosis),
from pneumonia (sputum and lung symptoms), from
pyeemia (purulent foci, no rigidity of neck), from
tubercular meningitis (basal symptoms and secon-
dary to tuberculosis), purulent meningitis (purulent
area and not epidemic).

Treatment.—Quiet; wrapping in cold cloths, bath-
ing being painful; ice bags; letting of blood over the
mastoid processes; calomel; fly blister to the back of
the head; inunctions of mercury; antipyretics and
narcotics.

(b) Purulent Meningitis.

Nature.—It occurs oftenest with purulent process
in the ear (otitis media), caries of the petrous portion
of the temporal bone, erysipelas, pysemia, and other
acute infectious diseases. The exciting causes are
the different bacteria, streptococcus pyogenes, strep-
tococcus erysipelatis, staphylococcus aureus and
albus.
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Paralysis of individual eranial nerves (motor oculi,
facial, abducens), monoplegias, aphasia, and death
complete the picture.

Diagnosis.—It is to be differentiated from puru-
lent meningitis (which see).

Corroboration of the diagnosis should be sought by
examination of the sputum and of fluid obtained by
puncture through the lumbar vertebrae for tubercle
bacilli.

Treatment as in 2.

4, SypHILITIC MENINGITIS, GUMMATOUS MENIN-
GITIS, AND BRAIN SYPHILIS.

(Plate 55, 1).

Nature.—They occur during the secondary and
tertiary stages of syphilis, at the earliest a few
months after infection, ordinarily the result of char-
acteristic syphilitic new formations (gummatous for-
mation, infiltration, cheesy degeneration) in the pia,
especially at the base of the brain, with especial pre-
dilection for the blood-vessels which course there.
Brain syphilis is described under three varieties:

() Diffuse syphilitic basal meningitis (cortical in-
filtration, also localized focal areas). The symptoms
are essentially those of basal tubercular meningitis.

(b) Isolated gummatous formation in the men-
inges, rarely in the substance of the brain. The
symptoms are those of brain tumor.

(¢) Characteristic changes in the blood-vessels (en-
darteritis luetica), with or without diffuse or local-
ized gummatous meningitis. The result of this 1s to
produce narrowing of the lumen of the affected ves-
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5. THROMBOSIS OF THE SINUSES.

Nature.—Coagulation of the blood in the venous
sinuses follows secondarily to other neighboring local-
ized areas of disease, especially if they be inflamma-
tory in nature. It is most frequently an extension of
the inflammatory process (phlebitis) to the walls of
the sinus. Thus it occurs with caries, osteomyelitis
of the petrous bone and the mastoid process; with
purulent meningitis, abscess of the brain, phlegmon,
etc. It also occurs spontaneously in senility, throm-
bosis of marasmic origin, chlorosis, and cachexia.

The most common location for marasmic thrombus
is the superior longitudinal and the transverse sinus.
Following disease of the ear the transverse sinus is
most frequently affected.

When the origin is purulent the thrombosis results
secondarily to infection and the result is metastatic
pyeemia (through the jugular vein—right heart, in
the lungs).

Symptoms.—The symptoms vary according to the
seat of the lesion. Symptoms of meningitis, such as
headache, vomiting, convulsions, and coma, are gen-
erally the first, while subsequently paralyses and stiff-
ness of the neck occur. When the transverse sinus
is thrombosed, there may be cedema over the mastoid
process, distention of the jugular vein of the affected
side, slowness of circulation through the external
jugular vein. When the thrombosis is in the sinus
cavernosus, there will be congestion of the ophthalmie
veins, chemosis, protrusion of the eyeball, and paraly-
sis of ocular muscles. Thrombosis of the superior
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tion of iron and arsenic. In chronic ansgemia sympto-
matic treatment. The administration of alcohol, red
wine, is entirely unnecessary and often producive of
harm in the treatment of ansemia.

Hypersemic conditions occur in persons of the apo-
plectic habit, in plethora, and are accompanied by
feelings of heat, cardiac palpitation, vertigo, numb
sensations in the head, etc. Arteriosclerosis plays
an important role in the etiology of this condition.

Treatment.—Regulation of the mode of life, of the
taking of alcohol, of the use of tobacco. Baths, sea
bathing, exercise, and attention to the heart and kid-
neys are of first importance.

(b) Hemorrhage into the Brain.
(Plates 59, 1 and 2 60, 1.)

Nature.—The predilection of the arteries of the
brain to the formation of miliary and larger aneu-
risms and the rupture of these aneurismal walls lead
to various injuries of the brain substance. The burst-
ing of a small aneurism may be followed by the most
severe consequences when adjacent tracts or centres
are involved or destroyed.

Such miliary aneurisms may form in any of the
arteries of the brain, but they are found most com-
monly in the branches of the artery of the Sylvian
fossa, the most frequent branch to be affected being
the lenticulo-striate artery (see Fig. 3, p. 22).

The adjacent brain substance is destroyed to a
greater or less extent by the extravasation of blood
into it. Following the formation of coagulation or
thrombus the blood undergoes cystic degeneration
and there is resorption of the exudation with a par-
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tial connective-tissue transformation (see General
Part). On the surface there remain as sequele a
defect and in the interior of the brain a cyst.

The most prominent etiological factors leading to
such aneurism-formation are arteriosclerosis, the re-
sult of chronic alcoholism, syphilis, gout, chronic
nephritis, and other unknown conditions.

The most important localization of a hemorrhage
is in the vicinity of the cerebral ganglia and the ad-
jacent medullated portions, the internal capsule.
This area is supplied with blood, especially by the
above-mentioned artery of the fossa of Sylvius, and
on account of the frequency with which it is the seat -
of hemorrhage, it has been called by Charcot the
artére d’hémorrhagre.

Course.—The hemorrhage is attended by the
symptoms of cerebral apoplexy, a shock, a stroke.
After the symptoms attending the occurrence of the
hemorrhage have ceased, paralysis, hemiplegia, re-
mains. The occurrence of an apoplectic stroke is
preceded by certain prodromal symptoms, such as
disturbances of circulation manifested by headache,
vertigo, noises in the ears, and moderate weakness.

Frequently the attack comes on with lighting-like
rapidity without any premonition and without any
exciting cause, or with some such exciting cause as
bodily strain. The patient feels badly, is dizzy, con-
fused, and quickly becomes unconscious. This con-
stitutes the shock. It may last from a few minutes
to several days, depending upon the severity and
extent of the lesion. The shock renders the patient
unconscious and reactionless, the breathing is slowed,
stertorous, often suspended; the pupillary reflex fre-
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quently irregular; the extremities are immovable and
when one is raised it falls as if inanimate, but occa-
sionally there may be slight spastic manifestations.
Retention of urine and feeces develops and oftentimes
there is conjugate deviation of the eyeballs. The tem-
perature varies: it may be normal, subnormal, or just
preceding the end extremely high.

If death does not follow the shock (depending upon
the size and location of the hemorrhage), the patient
gradually recovers consciousness, and frequently it is
not until consciousness has been restored that the
amount of paralysis can be determined.

The paralytic manifestations directly after the
shock are very much more extensive than they are
after recovery of consciousness or at the end of a
week. Those symptoms which disappear during the
first week after the onset of the disease are known
as indirect focal symptoms. They depend upon the
remote activities of the focus through pressure on
neighboring portions and they disappear simultane-
ously with the recovery of this segment of the brain.

The direct focal symptoms, the result of destruc-
tion of certain tracts and centres, are on the contrary
irreparable and continuous.

The direct, continuous symptoms bespeak the lo-
calization and extent of the lesion in very different
ways, varying from the transient hemiparesis to
severe total hemiplegia with hemiansesthesia and
hemianopsia. Apoplexy of the left cerebral hemi-
sphere is naturally often associated with aphasia
in its different forms. Apoplexy into the medullary
substance may occur without symptoms, while if it
be in the cerebral peduncles the symptom complex of
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sage, salt baths, mud baths, and symptomatic treat-
ment.

(¢) Embolism of the Brain.
(Plate 56, 2.)

Nature.—Embolism arises from the formation of
a fibrinous coagulation in the interior of an artery
which blocks up the calibre of some of the small
branches. The embolic material comes mostly from
the left side of the heart (mitral endocarditis and
from the aorta). It passes through the internal
carotid and first becomes lodged in one of the cere-
bral arteries when it reaches one of sufficiently small
calibre, which is most frequently one of the branches
of the artery of the fossa of Sylvius and oftenest of
the left side. As the cerebral arteries are terminal

arteries it follows that there will be no compensatory °

circulation in the regions to which the blocked-up
artery furnishes blood, and the result is that necrosis
results through a process of softening (see General
Part), the contents of the area of softening are re-
sorbed, and there remains on the surface of the brain
a defect, a flat, yellow surface, and in the brain sub-
stance a cyst to mark the seat of the lesion.

Obstruction of an artery and its consequences may
arise without formation of an embolie process through
autochthonus thrombus formation in the arteries of
the brain (syphilitic endarteritis obliterans, arterio-
sclerosis). The areas of softening that result are fre-
quently multiple.

C'ourse.—The clinical manifestations arising from
blocking up of an artery of the brain vary but
slightly from those of hemorrhage.

R
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transitory attacks of vertigo, disturbance of wvision,
etc., which are dependent upon circulatory disturb-
ance of different degrees.

For treatment see Hypersemia.

2. INFLAMMATORY DISEASES OF THE BRAIN
SUBSTANCE.

(a) Abscess of the Brain.

Nature.— A focal collection of pus within the brain
substance occurs in consequence of traumatism to the
skull or inflammatory processes such as purulent
meningitis, caries, otitis media, pysemia, and abscess
of the lungs. Such abscesses as are not attributable
to some primary disease are called “idiopathie.”

The seat of abscess is most frequently the temporal
lobe and the cerebellum, especially secondary to dis-
eases of the ear.

The exciting factors of abscess are the staphylo-
coccus aureus, the diplococcus of Frinkel, the strep-
tococcus pyogenes, the microbe of aphthee, and the
tubercle bacillus.

Course.—The prolonged period of latency which
may be up to ten years is characteristic for abscess of
the brain. A purulent focus which has been encap-
sulated may suddenly give rise, sometimes without
direct cause, to the gravest focal symptoms, such as
perforation into the ventricle or on to the surface.

The symptoms of cerebral abscess are partly para-
lytic and partly irritative. Constant headache,
vomiting, vertigo, irregular fever (sometimes absent),
comatose conditions, convulsions, and various focal
symptoms, such as hemiplegia, hemianopsia, epilep-
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as congenital or in the first months of life and is de-
pendent upon different disease processes.

Course.—In the first months of life the child takes
sick suddenly with grave meningitic symptoms,
which, however, soon subside. These symptoms are
caused by inflammatory processes in the central con-
volutions which leave as a residuum, after the sub-
sidence of the inflammation, scars, defects (poren-
cephaly) in the diseased convolutions.

Therefore we find as clinical symptoms after
cessation of the initiatory symptoms palsies of the
extremities, spastic palsies of course (when the dis-
ease is double-sided, spastic paraplegia). The growth
of the paralyzed extremities, an arm, a leg, or the
whole side, does not keep pace with the unaffected
one. The whole half of the body may be atrophic
(spastic hemiatrophy).

Symptoms of irritation, such as epileptiform at-
tacks, caused by irritation from the cortical scar and
athetosis, are of frequent occurrence.

Treatment.—Symptomatic. See Meningitis.

3. TUMOR OF THE BRAIN.
(Plate 60, 2.)

Nature.—Tumors may develop within the skull
secondarily to trauma; they may be metastatic from
other tumors in distant part of the body, or they may
be spontaneous.

They may spring

From the bones (sarcoma, carcinoma, osteoma,
gumma) ;

From the membranes (sarcoma, ecarcinoma,
fibroma, solitary tubercle, gumma);
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of monoplegia, hemiplegia, eventually crossed eranial
nerve palsies, hemiansesthesia, hemianopsia, cere-
bellar ataxia (involvement of corpora quadrigemina,
cerebellum), aphasia, and basal symptoms (see Focal
Diseases, Part 1V., 3).

Focal symptoms may be absent, only suspected.

Tumor of the corpora quadrigemina may produce
acute internal hydrocephalus by eausing pressure on
the large veins of Galen, which prevent the flow into
the third ventricles.

Diagnosis.—The diagnosis is first made from the
general symptomatology.

To be excluded are, abscess of the brain (which
see), hydrocephalus (see also). The seat of the neo-
plasm is to be determined according to the focal
symptoms. See Section IV., 3, for the localizing
symptoms referable to the anterior, middle, and pos-
terior fossae of the skull, and for the individual lobes
of the brain, the basal ganglia, the cerebellum, ete.
For the topical diagnosis only the continuous, pro-
gressive, direct focal symptoms are considered, not
the indirect and transitory which vary in their in-
tensity. Nevertheless it is not always possible to
separate one from the other. The limit and the kind
of the tumor are then to be taken into consideration
(whether metastatic, tuberculous, luetie, ete.).

Pathological.—For many tumors the location is
characteristic. Tumors of the base are likely to be
either gnmma or sarcoma. Of the brain substance,
glioma; cerebellar-pons tumor, solitary tubercle,
glioma. Sarcomata are of rapid, gliomata of slow
development.

Treatment.—On the slightest suspicion inunctions
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of mercury and iodide of potassium. When the
tumor is cortical, surgical aid may be invoked (see
General Therapy).

Aside from this, symptomatic treatment, nar-
cotics, bromides.

4. INTERNAL HYDROCEPHALUS.

Nature.—By this term is understood a pathologi-
cal increase of the amount of the cerebro-spinal fluid
in the ventricular spaces (lateral and third ven-
tricles).

External hydrocephalus is a collection of fluid in
the subarachnoidal space which communicates with
the ventricles. Internal hydrocephalus may be con-
genital or acquired. As causative are postulated
inflammatory processes of the ependyma of the ven-
tricles and the choroid plexus, and in part an obstruc-
tion to the escape of the fluid from the third ventricle,
the result of inflammatory changes.

If the hydrocephalus reaches a high degree, it pro-
duces flattening of the cerebral convolutions, and dis-
tinct decrease of the brain substance results from
pressure atrophy. The circumference of the skull
increases up to 60 cm., the normal being under 50
for children. Accumulation of fluid in the third
ventricle causes an outward convexity of the walls of
the ventricles and pressure upon the surrounding
structures or parts, such as the optic nerves, the
chiasm (bitemporal hemianopsia), the motor oculi and
facial nerves.

Course.—In congenital hydrocephalus, as well as
in hydrocephalus that develops in early childhood,
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the occurrence of the disease causes idiocy, double-
sided spastic-paralytic phenomena, and epileptic at-
tacks. These children soon die.

‘When the disease develops later in life, in adults,
symptoms of meningitis, such as headache, vomiting,
coma, optic neuritis, absence of fever, attended by
exacerbations and remissions, mark the development
of the hydrocephalus. Choked discs may also be
present.

Diagnosis.—Tumor of the brain cannot always
be excluded with certainty, but absence of increase in
circumference of the skull, rapid development of the
tumor symptoms, and absence of remissions speak in
favor of the latter.

Treatment.—Surgical procedures, puncture of the
ventricle, or of the central canal of the spinal cord in
the lambar region, are of doubtful utility. Counter-
irritation may be made to the shaved scalp. Symp-
tomatic treatment.

9. DEMENTIA PARALYTICA, PROGRESSIVE PARALYSIS.

Nuature.—Progressive paralysis is dependent upon
a degenerative process in the brain. In the cortex
especially numerous non-medullated and medullated
fibres as well as cells are primarily destroyed. The
change is most marked in the frontal lobes. As the
result of destruction of the fibres there is diminution
in the size of the cortex and eventually atrophy of
the entire brain.

Aside from this there are found chronic changes
of an inflammatory nature in the blood-vessels, in
the glia, and in the meninges; hydrocephalus, ete.
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Treatment.—Possibly anti-luetic.

(b) Chronic progressive bulbar paralysis (Plates
72, 1; 56, 1). ((Glosso-labio-laryngeal paralysis pro-
gressiva.)

Nature.—This is dependent upon a slow progres-
sive disappearance of the cellsin the nuclear region of
the medulla, especially in the nuclei of the motor
nerves (peripheral neuron cells), the hypoglossus, the
facial, the vagus-accessorius, and the trigeminus.
Aside from this there is often disease of the pyram-
idal tracts and the anterior horn cells of the spinal
cord and there may be every gradation from simple
bulbar paralysis to amyotrophic lateral sclerosis with
bulbar symptoms (see further under “System Disea-
pes,” IV., 3).

Concerning the actual cause of this disease but
little is really known.

Course.—The clinical manifestations come on very
slowly. The first symptom is disturbance in speech
of a bulbar type; the letters r, s, [ are the first to be
formed defectively. After this there develops double-
sided atrophy (with reaction of degeneration) and
weakness of the tongue and lips which i1s associated
with fibrillary twitchings and weakness of the power
of swallowing, of phonation, and less frequently of
the muscles of mastication. Eventually entire loss
of expression of the features (only the inferior por-
tion of the face is affected), salivation, paralysis of
swallowing and of speech (anarthria) follow. Dis-
turbances of sensibility are wanting.

There are often psychical symptoms such as dispo-
sition to cry, and if other systems are affected, such
as the pyramids, there will be spastic paralysis of the
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central irritations of a purely functional sort. There
may be the different forms of contracture in the
flexors and extensors of the head and extremities.

(2) Hysterical Attacks.

Irritative symptoms of central origin, which ap-
pear in various forms and combinations, partly of
spontaneous origin and in part called into being by
some reflex excitation such as fright, affectation,
sensations, ete.

Clonic, tonic convulsions of the extremities and of
the body, quickly changing from one to the other, are
the principal symptom. Breathing is increased and
dyspneeic, consciousness is seldom altered to any ex-
tent, but there is loss of memory for the attack
(amnesia).

The convulsions produce in a wild manner the
most bizarre positions of the body (clownism, are de
cercle); spasmodic movements of the extremities
(grand hysteria), trismus, convulsive movements of
swallowing, laughing, crying, ete., all occur with
varying severity.

During the attack there are often hallucinations
and disagreeable mental possessions, which may be
manifested by shrieks, insults, gesticulations, grim-
aces, ete. ;

There never occurs such deep coma as in an epi-
leptic attack. The reflexes remain intact. In order
to awaken the patient, all that is necessary in the
milder attacks is to dowse him with water, while in
the more severe attacks the painful prick of a pin will
succeed (soles).

Characteristic of hysterical attacks are the exag-
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gerated, mannerless, changeable manifestation of the
convulsions, the terminableness of the attack, and the
susceptibility of the attack to psychical influence
(suggestion). |

To the psychical conditions are attributable differ-
ent disease manifestations, which in some instances
are known under individual names, such for example
as akinesia algera, pain on movement without any
attributable cause therefor; chorea electrica, sudden
backward movements of the body; paramyoclonus
multiplex, changeable variously localized clonie con-
traction of muscular fibres of biceps, quadriceps,
supinator longus, deltoid, etc., and astasia-abasia,
ete.

Diagnosis.—For the diagnosis it is necessary to
take into consideration the entire picture which has
been delineated above; the presence of individual
symptoms is not sufficient for a diagnosis. The
significance of stigmata is great. The diagnosis is
to be reached only after most careful examination.

It is not possible in every case to differentiate it
from neurasthenia, yet in most instances this or that
symptom will bespeak the one or the other disease.

In the more severe forms of hysteria the psychical
disturbance may be brought prominently into the
foreground (moral defects).

Treatment.—Judicious mental discipline, regular
and absorbing occupation, awakening of confidence
in the will power, exclusion of nervous, over-consid-
erate members of the family (treatment in an insti-
tution), considering the attacks as a mere bagatelle,
regulation of the nutrition, massage, douches, ete.
Possibly the administration of iron and bromides
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(their utility is insignificant compared with other
measures), but never morphine.

Hypnosis affects only individual symptoms, very
rarely the disease itself, and oftentimes it causes new
symptoms.

The influence of a rational, not directly hypnotie,
psychical (suggestive) mode of treatment is by far
the better.

4. The Traumatic Neuroses.

Nature.—Some of these cases belong with neuras-
thenia, others with hypochondria and hysteria.
They have in common with these that they result from
trauma, psychical and physical, and mostly in indi-
viduals who are predisposed to nervous disease by
heredity, alcoholism, etec.

The possibility, moreover, that the motive is to ob-
tain money such as from accident insurance com-
panies should always be taken into consideration with
these patients. The border line between purposive
exaggeration and pathological psychical limitation is
often difficult to lay down.

Opinion.—On therapeutic grounds one must de-
termine not so much the injury as how far it inca-
pacitates the patient from work. Only in excep-
tional cases should one give a definite opinion before
he has had abundant opportunity to watch and ex-
amine the patient.

In this category belong the neuroses developing
after railway accidents (railway spine) and other
accidents.

For treatment see neurasthenia and hysteria.
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7. Genuine Epilepsy.

By epilepsy is understood the occurrence of peri-
odical attacks of so-called epileptic fits. From the
genuine form is to be separated the form known as
Jacksonian or symptomatic epilepsy, which has been
considered above in connection with focal disease of
the brain. :

The occurrence of an epileptic attack is supposed
to be dependent upon alteration in the brain cortex,
especially of the central convolutions; nevertheless
the cortical origin is disputed. It is supposed that
the cause of an attack is some irritation of the cor-
tex, analogous to what is probably the explanation of
attacks of symptomatic epilepsy, where the irritation
is from a scar, splinters of bone, or inflammatory
produets, etc. From this focal point where the irri-
tation is supposed to be, the excitation passes (through
association tracts?) to other neighboring motor cen-
tres, inhibits or excites them, and the result is an epi-
leptic attack.

As causative of genuine epilepsy may be reckoned
heredity, trauma, and the infectious diseases. It
occurs most frequently in youth and varies greatly
in intensity and duration. The attacks occur either
in a severe (epilepsy major, grand mal) or mild (epi-
lepsy minor, petit mal) form, and they may also be
manifested by a psychical equivalent, psychical epi-
lepsy.

Attacks.—A typical attack begins with the aura,
headache, confusion, vertigo, optic or acoustic sen-
sations, which lead up to the attack.

The patient falls to the ground unconscious and
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lies in a condition of tonic spasm, partly in a flexed
tonic condition but mostly in a condition of extensor
spasm. The reflexes are lost, the pupils dilated.
After a time (up to half a minute) this is followed by
a clonic manifestation, consisting of severe, violent
convulsions of the muscles of the extremities and other
muscles, accompanied by frothing at the mouth and
biting of the tongue.

After a few minutes the severity of the spasms
abates and the patient passes into a comatose condi-
tion, from which he awakens after a longer or shorter
time. Headache, mental confusion, fatigue may be
of much longer duration. There is generally partial
or complete amnesia of the attack. In milder attacks
the period of tonic and clonic spasms is very much
shorter, while in the equivalent form there may be
simply a momentary dream-like confusion (state of
confusion), but maniacal excitement, delirium, and
hallucinations may also occur. The attacks may
come only at night, when the disease is called noctur-
nal epilepsy. If attacks seem to follow one another
closely and without interim, this dangerous condition
is known as status epilepticus.

In many cases, but not in all, there occurs after
long continuance of the disease, psychical degen-
eration.

Diagnosis.—To be excluded are: hysterical at-
tacks, Jacksonian epilepsy (focal symptoms when the
disease first showed itself), attacks of ursemia
(urine), simulation (reflexes not lost, prick of the
sole), epileptiform attacks of dementia paralytica
(the history and the longer duration).

Treatment.—Bromide of potassium 3iss. to 3iv.
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daily and opium in from 1 grain to 15 grains per day
for a long time [6 weeks], followed by bromides, are
the most useful measures. Hydrotherapy, abstinence
from alcohol, vegetable diet. In well-marked focal
attacks the question of surgical interference may arise.

8. Infantile Eclampsia.

Nature.—It occurs in children in the first years of
life. A great number of diseases may lead up to the
occurrence of convulsions in children, such as affec-
tion of the stomach, intestines, teeth, rhachitis, ete.
(defective reflex inhibition in the nervous system of
the child, the pyramidal tracts are not yet medullated).

The convulsive attacks consist of tonic and clonic
convulsions of the entire body, which are frequently
accompanied by shrieks of a convulsive nature.
Epileptic attacks later in life rarely follow.

Diagnosis.—To be excluded is tuberculous menin-
gitis (basal symptoms, fever).

Treatment.—Remove causative conditions (worms,
defects of nutrition), administer bromides, warm
baths, counter-irritation, cold sponging.

9. Chorea Minor ; Sydenham’s Chorea; St.
Vitus’® Dance.

Nature.—A disease of childhood. Neither its
cause nor its location is known. It is thought to be
of infectious origin. Of importance is its frequent
association with acute rheumatic polyarthritis and
rheumatic endocarditis. It also often occurs with
pregnancy, this form being especially severe.

Chorea.—Chorea consists of involuntary, uncon-
trollable, irregular movements of the fingers, hands,
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11. Paralysis Agitans (Parkinson’s Disease).

Nature.—This occurs only in the more advanced
periods of life. Its cause is unknown. Anxiety,
care, etc., have been attributed as causes.

Course.—It begins with a peculiar, slow, rhythmi-
cal tremor, movement of the arms and hands (simi-
lar to the movements of rolling a pill). This tremor
continues during rest and is made worse by excite-
ment. In the course of years the tremor invades all
extremities, the head and lips become involved. The
posture of the body is characteristic, a forward bent,
rigid, stooping attitude. During sleep the move-
ments cease as a rule. Toward the end paralytic
manifestations appear. The disease is incurable.

Treatment.—Rest, nutrition, bromides.

12. Myotonia Congenita (Thomsen’s Disease).

This is a rare disease of a family type. The pa-
tient is prevented from making any voluntary move-
ment, especially walking, by spontaneously occurring
spastic resistance of the muscles. Psychieal irrita-
tion increases the spasticity of the muscles (simi-
larity to stuttering).

Treatment.—Baths, gymnastics.

[II. THE DISEASES OF THE SPINAL CORD.

A. DISEASES WHICH ARE PREPONDERATINGLY
FocaL. TRANSVERSE LESIONS.
Diseases of the Membranes of the Spinal Cord.

The membranes of the spinal cord become diseased
most often secondarily to those of the brain, rarely
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culature) the hands assume the position known as
the “preacher hands.”

Improvement is possible.

Treatment.—Possibly anti-luetie, electricity, symp-
tomatic; actual cautery to the neck.

2. Syphilitic Spinal Meningitis. .

Nature.—This is analogous to syphilis of the cere-
bral meninges, and is attended by the formation of a
diffuse membranous exudation. The lesion is in the
meninges of the spinal cord
(pia mater) either in con-
nection with syphilis of the
brain or without it. This
% syphilitic disease is charac-
#&| terized by the presence of a
¥/ gummatous, flattened new
formation, which macrosco-
pically appears as a thick, re-
sistant, gelatinous covering
and which when seen on cross section (see Fig.
13) seems to surround the entire cord and in certain
places to grow into the substance of the cord. The
most common location is the dorsal cord. The ar-
teries show changes similar to those that are found
in endarteritis luetica in the brain. The nerve roots
are penetrated by the new growth, and tumor-like
gummatous formations are often present. In ac-
cordance with these findings the conditions are re-
ferred to as syphilitic meningo-myelitis, meningo-
neuritis, and meningo-arteritis.

Course.—The symptoms, which are the result of
compression, vary according to the extent of the le-

Fis. 13.



SPECIAL PATHOLOGY AND THERAPY. 191

sion and the intensity of the pathological process.
They are severe pains occurring paroxysmally, spas-
tic paraparesis of the legs, which is not infrequently
more severe in one leg than in its fellow (suggestive
of half-sided lesion), increased reflexes, disturbance
of the function of the bladder and rectum (retention),
mild disturbances of sensibility such as parsesthesia.

Diagnosis.—Especially characteristic is the vari-
able coming and going of the symptoms; improve-
ment and recurrence alternate. Eventually there
are frequently brain symptoms such as paralytic
phenomena (basal). |

The knowledge of previous specific infection is the
most important diagnostic factor.

Treatment.— Anti-luetic treatment even in suspi-
cious cases, inunction cure, injection cure, potassium
iodide. Frequently we can expect only partial recov-
ery (when the degenerative process is extensive).
Symptomatic. DBaths.

3. Compression of the Spinal Cord (Compression
Myelitis).
(Plates 54, 2 and 8; 69, 8.)

Nature.— Although compression of the spinal cord
may be the result of different processes, it is possible
to speak of the wvarious conditions here together.
Frequently in the diagnosis of individual cases we
are able to say that compression exists; but how it is
compressed remains in the dark.

Compression of the spinal cord may be caused :

1. By disease of the bone, such as caries of the
body of the vertebrze, which allows of cord compres-
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sion by purulent foci; proliferation of granulations
in the membranes of the cord (meningitis tubercu-
losa) ; sequestra; by sinking in of the vertebrae, the
result of undermining of the vertebral canal; by
carcinoma of the vertebrse and by traumatic frac-
ture and dislocation of the spinal column.

2. By diseases of the membranes, pachymeningitis,
syphilitic meningitis, tubercular meningitis, by sar-
coma, lipoma, fibroma, and echinococei formations
in the membranes.

3. By diseases of the spinal cord, such as glioma,
sareoma, and gumma.

By far the most common causes of compression are
caries and carcinoma.

As a result of compression there occurs severe in-
jury to the involved segment of the cord and the nerve
cells and fibres that are connected with i1t. These
undergo degeneration and become destroyed, never-
theless an actual myelitis is not the rule.

Course.—The most important symptoms of com-
pression are the irritation root-symptoms, consisting
of severe radiating pains which are frequently mani-
fested in the peripheral distribution of the nerves
(neuralgiform) and partly girdle-like about the
trunk, soon passing into the extremities. These fre-
quently produce reflex contractions in the muscles
of the extremities (muscles that do not contract to
the will). Hyperzsthesia and parzesthesia may ac-
company these pains. As an irritation root-symp-
tom must be classified the stiffness of the neck and
of the back. The other symptoms, varying accord-
ing to the seat of the lesion in the cervical, dorsal,
lumbar, sacral cord or cauda equina, consist of par-
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alysis, partly spastic, partly flaccid, atrophy of the
muscles, and disturbances of sensibility and of the
bladder. The most frequent form is compression of
the dorsal cord, and in this there are spastic paraplegia
of the legs, disturbances of the bladder and of sensi-
bility, the arms remaining intact.

Death occurs from the original disease and from
cystitis, exhaustion, and bed-sores.

Diagnosis.—First it is necessary to diagnose a
compression, then the level of the compression. To
do this one succeeds best in the following way :

One first determines which extremity is paralyzed.
When only the legs are affected the patellar reflexes
are tested. If these are lost, the seat of the lesion is
in the lumbar cord (possibly the roots of the cauda
equina). The patellar reflex is preserved when the
sciatic fibres alone are compressed. If the knee jerk
be increased, the seat of the lesion must be above the
reflex are, that is, in the dorsal or cerviecal cord.

If there be no disturbance of the arms, especially
no muscular atrophy of the hands, the seat of lesion
is in the dorsal cord.

More exact localization is possible by examination
of the muscular atrophy which eventually occurs (re-
action of degeneration), and by the disturbances of
sensibility, the height it reaches, etc. The seat of
the lesion is often placed too high; ‘we are not yet
sufficiently familiar with spinal localization to fix ac-
curately the disease process in any single segment.

‘When one has localized the seat of the lesion as
precisely as possible he should then compare the seg-
ment or segments with Plate 23 and determine what

spinal process or processes the lesion corresponds to,
18
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cord a diffuse focus of degeneration or a degeneration
of nerve bundles, and in its place a mass of newly
formed gilia tissue with more or less marked round-
cell infiltration, changes in the walls of the blood-
vessels, ete.

Such processes are probably mostly of toxic origin,
the result of infectious diseases such as typhoid fe-
ver, influenza, pysemia, gonorrhcea, erysipelas, syph-
ilis, ete., and in part of a direct infectious nature.

They are divided according to their clinical course
into acute (of a few weeks’ duration), subacute (of
some months’), and chronic forms.

The most frequent seat of the myelitic area is the
dorsal cord and the most frequent form is of luetic
origin. .

Course.—The symptoms are very variable accord-
ing to the seat of the lesion (see Section 1V., 3).

The most common form (dorsal myelitis) causes a
spastic paraplegia of the legs, without severe attacks
of pain, although the latter may occur; disturbances
of the bladder and of sensibility, parsesthesias; dis-
turbance of co-ordination of the legs may also occur.

In lumbar myelitis: flaccid paraplegia of the legs,
loss of reflexes, paralysis of the bladder, ete.

In cervical myelitis: spastic paraplegia of the legs,
atrophy of the arm muscles, ete.

Bed-sores and cystitis frequently indicate the be-
ginning of the end.

Diagnosis.—To be excluded are compression mye-
litis (which see). For localization of lesion see the
same.,

Treatment.—See compression myelitis.

When of syphilitic origin, mercurial inunctions.
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The results of treatment depend upon the amount
of degeneration that has gone on and the possibility
of checking the process.

4. Syringomyelia.
(Plate 70, 1 and 8.)

Nature.—One includes under this name such foeal
diseases as lead to abnormal cavity formation within
the spinal cord. Such cavity formations are de-
pendent on many different causes. They may be
congenital or they may develop later in life, a late
congenital protal manifestation (hydromyelia), or
they may arise from the occurrence of central glia
proliferation (central gliosis), or from unknown
causes after trauma, hemorrhages, etc.

The cavity formation may extend throughout the
entire length of the cord and it may also extend into
the medulla. The most frequent location is in the
cervical cord, and therefore the most important symp-
toms are referable to this part of the cord.

As the result of cavity formation, which usually
begins in the vicinity of the central canal, there is a
slowly progressive destruction of the central gray
substance of the anterior and posterior horns, and of
the nerve fibres and cells that are therein contained.

Course.—The individual symptoms of such a con-
dition are not characteristic; their combination or
association, however, are pathognomonie.

They are:

(1) Progressive muscular atrophy and paralysis,
especially of the upper extremities, in some cases of
one side, in others of both sides. The small muscles
of the hand, the triceps, etc., are most frequently
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irritation root-symptoms, paraplegia, and disturbance
of the bladder and of sensibility.

The symptoms of hsematomyelia form in brief the
same combination as syringomyelia, only that they
come on in an apoplectiform way after trauma and
vary in severity and extent according to the seat and
extent of the lesion. The exact diagnosis is to be
made by a consideration of the above-mentioned prin-
ciples (ses page 193).

7. Multiple Cerebro-Spinal Sclerosts (Sclerose en
Plagues).
(Plates 71, 1 to 4; 57, 5.)

Nature.—The nature of this disease still remains
a riddle. It consists in the occurrence of numerous,
small, irregular scattered foci of disease (primarily
encephalitic ?) in the brain and spinal cord. With-
in each of these foci the medullary substance and the
nerve fibres that pass through perish, while the axis
cylinders persist and functionate for a long time;
there may be also an incomplete interruption of
fibres. The disease occurs most frequently in the
young after acute infectious diseases (?).

Course.—The symptems are slowly progressive.

At first there is some disturbance in performing
certain movements, weakness and uncertainty of the
arms and legs, tremor on attempting to grasp an ob-
ject (intention tremor), and the gait becomes weak
and uncertain (spastic-ataxic).

Aside from these there is nystagmus, scanning
speech (discontinuous, stopping speech), slight blad-
der disturbance, optic atrophy (not always). The
patellar reflex is increased. From time to time apo-
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(central motorial neuron complex), which goes on to
destruction.

Course.—The disease begins in youth (children?)
with slow and increasing spastic paralysis of the legs,
arms, and muscles of the face, without muscular
atrophy and without disturbances of the bladder or
of sensation. The tendon reflexes are increased (pa-
tellar, foot phenomena).

Diagnosis.—There are other forms of double-sided
spastic paralysis such as the cerebral (?) spastic par-
alysis of children, of multiple sclerosiz, hydrocepha-
lus, myelitis, ete. In these cases there will be accom-
paniment of other symptoms (mixed cases), but
nevertheless not in all of them.

9. Amyotrophic Lateral Sclerosis.
(Plate 72, 2.)

Nature.—In this disease, in addition to disease of
the pyramidal tract, there is involvement of the mo-
tor cells of the anterior horns (peripheral neuron),
especially in the cervical cord and later of the me-
dulla nuclei (see Section IV., 3).

Course.—The disease begins in adults with the
appearance of weakness and atrophy of the muscles
of the hand (interossei, thenar) and at the same time
or perhaps a little later with a spastic paretic distur-
bance of gait. The atrophy in the arms develops
slowly (for further details see “Spinal muscular
atrophy”).  Fibrillary twitchings and reaction of
degeneration occur in the degenerating muscles and
eventually the arm and the shoulder muscles entirely
disappear, the reflexes remaining, even exaggerated,
and the legs manifest the spastic paralysis. The
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(especially the descending root) and of the glosso-
pharyngeal. All these manifestations are parts of
one and the same disease.

The cause of the degenerative process for the great
proportion of the cases, if statistics are to be de-
pended upon, is previous syphilis.

Course.—The symptoms, which develop slowly,
may be considered in three stages:

1. The Neuralgic Stage.—There oceur severe
lightning-like pains which are very much worse at
one time than at another. These pains radiate into
the legs and are of a lancinating character (lanci-
nating pains, irritation, posterior root symptoms).
There are frequently parsesthesize, painful pressure
sensations in the region of the stomach and abdomen,
girdle gensation, and distention sensation.

If the patient now consults a physician there
can almost always be found two symptoms which
in combination bespeak pathognomonically tabes.
They are:

(1) Reflex pupillary inactivity (loss of light reac-
tion, preservation of the accommodative power, con-
tracted pupils) [ Argyll-Robertson pupil], and

(2) Loss of the patellar tendon reflex (Westphal’s
gign). ‘

2. The Ataxic Stage.—This may occur after the
first stage has continued for some years. It consists
of the characteristic tabic, ataxic gait. The gait is
flinging, stamping, uncertain, but not paretic. The
uncertainty becomes greater when the eyes are closed
and this constitutes Romberg’s symptom (inability
to stand with the feet together when the eyes are
closed). In addition to this there are slight disturb-
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14. Hereditary Ataxia (Friedreich's Disease).
(See Plate 76.)

Nature.—This is a combined system disease; in
addition to the degeneration of the posterior columns
there is also degeneration of the lateral cerebellar
tracts and of the pyramidal tracts. Involvement of
the cerebellum is probable. The disease occurs in
families.

Course.—The disease begins during youth with
intense increasing disturbance of co-ordination in the
movements; and maintenance of position of the ex-
tremities, the body, and the head is difficult.

Ataxia of the legs, arms, and Romberg’s symptom
occur early. Ataxia of the trunk is manifest when
the patient is sitting as well as when he is moving.
The gait is tumbling, simulating that of cerebellar
ataxia, and paresis of the body and extremities grad-
ually becomes more prominent.

In addition to these there are nystagmus, some
disturbance of speech, and mild disturbance of sen-
sibility and of the bladder.

Diagnosis.—The patellar reflex is lost, the pupil-
lary light reflex normal (in contradistinction to
tabes). The neuralgic pains characteristic of tabes
are absent.

The disease progresses slowly until there is com-
plete paralysis. Its duration is of many years.
Recovery is unknown.

Treatment, symptomatic.

Similar to hereditary ataxia, there occur other
forms of combined system diseases, which give
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rise in great measure to symptoms of spastic spinal
paralysis combined with slight disturbances of sen-
sibility and of the bladder. In this category belong
the hereditary form of spastic spinal paralysis (in-
volvement of the pyramidal tracts, the posterior col-
umns, and the direct cerebellar tracts), and other
forms which are less well known.

IV. DISEASES OF THE PERIPHERAL NERVES.

A. DiSEASES oF INDIVIDUAL NERVES.

The most varying causes may lead to lesion of the
peripheral nerves. Aside from trauma it may arise
from tumors of all kinds (tumors of the soft parts,
small exostoses in the bony canals, neuromata), cica-
tricial processes, inflammatory diseases which injure
the nerves mechanically (compression neuritis) ; quite
as frequently it arises from causes operating chemi-
cally, the formation of toxic substances during and
after acute infectious diseases which injure individ-
ual nerves (toxic neuritis). It may also develop
spontaneously (inflammatory). Disease of individ-
ual nerves occurs not infrequently (especially facial
neuritis).

If the neuritic process is severe there is a complete
degenerative destruction of the mnerve fibres which
eventuates in connective-tissue sclerosis. In the
milder forms of the degenerative process (parenchy-
matous neuritis) complete restitution of the nerves
may result (in contradistinction to lesion of the
cord). The forms of the disease are classified accord-
ing to their severity:
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Treatment.—Occasional ziving up of writing,
stout penholder, Nussbaum’s holder, cold applica-
tions, massage, gymnastics, electricity, use of the
typewriter.

Remark.—Similar to the occupation spasms there occur oc-
cupation palsies (which may be associated with atrophy of the
muscles) in connection with severe labor, such as in smiths

(involvement of the small muscles of the hand), drammers
(thumb muscles), and in milkers (ulnar paralysis), etc.

Treatment of the other palsies and spasms is
scarcely necessary in the lighter forms; they recover
by themselves, still clectricity and massage may be
used. In the severer forms treatment is of very
little use. Electricity, massage, gymnastics, bath-
ing, counter-irritation of the skin, cauterization in
spasms, may be tried. For the psychical treatment
see Neurasthenia and Hysteria.

2. The same variety of causes produces in the sen-
sory nerves, ansesthesias in a similar distribution to
the paralyses, and often severe neuralgic pains in
areas corresponding to the irritative symptoms.

The last are of much more significance than the
first. These periodically occurring pains, neuralgias,
are frequently associated with parsesthesias and mild
disturbances of sensibility in the area of skin to
which the involved nerve is distributed. They follow
most frequently in the wake of the infectious diseases,
such as malaria and influenza, also after toxic disea-
ses such as syphilis, diabetes, gout, and nephritis.
They are produced mechanically by tumors, scars,
neuroma; and lastly the spontaneously occurring
forms (neuritis?) may be accompanied by skin disea-
ses such as herpes zoster, urticaria, and erythema.
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Diagnosis.—Neuralgia should be diagnosed only
when the attacks of pain are confined to the exact
distributicn of the involved nerve and its branches,
and furthermore when the nerve is sensitive, espe-
cially at the point of exit from its bony canal. Fre-
quently it is possible to produce an attack of pain
by pressure on such a point (points douloureux).

The most common neuralgias are:

Trigeminal neuralgia (tic douloureux, reflex facial
spasm). In most cases only one branch is involved,
thus causing supraorbital, infraorbital, inframaxil-
lary neuralgia, and neuralgia of the tongue; pressure
at the point of exit of these nerves (the supraorbital
fissure, infraorbital foramen, mental foramen) pro-
duces pain.

Occipital neuralgia (occipitalis major), intercostal
neuralgia (intercostal mnerves), sciatic neuralgia
(sciatic nerve), sciatica.

This most stubborn, frequent form of neuralgia
causes pain extending from the hip to the knee and
eventually to the outer side of the foot (distribution
of the sciatic). Sensitive points are at the ischiatic
foramen, the posterior surface of the upper third of
the thigh in the middle of the gluteal fold, and in the
middle of the popliteal space. Pain occurs when the
thigh is flexed if at the same time the leg is extended
(puts the nerve on the stretch). The leg muscles
may atrophy and scoliosis may delevop. (To be ex-
cluded in making a diagnosis are carcinoma of the
rectum, coxitis, tabes dorsalis. Examine the urine!)

Other forms of neuralgia are spermatic neuralgia
(irritable testicle), coccygodynia, and articular neu-

ralgia.
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Treatment.—Discover the cause (syphilis!), gal-
vanization (application of anodal weak ecurrent),
counter-irritation of the skin, mustard leaf, blister
plaster, scarification, sweat baths, hot baths, warm
applications better than cold massage.

Use may be made of such anti-neuralgics as the
salicylates, antipyrin, analgene, etc., and of arsenic
and potassium iodide.

Only in most severe cases should morphine or co-
caine be used. As last resources resection of the
nerve and stretching may be tried.

B. MuLtipLE NEURITIS.
(Plate T78.)

Nature.—This consists of the simultaneous disease
of several nerves and is almost entirely of toxic or
infectious origin. It occurs after diphtheria, tuber-
culosis, typhoid fever, influenza, erysipelas; it also
results from syphilis, gonorrheea, diabetes, alcohol-
ism, lead and arsenic poisoning, ete.

Anatomically the disease consists for the most part
of a parenchymatous degeneration (primary destruc-
tion) of the medullated nerve fibres, accompanied by
secondary interstitial changes (round-cell infiltration,
sclerosis). Perineuritis and interstitial neuritis oceur
less frequently than this parenchymatous neuritis.
Involvement of ganglion cells in the anterior horn is
very probable in many cases (and not always secon-
dary), but the significance of such involvement is
disputed, 7.e., whether primary or secondary.

Course.—Multiple neuritis comes on rather acutely
with general febrile symptoms, increased and pain-
ful sensibility, and parmsthesia which is soon fol-
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tensors of the fingers and toes, the extensor pollicis,
ete.

The patellar reflex is lost and there occur disturb-
ances of sensibility and paraesthesiz.

In other cases the prominent symptoms are radiat-
ing pains, pareesthesiee, sensitiveness to pressure of
the diseased nerves and muscles, while in others
ataxic disturbances of the gait with muscular paresis
and later atrophy (the pupillary light reflex pre-
served, contrary to tabes) are the symptoms that
come prominently into the foreground. Not infre-
quently there exist at the same time other manifes-
tations of alcoholism, such psychical disturbances as
delirium, maniacal state, and mental confusion.

(b) Diphtheritic Neuritis

occurs generally as a motor form and especially of
the muscles of deglutition (accessory vagus), of the
eye muscles (diplopia), and of the muscles of accom-
modation. In severe cases the patellar reflex is lost
and there may be a flaccid paralysis of the extremities
and vagus paralysis.

(¢) Lead Neuritis.

(In type-setters, painters, ete.) This form involves
especially the muscles of the posterior surface of the
forearms, hands and fingers which are supplied by
the musculo-spiral nerve, the supinator longus escap-
ing. In addition to this there may be manifestations
of sensory irritation such as lead colic, parasthesie,
and mild disturbances of sensation.
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Treatment.—Feeding with thyroid substance is
followed by good results, as is injection of the juice
of the thyroid, the glycerin extract, tablets of the
thyroid and desiccated thyroids internally.

[The tablets of Burroughs, Wellcome & Co. have
given best results in this country.]

3. Acromegaly.
(Plate 77, 8.)

In this obscure disease there occurs progressive en-
largement of the fingers, hands, feet, nose, lips, jaws
(the ends, “akra,” of the body) which leads to per-
manent deformity. There may be atrophy of the
optic nerves and ocular paralyses the result of pres-
sure of an enlarged hypophysis in the sella turcica.
Glycosuria is often present.

Other diseased conditions which might belong here
have been briefly considered in Section IV., 4. They
are hemiatrophia facialis, circumseribed cutaneous
cedema, erythromelalgia, and symmetrical gangrene.

4. Tetany.

This consists in the oceurrence of recurring attacks
of spasms especially of the flexor muscles of the fin-
gers (claw hand), arms, and toes. The spasms
occur symmetrically and can be produced by pressure
on the trunks of the nerves (Trousseau’s phenome-
non). The attacks may recur for several weeks and
longer.

Remark.—Tetaniform spasms, especially of the flexors of
the fingers and of the calf muscles, are very common symp-
toms of neuritis in alcoholic patients and in individuals who
have some affection of the stomach. They may also occur in
healthy individuals (hand-workers).
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is much easier and a recent, previously invisible de-
generation is recognizable at the first glance.

The spinal cord is often maltreated by the chisel
and forceps. Diseased, softened portions particu-
larly tear at every strong pull or pressure. Here
also one should not in the beginning make too many
incisions. Nothing can be made out with certainty
in the fresh state. It is well in separating the pos-
terior roots to carry the knife as far outward as pos-
gible; in this way one is able oftentimes to retain a
part of the spinal ganglia with the posterior roots,
especially in the lumbar cord.

In the removal of diseased nerves and muscles one
should be guided somewhat by a consideration of the
course which the disease had run; otherwise one
will rue too late some omission. Nerves should be
bound to small pieces of wood and, as with the mus-
cles, labelled carefully (name, side, level of the re-
moved part, and date).

The protocol of the autopsy should be as complete
as possible. The condition of the bony cavities of
the skull and the spinal cord should be observed, also
the state of membranes and vessels. The contents of
the ventricle should also be remarked before the re-
moval of the brain.

The microscopic investigation can be carried out
in some cases (in recent focal diseases) immediately
after the autopsy without previous hardening of the
central organ. A small part is cut off with the scis-
sors and teased upon the slide. Granular cells,
broken-down nerve fibres and cells, and broken-down
muscle fibres may in this way be recognized.

They will be more distinctly apparent after a rapid
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staining (by addition of a drop of one-per-cent methyl
blue or of haematoxylin).

Degenerated parts may be put after removal and
after they are cut into small pieces in a one-per-cent
osmic-acid solution which should be kept in the dark.
After twenty-four hours the destructive products (fat
corpuscles) will be stained very black. The results
will be better if pieces are treated atter the method of
Marchi, 7.e., place small pieces first for a short time
in Miller’s fluid (not alcohol!) and then for twenty-
four hours in osmic acid.

For all systematic microscopical investigation the
process of hardening needs to be carried out with the
greatest care. This consists in the proper use of
Miiller’s fluid and alcohol.

If the purpose be to investigate specially the nerve
fibres for degeneration the parts should be hardened
in Miiller’s fluid. If the ganglion cells are to be care-
fully studied for the results of inflammation then the
hardening should be in alcohol.

Often it is necessary to carry out both of these
procedures, in which case it is most serviceable to
harden the great mass of the brain, cord, nerves, and
muscle in Miller’s fluid, while small parts are re-
moved from various levels and prepared for the re-
ception of the nuclear stain by being hardened in
absolute alcohol. In those that are prepared in the
latter way bacteriological investigations may be made.

The hardening in Miiller's fluid requires for the
brain several months, but the process may be very
much shortened by keeping the solution at a temper-
ature of 30° C. A higher temperature should be
avoided.
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The solution should be changed with sufficient fre-
quency so that it remains clear. At first (for the
first week), particularly if it be kept warm, it is nec-
essary to change it daily, later very much less often.
As the bardening progresses it is well from time to
time to make new incisions (horizontal or frontal)
into the substance of the tissue to facilitate the per-
meation of the chrome salts.

Examination should not be undertaken until the
process of hardening is entirely completed; in this
way misleading artificial products will be avoided.

Hardening in alcohol is only a matter of a few
days and it is necessary to change the absolute alco-
hol frequently.

After the hardening in Miiller’s fluid is completed
small pieces of the parts to be examined are putin alco-
hol without previous washing in water and thus the
hardening is completed. After this, for the purpose
of serial sections, comes the embedding in celloidin,
first in a thin, then in a thicker solution. After
from five to twenty days, longer for larger pieces,
the pieces are fastened to corks and put in a seventy-
per-cent solution of aleohol until cut, which may be
done if it is desired after a few hours.

It is not necessary that the sections be cut very
thin. If it is desired to make an uninterrupted
serial section through the entire piece of tissue or
cord, as the case may be, a number of slides are pre-
pared by dropping on one slide sufficient of a thin
solution of celloidin to cover it thinly. Then strips
of toilet paper of the width of the slide are used to
remove the sections from the knife of the microtome
as fast as they are cut. In order to prevent the sec-



























