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AUTHOR’S PREFACE TO FIRST EDITION.

Tae following lectures were delivered during the winter of
1883-4, before an audience composed of practicing physicians,
It was the endeavor of the author to lay before his hearers (who
were already familiar with the coarser anatomy ol the brain) all
that had been discovered in regard to its finer structure. It was
important, too, to present this, so far as possible, as a harmo-
nious whole. Much that was in controversy could barely be
mentioned, while here and there only one view of a disputed
question was given,—that view which appeared most likely to
be correct, either from the author’s own investigations or from
the writings of trustworthy authors. This would be absurd if
this work pretended to be anything more than an introduction
into the study of the structure of the central nervous system.
He, however, who wishes to inform himself still more accurately
in this direction will find all that he desires in the magnificent
volume of Wernicke, and particularly in the superb works of
Meynert and Flechsig. Besides these, we possess in Schwalbe’s
Quain-Hoffmann’s hand-book a very clear and comprehensive
exposition of the anatomy of the brain. The student may also
consult with great benefit the work of Henle, which is based
mainly on his own views and investigations. After searching
these authors, he will find still further sources of knowledge in
the works of B. Stilling, Kolliker, Gudden, Clarke, and others.

The author has in his own work (the results of which can-
not at present be published in extenso) followed principally the
method of investigation introduced by Flechsig, and has thereby
come to entertain some views which differ from those commonly
accepted. He has ventured, however, to introduce the results
of his own investigations into this little monograph only so far
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v AUTHOR'S PREFACE TO FIRST EDITION.

as that could be done without the addition of numerous cuts
and prolonged explanations, which the limits of the work would
not permit.

Inasmuch as it would be impossible to give even an incom-
plete list of the authors who have written on this subject,
the writer has almost wholly ignored names. Only in the first
chapter has he tried to mention those who began the structure
at which we are still laboring.

The author, in common with all those who have actually
worked in this difficult field, well knows that very few facts
are indisputably settled, and that no region of anatomy is more
subject to change than the oné under consideration. He,
therefore, himself calls attention to the fact that possibly here
and there a line or point may be laid down a little too confi-
dently. This, however, has nowhere been done in the interests
of didactic clearness alone.

THE AUTHOR.

FrasugronT-oN-THE-MAIN, May, 18835,

Foor-woTE To AvrHor's ORIGINAL PREFACE.

The student who may be anxious to keep himself posted on the
advances made in the study of cerebral anatomy will do well to consult
Dr. Edinger’s annual reviews of the current literature of the subject in
Schmidt's Jahrbiicher. 'These reviews have been published regularly
since 1886.

Tue EprTor.




AUTHOR'S PREFACE TO SECOND EDITION.

Tae work on the central nervous syvstem, which now for
the second time appears before the public, has undergone many
changes and heen added to in some respects.

Much that 1s new has been discovered during the last four
years. 'T'he author has endeavored to embody the most important
of these discoveries in this book. The chapters on histology
and histogenesis have been entirely rewritten. At some points
nothing new has been added, but the old facts have been
presented in a new form (fornix, cornit ammonis, etc.).

Continued investigations have led the anthor to modify his
views in many respects. In accordance with this, the sections
on the oculomotor, the acoustic, and the fibres of the deep
marrow have been entirely rewritten. The discoveries which
were published shortly before the appearance of this book
concerning the course of the tracts in the posterior roots per-
mitted us to adopt a much more simple plan of the strueture of
the spinal cord than was possible in the first edition.

The wish expressed on many hands that this little work
should be adapted to the needs of those who wished to practice
under its guidance has been complied with, in that the number
of cuts has been increased and the description of individual
regions been made more exhaustive,

A treatise on the comparative anatomy of the nervous
system, based on personal investigation, has been embodied in
the work. This addition, which permits us to take a more
general morphological view of the macroscopic structures, will
also serve as a guide to those who wish to pursue independent
courses of study in this most important portion of brain anatomy.

No comprehensive description of the finer brain-structure

5 (v)



V1 AUTHOR'S PREFACE TO SECOND EDITION.

in the lower animals can as yet be given; still, matter bearing
on this subject will be found scattered here and there throughout
these pages.

Even now, when, by reason of unsatisfactory methods of
investigation, little is known of the brains of the lower animals,
still, enough has been ascertained to show that a careful study
of the conditions there prevailing will enable us to penetrate
farther into the finer structure than when the mammalian brain
was the principal object of investigation.

There must be a certain number of anatomical conditions
which are common to all vertebrates—those which permit the
simplest expressions of the activity of the central organ. It
only remains to discover some animal or some stage of develop-
ment in which this or that mechanism exists in such a simple
form that it can be ecasily and clearly comprehended. If we
have thus onee discovered the course of some tract of fibres or
the arrangement of some group of cells, we can ordinarily recog-
nize them in situations where the picture is blurred by the
presence of other structures.

The search after these fundamental lines in the structure
of the brain is the present task of brain anatomy. Once we
have accomplished this, it will be easy to understand the com-
plicated conditions present in the more highly organized brain.

EDINGER.
FRANKFURT-OX-THE-MAIN, May. 1580,




AUTHOR'S PREFACE TO ENGLISH EDITION,

MopEry NEUROLOGY owes so much to the labors of Ameri-
can physicians that the author deems it a special honor that his
book is considered a fit guide for physicians across the ocean in
their studies of the most difficult branch of anatomy.

My best thanks are due to the translators, Dr. C. Eugene
Riggs and Dr. Vittum, for their efforts in bringing the author
into relation with English-speaking physicians.

If this book, in its new form, prove an incentive to further
work, and if it be productive of some good, considerable praise

1s due to the translators.

EpINGER.

FRANKFORT-ON-THE-MAIN, 20 GARTNER WEG,
May, 1860,
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EDITOR'S PREFACE TO AMERICAN EDITION.

TnE great desire to find for my class in the State University
an authoritative treatise on the structure of the central nervous
system first suggested to me the ftranslation of Dr. Edinger’s
work.

I feel, in presenting these twelve lectures to the English-
speaking profession, that the student and progressive practitioner
are assured of a reliable guide to a more thorough comprehen-
sion of this most difficult and intricate subject. Their scope
and character are best explained by the author in his own
_ preface.

Most fully do I appreciate the cordial indorsement given by
Dr. Edinger to the American edition. I wish, especially, to
extend to mj: friend, Dr. B. Sachs, my sincere thanks for the
hearty encouragement and the assistance without which this
work wonld never have been undertaken; and gladly do both
Dr. Vittum and myself ﬂ(.:knnwlﬂdge his valuable aid in over-
looking translation and proof. Thanks are also due to the
publisher, Mr. F. A. Davis, for his untiring effort to render this
American edition worthy of the original.

C. EvceNeE Rices.
505 DAYTON AVENUE, ST. PAUL,
Angust 1, 1580,
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Structure of the Central Nervous System.

LECTURE I

A REVIEW OF THE HISTORY AND METHODS OF INVESTIGATING THE
CENTRAL NERVOUS SYSTEM.

GENTLEMEN : The anatomy of the central nervous system,
with the main features of which these lectures are to make you
familiar, has engaged the serious attention of numerous investi-
gators since the renaissance of anatomical science.

Vesalius, Eustachio, Aranzio, Varolio, and Fallopia laid the
foundations upon which it was possible to build in a later age.
As early as the seventeenth century several good-sized mono-
graphs appeared, which, considering the methods of investigation
then - pursued, may be regarded as exhaustive. Such are the
books of Th. Willis, of Raim, and of Vieussens. And yet at
this time Willis could describe such structures as the corpus
striatum, the anterior commissure, the pyramids, and the olivary
bodies as new. Important contributions to the anatomy of the
brain were made by F. D. Sylvius, J. J. Wepfer, and Van Leu-
wenhoeck. It was the latter, indeed, who first instituted micro-
scopic examination of the brain. Toward the end of the last
century v, Malacarne, in Italy; S. Th. von Sommering, in Ger-
many; and Vieq d’Azyr and Rolando, in France, materially
increased our knowledge of the brain.

At the beginning of the present century hardly anything
of importance remained to be added to the description of the
coarser structure of the nervous system. Nevertheless, hardly
any advance had been made in what we to-day regard as the
most important part of our knowledge of brain anatomy; that
is, the minute connections of the different parts of the brain
and the course of nerve-tracts. Even eomparative anatomy, the
study of which was taken up during the first part of this

1
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= LECTURES ON THE CENTRAL NERVOUS SYSTEM,

century, added nothing to this knowledge. Whatever it was
possible to discover by the coarse, macroscopic methods of in-
vestigation was discovered by Reil, Gall and Spurzheim, F.
Arnold, C. B. Reichert, Foville, Burdach, and others.

Reil, in particular, who first brought into general use the
process of artificially hardening the brain, discovered a number
of anatomical facts, which were the result of closest observation.
As his most important discoveries must be reckoned the arrange-
ment of the corona radiata, the nerve-tracts of the erus cerebni,
whose relation to the fibres of the corpus callosum, which pass
transversely through it, he was the first to recognize. The
lemniscus and its origin in the corpora gquadrigemina, the len-
ticular nueleus, the island, and many other parts were first
made known through his investigations.  As a landmark at the
end of this older period, we may regard Burdach’s work on
“The Structure and Life of the Brain,” which appeared in 1819
and contained all that had been discovered up to that time, be-
sides adding much new material.

Up to about the middle of this century the most prominent
methods of investigation were anatomical dissection with the
knife and teasing out fibres from hardened specimens of brain
with forceps. By the latter method Gall, Burdach, Reil, F.
Arnold, and Foville discovered much that was new. To Tiede-
mann and Reichert is due the chief credit of introducing the
study of embryology, from which we have learned much con-
cerning general morphological conditions.

But after Ehrenberg (1833) proved that “the organ of
mind ” consisted of innumerable microscopic * tubules;” after
Remak (1838) had given a more accurate deseription of the
ganglion-cells, and Hannover (1840) had shown their connec-
tion with the nerve-fibres, it was plain that a simple process of
teasing could never give the desired insight into the structure
and arrangement of the central nervous system. To B. Stilling
is due the great credit of originating and bringing into use a
new method, viz., the preparation of thin sections, or, rather, of
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whole series of sections, which are made in different but in definite
divections through the organ to be examined.*

The sections so prepared were carefully examined through-
out, the pictures they presented combined, and thus the structure
and arrangement of the central nervous system were determined.
By means of this method and the studies which he instituted by
its use, Stilling laid the foundation of the modern anatomy of
ihe spinal cord, the oblongata, the pons, and the cerebellum.
On the 25th of January, 1842, Stilling froze a piece of spinal
cord at a temperature of 13° R., and then, with a scalpel, made
a moderately thin eross-section. *“ When 1 placed this under
the microscope,” he writes, * and, with a power of 15 diam.,
saw the beautiful transverse striations (central nerve-tracts), I
had found a key which would reveal the mysteries of the wonder-
ful structure of the spinal cord. Not more joyfully did Archi-
medes cry out, * Eureka!” than I, at the first sight of these fibres.”

Stilling’s method is the one now most used in investigations
of the central nervous system. It is rendered very much easier
by the splendid hardening which these organs undergo in dilute
chromic acid, or in a solution of chromic salts,—a discovery of
Hannover and Eckhardt.

The sections are made “ free-hand.” with a razor, or, better,
with a microtome, which euts much more exactly and enables
us to make larger and more even sections. Welcker, Rivet,
Weigert," Thoma, Gudden, Schiefferdecker, and others have
been of service in constructing microtomes adapted to the
purpose. We can now divide an entire human brain into an
unbroken series of sections, less than {%; millimetre in thickness.

These sections may be examined unstained. All that
Stilling discovered was found in such unstained sections. It is
better, however, to use staining fluids.

To Gerlach is due the eredit of first calling attention (1858)
to the advantages to be derived from staining the sections in

#Thin sections of the central nervous system had been made before Stilling’s time (e,
B. Holando, 1824), but the reconstruction of the organ by the combination of extended series of
sections was first done by Stilling.



4 LECTURES ON THE CENTRAL NERVOUS SYSTEM.

carmine. As time passed on, many new staining methods were
devised, particularly with aniline colors (nigrosine, ete.).

But it is only very recently (1883) that we have learned
from Golgi a method which brings out ganglion-cells more dis-
tinctly than the old one of Gerlach. This method rests on the
production of a deposit of silver salts in the cells and their
processes.  The course of the fibres in the central nervous
system is not made much more distinet by staining with ecar-
mine. It is possible, however, by a method of staining with
hematoxylin introduced by Weigert (1884), to color even the
finest nerve-fibril a deep blue-black, and so, making use of
Stilling’s method, it is easy to trace the course of the fibres
much farther than was formerly possible.

The stained sections are, in accordance with the special
instructions of Clarke (1851), dehydrated by placing them in
alcohol, and then ecleared up in some ethereal oil or xylol
But unstained sections also reveal the course of the fibres if
cleared up in xylol, as was done by Henle and Merkel. This,
however, does not always succeed. Beautiful pictures may be
obtained by using the gold staining methods (Gerlach, Flechsig,
Freud, and many others). Also, by staining the nerve-fibres
with osmic acid (Exner).

Stilling’s method has been followed by most of the investi-
gators of the latter half of this century. At the close of each
lecture I will give you the names of those to whom we are in-
debted for the most important part of our knowledge of that
portion of the brain which is under consideration at the time.
But even now you must be made familiar with the names of
two men, Stilling and Meynert, to whom we are under the
areatest obligations, because to them we owe our knowledge of
the finer structure of the brain and spinal cord, and all the later
investigators start out from points which have been settled by
them.

Benediet Stilling laid the foundations of our knowledge of
the anatomy of the pons, the eerebellum, the medulla oeblongata,
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and the spinal cord, in a series of masterly works, showing an
industry never surpassed, and which will surely remain forever a
monumentum cere perennius ol the great physician of’ Cassel.

Meynert, however, not only examined carefully and system-
atically every region of the brain and spinal cord, both by
sections and by teasing, but by these means he made more new
discoveries than had been made by any previous investigator
_ with the exception of Stilling. He not only did these things,
but, with the inspiration of true genius, he set up a theory of
the structure of the brain, based on its finer anatomy, which
still exerts an influence on the anatomy and psychology of
to-day, and spurs us on to further discoveries,

It follows, from the very nature of Stilling’s method, that the
course of a nerve-tract can only be traced with certainty so long
as the component fibres are not mterrupted by ganglion-cells,
do not pass out of the plane of the section, do not enter a
plexus of fibres, or split up into inmumerable fibrils to be dis-
distributed in every direction. Even in the spinal cord of the
smallest animal it rarely oceurs that a nerve-fibre can be observed
munning its whole course in the plane of one section. It is, on
the contrary, the rule of the central nervous system that the
nerve-tracts from periphery to centre are broken up by interpo-
lated ganglion-cells, and rendered difficult to follow by the
frequent interchange of fibres.

Efforts were made, therefore, particularly after we had
begun to learn something in this difficult field from the works
of Stilling, to devise further methods which would enable us to
discover and locate the nerve-tracts. It 1s known that Waller,
in 1852, showed that divided nerves degenerate in definite
directions. Before this (1850), Tirk had found that a break in
the conductivity of the spinal cord led to degenerations which
spread upward in different columns from those affected by the
descending degenerations. By his labors, and those of Bou-
chard, Flechsig, Charcot, Monakow, and many others, it was
ascertained that perfectly definite sets of fibres always occupy
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the same relative position in both the brain and spinal cord;
that these fibres, when degenerated, are easily distinguished
from the surrounding healthy tissues, and so can readily be
followed up along their whole course. The study of this sec-
ondary degeneration has been of value in the field in which we
are now laboring. It promises still richer harvests in the future,

The tract of fibres along which such a degeneration com-
monly spreads is called a system of fibres. A number of dis-
eases of the spinal cord, either at their h(rginning or throughout
their whole course, involve only certain systems of fibres; for
instance, the posterior columns of the cord. Such diseases are
alled systemic diseases. The investigation of such systemie
diseases may also be of service in increasing our knowledge of
the course of fibres (Flechsig, Westphal, Strimpell). By the
accurate study of pathological changes Charcot and his pupils,
especially Pitres, Féré, Ballet, Brissaud, and others have done
fruitful work in the domain of brain anatomy.

Occasionally structural abnormalities make it easier to
recognize one or another of the nerve-tracts than is the case
in the normal brain. Thus Onufrowies and Kaufmann had the
opportunity to examine cases of defective corpus callosum in
which, owing to the absence of fibres of the latter, other bundles
of fibres appeared with a distinctness never before seen.

It was a natural advance upon the study of these degenera-
tions to perform section of definite parts of nerve-roots or of
the spinal cord, for the purpose of studying the resulting
artificial secondary degenerations, and thus pressing farther
into the structure of the organs. Thus, for example, the sec-
tion experiments of Schiefferdecker and Singer very materially
increased our knowledge of the course of the roots of the spinal
nerves.

If either peripheral or central nerve-substance is removed
from newborn animals, the fibres connected with the part re-
moved cease to develop and are gradually destroyed, appar-
ently because the development of the medullary sheath is
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stopped. In 1870 Gudden made use of this fact, and proposed
a new method of investigation, which promises well for the
future. For example, after the extirpation of an eye he followed
up the resulting atrophies in the brain with sections, ete., and
found the proximal central ending of the optic nerve. On
whatever part of the brain he experimented and afterward
examined by sections, he brought to light new and important
facts. Besides Gudden, we owe much to Mayser, Ganser, Forel,
Monakow, and Lowenthal for important knowledge gained by
this method conecerning the course of fibres in the spinal cord,
the method of origin of different eranial nerves, the course of
the lemmniscus in the brain, and much more besides.

Occasionally cases present themselves where nature has
performed Gudden’s experiment on human beings; thus, T was
once able to examine the atrophic nerve-tracts caused by the
intra-uterine amputation of an arm, and to trace them high up
into the spinal cord. At another time I had an opportunity to
examine the nervous system of a child who had suffered an
extensive softening of the cortex of the parietal lobe, either
before or just after birth. The crossed pyramidal tract in the
spinal cord was entirely wanting. If division of the peripheral
nerves ocenr later in life, as in amputations, the central changes
are not so marked that we can trace out the course of nerve-
tracts in the spinal cord or brain. Friedlander and Krause,
however, have cleared up the structure of the spinal nerve-roots
and of the spinal ganglia by the study of these *amputation
(spinal) cords.”

Our knowledge of the course of fibres has advanced con-
siderably by means of the study of secondary atrophies and
degenerations.  Still greater advances have been made, however,
by a method based upon the study of the development of the
medullary sheath.

P. Flechsig deserves the credit of introducing this method
of investigation, which to-day appears to me to be the most
promising of all methods in use.
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In a series of communications (1872-1881) and later, in a
larger work on * The Course of Nerve-tracts in the Brain and
Spinal Cord ” (1876), he has shown ‘that the various tracts of
fikres which look so much alike on all sections of the adult
brain are markedly differentiated during the embryonic period,

Cel4
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The fibres of the corpus callozum, 2hown by tearing the hardened apecimen with forceps.
{After Henle.)

by the fact that they acquire their medullary sheaths at different
times.  Whole “systems™ in the cross-section of the spinal cord
are still clear and transparent at a time when others are white
and contain medullary substance. The following up of these

white portions, in both cross and longitudinal sections, is very

much easier, and gives very much more certain results than
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tracing out a fasciculus of nerve-fibres in the fully-developed
organ. In order to give you an idea of the peculiarities of the
methods just mentioned, I will first show you a specimen which
was obtained by teasing, and which shows the course of the fibres
making up the corpus callosum (Fig. 1). The accompanying
cut (Fig. 2) is made from a frontal section through the cerebrum
of a 9 months’ still-born fietus.  In the adult the whole field
shown here is filled with fibres, which, crossing and anastomos-

Fia. &
Frontal section through the qt:rst,eviﬁr portion of the fissore of Svivins of the brain
1

of a9 months® still-born child, ¢ medullary fibres are shown black. In reality they
appear white upon a gray boack-ground,

ing with each other, cannot be traced up. In the case of our
feetus, however, of all the various fibres of the cerebrum, only
one bundle, the one called the tegmental tract, contains medul-
lary matter. Nowhere in the cerebrum, except at this point,
can we find medullated fibres. Hence, it was easy for Flechsig
to discover and partly trace out the course of the fasciculus
tegmenti as a distinet bundle among all the many little-known
nerve-tracts of the brain.
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The third figure shows you a cross-section through the cer-
vical region of a spinal cord taken from a man who lost his left
arm before birth. You see that the gray and white substances,
particularly the former, are markedly atrophic on the left side. A
more careful examination of the extent of this atrophy gave a clue
to the loeation of the central termination of the divided nerves.

Our understanding of the general morphology of the cen-
tral nervous system has been advanced by nothing more than
by comparative anatomy and embryology. Questions of great
importance have been =olved on the brains of fishes and am-
phibians. Leuret and Gratiolet, Meynert, Gottsche, Fritsch.
Miclucho-Maclay, Rabl-Ruck-
hard, Rohon, Wiedersheim,
Guldberg, Spitzka, and many
others have rendered serviee
in the field of comparative
anatomy. What we know of
the embryological development
of the organs we are now study-
Fig. & ing we owe to Kolliker, His,

Hection throungh the cervieal cord of & 5 2 :
man 45 years olid, who saffered an intra- Tlmlﬂmimn, I{Elﬂhﬂl't.? von Mihal-

uterine amputation of the left forearm.

kovies, Gotte, Dursy, and Lowe.
The results of comparative anatomy have not been so great
as might have been expected so far as marking out the course
of nerve-fibres is concerned.

Unlike the outer configuration of the brain, the finer strue-
ture has awakened little interest; although the latter may be
said to be the kernel of the matter, while the former is but the
outside shell. It may be that this was largely due to the un-
satisfactory nature of the methods of study available at the
time. Only a few—among whom Stieda, Mayser, Fritsch.
Osborn, Bellonei, and Ahlborn may be mentioned here—snc-
ceeded in distinguishing a few tracts and marking out a few
ganglia and the origin of a few nerves among the (:-:}mph{ ated
net-work of nerve-fibres which is present even in the lowest ver-
tebrate. For, simple and easily understood as the outer config-
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uration often is in the lower vertebrates, yet the inner structure,
particularly of those regions of the brain lying caudad of the
optic lobes, is often not less complicated than is the case in
mammals. The cells and fasciculi of fibres which are necessary
for the accomplishment of the simplest motor, sensory, or psychic
function must everywhere be the same, and even in the larvie of
the eyclostomata they are no longer perfectly simple and ecasily
comprehended. 1 have, therefore, endeavored, in order to come
nearer to a solution of the gquestions before us, to unite the
method of comparative anatomy with that of studying the de-
velopment of the medullary sheath. We can now stain and
trace out each individual medullary sheath. In fact. it was by
the method of comparative embryology that we succeeded in
disnm'm"iug the desired primitive conditions in the embryos of
the lower animals, and were able to distinguish a number of
nerve-tracts which are common to all vertebrates. |

You see, gentlemen, the goal can be reached in many ways.
In the case of every new question proposed, we must ask our-
selves which method is the best to use, and, above all. where
we may expect to find the simplest conditions. Seldom will an
examination of the adult human organ attain the object in view.
More often we shall be compelled in some way to bring about
by artificial means a less complicated state of affairs.

From time to time it has been attempted to embrace all
that was known in regard to the finer structure of the central
nervous system in a diagrammatic representation. The oldest
diagrammatic representation of the fibres of the brain with
which I am acquainted is to be found in Des Cartes’ * Tracta-
tus de Homine,” which appeared in 1662.  Of the newer works
belonging to this category are the diagrams of the spinal cord
by Kolliker, Ludwig, Bidder and Leydig, and the celebrated
diagram of B. Stilling. The plates of Meynert embrace a
larger field (from the spinal cord to the corpora quadrigemina),
and those of Aeby, Flechsig, and Jelgersma (the whole central
nervous system).

In the following lectures, gentlemen, you will regard
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descriptions and drawings as somewhat diagramatic. They
only serve the purpose of bringing to your attention, in the most
comprehensive manner possible, the most important facts in
regard to the course of fibres in the central nervous system.
Much is still in dispute, but dimly marked out, with many
details wanting. Wherever it was practicable I have given not
only those faects which were discovered in a purely anatomical
way, but also those tracts which have been determined by well-
observed pathological facts. A diagram is not always a picture
of the demonstrated course of fibres; it is often enough only a
graphic representation of the conclusions which have been drawn
from great numbers of observations,

A diagram is a changing structure. It must be improved,
now here, now there. Certain parts often need to be torn down
and rvebuilt. 1t has been contended that we ought not to make
use of diagrams in a subject so full of gaps as is our knowledge of
the strueture of the central nervous system. Let us rather hold,
with old Burdach, who wrote in 1819, * The gathering together
material for the building is not all that is necessary. FEvery
time that a new supply is obtained, we should renew our
attempts to fit it into the building. By thus giving it a form
the spirit of investigation is not hampered in its advance; on
the contrary, it is when we first obtain a view of the whole that
we see the gaps in our knowledge and learn the direction which
our investigations must take in the future. May the attempts
at this structure ever be renewed. No one who works at it but
adds something to our knowledge.”

[Among recent treatises on the anatomy of the nervous
system are the following :—

Kolliker, Handbuch d. mikrosk: Anat. Leipzig. 1854 —Meynert, Vom
Gehirne der Sangethiere, Btricker's Handb, d. Lehre von den Geweben, 1870 —
Meynert, Psychiatrie, I. Wien, 1884 —Henle, Handbuch d. Anatomie d. Nerven-
systems.  Braunschweig, 1870.—Luys, Recherches sur le Systeme nerveux cere-
brospinal. Paris, 1865 —W. Krause, Handbuch d. menschl. Anatomie, I Bd.
Hannover, 1870, —Wernicke, Lehrb. d. Gehirnkrankh, I. Cassel, 1831.—Schwalbe,
Lehrb, d. Neurologie.  Erlangen, 1821,  (Contains most of the literature up to
1881. ). —Huguenin, Allg. Pathol, d. Krankh. d. Nervensystems, [ Zurich, 1873, —
Kahler, :‘;m"!.'mls_'ll'ﬁlum in Tolds. Gewebelehre, 2 Aufl,, 1888 —Obersteiner, Anlei-
tung beim Stodiom des Banes der nerv. Centralorg. Wien, 1888 —Mendel,
Artikel ** Gehirn "' in Eulenburz's Realencyklopidie, 2 Aufl. Wien, 1886.]




LECTURE II.
EMBRYOLOGY AND COMPARATIVE ANATOMY OF THE BRAIN.

GENTLEMEN: The hollow medullary tube of the vertebrate
embryo presents at a very early stage three vesicular enlarge-
ments at that end which later on develops into the brain. These

Fia. 4.

Longitudinal section through the head of anembryo chick of 418 davs, The five brain-
wesicles are preity clearly marked. In the roof of the inter-brain 15 a fold which later on
becomes the pineal gland., The epithelinm of the pharynx is being pushed np towara
the baze of the brain, and is the first rudiment of a portion of the hypophysis. (After
Mihalkovies.)

Hinterhirnhihle, Hind-brain cavity. Navehhirahithle, Aftor-brain cavity.
I weenaeninge, Badiment of hypophysis, Vierkifgel, Corpora quadrigeminm.
Mittelkirnhihle (aquodic), Mid-brain eavity. Viarderhirnkihle, Fore brain cavity.

Fwischenhirnkbhle, Inter-brain cavity.

are the (primitive) fore-brain, mid-brain, and bind-brain. The
latter is soon divided into two parts by the cerebellum growing
out of the anterior portion of its roof. These two divisions
eventually become the cerebellum and the medulla oblongata
(after-brain). :

The wall which closes the primary fore-brain in front is
called the “embryonic terminal lamina.” From this there are

(13)
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developed at an'oarlj,-' stage, in almost all vertebrates, two smaller
vesicles,—the hemispheres or the secondary fore-brain. These,
which at first are small, insignificant structures, soon grow to
relatively enormous proportions in mammals, and, bending back-
ward, cover most of the other brain-vesicles. At last they lie,
cap-like, over the inter-brain (thalamus), the mid-brain (corpora
quadrigemina), and the hind-brain (cerebellum and pons). Of
course, in spite of this bending backward of the anterior vesicle,
all the cavities (which are the ventricles of the adult brain) still
communicate with one another. After the development of the
secondary fore-brain, the primary fore-brain is called the inter-
brain. The roof of
this inter-brain remains
throunghout life as a
simple layer of epithe-
linm. At the point of
confluence with the fore-
brain numerous blood-
vessels are developed
downward from the cra-
nial cavity, which push

F1a.5

Longitudinal section through the whole brain of a

newhborn cat.  The inter- and mid- brains covered by the 5 ® '

fore-brain. Magnified 1:2. Y™ this epithelial layer on
Hinterkirn, Hind-brvin. Mittaihirn, Mid-brain. » Fe et P
Neehbkirn, After-brain. Varderkirn, Fore-brain, I_]ﬂl[_}]_‘ﬂ tl]_cm_ _]_ }[[5 mass

Fwivehenhirn, Inter-hrain.

of blood-vessels covered
with epithelium, which thus projects into the cavity of the brain,
is called the choroid plexus. Inasmuch as the hemispheres have
been developed from the inter-brain, their inner border must
be continuous with this plexus.
In the frontal section of an early human embryo, shown in
Fig. 6, this is plainly to be seen. In this cut, too, you can see
the cavity of the undivided primary fore-brain, as the ventriculus
medius, while the cavities of the hemispheres are marked as
ventriculi laterales.  The choroid plexus sends processes into
the lateral wentricles, which are ecalled the lateral choroid
plexuses. The point where the wall of the hemisphere merges
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into the simple layer of epithelium is called the margin of the
hemisphere. This margin is, at a later period, clearly marked
throughout its entire length by a bundle of white fibres,—the

fornix.

After the most important portions of the human cerebrum
b |
=

have begun to develop, it
has the appearance repre-
sented in the accompany-
ing Fig. 7. It has grown
out backward and bent
downward. At the point
where the corpus striatum
(which will be mentioned
later) is situated inter-
nally, the outer wall has
not expanded so rapidly as
in the other regions of the
hemispheres; so that there
has developed or, rather
remained a depression,—
the fissure or fossa of
Sylvius. There can now
be easily distinguished an
anterior or frontal lobe, a
posterior or occipital lobe, P

g : y Fromtal section through the head of a human em-
"i“d bEt’“ een tllﬂ two a bryo of 235 months. Shows the invoelution of the fore-

brain vesicle and the rudiment of the corpas striatum.

Ilﬂriet}l]_ ll“_'ll“.l{}, T]}&t I‘.-ﬂ'[‘t Dbzerve the prolongation of the cortical layer into
the latter, and see how it covers both the inner and

of fhe hemisphere which cowersutiaees s

lics below the fissure of :

Sylvius is called the temporal lobe. Internally the hemispheres
are hollow, and naturally their cavities conform to the general
shape of the brain. That part of the ventricle which lies in the
frontal lobe is called the anterior horn, that which lies in the
occipital lobe the posterior horn, and that which lies in the tem-
poral lobe the inferior horn. At this stage of development the
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median wall of the hemispheres demands our especial attention.
That this wall along its ventral border is everywhere continnous
with the epithelium of the choroid plexus has already been
shown. This condition is not changed when it is carried down-
ward along with the curving temporal lobe. From the base of
the.embryonic terminal lamina to the tip of the temporal lobe
this border passes in a curve, marking the location of the fornix.
In the anterior portion of the brain, somewhat dorsad of the
fornix, the fibres of the corpus callosum are developed, evidently
from a portion of the embryonic lamina terminalis. They pass
across from one hemisphere to the other in a line which forms an
acute angle with the fornix. The substance between the two,

Fra. 7.

Fia. 7. —DBrain of & human embryo of the fourth month.

Fia. 8.—Inner aspect of the embryonic hl‘.miﬂphl}ﬁ"r, aliwn in Fig. 7. =hows the inner
lower borler of the hemisphere, which becomes thickened into the white medullary
line of the fornix. The latter, however, only becomes medullary after Lirth.

Brelle wo Vorderhirn ued Zwischenhirn susammenslossen, Foint where the fore-bruin and mid.-brain mest.

which, of course, consists of the two thin layers of the primary
division-wall between the hemispheres, is the septum pellucidum.
These are important points, which I beg you to study carefully
in the accompanying figures.

In the section shown in Fig. 9 you will observe an ana-
tomical structure not before mentioned. On the floor of the
cerebrum lies a thickening of the same, which projects, free, into
the ventricle,—the corpus striatum. That layer of the brain-
wall which later, as cortex, gives rise to the fibres of’ the cere-
brum, has already begun to appear. You see that an analogous
layer is present in the corpus striatum. In fact, in the adult
animal nerve-fibres originate there just as in the cortex.
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Many fibres which originate in the cerebrum and pass into
the more deeply situated portions of the nervous system must,

Fia. &

Frontal section through the corpus striatum of a human cmbryo of 16 weeks, Be-
tween the rudiments of the nuclens candarns and thoze of the nuciens lentiformis can
b 2een the internal capsule, in which also ibres can be seen passing fron the wall of the
hemisphere, Notice the arcangement of the cells amd the course of the fibres,

Hemisphicrenwand, Wall of homisphere.

in order to reach their destination, pass directly through the
corpus striatum. This structure is, therefore, divided into two

portions, an inner and outer, by the mass of passing fibres.
2
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The outer portion is called the nucleus lentiformis, and the inner
the nucleus caudatus. The mass of fibres between them has
received the name of internal capsule. This division of the
corpus striatum is plainly to be seen in an embryo of four
monthsy-but its connection with the cortex of the hemisphere
has already disappeared, and the nucleus lentiformis and nuclens
caudatus appear as independent gray bodies. (See Fig. 9.)
The corpus striatum lies along the whole floor of the
hemispheres. At its caudal end, however, 1t 1s very narrow,
and only the inner portion is demonstrable at all points. This
appears in all the cross-sections of the cerebrum as the tail of
the nuclens candatus. The outer portion, the nucleus lenti-
formis, is much shorter. As you see, the nucleus caudatus pro-
jects free and clear into the ventricle. The nucleus lentiformis
also does at first.  In later embryonic life, however, the narrow
fissure between it and the hemisphere-wall becomes so small that
it is no longer demonstrable. But we can always, even in adult
life, separate the hemisphere-walls from the outer surface of the
nucleus lentiformis without tearing any fibres. In the adult
brain the situation of the former fissure is of importance, for
here cerebral heemorrhages easily occur, and the mass of effused
blood, if it be not too great, fills up the space between the
hemisphere-wall and the outer division of the lenticular nucleus,
The peripheral nerves appear very early. According to
the extremely important discoveries of His, there are two methods
of origin for the two kinds of fibres. All motor fibres arise as
axis-cylinder processes from cells situated in the ventral portion
of the medullary tube. Each cell sends out a fibre which passes
to the surface, and there unites with neighboring fibrils, to form
a ventral nerve-root. The sensory fibres, which, as a rule,
emanate from the dorsal region, have an entirely different origin.
They arise not in the central organ, but outside of it, in the
ganglia which lie opposite it along its whole course. The cells
of these ganglia (spinal ganglia and ganglia of the eranial
nerves) send out fibres in two opposite directions.  One of these
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fibres passes to the central organ ; the other grows toward the
periphery as a sensory nerve,

The ganglia which are called upon to play so important
a part in the peripheral nervous system first appear in the form
of a groove, the sides of which, later, close so as to form'a ridge
(ganglionic ridge). This ridge lies on both sides of the central
organ, and at a very early period becomes separated into the
individual ganglia. From it, opposite the secondary fore-brain,
is developed the olfactory fossa;
opposite the inter-, mid-, and hind-
brains, the complex of the trigem-
inus ganglia; opposite the after-
bran we see the ganglia of the
acustico-facialis, of the glosso-
pharyngeus and of the vagus,
developed from this ganglionic
ridge. The auditory fossa, which
lies  between them, apparently
originates in this rdge. (His,
oppos. Beard.) Further caudad,
the spinal ganglia replace the
above-named ganglia of the cra- mem_ﬁ_mi’l{izlllf:'m"m S
nial nerves, along the sides of the gord of # buman embryo of 4 weeks.

YVentrmd we see the anterior roots ¢|.|;.
= Fe &l w relopinge Fro fthe oellz of the oord,
spinal cord. The roots of all Dorsad (from an embryo of s4 weeks)
- the posterior roots grow centrally from
the above-mentioned sensory cra- the cellsof the spinal gangiion. (Com-
) 3 - 2 bined from designs by His, )
nial nerves and of the posterior
roots of the spinal cord issue, therefore, from the ganglia and
grow into the central organ. In the spinal cord there is a cor-
responding dorsal sensory root for each ventral motor root. In
the brain, however, this is not the case. The distribution of
the motor nuclei does not correspond closely to the divisions of
the complex of ganglia. The ganglionic ridge has a greater
number of segments, and several motor nuclei are equivalent to
a single complex of ganglia. These are the main points in the

development of the human brain.
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It is, however. of no small interest to examine the manner
in which the development of the brain takes place in animals,
proceeding from the lowest to the highest vertebrates. The
limits set to these lectures will not permit us to enter the some-
times very important details of the course of fibres and the finer
structure.  You will, perhaps, most easily get an idea of the
difference in arrangement, and see how now this and now that
portion of the brain is most prominently developed, if vou will
examine the figures, 11-17. These figures represent, in a slightly
diagrammatic form, sagittal sections through the brains of the
arious vertebrate classes. I you will first malke yourselves

Fre. 11,

Dingram of asagittal seetion throngh the broin of o vertebrate,
Minterh., Hind-brain. Priwm. V7. I, Primary fore-hrain.
Afirrslbirn, Mid-brain. Sekluzs Platte, Embryonic terminal lamina.
Nachk,, Aftor-brain. Seennd. Varderh,, Secondary fore-brain.

Zw, Hira, ITmer-Train,

familiar with the general diagram of a vertebrate brain (Fig. 11)
you will easily understand the other figures. You here see that
the primary fore-brain gives origin to the secondary fore-brain
(hemispheres), by a bulging out of the lateral portions of the
embryonic terminal lamina.  You see how it protrudes ventrad
into the infundibulum, and how its dorsal wall (driven inward
by blood-vessels) forms the choroid plexus.

Farther back the roof is elongated into two saes, of which
the anterior is called the cushion of the epiphysis, and the pos-
terior the epiphyseal tube. We recognize next the roof of the
mid-brain (the corpus opticum or corpora quadrigemina), and
:-Ldjuining this the involuted layer of the cerebellum. This
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passes caudad in a thin lamella, the velum medullare posticum,
to the dorsal region of the spinal cord. The lateral portion
of the inter-brain, the thalamus, is not visible in the plane of
Fig. 11. Secondary fore-brains developed from the primary
fore-brain vesicle are not found in all animals. In the ray the
anterior wall of this vesicle simply becomes ‘enormously thick-
ened, until it is a large structure which also contains the corpus
striatum (Fig. 12). But in many sharks we can see little swell-
ings on each side in front of this mass, the first rudiments of the
hemispheres. The fore-brain of bony fishes contains a large corpus
striatum, but the dorsal portion of this vesicle, the pallium, has
not advanced beyond the embryonic state of a simple layer of

Fia. 12.
Brain of a ray.
Verdickte Schbeesplafte, Thickened embryonie terminal lamina,

epithelium. From the fish up to the human being, the corpus
striatum does not materially change its position or its relative
size,

In the same region we find the same aggregation of gan-
glion-cells. In every case there arises from these cells a bundle
of fibres which passes backward and terminates partly in the inter-
brain, and in part passes farther back into the oblongata (basal
fore-brain bundle). The pallinm, however, must pass through
many stages of development before there is evolved from the
simple epithelial layer which we have just seen in fishes that
massive structure which, in human beings, we call the hemi-
sphere,
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Even in the case of the amphibians, where two large, flat
hemispheres, of an oval shape, spring from the primary fore-
brain vesicle, their wall, composed of an outer layer of glia and
an inner granular layer, contains only few and irregularly-dis-
tributed ganglion-cells. In reptiles we first meet with a deposit
of pyramidal cells, disposed in several layers and covering most
of the surface,—a true brain-cortex.

Hagittal median section throngh the brain of & bony fizh,

This is most extensively developed in the median wall, and
there are grounds for believing that this, the lowest cortical

Amphibian brain. Diagram of a sagittal section,
Himterkirm, Alter-hrain. Mittelirn, Mid-brain. Nachh,, After-brain.

formation, is the representative of the cornu ammeonis in mammals
(origin of the fornix, etc.).  From this point on, the development
of the fore-brain takes place in two different ways. In birds the
corpus striatum attains a relative size and complexity found in
no other class of animals, while the formation of cortex does
not much increase. In mammals, however, the pallium, with
its cortical layer, becomes a large structure, which causes the
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corpus striatum to disappear in its depths, and, growing back-
ward, envelops the move posteriorly situated inter- and mid-
brains (in the human being the cerebellum as well).

F1a. 15.
Brain of reptile. Disgram of a sagittal section,

The cortical layer which covers the pallium at almost all

points must, on account of its great expanse, lie in numerous folds.

These ave absent only in the lowest mammals (lissencephalous

Fra. 16
Brain of bird. Diagram of a sagittal section,
Mtteitherrdach, Mid-brain roaf.

mammals). In all others they are present in more or less
abundance (gyrencephalous mammals). The arrangement of
these folds, which is constant for the separate classes of animals,
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depends on two factors,—the extent of the cortical layer which
the particular class has acquired during the process of evolu-
tion, and the capacity of the skull.

This does not always keep even pace with the growth of
the brain, inasmuch as it depends on other factors. The whole
pallium of mammals not only grows backward, but it curves
and swells downward as well (not visible in figure).

That portion of the hemisphere lying farthest forward, the
frontal lobe, only comes into special prominence in the higher
mammals, particularly man (Meynert). From this extensive
cortical layer of the mammalian pallium arise a great mass of
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Fia. 17.
Mammalian brain, Diagram of a sagittal section,

fibres,—the corona radiata. These pass out of the hemisphere to
terminate in the inter-brain, the hind-brain, the after-brain, and
the spinal cord. Other large bundles pass through the hemi-
spheres, connecting their different regions with one another.  All
these taken together form a great deposit of medullary matter
under the cortex. The extent of this is relatively largest in
human beings. In lower mammals it is only small. In the
mouse, for example, it is insignificant. Besides this, there is
developed in the cortex of all animals a thick net-work of medul-
lary fibres, which serves to connect all parts with each other.

In all vertebrates, from the cyclostomata up to human beings,
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there springs from the base of the fore-brain, on each side, a process
whose cavity at first communicates with the cavity of the ven-
tricles. These are the olfactory lobes. They are always cov-
ered with a cortex of peculiar structure, from which the non-
medullary fibres of the olfactory nerves arise in many bundles.
In the case of only a few animals (the cyclostomata, for example),
a single olfactory nerve springs from each olfactory lobe, and,
passing to the organ of smell, is divided into many branches.
In mammals the anterior portion of the lobes becomes separated
from the rest of the brain, and is knewn as the olfactory bulb.
This is conneeted with the lobe proper by a long, slender process
containing both cells and fibres,—the olfactory tract. In many
mammals, and particularly in human beings, the olfactory lobe
becomes atrophie, and little more is visible on the under surface
of the brain than the olfactory bulb and tract.

The inter-brain is in all animals an elongated body, whose
lateral walls contain, in the ecase of the lower vertebrates, two,
and in higher several * thalamic ganglia.” The walls thickened
by these ganglia reduce the third ventricle, which lies between
them, to the dimensions of a narrow slit. ©* In the bony fishes
the mid-brain grows to such a degree that it completely covers
up and hides the inter-brain. The base of the inter-brain
bulges out to form the infundibulum, which is a large process
in the lower vertebrates, and which does not always become
fused with the hypophysis, which grows toward it from the
pharyngeal epithelium through the base of the skull.  In many
fishes, particularly the selacians, numerous blood-vessels grow
into the infundibulum, and, pushing the epithelium before them,
form the *saccus vasculosus,”—apparently a secreting organ.
The roof of the inter-brain is formed anteriorly of the choroid
plexus. Farther back it becomes elongated into a tube, which
is directed forward,—the tube of the epiphysis. In some sela-
cians, and in many reptiles, this passes through an opening in
the skull to an organ of special sense, which strikingly resem-
bles an eye. We can recognize a cornea and a lens, a retina
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and a pigmentary laver lying in and under the latter, in this
= parietal organ.”  We owe its discovery to Graafl and Spencer.
In the other vertebrates we detect no relation between the epi-
physeal tube and the organ of special sense in the adult animal.
The tube has disappeared in the depths of the skull, and the
parietal eye, as is shown by transitional forms in amphibians
and reptiles, is so completely lost that no trace of it can be
found in birds or mammals. The blunt, knotted end of the
tube remains as a nodule, the * pineal gland,” in front of the
mid-brain. One of the thalamic ganglia, the ganglion haben-
ulie, demonstrable in all animals, is united with its fellow of the
opposite side by a commissure. This commissura thalami dorsalis
forms a part of the roof of the inter-brain in front of the
epiphysis.

In all animals the optic tract. lying on the outside of the
inter-brain, passes in a gradual descent from the mid-brain to the
base of the brain. Between it and the inter-brain proper there
is found, in fishes, amphibians, reptiles, birds, and mammals,
another ganglion which lies more or less firmly imbedded in the
mass of the thalamus (corpus geniculatum laterale). It is one of
the points of origin of the optic nerve. The main point of
origin of these nerves, however, is" the roof of the mid-brain.
This roof changes less in the different classes of animals than
any other part of the brain. Only its relative size changes, and
he who has only seen the small corpora quadrigemina of the
human brain will be astounded when he sees the huge optic
lobes of a fish or a bird ; but the finer structure is always the
same,  IFrom the dorsal layer of the hemispherical lobe, which
is somewhat flattened by a sagittal furrow, the optic nerve
always takes-its origin. From the deeper layers arises a system
of sensory fibres,—the deep marrow. The latter forms a net-
work around the aqueduct of Sylvius, and the greater part of it
passes caudad as the lemniscus, or fillet.

In the posterior part of the mid-brain roof there is in all
animals a separate nucleus, fibres from which associate them-
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selves with the deep marrow. Thisis the corpus quadrigeminum
posticum. In mammals, in whom the anterior portion of the
roof remains relatively small, this posterior quadrigeminal body
reaches nearly the size of the anterior one. In all the figures
it is marked by shading.

Not only in the bony fishes, but also in birds, the roof of
the mid-brain has undergone special development. The simple
hollow hemisphere grows outward and downward on both sides,
so that the lengthened roof closes around the lateral portion.
Inasmuch as this condition, peculiar to birds, would not be
visible in a sagittal section, the mid-brain in Fig..16 is not
divided, but is left so as to show 1t as it appears in the uncut
brain. :
The base of the mid-brain is formed by masses of fibres
which come from the fore- and inter- brain to pass farther back.
To these masses are added the fibres springing from the roof of
the mid-brain, and, lastly, there are found in this situation a
number of nuelei from which bundles of fibres arise, whieh in
part pass to the cerebellum, and in part reach the surface of the
brain as peripheral nerves (oculomotor, trochlear). One con-
dition, which is rudimentary in birds, is more developed in
mammals. Many fibres from the cortex of the hemispheres are
massed together and lie ventrad of the fibres at the base of the
mid-brain. This mass, called the pes of the erus cerebri, or
crusta, is very strongly developed in primates and in man. In
such brains we call all that lies dovsad of it and beneath the
roof of the mid-brain the tegmentum. Fishes, reptiles, and
amphibians possess only the tegmental tracts; the fibres of the
erusta are wanting, because in them no fibres pass downward
from the cortex. The majority of the fasciculi of the erusta and
teementum pass on to the base of the cerebellum and medulla
oblongata, where many terminate. A part pass into the roof of
the hind-brain.

This roof, which is continuous in front with the laver of
the corpora quadrigemina, and behind, through the intervention




28 LECTURES ON THE CENTRAL NERVOUS SYSTEM.

of a thin membrane (velum medullare posticum), passes into the
posterior part of the spinal cord, contains the rudiments of the
cerebellum, If you look at the sections shown in Figs. 12 to 17,
it will strike you that with, perhaps, the exception of the fore-
brain, no part of the brain shows so many changes in develop-
ment as this. But the cerebellum is not, like the cerebrum.
more developed in the higher classes of animals than in the
lower. We find very remarkable differences in animals very
nearly related to each other, and, on the other hand, in the lower
selacians, for instance, an extremely good development of the
organ. In the amphibians we meet with the cerebellum in its
simplest form. The side of the roof of the hind-brain which
faces the mid-brain is thickened into the form of a plate lving
across the ventricle. Reptiles do not possess this organ in a very
high state of development, but in those of them that swim
(alligators) this plate 1s twice as thick as ordinary, and extends as
far backward as the caudal side of the roof. Large swimming
animals, the bony fishes and the selacians, possess a cerebellar
organ which is so enormously developed that it must lie in huge
transverse folds (Fig. 12), and even at times pushes itself forward
under the roof of the mid-brain into the aqueduct of Sylvius
(Fig. 13). Fishes living in mud (dipnoi) have a smaller cere-
bellum.

In fishes, amphibians, and reptiles, bundles of fibres pass
from the inter- and mid- brain to the cerebellum, and from the
spinal cord.  We find these same bundles in birds and mammals,
but in the former there are added very small, and in the latter
very large, bundles of fibres from the fore-brain. These termi-
nate in structures which we now meet for the first time, devel-
oping on each side of the middle portion of the cerebellum the
hemispheres of the cerebellum.. In birds these ave still small,
but in mammals they increase along with the development of
the middle portion (from now on called the worm, vermis) until
they far exceed the latter in size. The vermis, however, even
in the human being, retains the transverse foldings which have
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characterized the cerebellum in all classes above the selacians.
Directly caudad of the cerebellum in the roof of the hind-brain
we meet with ganglionic masses, which give off fibres to the
trigeminal and the acoustic nerves. Fused closely with the
cerebellum they are only small nuclei in mammals, but in fishes
they form quite respectable lobes.

From the thalamic region to the end of the spinal cord the
central cavity (ventricle, central canal) is surrounded with masses
of gray substance, rich in ganglion-cells, and caudad of the
mid-brain we find in this gray matter the peripheral nerves
arising from their nuclei. 1In the gray substance of the floor
of the hind- and after- brain arise a great portion of the fibres
of the trigeminal and abducens, a part of the acoustic and of
the vago-glosso-pharyngeal. Somewhat nearer the surface lies
a column of nuclear cells, from the upper part of which the
motor root of the filth pair arises, and farther caudad the facial
nerve.  From the hind-brain to the sacral portion of the spinal
cord there is an unbroken series of nuclei. There ave really
two series, one more ventral (zone of anterior horn, His) and the
other more lateral (lateral zone). From the former arise the
hypoglossal and all the anterior roots of the spinal nerves going
to the muscles of the trunk. From the latter there arise
(Gaskell) fibres which are concerned in the innervation of the
muscular coat of the viscera. These lateral fibres leave the
central organ along with the anterior-horn fibres, except in the
region of the medulla, where they go to form the motor vagus
and the accessory nerves. TFarther down they leave the spinal
cord in company with the other fibres of the anterior roots.
According to Gaskell the latter pass into the mixed nerves,
while the former are connected with the sympathetie.

In the ventral portion of the pons and oblongata there are
situated many aggregations of ganglion-cells and nerve-fibres,
whose relations, varying widely throughout the animal kingdom,
cannot be discussed here. It is of importance that all the nerve-
fibres which connect the brain with the centres situated below
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pass through these parts. Through the presence of all these
structures this portion of the brain is thicker than the spinal
cord, which comes next to it. The latter forms a column from
the segments of which there arise anteriorly the motor and
posteriorly the sensory nerves. The space to the outside of the
nuclei of the nerves is occupied by fibres which connect the
spinal cord with the brain, and the different portions of the
spinal cord with one another.

In the oblongats and spinal cord of certain animals we find peculiar
structures, which have resulted from hypertrophy of some pre-existing organ. I
will only mention, as examples, the great hypertrophy of the motor nucleus of
the trigeminal in the ray,—the lobus electricus ; the enormous nucleus of the
vagus of fishes, projecting high into the fourth ventricle, which, together with
the trigeminal, provides for the sensation of the skin; and the hypertrophy of
the posterior horns of the spinal cord in certain fishes (Trigla).




LECTURE IIL.
THE GENERAL CONFORMATION AND HISTOLOGY OF THE BRAIN,

GexTLEMEN: Although these lectures are not addressed
to beginners, but to those who have a general acquaintance
with the coarser anatomy of the brain, it will not be entirely
superfluous to review our knowledge and to form a clear image
of brain-structure in our minds. The outlines of the map in
which, later, we intend to mark out all the points and by-ways
which are of importance, will be definitely fixed by a recapitula-
tion of what has already been learned. Taught by embryology,
you will easily understand the morphological conditions presented
by the organ of the adult individual.

A fresh brain is laid on its base.  You will easily discover
the great fissure which separates the two hemispheres and the
fissure of Sylvius which was originated by the growth of the
temporal lobe, Inasmuch as the hemispheres have grown over
most of the other portions of the brain (Fig. 5), we could get a
view of the latter posteriorly by raising up the hemispheres and
uncovering them. This could also be accomplished by removing
a portion of the hemispheres. The latter method has the ad-
vantage of giving us a view of the lateral ventricles and the
corpus striatum, and we will therefore follow it.

The Lknife held horizontally passes through both hemi-
spheres at once and removes layers from 2 to 3 millimetres
in thickness. The first and second of these layers contain much
cortical matter and relatively little of the inclosed white sub-
stance ; but in removing the third layer we have uncovered a
large white field of medullary matter in the middle of each hemi-
sphere, the centrum semiovale. In it run all those fibres which
pass from the cortex downward, and a part of those fibres which
connect the different portions of the cortex with one another.

(31)
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On looking at Fig. 6, we should expect that on removing
another layer we should find the hemispheres separated from
the ventricle only by a thin layer of epithelium. This, however,
is not the case. At a later period of embryonic development,
thick masses of fibres have developed and pass from one hemi-
sphere to the other at a point shown by the letter « in Fig 6.

Fore-brain from above. The hemisplioves have been removed at the level of the
corpus callosum (Cel). The white space between Cel and the cortex is the centrum semi-
ovale. Lf, lignmentum tectum or strim longitudioales Lanecisi, a part of the cortex
which borders on the corpus callosum, wt, strime lomngitudinales medial white
bundles of fibres which interlace on the middie of the corpas calloswm.  (After enle.)

Thus, at the bottom of the great fissure we do not find the ven-
tricle, but the corpus callosum, as the mass of transverse fibres
1s called.

The corpus callosum is now divided, and after the white

substance which lies over the ventricles on each side has been

removed it is cut off before and behind. Then it 1s seen that
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its under surface is connected with some delicate masses of white
fibres which, arching over the cavity of the ventricle, pass down-
ward to the floor of the same before and behind. They -belong
to the fornix. After they and the adhering choroid plexus are
divided and removed, we find ourselves looking into the cavity

ot

5 L
SR
Cerchellam-

F1a. 19,

The brain opened by a horizontal section, Viewed from above. The two hemispheres are
drawn somewhat apari.

Miterkarn, Inferior horn.

of the ventricle. The middle space is the cavity of the primary

fore-brain, now called the third ventricle. From the depths of -

its anterior end ascends the margin of the secondary fore-brain,
the fornix. Is is directly continuous with the median wall,

The latter is traversed by the fibres of the corpus callosum.
3
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That part of the median hemisphere-wall which lies below
the corpus eallosum (it appears behind it in the eut) is called
the septum pellucidum. That part of the original fissure be-
tween the hemispheres which remains between the right and
left layers of the septum is called the ventriculus septi pel-
Incidi. I you will imagine the corpus callosum removed from
Fig. 19, the continuation of the hemisphere wall into the septum
and the significance of the ventriculus will at once become
apparent. It is no real ventricle, but only that portion of the
fissure between the hemispheres which is covered in by the
corpus callosum.

On each side of the fornix lies a passage from the third
ventricle to the two lateral ventricles,—the foramen of Monro.
That part of the lateral ventricle which lies in the frontal lobe
is called the anterior horn, that which lies in the occipital lobe
the posterior horn, and that lying in the temporal lobe the in-
ferior horn. You can easily insert your finger into each of these
horns. The basal regions of both hemispheres are connected
with each other by the anterior commissure. You can see its
bundles of white medullary fibres passing in front of the pillars
of the fornix.

The nucleus caudatus emerges from the floor of the lateral
ventricle. Farther back, however, parts come into view which
no longer belong to the hemisphere,—the thalamus (inter-brain)
and the corpora quadrigemina (mid-brain). DBehind these ap-
pears the upper surface of the cerebellum (roof of the hind-
brain).

Along the whole inner border of the hemispheres runs the
thick mass of white fibres constituting the fornix. It arises
from the boundaries between the hemispheres and the mid-brain
on either side from the floor of the ventricle, and passes over the
optic thalamus into the apex of the temporal lobe.

In removing the corpus callosum we removed also the
middle portion of this arch of the fornix; so that we only see,
anteriorly, close to the septum vellucidum, the ascending porfion
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of the arch (crura fornicis), and, posteriorly, the descending
portion,—a white line of medullary matter, which, passing along
the border of the hemisphere, bounds the temporal lobe on its
inner aspect. If you connect the points F./and F./7, in Fig. 19,
with a gentle curve which passes over the optic thalamus, you
will have restored the course of the fornix. In the accompany-
ing median section of an embryonic brain you can easily dis-
tinguish the course of the fornix. In our dissection (Fig. 19)
you can see the thalamus behind the nucleus caudatus. It
h‘f*lungs to the inter-brain, and has developed from its lateral
walls. The space between the
two thalami is the cavity of the
former inter-brain wvesicle. Of
its roof only a thin layer re-
mains, the most important part
of which is the pineal gland.
Fig. 4 shows how this arose by
a process of protrusion. All
the rest of the roof of the former
vesicle is only present in the F16. 20.

form of a thin epithelium, be- pnere shown in Fig 7 Show the inner

loower boriller of the hemisphors, which be-

1] e X11= Vi comes thickened into the white meduallary
lﬂﬂnllln to a ‘[JlE"{l_l of vessels line of the fornix, The latter, however, only

which cover the middle ventricle. Vecomes medullary after birth.

SBielle wa Varderhirn und Zawrischenkirn pusam-
The floor of the il’ltﬂl‘-bl‘ﬂiﬂ, :;:fwn. Foint where the fore-bruin and mid-brain
which is, of course, formed an-
teriorly of the embryonic terminal lamina, consists of a mass of
gray ‘matter, which is prolonged in a funnel-shaped manner
toward the base of the skull. This projection is called the tuber
cinereum, and its cavity the infundibulum. It is not shown in
Fig. 19, but can be clearly seen in the median section (Fig. 17).
At its extreme end the tuber cinereum is fused into the fold
of pharyngeal mucous membrane which grows toward it, as
shown in Fig. 4. At a later stage the latter is cut off from the
pharynx and remains in the cavity of the skull, where, in con-

nection with the tuber cinereum, it forms the hypophysis,—an
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irregular, roundish, ball-shaped body, the size of a cherry, which
is attached to the base of the inter-brain by a slender pedicle.

The thalamus is slightly separated from the nuclens can-
datus by a bundle of fibres, called the stria terminalis.  On the
anterior portion of its surface the anterior tubercle is usually
seen as a rounded swelling. Tt corresponds to a separate gan-
glion within. Still another ganglion belonging to the thalamus
will be found if we follow up the white line which runs along
the median ridge of the thalamus (stria medullaris). This gan-
alion is a small, club-shaped mass lying far back, just in front of
the corpora quadrigemina, and is called the ganglion habenula,
From this there arises on each side a thin, white bundle of fibres
which passes to the pineal gland,—the pedunculus conarii. The
gray mass of the thalamus is overlaid with white fibres (stratum
zonale), which, in part, pass to the optic nerve. A principal
point of origin for this nerve is a protuberance on the posterior
part of the thalamus,—the pulvinar. Macroscopic observation
alone would place the source of the optic nerve in this ganglion
and in two nodules on its under side (corpus geniculatum mediale
and laterale). Between the thalami there extends a thin, grav
lamina,—the middle commissure. 1 have never failed to find it
if the brain was carefully taken ont.

The nerve-tracts from the hemispheres which lie deep down
between them and the thalamus emerge, for the most part,
caudad of the thalamus from the main mass of the cerebrum.
They form thick strands, and lie exposed on the ventral surface
of the mid-brain,—the corpora quadrigemina; taken together,
they are called the crura of the brain (pedunculi eerebri).

Behind the pineal gland begins the roof of the mid-brain.
We regard the posterior commissure as the most anterior por-
tion of this roof, as, arising in the thalamus, it passes candad
through the mid-brain. The corpora quadrigemina, which ap-

pear just behind this commissure, we shall examine later on.
If the brain is opened from above, as we have done, only
the inner portion of the corpus striatum—the nucleus candatus—



GENERAL CONFORMATION AND HISTOLOGY OF BRAIN. 37

can be seen. The outer portion—the lenticular nucleus—lies
deeper, and is covered with medullary masses, which pass over
it into the internal capsule. We could expose it by opening
downward outside of the nucleus caudatus, but you will get a
better idea of its form if’ a frontal section is made transversely
through the whole brain at the point in Fig. 19 where the thala-

Fic. 21.
Frontal zection through the sdualt brain, Explanation in the text,
Balken, Corpus callosam, Norklerger, While substance.

mus begins, just behind the thickest part (caput) of the nucleus
candatus ; that is to say, just behind the ascending pillars of the
lornix.

It is not difficult to understand the cross-section (Fig. 21)
if we keep in mind the conditions shown in Fig. 6. The brain-
wall is decidedly thicker than at the feetal period. but the corpus
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striatum rises from the floor just as shown in that section. The
outer fissure has now disappeared, but it may be considered as
occupying the situation shown by the dotted line on the right
side.

At the bottom of the great fissure you can see the ventricle
covered by the thick cross-fibres of the corpus eallosum. To
these there pass from below the two pillars of the fornix,
leaving the ventriculus septi pellucidi free between the thin
layers of the septum pellucidum. They project freely into a
cavity, the lateral ventricle. This cavity is bounded exteriorly
by the corpus striatum. Just here you can see beautifully how
the corpus striatum is penetrated by and apparently divided
into two ganglia by the thick masses of fibres of the internal
capsule. In the lenticular nucleus, that is, in the outer portion
of the corpus striatum, you can easily distinguish three divisions.
Only one of these three parts—the external, shown most deeply
shaded, called the putamen—may be regarded as a source of
origin of fibres, together with the nucleus candatus. The
function of the two internal divisions (globus pallidus) is still
uncertain. The globus pallidus sometimes consists of three or
more divisions. External to the lenticular nuclens there lies a
thin, gray mass in the wall of the hemisphere.—the claustrum.
The space between it and the lenticular nucleus is ecalled the
external capsule. Farther out still lies the cortex of the island
of Reil. The gray mass on the floor of the middle ventricle
belongs to the wall of the infundibulum,—the tuber cinereum.
It and its continuation are called the central (ventricular) gray
substance. At the point where this and the cortex of the tem-
poral lobe become continuous there lies a large, roundish nucleus,
—the nucleus amygdalze. It probably stands in some relation to
the origin of the olfactory nerve. In its finer structure it re-
sembles the claustrum (Mendinol). Between the pillars of the
fornix you see the anterior commissure. Its fibres curve back-
ward as they pass through the corpus striatum.  For this reason
we again meet them on cross-sections of the brain, just below
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the outer part of the lenticular nucleus (Fig. 21, below and to
the right).

I cannot urge vou too strongly, gentlemen, to look up in
the fresh brain all the parts mentioned in to-day’s lecture, and
learn the sitnation of each by your own dissection. The repre-
sentation by word and picture may give you a good idea of
them, but it can never take the place of that which may be
obtained by study of the fresh specimen.

The difference in colors which you have observed to-day in
the fresh brain specimens is caused by differences in their finer
structure. To this, the histology of the central nervous system,
we will now, for a short time, turn our
attention.

The brain is made up of nerve-
tissne and a matrix, This matrix is
composed of the walls of numerous
blood-vessels which pass in every direc-
tion through the organ, and of the

neuroglia, most delicate cells, with a

net-work of fine eiliary processes, which, Fig. 22,
becoming intermingled with those of e e ST
neighboring cells, are matted together into a sort of dense felt,
This structure may well be likened to a mass of burrs stuck
together with a few thicker strands, the blood-vessels, passing
among them. " The nerve-fibres are imbedded in the free spaces
between the cells of the neuroglia,

The net-work of neuroglia is somewhat differently con-
stitnted in different parts of the central nervous system, and
forms here and there thick masses, altogether free from nerve-
substance.

Thus, for instance, a broad zone of almost unmixed neun-
roglia is spread over the whole surface of the brain and spinal
cord. The larger ganglion-cells are often so entangled in neu-
roglia that they seem to be lying in a fine-meshed basket.
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The nerve-substance proper which fills out the spaces in the
above-described net-work consists of ganglion-cells and nerve-
fibres.

The form of the ganglion-cells is extremely varied. Round-
ish, almost spherical bodies of small size are seen, together with
multipolar cells with many processes, and twenty times the size
of the smaller cells.

F1a. 23

From a piece of spinal cord. A and B, ganglion-cells ; at I, axis-evlinder; p, protoplasmic
process ; e, neuroglis-cells,  (After Hanvier.)

In the lobus nervi vagi of the torpedo and in the medulla
oblongata of the river lamprey are found such enormous ganglion-
cells that they can readily be seen with the naked eye. In the
spinal cord of the electric eel, the malaterus, are two isolated
ganglion-cells of such a size that the huge single nerve-fibre
which each gives off is sufficient to supply the very large elec-
tric organ of the animal.

.
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The nerve-fibres arise from the ganglion-cells,.  R. Wagner
first showed that but a single process of these cells could be
traced directly into the nerve, and other investigators have con-
firmed this. The relations which the other processes of a multi-
polar cell and the processes of the cells which do not possess this
“axis-cylinder™ process have to the nerve-fibres remained in
darkness until Gerlach, in 1870, showed that these processes
form a net-work with each other, and that from this net-work
nerves arise. It is only
during the course of the
past year that Bellonei first,
and later, in a still more
convincing manner, Golgi
and Bela Haller suceeeded
in showing the method of
origin of nerve-fibres from
the central ganglionic cells.
Giolgi conducted his investi-
gations on the cortex of
human beings and of other
animals, and, by frequent
combinations of very com-
plicated microscopical pic-
tures, arrived at the same
conclusions  with  Haller,

From a section through the plearo-cercbral

Wi v Ci [ I gangllon of the fissurella, 1, net-work of nerves;
ho worked on mollusks, e ot A B e hod Bt by

where the conditions were
more simple, and the relations could be plainly seen.  The most
important of these discoveries, which, moreover, have beefl con-
firmed for other parts of the central nervous system by Golgi’s
pupils, is the now well-established fact that the nerve-fibres arise
from the cells of the central nervous system in two ways; that
there is a direct and an indirect origin of nerves.

The former we have already mentioned as having been dis-
covered by Wagner. The axis-cylinder process of a ganglion-cell




42 LECTURES ON THE CENTRAL NERVOUS SYSTEM.

passes directly into a nerve-fibre. Recent investigations have
shown that before passing off it gives rise to minute fibrils,
which form a fine net-work. This direct form of nerve-origin
has been recognized in the great pyramidal cells of the cortex,
and in the cells of Purkinje in the cerebellum, in the nuclei of
the motor nerves in the brain and spinal eord, and in other places.

In many other ecells, however, the processes, soon alter
leaving the cells, break up to form a fine net-work, which re-
ceives, also, the lateral fibrils of the axis-cylinder processes
before mentioned, and from this net-work the nerve takes its
origin. This net-work may contain the offshoots of a great
number of ganglion-cells.  In the accompanying section throngh
the pleural ganglion of a snail you may see both methods of
nerve-origin taking place side by side (Fig. 24).

What part is played by the cell processes which do not
become connected with the nervous system—~Golgi calls them
protoplasmic processes—is not yet determined.  There is ground
for believing that they are connected with the fine net-work
composed partly of glia and partly of connective tissue, which
surrounds the blood- and lymph- vessels of the central nervous
system ; that is, that they bear some relation to the nutrition of
the cells themselves. The fact that this fine net-work, which
consists of all these processes of ganglion- and glia- cells, is so
difficult to disentangle has naturally led to other views as to its
composition than the one I have given you, but it is important
to notice that all the later authors, whatever their differences of
opinion in regard to the net-work (Leydig, Nassen), have ob-
served the double method of origin of nerve-fibres.

It is probable that the difference in origin denotes a differ-
ence in function.  We know that the motor roots of a peripheral
nerve arise directly from the axis-cylinder of the cells, and it
was in the sensory posterior roots that Gerlach observed the
breaking up of the nerves into this minute net-work. The in-
vestigations of His, to which T referred in the last lecture, bear
out the views we have adopted.
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The nerve-fibres in the brain and spinal cord are of varying
size in adult mammals, and all are probably surrounded with
medullary sheaths.

Every nerve-fibre, as it enters the central organ, loses its
sheath of Schwann. Only a thin layer, first seen by Ranwier,
and which is present even in peripheral nerves, is left to cover
the nerve-marrow after it enters the brain or spinal cord.

In general, the parts which consist only of medullary fibres
appear white (white substance); those composed mainly of
C D B

FiG. 25.

Different nerve-fibres isolated from the spinal cord of a deg. e, axis-eyvlinder ; s,
medullary sheath ; g, peripheral membrane : ¢, nuelens and protoplasm Go e seen on the
surface of a few fibres. (After Ranvier.)

neuroglia, axis-cylinder, and ganglion-cells, gray (gray matter).
The gray matter is more vascular than the white. During life
it exhibits, in the presence of sensitive reagents, a slightly acid
reaction.

We owe our first accurate knowledge of the histology of the central nervous
gystem, as was staled in the first leciure, to Elrenberg, Remak, and Hannover.
After Hannover, Helmholz, in 1842, recognized in invertebrates the true relations
between ganglion-cells and nerve-fibres.  In 1844, Kolliker discovered that a
double-contoured nerve might arise from a cell, In 1850 Rudolph Wagner dis-
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coviered, in working on the electric organ of the torpedo, that a single ganglion-
cell may send oul two sorls of processes, of which only one, the axis-cylinder
process, is continued into a nerve ; and in 1554 Remak observed the same thing
in the great ganglion-cells of the spinal cord. Deiters, in 1865, proved that this
was true of all ganglion-cells, Our knowledge of these conditions has been in-
ereased by the labors of Gerlach, Max Schultze, Waldeyer, Jolly, A, Key and G.
Retzius, Betz, Bevan Lewis, Obersteiner, Freud, and many others. So many
have turned their attention and eiforts to this most difficult region of histology
that a memoir *which appeared at the beginning of 1887 (Napsen) enumerated
#1 works on nerve-fibres and ganglion-cells, More recent and profound works
on the neuroglia are those of Boll, Ranvier, and Gierke.



LECTURE 1V.

THE CONVOLUTIONS AND FISSURES OF THE SURFACE OF THE
CEREBRUM.

GENTLEMEN : It is not so very long ago that the study of
the structure of the brain surface possessed very little interest
for the anatomist and none at all for the practicing physician.
Nor is it a very long time since order was brought out of the
seeming chaos of the convolutions of the brain, so that clear and
definite cuts have taken the place of the old plates, concerning
which an author pertinently remarked that
they were a better representation of a dish of
macaroni than of the brain. Interest was first
awakened in regard to the human brain after
physiology and pathelogy had shown the dif-
ferent results of irritation, extirpation, and .. or numan emiryo
disease, varying according to the different i e
convolutions attacked. It is, therefore, of importance, gentlemen,
that you learn to know thoroughly the arrangement of these con-
volutions and the course of the fissures which separate them.
By word and diagram alone it will be impossible for me to make
you as thoroughly acquainted with these structures as you should
be. Here again it is necessary for you to take a fresh brain,
and, following my lecture, trace out for yourselves suleus after
sulcus and convolution after convelution.

The primarily lens-shaped hemispheres grow, as you know,
toward the front and backward. Only in the middle, at a point
corresponding to the corpus striatum within, the surface does
not expand as rapidly, and, hence, becomes more depressed than
the surrounding parts. The depression which thus exists near
the point of origin of the hemispheres is called the fossa or
fissure of Sylvius, and that part which lies in the depression the

(45)
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island of Reil. The island is, therefore, that part of the cortex
which immediately adjoins the ganglia of the cerebrum. At
first it lies on the surface, but little by little it is covered in by
the overlapping hemispheres.

You will easily find the fissure of Sylvius in the adult
brain. Tt is the largest of the sulei, and on separating its walls
vou will discover the island, and see that it is traversed by a
number of perpendicular and oblique sulei.  In the sixth month

Fia. 7.

The left hemigphers with the fissure of Sylvins drawn apart in ovder to show the ¢on-
volutions in the islamd of Heil (Ja), Se, sulens centealis ; Gfeq, Gep, gyrus centralis,
antervior and posterior; Fop, fissura parieto-oceipitalis.  (After Henle.)

of pregnancy the two divisions of the fissure of Sylvius—the
anterior and posterior—are plainly to be seen.  All the rest of
the brain is still smooth. (Compare Fig. 7.)

After this period, furrows (sulci or fissures) are developed
on the surface of the hemispheres by means of local elevations
which increase more and more during the later months of feetal
life until birth, at which time almost all the fissures and convo-
lutions which the adult brain will possess are clearly marked out.

The following purely diagrammatic drawings may serve as
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a guide in your study of the surface of the brain. Only the
most important constant convelutions and fissures are therein
considered. The simple diagram of Ecker, of which they are
reproductions, impresses itself more easily on the memory than
a representation of a real brain which shows all the shallower
fissures, which are inconstant, alongside the deeper and more
constant ones.

First, let us look up the fissure of Sylvius; it divides the

Fia. 28

Lateral view of the brain, The econvolutions and lobes are marked in BEoman letters, the
fissures and sulei in italies, (After Ecker.)

greater part of the temporal lobe from the rest of the brain. We
can observe two branches—a long anterior and a short posterior
and ascending branch. The mass of brain which lies at their
Junction and covers the island is called the operculum. If we
separate those portions of the brain which surround the fissure
of Sylvius, as is done in Fig. 27, the island lies in full view. We
see that it is traversed by a deep fissure, passing obliquely
upward and backward,—the sulcus centralis insulee,—which

-

il o i e Y Who
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divides it into two lobules. The anterior lobule is divided by
several perpendicular fissures into 3—4 gvri breves insule. The
posterior lobule is, apparently. one single longer convolution,—
the gyrus longus. It borders directly on the temporal lobe. In
the operculum there begins an important fissure which ascends
to the margin of the hemisphere, but is separated from the latter,
as well as from the fissure of Sylvius, by brain-substance. This
is the suleus centralis, or central fissure. Observe it in Fig. 28 ;
it divides the frontal from the parietal lobe.  All that lies below
the fissure of Sylvius is called the temporal lobe. In front of
the central fissure lies the anterior eentral convolution : behind
it, the posterior central convolution.*

The region in front of the anterior central convolution, the
frontal lobe, is divided by two fissures, the superior and inferior
frontal fissures, into three convolutions,—superior, middle, and
inferior frontal convolutions. These are not always sharply
defined along the whole length of the frontal lobe, inasmuch as
the frontal fissures are often interrupted in their course by plis
de passage. You will easily discover these three divisions of the
frontal lobe lying next to each other in all brains, and will
observe that the lower frontal convolution (also ealled third
frontal convolution) takes part in forming the operculum. Very
often there is found at the posterior end of the inferior frontal
fissure another fissure at right angles to it, which bounds the
anterior central convelution in front and is called the prae-central
fissure.

[The lower frontal convolution is broader in Europeans than in olher races,
In the brain of Gambetta, who was a great orator, it was twice as broad as usaal. ]

The temporal lobe is traversed by several fissures, which run
parallel to the fissure of Sylvius and divide the lobe more or
less sharply into an upper (or first), a middle (or second), and a
lower (or third) temporal convolution. Generally only the two
first of these are clearly distinguishable throughout their whole
length.

* Circonvolution frontale ascendente,

Circonvolution pariétale ascendente, iuf blie Frenchi weliom.
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Observe now the region caudad of the central fissure and
above the temporal lobe. It is called the parietal lobe. It is
divided into a superior and an inferior parietal lobe by a suleus,
which passes in a curve around the end of the fissure of’ Sylvius
and the end of the first temporal fissure, and is called the inter-
parietal fissure. There is nothing to mark the division between
the superior parietal lobe and the posterior central convolution,
unless, as often happens, a branch of the interparietal fissure

*

Fia, 2. ,
Lateral view of voe brain, For explanation, sec Fig. 28, (After Ecker.)
passes upward toward the margin of the hemisphere. In this
case, of course, the connecting convolution is much narrower.
That part of the inferior parietal lobe which surrounds the
fissure of Sylvius is called the gyrus marginalis.®
The part lying just back of this, and arching around the
end of the superior temporal fissure is called the gyrus angu-
laris. The former you will discover at once in every brain ; the

* Marked “G. sapra-marginalis ' in the cut (Fig. 25).
4
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latter you will have to be at some pains to distinguish. You
will find it in the space which is bounded above by the inter-
parietal fissure and below by the superior temporal fissure, its
posterior portion, indeed, surrounding the end of the latter.

Do not always expect, gentlemen, to find the interparietal
fissure running its whole course without a break. Often enough
it is broken into two or more parts by plis de passage, which
are usnally found in its posterior third. Its posterior portion
extends into the oceipital lobe.

This oceipital lobe is not in all brains so uniformly divided
by its sulci that we can always
find the three convolutions
described by writers, viz., first
(upper), second (middle), and
third (lower) occipital convolu-
tions, casily and without arti-
ficial refinement.

It is often separated from
the parietal lobe by an addi-

Fre, 0. - tional oceipital fissure (not
e e Hhovs the mmer  shown in the figure), which

Iower border of the hemisphere, which be-

thickened into the white medullary rasses up perpendicularly be-
Goomed ihickousd Info Sheshls medulaty  passes mp perpendiculariy L

et s mveiLE LRE T KR TR R hind the gyrus  angularis,
Srelle wo Vorderhirn wnd Zicisehenhirm susam-
mensfomen, Puint whieo 1hs frvdoain sad midvnio The line of division from the
temporal lobe is a horizontal
fissure, appearing like a continuation of the inferior temporal
fissure, and called the inferior occipital sulcus. The angle be-
tween these occasionally continuous fissures bounds the temporal
lobe. At the upper and anterior part it is continuous with the
parietal lobe. “This connection is divided into the bridging con-
volutions by the interparietal fissure, which passes through it
longitudinally.
After noting all these convolutions and fissures, divide the
brain into halves by cutting down through the great fissure and

study the median surface.
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The most important parts of the median hemisphere-wall
have been described in the preceding lecture, while we were
studying its development. I will only remind you that we then
learned that the margin of the hemisphere thickened into the
fornix, followed the growing hemisphere in a curve; that for-
ward, where the corpus callosum passes through, that portion
of the inner wall which lies between the latter and the fornix,
remains as the septum pellucidum.

Taught thus by the history of its development, you will

Lbl. paracent.
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Gyrus deatatui i

F'Fmbna or Ferpix,
Fra. 31,

Sagittal section through the middie of an adult brain, The posterior portion of the
thalamus, the pedunculus cerebri, ete., have been removed in order to show the inner
surface of the temporal lobe.

understand the sections made through the adult brain. In the
specimen from which Fig. 31 is taken, as well as in the embry-
onal brain (Fig. 30), all parts lying caudad of the middle of the
thalamus are cut off, because they cover the under side of the
temporal lobe and prevent us from following up the course of
the fornix.

Now, on the longitudinal section, you see in the centre the
mter-brain, or, rather, the thalamus, which has developed from
its lateral wall. Along the boundary between it and the cere-
brum lies the curved margin of the hemisphere, thickened to a
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white band of medullary substance.—the fornix. Near the
junction of the thalamus and mid-brain it rises close to the
base of the brain, passes dorsad as the pillars of the fornix,
accompanies the margin of the hemisphere still farther, curves
around it into the temporal lobe, and ends in the apex of the
latter.

The horizontal mass of transversely divided fibres above it
belongs to the corpus callosum. In its anterior part youn will
distinguish the knee, in its posterior part the splenium, and be-

tb]- F;r}t-lnl-l.'.

F & t-“r o : 4
g‘ﬁq : e sy o
Qt G}-I'l-rl- }rﬂ'fﬂll.'jju_'. -
d" cﬂﬂhui ti:'.
- oy x:rr? .
3 Seps, ;

Pl

Lobus lingqualis,
3 secipite myfemoar,

G yrus dlﬂltifus |

F.mbnl or Formin.
FIG. 32,
For explanation, see Fig, 31,

tween the two the body. Between the fornix and the corpus
callosum lies the triangular field of the septum. Besides this,
you can see, just in front of and below the fornix, the anterior
commissure, and in the middle the commissura media,—both.
of course. in cross-section. 5

That portion of the hemisphere-wall which lies above the
corpus callosum is traversed by few and rather constant fissures,
First, parallel with the corpus callosum, is the suleus calloso-
marginalis. Behind, it turns upward to the crest of the hemi-
sphere and terminates in a little indentation behind the posterior
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central convolution. That part lying in front of’ and above this
fissure is considered as belonging to the superior frontal convo-
lution. The eonvolution between it and the corpus callosum is
called the gyrus fornicatus. A glance at a specimen, or at our
cut, shows that the gyrus fornicatus becomes widened posteriorly,
and passes up over the crest of the hemisphere to become con-
tinuous with the superior parietal lobe. ‘This widened portion
is called the priecuneus. Directly in front of the precuneus
lies a region of the cortex which, exteriorly, 1s continuous with
both central convolutions and connects them. It is called the
paracentral lobule. Posteriorly, the praecunens is bounded by a
deep fissure, which usually passes over somewhat to the exterior
surface of the hemisphere. It is called the parieto-oceipital
fissure. This parieto-occipital fissure sometimes passes beyond
the mner surface of the brain, and runs out over the outer
surface as a deep perpendicular fissure. This is especially apt
to oceur in the brains of idiots,

The fissura calearina joins the parieto-occipital suleus at
an acute angle. This fissure lies exactly in the wall of the
posterior horn of the lateral ventricle, which has been mentioned
before. The brain-wall, displaced inward by it, can be seen as
an elongated swelling in the posterior horm. This swelling is
known as the calear avis or pes hippocampi minor. The tri-
angular portion of cortex inclosed between the fissures last
described is known as the cuneus. FExamine the point of this
region and, superficially or deeply, you will find a little convo-
lution conneeting it with the gyvrus fornicatus, which passes by
in front of the wedge-shaped cuneus.  Notice this comparatively
narrow part of the gyrus fornicatus. You see that it passes on
as a rapidly-broadening convolution to the apex of the temporal
lobe, where it ends in a hook-shaped process,—the uncus or gyrus
uncinatus. This part of the gyrus fornicatus lying in the tem-
poral lobe is called the gyrus hippocampi. Posteriorly (as you
see in the eut), a small, longish convolution of the oceipital lobe
Joins the gyrus hippocampi. It is called the lobus lingualis.
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As I showed you before, the fornix forms the margin of
the hemispheres. The first convolution outside of this margin
—a convolution, therefore. which lies close to the fornix—is
the gyrus hippocampi just mentioned. To the other side of
it lies the cavity of the ventricle.—the inferior horn. At this
point the ventricle is separated from the general cavity of
the skull by a thin membrane, bearing the continuation of the
choroid plexus, which is attached to the fornix throughout its
entire course.

The gyrns hippocampi may be regarded as the marginal
convolution of the hemisphere. This margin, a long, thin, white
stripe, is directly continuous with the fornix above. It is called
the fimbria (Fig. 19, F.T).

The gyrus hippocampi is pushed out into the cavity of the
inferior horn by a fissure on its outer surface,—the fissura hip-
pocampi. The swelling which is thus produced and which ex-
tends along the whole floor of the inferior horn has for ages
been called the cornu ammonis, or pes hippocampi major.

From the fact that the cortex of the gyrus hippocampi is
doubled in by the fissura hippocampi before it ceases and leaves
the medullary matter bare, a peculiar and complicated appear-
ance is presented on cross-section. Over the general surface of
the brain the gray matter is continuous, as shown in Fig. 33 A ;
but on the gyrus hippocampi it ceases close to the ventricle, as
shown in Fig. 33 B, and leaves the white. somewhat curved
edge (the fimbria) free. The bending or doubling in which
it undergoes before it ceases is shown in Fig. 33 B. Between
the gyrus hippocampi and the free medullary margin of the
hemisphere (fimbria—fornix) there lies a small convolution (pur-
posely not mentioned before), which passes from the end of the
corpus callosum to the apex of the temporal lobe, and therefore
takes part in the configuration of the cornu ammonis. You
will please look up this convolution in the sagittal section (Fig.
32) in order to make clear its situation in relation to the fornix
and the cornu ammonis. It is called the gyrus dentatus, or
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fascia dentata. As you see, it lies just in front of the involution
of the cortex of the gyrus hippocampi, by the fissure of the same
name, and 1ts cross-section, therefore, is not correctly represented
by Fig. 33 B, but rather by Fig. 34.

The cornu ammonis is, therefore, the bulging in the floor
of the ventricle, which is eaused by the pushing in of the gvrus
hippocampi by the fissure of the same name. From the cessa-
tion of the cortex just at this point, from the fact that the
margin of the hemisphere (fimbria and gyrus dentatns) runs
along over this involution, arises the comolicated cross-section of
the cornu ammonis.

FiG. 3 A, [ Fra, 88 B, FiG. H.

IFnfer, Tnferior.

The relation of the gvrus hippocampi to the inferior homn
of the lateral ventricle is made clear by Figs. 19, 32, and 38.

The gyrus fornicatus and its continuation, the gyrus hip-
pocampi, are developed early in feetal life. Dorsad of the
margin of the hemisphere (arch of the fornix), there is devel-
oped in all mammals a furrow which lies parallel with the fornix
and accompanies it into the temporal lobe,—the fissura hippo-
campi. The convolution between it and the fornix is the gyrus
hippocampi. Anteriorly, the fibres of the corpus callosum pass
transversely through it, and in this region it is called the gyrus
fornicatus. Farther back, however, it is called the gyrus hip-
pocampi, and lies next to the fornix. In the lower animals the
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corpus callosum and the gyrus fornicatus are very short.  Only
in men and apes is the corpus callosum so long that the begin-
ning of the gyrus hippocampi lies in the temporal lobe. If you
will look at the upper surface of the corpus callosum, you will
see on each side of it a thin, gray, longitudinal line (Fig. 18, Li).
It is the continuation of the atrophic convolution met in the pes
hippocampi major,—the gvrus dentatus. We call it the stria
longitudinalis Lancisi.

All the convolutions which lie near the margin of the hemi-
sphere—the gyrus fornicatus, the gyrus hippocampi, the stria
longitudinalis Lanecisi, and the fascia dentata—are very strongly
developed in animals having highly perfected organs of smell.
In those which, like human beings, have small olfactory lobes,
they are somewhat atrophied, and in the dolphin, which has no
olfactory lobe, they are totally undeveloped (Zuckerkandl). At
the posterior end of the corpus callosum we sometimes see a short
convolution which passes in the direction of the fornix and be-
comes incorporated with it; it is the gyrus callosus, which is only
present in man as a very atrophie, imperfect, and inconstant
structure.

On a fresh brain vou may see the gvrus unciatus at the
apex of the temporal lobe, and from there¥ollow the gyrus hip-
pocampi upward. Then observe the prominent arch of the
fornix as it passes over the posterior part of the thalamus, and
note how it ends in the fimbria, which is visible nearly to the
end of the gyrus hippocampi as a white medullary line.
Lastly, make a cross-section, which may explain the relations
of the foregoing structures.

On the base of the brain, with the exception of the hippo-
campal fissure, which really belongs to the median surface, there
are few sulei of importance.  On the under surface of the frontal
lobe are the orbital and the olfactory fissures. The convolutions
between them are regarded as continuations of the frontal con-
volutions, and receive the names of the frontal convolutions with
which they are respectively continuous. The under surface of
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the occipital and temporal lobes is fissured mainly in an antero-
posterior direction. A third and fourth temporal sulcus is often
found. The latter, which extends over into the temporal lobe,
is called the occipito-temporal fissure. It separates the gyrus
hippocampi from the convolutions of the temporal lobe. The
temporal convolution lying just outside of this fissure (fourth
temporal convolution) has received the name of gyrus occipito-
temporalis.

Owr knowledge of the course of the convolutions comes from
Burdach (median surface), Leuret, Gratiolet. Meynert (com-
parative anatomy), Bischoff, Ecker, Pansch (growing and adull
brain). Besides these there are nuwmerous investigators as to
separate localities, e.g., Broca and Zuckerkandl on the convolu-
tions near the margin of the brain, Eberstaller and Guldberg
on the istand, and Riidinger on the interparietal fissure.  Again,
we possess @ considerable number of monographs on the surfuce
of the brain of wmany mammals.  (Anthropomorphous apes, by
Bischoff' ; lemurs, by Flower and by Gervais; whales, by
Guldberg ; wungulates, by Krueg ; carnivorous animals, by
Meynert and Pansch, and many others.)  The wuwmerous varia-
tions in the course of the individual convolutions wnd fissures
which may occur in man are not only mentioned by a majority
of the above writers, but Tave found an investigator of their O
in D). Sernow.

It does not lie within the scope of these lectures, gentle-
men, to impart the rich store of facts which physiology has
brought to light respecting the various cerebral structures.
Our knowledge of the functions of the cortex is, as yet, in its
mfancy, and is in no respect complete. I must refer you to the
text-books of physiology, in many of which you will find ex-
cellent chapters on the subject. In general, it may be said that,
so far as the phenomena which follow an injury to the cortex
are concerned, more is positively known about human beings
than about animals. The following is a short summary of these
symptoms :—
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Injuries which involve the normal structure and function
of the cortex give rise in the human being to symptoms differ-
ing according to the part injured. Up to the present time there
have been several hundred carefully observed cases of disease
of the cortex, and by comparing them with one another we can
arrive at the following conclusions:—

Gyr. ngnl' med.

olfac teriug,

Fiae. 35,
The convalutions on the base of the brain (diagrammatio). (After Ecker.)

Motor symptoms of irritation (from the twitching of single
muscles up to epilepsy) may arise from any part of the cortex.,
but there exists a zone of the brain embracing both central
convolutions, injury to which is almost always accompanied by
motor disturbances on the opposite side of the body. The dis-
turbances may be divided into symptoms of irritation and symp-
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toms of degeneration. The symptoms of irritation are shown
by convulsive movements; the symptoms of degeneration by a
oreater or less inability to set the muscles in motion at will,
oftentimes only in a sense of weakness, or by awkwardness in
executing some complicated movement.

From careful analysis of known cases of disease, it is cer-
tain that, in injury of the upper part of both central convolutions
and the paracentral lobule, the motor disturbances are most

Lateral view of brain. The “motor region ™ shaded. (After Exner.)

prominent in the legs, that when the lower end of the central
convolutions is involved the regions supplied by the facial and
hypoglossus suffer most, and that motor disturbance of ‘the
upper extremities follows when the middle and a part of the
upper third of these convolutions are involved. The divisions
between these separate * centres ” are not sharply drawn.
Complete destruction of separate portions of the cortex in
the human being may lead to permanent paralysis of the muscles
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standing in relation to the affected part. The paralyzed muscles
almost always fall into a contractured state,

Injuries which invelve the cortex of the inferior frontal
convolution or the island of Reil, if situated on the left side,
generally result in the more or less complete loss of speech,
although the vocal organs may still be normally innervated and
the person affected may perfectly understand all said by others.
It appears that the ability to understand whatever is said in a
loud voice is lost when the superior temporal convolution is
imvolved.

Disease in the region of the occipital lobe may lead to dis-
turbances of vision, which may be present only as a dimness of
vision or as a blindness on the outer side of the eye on the
affected side and on the inner side of the opposite eye.

Sensibility may also suffer from affections of the cortex of
the brain. The most commonly observed symptoms are feelings
of numbness, heaviness, and marked disturbance of the musele
sense.  The sense of touch is, as a rule, dull so far as the judg-
ment of the patient is concerned, but very slight sensory irrita-
tions may still be felt, if they are of a simple character (touching
with a feather, point of a needle, etc.). We do not know of any
particular parts of the cortex disease of which especially leads
to disturbances of sensation. At all events, such disturbances
may follow diseases of the central convolutions and their vieinity.

The paralyses which follow disease of the cortex are hardly
ever so complete as those which are caused by destruction of the
peripheral nerves or their proximal end in the spinal cord. In
animals it is generally impossible to produce a permanent
paralysis by removing the cortex of the motor zone or the whole
portion of the brain which contains that zone. We can, how-
ever, almost without fail, produce contractions of definite
museles by irritating certain circumseribed portions of the
cortex.

This much, however, has been made certain by experiments
upon animals and by pathology, that the actual motor centres
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lie far back between the corpora quadrigemina and the spinal
cord ; that they are, however, so connected with centres situated
in the cortex that irritation of the latter gives rise to movements,
There is a conflict of opinion as to the nature and importance
of the influence exercised by the higher centres over the lower,
For this reason we study with the utmost serupulousness those
phenomena which follow the removal of portions of the cortex.
Donbtless the importance of the role played by the cortex differs
in different animals. While in the lower animals the removal,

even of the whole cerebrum, does not prevent the vigorous exe-

cution of coarser movements, yet in mammals the destruction
of even circumscribed portions of the motor zone gives rise to
temporary paralysis, and in the human being disease of rela-
tively small parts of the cortex often leads to a permanent
paralysis. It is evident that all motor and many sensori-psychic
functions may start from deep-lying centres, but the higher we
ascend in the scale of animal life the more is the cortex con-
cerned in cerebral activity, and consciousness plays a more
prominent part. Man has reached a stage in this connection
in which many of the functions cannot be performed without
the participation of the cortex. In mammals all possible degrees
of variation are observed. Thus is explained the fact that irri-
tation of certain tracts of cortex will give rise to muscnlar
action, and yet movements may be exeented after those particular
parts of cortex have been removed. In man the greater part
of the surface of the hemispheres has become indispensable to
the proper performance of such movements.

AT TR TR







LECTURE V.

THE CORTEX OF THE FORE-BRAIN, THE WHITE SUBSTANCE OF THE
HEMISPHERES, THE COMMISSURES, AND THE CORONA RADIATA.

GENTLEMEN : In the previous lecture you were tanght the
appearance of the surface of the brain, the fissures which traverse
it, and the convolutions situated thereon.

To-day’s lecture is intended to give you a more intimate
knowledge of the structure of the cortex, and to place before
you a general view of the connections of the various cortical
regions with one another and with the deeper-lying structures,

We know the elements only which go to make up the
finer structure of the cortex. The actual connections between
these elements are still hidden from us, and therefore, unfortu-
nately, we are deprived of the very essentials for a correct un-
derstanding of the anatomical substratum of the great organ of
the mind. There is scarcely a doubt but that the cortex, taken
as a whole, may be regarded as the region where most of the
conscious mental processes take place; that in it is the seat of
thought, and that from the cortex all conscious voluntary acts
proceed. The whole hemisphere is covered by the cortex. This,
however, has not the same structure at all points of the con-
vexity, and although we can make out a sort of fundamental
type, vet there is a wide departure from this type in different
parts of the cortex, particularly in those layers which contain
the ganglion-cells and nerve-fibres. One structural type never
passes abruptly into another. Inasmuch as the significance of
these anatomical variations is unknown, let us to-day only con-
sider the cortex of one region,—of the frontal lobe. Here, just
under the pia mater, lies a layer of neuroglia with numerous
glia-cells. It contains a thick net-work (1 in the accompanying

(63)
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eut) of very fine medullated
fibres. Not until we pass this
. layer of neurogha do we meet
o8 1l s : with the real ganglion-cells of
' the cortex. They all have a
more or less clearly defined
: pyramidal shape, and send out

‘i',irul" S apex processes, lateral proc-
1, 1-:;1'|:: il esses, and axis-cylinders. The
' location and appearance of the
A first two are made clear in the
) cut, but it is more difficult to
recognize that process which
becomes an axis-cylinder. Ac-
cording to Golgi there are
everywhere in the cortex cells
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spheres, The deeper we go
into the cortex, the larger do
the pyramidal cells become and
the longer are their apex
processes.  We can divide the
cortex into several layers, ac-
cording to the size of the cells,
Under the glia laver (marked
1) comes the layer of small
cells (2). This passes imper-

Fiii. 37 —=ection throngh the eortex of a frontal convolution, On the right the cut is
taken from a specimen stained Ty Weigert's hematoxylin method ; on the left, from specimens
treated, w:{'nrxlii.ng to Grolgi, withh sublimate, On the fight only the fibres, on the left only the
cells, are to be seen,  The latter were preésent in greater abundance than as shown in the et
Inasmuch as the spaces around the cells are filled in when Golgi's method is used, the latter
appear larger than they really are,

@ennarizscher S0reif, Line of Gennard. Superradiiires Flocltaerk, Super.radial met-work.
Trterradifires Flechtwerk, Inter-radial oet-work. Fangentialfasern, Tangential Gbres.
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ceptibly into the third layer (3), which contains the large corti-
cal pyramids. The next layer (£) consists of smaller and irregu-
larly pyramidal cells. Possibly, however, these may be similar
to those lying more superficially, except that thev have not
reached their full development, for they lie wedged in between
the masses of medullary fibres which pass into the cortex.
These fibres, after reaching the cortex, break up into numerous
fine fibrils, and are gradually lost in finer and more superficial
net-works, or become continuous with the axis-cylinders of the
cells. Aside from these we see vast numbers of other medullated
nerve-fibres in the cortex. Whence they come or whither they
go is still utterly unknown.

Even though the explanation of the ultimate mechanism
of the organ of mind is wanting, still we have of late vears
come nearer to it, chiefly by means of the finer technical methods
in use. As long as we cannot give all these fibres a name cor-
responding to their function, it will be better for the sake of
clearness (for instance, in researches in pathological anatomy)
to give them provisional names. Let us distinguish (1) radiating
medullary fibres, (2) inter-radial net-work consisting mostly of
fibres parallel to the surface, (3) super-radial net-work, and (4)
tangential fibres. Along the boundary between the inter-radial
and super-radial net-works the former becomes markedly thick-
ened. This layer, everywhere visible as a white line, is so
strongly marked in the vicinity of the cunens as to be easily
recognized. It is called the line of Gennari or, after its later
describers, the line of Baillarger, and, in the vicinity of the
cuneus, the line of Vieq d’Azyr. In the occipital lobe this line
lies deep in the third layer, nearer the fourth than is shown in
Fig. 37, which represents the frontal lobe.

As was previously stated, the cortex has not the same strue-
ture at all points of the surface. Besides the peculiarities im-
parted to it in the vicinity of the calcarine fissure by the line of
Gennari, the cortex of the gyrus hippocampi presents a character-

istic appearance on account of the involution in the region of the
5



G LECTURES ON THE CENTRAL NERVOUS SYSTEM.

cornu ammonis and the intercalation of the atrophic cortical
bundle of the gyrus dentatus.

The pyramidal cells of the cornu ammonis are not directly
continuons with those of the gyrus dentatus, as might be

Fra. 38

Bection throngh the base of the brain and the subjacent gyrus hippocampi. The
choroid plexns is drawn somewhat simpler than it really is in the adoalt, Notice how it
separates the ventricle from the 1:_1.:1.\'1[_',.' of the skull,

Oherdiichlickes Mark, Superficlal medullaey matter,

expected from the diagram, Fig. 34. They end rather by being
massed irregularly together (at a in Fig. 38), and this irreg-
ular mass is surrounded by the regularly placed cells in the
curve of the gyrus dentatus. These and the other layers which
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arise from the involution have, unfortunately, received special
names. As we, however, know what portions of the general
cortex are represented by the different structures of the cornn
ammonis, it is better to regard the latter genetically and not dis-
turb our comprehension of its arrangement by using the old
names. Let us follow the cortex from below*npward in the ac-
companying figure. You see that the superficial layer of medul- -
lary fibres becomes thickened far ventrad of the point where it is
rolled in. Nowlhere else in the brain so well as at this point can
it be seen that these fibres, which in great part run in the
longitudinal axis of the brain, originate in the radiating fibres
below. Near the gyrus dentatus a portion of these fibres pass
to a somewhat deeper layer of the cortex, while the rest remain
superficial and become blended with the adjoining analogous
layer of that structure. Here, as everywhere else, the radiating
fibres pass inward from the cortex. In the vicinity of the gyrus
hippocampi, however, so few of these fibres arise that they do
not form a thick medullary deposit underneath the cortex, but
only a thin layer. This thin coating covers the side of the cornu
ammonis which is toward the ventricle, and at the tip of the
fold is gathered up into a medullary bundle, no longer covered
with gray matter. This is the fornix. Into it pass also the few
fibres which spring from the little gyrus dentatus.

The course of many of the cortical fibres differs in the
cornu ammonis from their course in other regions of the cortex.
Inasmuch, however, as the origin and significance of the whole
net-work shown in Fig. 37 is so uncertain, you will not be
specially interested in the analogous structures of the cornu
ammonis. Of the greatest importance was the discovery of
Tuezeck, that in progressive paralysis of the insane the net-work
of fibres in layer 1 is destroyed, and that the fibres in the deeper
layers, down to layer 4, successively disappear.

The nerve-fibres of the cortex receive their medullary in-
vestment at a very late period. This takes place first in the
superior parietal lobe during the ninth feetal month. In the
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first month of post-feetal life a few fibres of the anterior central
convolution receive their medullary sheaths. Later, in the second
to third month, the medullary sheaths are developed in the
cortex of the occipital lobe. It is probable that these conditions
correspond to the time when the individual first begins to retain
memory-pictures in the different regions of the brain; that, for
instance, the cortex of the visual centres is developed as soon as
eonscious visual impressions are received.

In later life still more extensive tracts become nedullary.
After the third year it is impossible to trace this increase for the
reason that the medullated fibres have already become too univer-
sal. Nevertheless, there is a great probability that this additional
development of medullated fibres continues for many years, and
that new nerve-tracts are continually developed as new regions
of the cortex are brought into activity.,

Below the cortex lies the white substance of the hemi-
spheres. The homogeneous white mass which is revealed by a
section through the centrum semiovale is resolved by the micro-
scope into a great number of fibres erossing each other in every
direction, and defying our attempts to differentiate them. lLet
us endeavor to ascertain what is at present known about these
white fibres.

If we make a section through the fresh brain of a newborn
child we shall see that below the cortex there lies almost every-
where a peculiar, glistening, reddish-gray mass, in which at only
one point—underneath the posterior central convolution and its
vicinity—medullary fibres can be found. It is only in the course
of the first months of the post-natal period that other nerve-
tracts become invested with medullary substance. This takes
place first in those bundles of fibres which pass downward from
the cortex, afterward in those which connect the different regions
of the cortex with each other. The latter, the fibree proprie
of the cortex, are especially abundant in the adult brain. They
extend evervwhere, from convolution to convelution, connecting
parts which lie near each other as well as those which are widely
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separated. They connect whole lobes with one another. Appar-
ently these “association-fibres " are developed when two different
regions of the cortex are associated in a common action, or they
are developed into medullary fibres from among the surrounding
mass of indifferent bundles when they are brought into more
continuous use than the latter. ‘The association-fibres lie, in
great part, close under the cortex; some of them also lie partly
in the white substance of the hemispheres. This system of fibres
is, as you see, especially adapted to bring all parts of the brain
into communication with each other. The manifold processes
of association which are indispensable to thought, motion, and
sensation possibly have their anatomical substratum in these
elements of the brain. It is not
improbable that these fibres play
an important part in generalizing
the movements of epileptic seizures.

It is possible, in animals, to
produce contractions of the asso-
cinted museles by irritating certain
regions of the cortex, and, by in-

- o0l Y T . " Fra., 49,
creasing the irritation, to produce e e N T
convulsions of the whole affected cortex,

side. The order of these convulsions corresponds to the ar-
rangement of the affected centres in the cortex. As this irri-
tation extends it never skips a neighboring motor centre.
The convulsions, when they have affected one-half of the body,
pass over to the other half (under certain conditions, intensity
of the nritation, disposition of the animal experimented on,
ete.). Removal of single motor centres from the cortex causes
the muscles directly controlled by them to be omitted from the
general convulsive seizure. It is not necessary that the point
of cortex so irritated should belong to the motor region. The
convulsions thus brought about show the greatest analogy to
a partial or general epileptic attack in human beings. Since
the writings of Hughlings-Jackson, we are acquainted with forms
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of epilepsy which begin with contractions or convulsions in one
limb and spread to other members, or over the whole body; in
the latter instance presenting a typical picture of an epileptie
seizare,  Consclousness does not always disappear so long as
the attack remains partial. After the attack there sometimes
remain paralyses, which are generally confined to the regions
first attacked. This partial or cortical epilepsy cannot be differ-
entiated from the classical epilepsy. The latter is apparently

TN
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b, 40,
Dingrammatic representation of a part of the assoviation filbres of one hemisphere,

only a form in which the initial symptoms succeed each other
with greater rapidity.

It 1s, however, not necessary that an irritation should spread
from a given point over the rest of the brain by way of the fibra
proprie. There are many other ways offered by which this
might be accomplished. For instance, through the fine net-
work of nerve-fibres on the surface of the brain; then. too, the
whole cortex may be influenced by fluctuation in the blood-
pressure, and many other ways might be thought of.

It is not very difficult to trace the course of the fibre pro-
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prie between two neighboring regions of the cortex by teasing.
The representation of the connections existing between more
widely separated regions is much more difficult, and the figures
must be at least partly diagrammatic, not representing the actual
course of fibres. A few bundles only can be easily discerned.
Such are the fascieulus uncinatus, the fascienlus arcuatus, the
fasciculus longitudinalis inferior, the cingulum, and a few more.
You may see the course of these bundles in the accompanying
diagram. Among these larger association-bundles there are few
that contain very long fibres. They consist rather of numercus
shorter fibres, which run in the same direction, each covering a
certain part of the whole dis-
tance to be traveled. These fibres,
which connect the different parts
of one hemisphere with each
other, ave mixed with fibres which
connect the corresponding por-
tions of the two opposite hemi-
spheres.  These latter fibres run
almost exclusively in the corpus
callosum and the anterior com-
missure, thus passing transversely

through both hemispheres, from Ilmﬁt}:ﬁziﬁg"'.'fr'l.:’.I':i31?5“1f.].‘_ip._!:'.’r';f;.'_l’iffi:

£ anterior commissure,

one to the other.

Inasmuch as you are probably acquainted with the general
macroscopic appearance of the corpus callosum, at least that
portion of it which is distinet from other parts of the brain, I
shall have only a few words to say concerning the accompanying
Fig. 41.

You must keep in mind that, just as you see the fibres
passing from side to side in this section, which is made about
transversely through the chiasm, so they are to be seen in the
whole region of the brain over the lateral ventricles. Fibres
also pass into the corpus callosum from the anterior and pos-
terior regions. The course of the fibres of the corpus callosum,

Fra. 4l.
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which can be plainly seen on the median surface of the brain,
is shown in Fig. 42, with the help of which you will easily be
able to form a general idea of the distribution of the fibres of
this body. Only the fasciculus, called the tapetum, does not
belong to the corpus callosum, as was formerly thought. It is
present in cases where the corpus callosum is wanting (Kauf-
mann, Onufrowies). In those cases it is apparent that it is the
candal radiation of the fasciculus arcuatus,

Near the floor of the third ventricle a second mass of fibres
passes transversely across in front of the anterior ventricular wall
and the crura of the fornix. 'This is the anterior commissure.
It cannot be traced on a cross-section, as is shown in the partly
diagrammatic Fig. 41. Its fibres are much more curved, inas-
much as they pass arch-like through the corpus callosum on each
side, curving downward and backward, and are lost in the
white substance of the temporal lobe. In Fig. 46 this arch has
been cut through, on both sides, external to and below the nu-
cleus lentiformis. A part of the anterior commissure, which is
ouly slightly developed in human beings, but strongly developed
in lower animals, connects the two points of origin of the olfac-
tory nerves (olfactory-lobe division of the anterior commissure).
It is the little bundle which passes downward into the gray
matter in Fig. 41.

From every part of the cerebral cortex numerous fibres
arise, which connect the cortex with the deeper-lying portions
of the central nervous system. Very many pass into the thala-
mus, others may be fraced to the gray masses of the mid-brain
and to the nerve-nuclei of the pons, in which they seem to ter-
minate. A number pass farther back through the capsule, the
crus cerebri, the pons, and the medulla oblongata to the spinal
cord, where they enter the gray matter at different levels.

Taken together, these fibres which pass downward from
the cortex are called the corona radiata. You will form no bad
idea of these if you can imagine the thalamus placed free under
the overarching dome of the cortex, and then assume that fibres
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pass from every part of the latter to terminate in the former.
Bundles of fibres pass to it from the temporal and occipital, the
frontal and parietal lobes. Perhaps, also, bundles from the
cortex at the entrance to the fossa of Sylvius and from the cornu

0 Ccl4 #
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Fra. 42.

Posterior portion of right hemigphere, internal surface. HE, teasing out with forceps
the fibres of the posterior extremity of the eorpns callosum (spleninm Cel*) is shown.
The round mass under the corpus collosum is the thalamus opticus, The,  From the wall
of the surrounding ventricle the tapetum, Tap, passes to the corpus callosum. In the
cut, too, is shown a portion of the [asciculus longitudinalis inferor, FTi.  Beneath the
thalamus is the crusta, K. The other letters refer to parts which will be explained in the
text later on.  Rdf, Vieg d'Azyr's bundle ; Raf, fornix ; Coa, corpus eandicans ; LI,
optic nerve.  The bundle of fibres ealled the forceps, Fep, belongs to the radiation of the
corpus callosum. (After Henle, )

ammonis (runuing their course in the fornix). A part of the
bundles of the corona radiata, however, do not go to the thala-

mus, but pass in front to the outside and back of it, to termina-
tions which lie deeper.
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The corona radiata, therefore, consists of fibres which pass
to the thalamus, and of fibres which pass to deeper regions.

Fibres pass to the thalamus from almost all the surface of
the cortex, and not in a few bundles merely, as is shown in the
following diagram. They unite near the thalamus to form thick
strands, which are called the pedicles (stilus) of the thalamus.

Among fibres passing farther caudad ave:—

1. Fibres from the cortex of the central convolutions and the
paracentral lobule; that is, from the motor region of the brain to
the nuclei of the motor nerves in the brain and the spinal cord
(pyramidal tract).

2. The speech-tract,
to the nuclei of the
nerves in the oblongata
which have to do with
speech. Its origin in the
cortex of the third frontal
convolution, its course
through the white sub-
stance to the outside of
the tail of the nucleus

FiG. 43

Diagram of the fibres of the corona radiata, espe- Caudatus, and its termi-
cially the coronal flbres to the thalamus, w8, inferior

pedicle. s nation in the nuclei
. wel, E.

above mentioned, have
all been inferred from carefully-observed clinical cases, verified
by autopsies. It has not yet been actually demonstrated by
dissection. The speech-tract in passing over the anterior portion
of the nucleus lentiformis lies very near the central hypoglossal
tract.

3. Bundles from the cortex of the frontal lobe to the pons
or, rather, to its ganglion-cells (anterior cortical tract to the pons).
They pass, in all probability, from the pons into the cerebellum.

4. Bundles from the cortex of the occipital and temporal
lobes, also ending, apparently, in the ganglion-cells of the pons
(posterior cortical tract to the pons).
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5. Bundles run from the cortex of the superior parietal

lobe (and the posterior central convolution?) and perhaps, also.
from more posterior cortical regions, to the internal capsule,and
in part pass under the thalamus to the spinal cord, and partly
enter the lenticular nuclens. They pass through both inner
divisions of the latter, and become united near the base of the
brain to form a thick strand, whose course we shall have oceasion
to study later on (tegmental radiation). These latter are the
“first cerebral fibres to receive their investment of medullary
sheaths. They alone at the eighth to ninth fetal month may
be recognized as a thin, white bundle in the internal capsule,
which latter, at this period, appears gray.

6. Fibres pass from the occipital lobe to the points of origin
of the optic nerve. They connect the real optic nuclens with
the cortex. In Fig. 44 this optic radiation is shown in a hori-
zontal section of the brain of a nine-week-old child.

Its destruction in human beings leads to disturbances of
vision, which will be deseribed later on.  In animals it does not
appear to be so important, for in them the occipital cortex ecan
be destroyed on both sides without producing blindness. The
actual centres for the sense of sight lie deeper; sight continues
if only they are preserved intact, but it is diminished to a certain
extent if the connection between these lower centres and the
cortex is destroyed. This connection, which evidently subserves
some psychic process, is most important in human beings; it is
apparently less so in the other mammals.  In the lower animals,
fishes, for instance, it is altogether wanting. These latter sce,
at least in the case of teleostians, without anything more than a
thin, epithelial vesicle in place of a cerebrum.

Doubtless there are a great number of other systems in the
corona radiata. Observations bearing on this point must be
undertaken on the brains of very young children. The fibres
receive their medullary investment at different periods, and, so
far as we know, the whole corona radiata is medullary at the
end of the second year.
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On their passage downward, the fibres of the corona radiata
entersinto important relations with the corpus striatum and the
optie thalamus.

They naturally converge, and so reach the space outside
the thalamus. The fibres from the anterior portion of the brain
must, in order to reach this point, pass through the corpus

Fra. 44.
Horizontal gection through the brain, trending downward on each side,
Balen, Corpug callosam. Opifiena Steakiing, Opthe radistion.

striatum.  This is made clear in the accompanying horizontal
section throngh the cerebrum.

This section is made about a finger’s breadth lower down
than the one shown in Fig. 19. You must understand that the
two hemispheres have been partly removed, and that their coronal
fibres pass from above downward through the knee-shaped white
line of the inner capsule. That portion of the, capsule which
comes from the frontal and occipital lobes lies partly in the plane
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of this section. A few words now in explanation of this
figure.

You will at once recognize the frontal, occipital, and tem-
poral lobes. The latter is placed over the island of Reil and in
part covers it. As in Fig. 19, you see, in front, the transversely
divided corpus callosum, the septum pellucidum adjoining, and.
at the posterior termination of’ the latter, the ascending pillars
of the fornix.

Anterior and external to the septum’ is the head of the
nucleus caudatus, which, in this section, has been cut into. Its
tail, which, in Fig. 19, passes along the side of the thalamus,

Fra, 45
Nucleus candatus dissected out along its whole length,  (Diagrammatic. )
Ammonsharn, Cornn ammoenis. Teiechlapyeen, Olfactary lobe. Frafeike!, Ventricle

can no longer be seen. It lies in the part of the brain which
has been removed. A small portion of it only is left, pos-
teriorly and exteriorly, near the cornu ammonis. The above
cut, which represents a nuclens candatus dissected out. shows
how this condition is brought about.

The tail of the nucleus candatus is bent in a curve around
the whole brain-axis, and can be traced almost to the apex of
the inferior horn of the lateral ventricle. The whole nucleus,
therefore, must appear twice on any deep horizontal section of
the brain, as is shown by the line @ to &, in Fig. 45.

Outside the head of the nuclens candatus we see some
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thick masses of white fibres. They come from the frontal lobe,
and contain the corresponding portions of the coronal fibres to
the thalamus (thalamic radiations) and the anterior cortical tract
to the pons. - These fibres must, as you see in the cut, in order
to reach the thalamus and the pons. pass through the interposed
corpus striatum. The part which remains lying nearer the

Conlrum semive
.fﬂu‘:hg-r.}’

Fra. 46.
Frontal =ection throongh the fore-brain just back of the ascending pillars of the fornix.

Balken, Corpus eallesum. Marklager, White sulsiance.

median line is the nucleus candatus; the external part is the
nucleus lenticularis.  The two are not absolutely and totally
divided by these frontal-lobe fibres; on the contrary, numerons
connecting fibrps pass between them. The above-named thala-
mic radiations, the anterior cortical tract to the pons, the bun-
dles passing between the head of the nucleus caudatus and the
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lenticular nueleus, and, lastly, fibres from the nucleus candatus
to the inner divisions of the lenticular nucleus, all go to make
up the internal capsule,—the white mass of fibres shown in the
horizontal section.

Fig. 46 is intended to complete the picture of those parts
oiven in the horizontal section. It strikes the ganglia of the
corpus striatum far forward, and clearly shows the manner of
their separation by the interposed fibres of the internal eapsule.

The form and sitnation of the nuclens caudatus will now
be clear to voun, but it will be more difficult to form an idea of
the peculiar wedge-shaped figure of the lenticular nuclens. A
study of the horizontal and of the vertical sections shown in
Fig. 46 will materially aad you. This ganglion is intimately
associated internally with two somewhat lighter, gravish gan-
clionic masses, which are closely eonnected to it by nerve-fibres,
We speak ordinarily of the three divisions of the lenticular
nucleus, whereas it is probable that only one—the broad, dark,
outer portion (the putamen)—is morphologically analogous to
the nucleus caudatus. The latter, as above stated, sends its
fibres through the anterior branch of the internal capsule to the
two inner divisions of the lenticular nucleus, and, perhaps,
through them and farther caudad. The fibres of the putamen
run an exactly similar course.*

In all vertebrates, from fishes up to birds, a thick bundle
of fibres can be seen, arising in the corpus striatum and ending
partly in a thalamic nucleus and partly passing farther back.
It can only be found with diffieulty in human beings, because
too many bundles from the cortex are united with it. Still, I
have recognized this basal fore-brain bundle in early embryos,
and it is apparently these fibres which Wernicke and Flechsig
have described as springing from the corpus striatum. The
latter, indeed, recngnizr_-d their connection with the thalamus.

* The fibres arizing in the ganglia of the corpus striatum reccive thedr medallary sheaths
at a much later period than the tegmental radiation which passes through the inner divisions

of the nuclens lentiformis, Hence, we have suceceded in distinguishing these two zets of fibres,
which are closely intermingled in the adult.
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External to the corpus striatum lies the cortex of the island
of Reil. In the narrow band of white substance which lies be-
tween the ganglion and the cortex—that is to say, in the exter-
nal capsule—is placed an elongated collection of ganglion-cells,
—the claustrum,—which is anatomicaliy somewhat different
from the neighboring cortex.

Candad of the nucleus caudatus the horizontal section
(Fig. 44) passes through the thalamus,—-the inter-brain. In
front of this the pillars of the fornix ascend from below ; the

e L e T R

Fra. 47,

Diagram of the internal capsule. The situation of most of the tracts of fibres which
compose it is indicated by the nnmes.

Exlremiliifen mot, Bakn, Motor tract ta the extremities.

Feraern aud Nueleiis -rumlu.run Fibres from maelens oandntas.

Fersern aus N lenfifurmis, Fibres from nuslens lentiformis,

Frontale RBricbeaferhn, Anlarior cortienl traet to the pons.

hpliranfasern, Qplic Gbres. Kemsoriseke Fasera, Sansory fibres
Kraphbkranr zum Thalamaz, Coronal fiires to the thalamns.

Temporoecipitele Brlickerbahn, Posterior cortical tract to the pons,

commissura media, a thin band of gray matter, extends from
one thalamus to the other. Fxternal to the thalamus passes the
posterior branch of the internal capsule. The point where the
two branches meet is called the knee (genu). TImpress this
peculiar angular form of the inner capsule well upon your
memory. The relation of the different coronal bundles to the
two angles is particularly important and very nearly constant.
In the posterior branch, not far from the knee, lie the fibres
from the motor zone to the extremities (pyramidal tract); just
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in front of them are situated bundles which conneet with the
nuclei of the facialis and hypoglossus, and have their origin in
the lower portion of the anterior central convolution.

Behind the pyramidal tract, near the last third of the pos-
terior branch, or, perhaps, somewhat more _m]tm'im']}', we meet
with the bundles known as the tegmental radiation, and back
of and adjoining them the tract from the occipital lobe to the
origin of the optic nerve. Judging from clinical facts there
must be in this region fibres passing from the temporal lobes to
the auditory nuclei, and others, also, which are related in some
way to the sense of smell. Thus, in the terminal third of the
posterior branch of the internal capsule there is a confluence
of all the sensory fibres and of the fibres to the nerves of special
sense. Besides these. moreover, we here find coronal fibres to
the thalamus from the cortex of the temporal and oceipital lobes,
and the occipito-temporal tract to the pons. The preceding
figure gives a diagrammatic view of the separate bundles which
compose the internal capsule. -

Numerous investirsators have turned their attention to the llislﬂlu;.:j' of the
cortex and to the conditions of ils finer structure. However great the labor ex-
pended in this field, by just 20 much does the difficulty of the problem appear to
increase. Newer and more complicated conditions are continually being dis-
covered. Baillarger, Bevan Lewis, Clarke, Gerlach, Meynert, Golgi, Bellonei,
and many others have attempted to throw li;;1l1- upon the most important points,
The cortex of the cornu ammonis in particular has been investigated by Kolliker,
Henle, and Duval. Many facts concerning the course of fibres in the white
substance of the hemispheres were discovered by F. Arnold, Reil, and Burdach
by the teasing method ; while the microscopic investigations of Meynert, and
more particularly the embryological studies of Flechsig, and the numerous ex-
perimental works of Gudden, Lowenthal, Monakow, and many others have
materially advanced our knowledge in this respect. We must not undervalue
the advantages which have acerued to this portion of brain anatomy from
pathological investigations. Such investigations have been instituted Ly Wer-
nicke, Charcot, Fére, Pitres, Friecdmann, Sioli, Monakow, Richier, and others.

All the masses of fibres emerge from the cortex and con-
verge toward the region external to the thalamus. A portion
of them enter the thalamus (corona radiata of the thalamus);
another portion, and that the larger, pass under the thalamus

to terminate in ganglia there situated, or to run still farther
L]
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caudad to the spial cord.  Any foci of disease, therefore, which
are situated in the centrum semiovale must involve some of the
coronal fibres. They, however, do not always give rise to
symptoms which would lead us to suspeet a break in the con-
ductivity from cortex to periphery. This may be becanse the
coarser and more striking lesion-symptoms, the only ones which
can be detected by our present means of diagnosis, require for
their development the destruction of the whole tract involved.
Apparently a small remmnant of a tract suffices to conduet
voluntary impulses from the cortex to deeper-lying points, and
to convey sensory impressions from the periphery to the cortex.

Lesions, in particular, which do not lie in the white sub-
stance under the central convolutions—that is to say, lesions
which involve the tract from the cortex to the pons and the
tegmental radiation—often give rise to no symptoms. On the
other hand, lesions-which involve the pyramidal tracts produce
paralyses of the opposite half of the body. Disease of the
white substance under the cortex of the inferior frontal convo-
lution often leads to aphasia. In addition to these there are a
number of conditions known which make it very probable that
an interruption of the tegmental radiation may bring about a
loss of sensibility in one-hall of the body.

It is pretty well established that diseases which involve the
region just back of the knee of the internal capsule, diseases, at
least, which render the fibres incapable of conveving nervous
impulses, suspend the motility of the entire opposite half of the
body, and that lesions situated in the terminal two-thirds of the
posterior branch may destroy the sensation of the opposite side
of the body, or at least very much diminish it.  In most cases the
sense of sight also suffers, and occasionally the sense of hearing.
The injury to the sense of sight takes the form of hemiopia.

If you bear in mind that, as has been repeatedly stated, all
the fibres converge radially from the cortex to the capsule, vou
will easily understand that a small lesion in the capsule may
give rise to the'same symptoms which would be produced by a
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larger one in the centrum semiovale, or by a still more extensive
one in the cortex. In the capsule the fibres are crowded closely
together, which, higher up, are spread over a greater surface.
For example, a great extent of cortex (both central convolutions
and the adjoining portions of the frontal and parietal convolu-
tions) would have to be destroyed in order to produce a complete
opposite hemiplegia. The same effect might be caused by a
smaller lesion in the centrum semiovale under the central con-
-volutions, whereas the symptom-complex in question could be
produced by a very small lesion in the posterior branch of the
inner capsule. In cases of hemiplegia, therefore, we at once

—entrum
semiovale.

—Capanla
interna.

Crus cerebri.

suspect that the disease is located in the neighborhood of or in
the internal capsule, unless additional symptoms point directly to
some other region of the brain. Hemiplegias from disease
of the cortex are very rare. Hemiplegias arising from diseased
foci in the deeper-lying portions of the central nervous system
are still rarer, and are generally associated with cranial-nerve
symptoms, which indicate the seat of the lesion.

On the other hand, both anatomical considerations and
clinical experience teach wus that cerebral diseases which affect
single members of the body (one hand, for instance) very seldom
have their seat in the capsule, because the fibres there are so
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closely crowded together that a focus of disease could scarcely
involve individual fibres without affecting others. Disease of
the cortex, however, not infrequently causes monoplegias and
monospasms. In this portion of the brain a relatively large
area may be involved without impinging on an adjoining centre.
The accompanying diagram will effectually impress these state-
ments upon your mind. It shows why monoplegias most
frequently have a cortical origin, whereas hemiplegias generally
result from disease of the deeper-lying portions of the brain.
We see at a glance that a lesion of a given extent, sifuated in
the cortex, may easily affect only one centre, whereas the same
focus, more deeply situated, might affect the radiating fibres of
many centres.

We have not yet learned what symptoms would arise from
involvement of the association-fibres alone, hecause these fibres
are so closely blended with those of the corona radiata. DPos-
sibly certain forms of disturbance in speaking, reading, and
hearing belong in this category. We know, too, very little con-
cerning the symptoms arising from destruction of the corpus
callosum. It appears that this may, under certain circumstances,
be entirely destroyed without giving rise to disturbances of
motility, of co-ordination, of sensibility, of the reflexes, or of
the special senses, and without any material disturbance of the
intellect. One case of disease of the corpus callosum has been
observed accompanied by an uncertain gait, but without vertigo
or ataxia,




LECTURE VL

THE CORONA RADIATA, THE CORPUS STRIATUM, THE THALAMUS, AND
THE SUBTHALAMIC REGION. THE STRUCTURES AT THE
BASE OF THE BRAIN.

GENTLEMEN : As you saw in the last lecture, a great part of
the coronal fibres terminate in the inter-brain, in the optic thala-
mus. The rest pass farther caudad and ventrad in the capsule.
Thus they reach the region back of the thalamus and for the
most part lie free on the under surface of the brain. This thick
bundle of white fibres emerging from the base of the brain is
called the foot of the crus cerebri, pes pedunculi, or erusta.

As you see in the accompanying frontal section, this free
portion of the capsule, whose fibres curve backward in the crus
cerebri, lies ventra® of the thalamus. Into this, the pes pedun-
culi or crusta, pass the fibres of the frontal tract to the pons,
of the temporal tract to the pons, and of the pyramidal tract.
The coronal optic fibres and the tegmental radiation do not
enter the erusta.  Farther back under the corpora quadrigemina,
Just over the crusta, in the same relative position here occupied
by the thalamus, lie the fibres which spring from the thalamus
and other regions of the brain, and the fibres of the tegmental
radiation. At this point the mass of fibres from the fore-, inter-,
and mid- brains are divided into a ventral portion (the pes or
crusta) and a dorsal portion (the tegmentum). First let us turn
our attention to the erusta. The accompanying cut (Fig. 50) is
an endeavor to show you the transition of the internal capsule
into the pes by a diagrammatic horizontal section. The thalamus
is represented as transparent. Posteriorly the section trends
sharply downward; otherwise it would not show the crusta,
which is situated at the base of the brain. .

(85)
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In the diagram yon see a tract descending from the ganglia
of the corpus striatum. It lies above the tracts from the cortex.
In all probability this terminates in the pons.

The relations borne by the fibres from the ganglia of the

Fia. 40,

Frontal saction through the fore. and inter- brains at that point where the fibres of the
internal eapsule beeome the crusta,

Balken, Corpus enllosam. Hirnschenkel, Podune. corahri. Unierhorn, Inf, horn.

corpus striatum to those from the cortex are in many respects still
unknown. The following are the most important points which
have been definitely settled. The nucleus lentiformis consists
of an outer division (the putamen) and two or more inner
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divisions (the globus pallidus). From the putamen and from the
nucleus caudatus fibres arise which pass through both the inner
divisions and emerge from the base and apex of the nucleus
lentiformis.  You will remember from the second lecture that
the nucleus caudatus and the putamen are genetically related to

ERE R

Fia, 50

Diagram of the course of fibres from the internal capsule into the erusta.  (Modifled
from Wernicke. )

Hirnechenke!, Pedune. cerebri. Sirnlappoen, Frontal lobe.

Hind Srleakel o, Capsel, Post. brameh of Vorderer Sebhenicel o, Capsel, Anterior branch
capsals, of eapenle,

Fyramide, eie., Fyramids, ete. Hur Hriicke, To the pors.

the cortex. Now you see that they also give off fibres just as
does the latter.

Besides these fibres, others pass from the cortex to the len-
ticular nucleus. They are fibres from the tegmental radiation.
These emerge from the internal capsule along the whole inner
border (sece Fig. 51) and pass into the two inner divisions.
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traverse them, just as do the fibres from the nucleus caudatus
and the putamen, and again, like the latter, they are gathered up
into a thick bundle below the nucleus lentiformis, in which situ-
ation they are called the ansa lenticularis. Most of the fibres
of the ansa lenticularis, after passing through the capsule, extend
to the region below the thalamus, called the regio subthalamica.
The accompanying cut represents a section throngh the brain
of an eight months’ feetus, and shows the relations of the teg-

Fra. 5.

Frontal section through the brain of a fotas of abont 32 weeks, All the moedullary
fibres stained Dlack by hanmatoxyling, The tegmental radintion (above), erosa lentiou-
laris (below), and antevior commissure (below and externally) are medallary. There
arg as yet no maédullary fibres in the patamen or nocleus candatus,

mental tract to the nucleus lentiformis. At this period of devel-
opment there are, with the exception of those shown in Fig. 51,
no medullary fibres in the brain. The fibres which arise in the
putamen and the nucleus caudatus have not yet appeared. It
was only possible to gain an insight into the relations between
the nucleuns lentiformis and the tegmental radiation by studying
the feetal brain.

In this figure the bundle which passes directly from the
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tegmental tract to regions farther back (dorsad of the gray mass
marked “ corpus subthal.”) is not visible because it does not fall
within the plane of this section. Compare the line in Fig. 52,
marked “to the fillet,” which represents the course of this
bundle. Compare also Fig. 54.

You have now, gentlemen, learned the origin and the first
part of the course of a good share of those fibres which go to
make up the fore-brain. Let us now turn our attention to the
region where a majority of the cerebral medullary tracts
terminate,

Back of the hemispheres comes the inter-brain. From
each of its lateral walls have developed the optic thalami. These
consist of several gray nuclei, which are not sharply divided from
one another. Some white medullary fibres, the stratum zonale,
pass over the thalamus. A part of these can be traced in a
direction toward the base of the brain in the optic nerve, while
another part seems to originate from the eaudal portion of the
internal capsule, perhaps from the optic radiation.  All of them
pass deeply into the thalamus and are massed together between
its ganglia, which they apparently separate from one another.
Microscopic examination shows that they enter into the fine net-
work of nerve-fibres which penetrates these ganglia. We can
distinguish in every thalamus a median (internal) nucleus which
projects into the ventricle, becomes thickened posteriorly, and
forms the pulvinar, a lateral or external nuclens, and between
the two an anterior nucleus. The lateral nucleus is the largest,
while the anterior nucleus may be compared to a wedge driven
in between the other two with its broad end to the front. This
anterior, thickened end, which is visible as an elevation of the
surface of the thalamus, we have already met with under the
name of tuberculum anterius. On the median border of the
internal nucleus lies the ganglion habenulze, which has been
mentioned before. In the posterior portion of the thalamus
below and external to the pulvinar lies a ganglion of a peculiar
grayish appearance,—the corpus geniculatum laterale; it projects
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far into the substance of the thalamus and gives off a great
many roots to the optic tract.

Externally, the thalamus borders on the internal capsule
(Fig. 52). Numerous bundles pass from the latter into the

FiG. 52

Frontal section through the brain in front of the section shown in Fig. 49, just behind
the chiazm., [(Diagrammatic.)

Centr, Hifklengraw, Central (ventricnlar) gray  Stabkrans sum Tholames, Coronal traet to the
matter. thalamus.

Gitterackichi, Latticed layer. [Faterer  Tholamus Stichi, Inf pedicls of
Mewhernfaseruny, Fibrea i the topnentsm, thalamus.
Lina. K. Sehlinge, Ansa lenticularis. Fur Behicife, To the fillet.

former. They come from different directions, and cross each
other on entering the thalamus. In this net-work of decus-
sating fibres are found small aggregations of gray matter. The
outer zone of these crossed fibres is called the latticed layer.

¥
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From the fact that the majority of the medullary fibres pass into
the external nucleus, this body has a somewhat lighfer appearance
than the other nuclei of the thalamus,

The inner surface of the thalamus is separated from the
ventricle by an evenly distributed laver of gray matter. This
is called the central gray matter of the middle (third) ventricle.
In the median line of the brain the eentral gray matter forms
the floor of the ventricle. Between the two thalami lies the
- middle commissure. In human beings it consists of only a few
nerve-fibres passing across in the midst of a large mass of cen-
tral gray matter. In the lower animals it contains a relatively
larger number of medullary fibres, arising in the central gray
matter of the ventricles, in which they run parallel to the long
axis of the brain.

In the following highly diagrammatic figure we may see the
relations of the thalamus to the base of the brain, to the central
gray matter, to the internal capsule, and to the nucleus lenti-
formis,

Let us study in this figure a subject which hitherto has only
been touched upon. I refer to the region internal to the len-
ticular nuclens and ventrad of the thalamus. Here are to be:
seen several bundles of fibres running parallel with each other,
which in part cross the internal capsule at an angle and in part
pass over it. The upper of these bundles belongs to the system
of fibres of the lenticular nucleus; it is the previously-described
ansa lenticularis. The lower bundles are coronal fibres to the
thalamus, which, coming from the occipital and temporal lobes,
are called the inferior pedicle of the thalamus (u.s., Fig. 43).
Taken together the mass of fibres shown in Fig. 52, ventrad of
the lenticular nucleus, 1s called the substantia innominata. Just
back of the substantia innominata the fibres of the capsule,
which go to make up the crusta, emerge free on the base of the
brain. The substantia innominata, therefore, bounds the pedun-
culus cerebri anteriorly. It is laid like a loop over it, and is on
that account called the ansa peduncularis.
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Back of and underncath the thalamus there lie alongside
it a number of small nuclei whose functions and significance are
almost wholly unknown. Their anatomical relations are as yet
in great measure unexplored. On the base of the brain, just
back of the plane of the section in Fig. 52, where the central
gray matter forms the floor of the ventricle, there lies, on each
side under the thalamus, a small, white tubercle,—the corpus
mamillare or corpus candicans. In Fig. 49 it falls just in the
plane of the section. The mammillary body may be regarded as
the boundary-point between the fore- and inter- brains, for from

Fia, 5.

Frontal section through the thalamus and the corpus mamillare to show a portion of the
tibres eriginating in this region. (Diagrammatic.)

Hindearm, Anterior cerebollar poduncle. Hraubenhiindel, Fascionlus to tegmentam,

it appear to emerge, partly crossed and partly direct, those
bundles to the fornix which follow along the free border of the
hemisphere, and whose further course is shown in Fig. 30.

The corpus candicans consists, according to the researches
of Gudden, of three nuclei. The most lateral sends a pedicle
(pedunculus corporis mamillaris) far back into the medulla
oblongata. From the more caudad of the two median nuclei
arises a thick bundle, which passes up into the thalamus and is
lost in the tubereulum anterins, One portion of its course is

shown in Fig. 49. It was formerly thought that it arose in the

o T N
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thalamus, bent around in the corpus candicans, and passed into
the fornix. The investigations of Gudden, however, have dis-
proved this; therefore, its old name, fornix descendens, is not
justified, and it is now called, after its discoverer, the bundle of
Vicq d’Azyr.*  Arising from the more anterior of the nuclei,
a little strand of fibres ascends toward the thalamus alongside
the last-described bundle, but soon changes its course and
passes backward, curving caudad until it reaches the tegmentum
back of the region of the corpora quadrigemina, where it
can be traced imto ganglia that lie under the aqueduet of
Sylvius. This is called the tegmental bundle of the mammillary
body.

If you will examine Fig. 46 or 49 youn will see that the
thalamus lies directly upon the internal capsule. Farther back
this condition of things ceases. Here several small, gray, gan-
glionic masses are interposed between the capsule and the
thalamus. Into these ganglia numerous bundles of fibres radiate
from the nucleus lentiformis, the capsule, and the thalamus
itself. The posterior basal inter-brain region where this occurs
is called the regio subthalamica. The regio subthalamica was
first accurately known through the researches of Luys and
Forel, and later by the works of Flechsig and Wernicke. We
are, however, still far from a comprehension of the complicated
conditions which are presented to us in this little space, where
fibres of such widely different origin meet, interloop, and cross
each other, and where gray masses lie which are themselves in
part permeated by a fine-meshed net-work of crossing and inter-
mingling medullary fibres. .

Fig. 54 shows a few details of a section through this
region. Below the thalamus is a rounded ganglion,—the nucleus
ruber, the red nucleus of the tegmentum. External to it lies
the lenticular-shaped corpus subthalamicum (body of Luys).
You recollect the bundle of coronal fibres which we called the

* Compare Fig. 42, where by dissection a perceptible loop is brought into view bLetween
the two portions of the fornix in the corpus candicans.
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tegmental radiation. Its fibres pass out of the internal capsule,
and, to a great extent, lie outside of and above the red nucleus,
surrounding about a third of that ganglion like a capsule; pass-
ing back of the red nucleus they form a tract of fibres which
we shall learn to know as the lemniscus, laqueus, or fillet. In
Fig. 52 the course of these fibres is shown in diagram. At the

Fra, 5.

Subthalamie region of a d-week-old ehild, Frontal seetion, Compare Fig, 51, where
only the tegmental tract is clearly visible. 2

tip of the lenticular nucleus the fibres from its different divisions
and from the ansa lenticularis unite to form a thick bundle.
This passes through the capsule (Fig. 52) in numerous fasciculi
and enters into a net-work which ufuscl}' surrounds the corpus
subthalamicum. From this net-work most of these fibres pass
into the ganglion itself; a few, however (but of this I am not
firmly convinced), pass directly from the nucleus lentiformis to
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the tract called the fillet without entering into any relation with
the interior of the corpus subthalamicum.

Fibres from the optic thalamus run to the red nucleus.
Posterior to the accompanying figure the latter becomes much
larger, so that it occupies a greater area in cross-section (Fig. 59).
Posterior to and below the corpus subthalamicum, just over the
fibres of the internal capsule, which at this point are beginning
to form the pes pedunculi, there is situated an aggregation of
gray, pigmented cells (the substantia nigra), just at the point
where the corpus subthalamicum is represented in Fig. 54.
From the subthalamic region downward to the termination of
the mid-brain this dark, ashen-gray ganglion is always demon-
strable just over the crusta,

The fibyes passing backward from the fore- and inter- brains
are divided by the substantia nigra into two portions, corre-
sponding to their physiological significance,—the crusta and the
tegmentum. The former we have already considered at the
beginning of this lecture, and we shall often have occasion to
refer to it; the latter contains, in the posterior thalamic region,
which we are now considering, the pulvinar, the nucleus ruber,
the corpus subthalamicum, the fibres from the lenticular nucleus
and that part of the tegmental radiation which has not united
with the fibres of the lenticular nucleus.

We are now to consider the structures which appear in a
transverse section made at a point in Fig. 55 indicated by the
line a to b.

You see that just back of it the mid-brain—the corpora
quadrigemina—begins. The thalami at this point become sép-
arated and between them the eentral gray matter increases some-
what, and the middle ventricle thereby becomes much more
shallow. .

Behind this point the roof of the brain-vesicles, which, in
the vicinity of the thalamus, consisted only of the epithelial
covering of the choroid plexus, once more becomes distinet.
The ventricle is closed above by a roof composed of nerve-
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substanee, which, from now on, is not lost sight of until we
reach the spinal cord.

In the anterior part of this roof are situated the fibres of
the posterior commissure, and just behind these are the corpora
quadrigemina, The ventricle, which is here contracted to a
narrow passage, extends under this roof, and that portion of it
which traverses the mid-brain has received the name of the
aqueduct of Sylvius. The entrance to the aqueduct lies just
under the posterior commissure. It is entirely surrounded by
the central gray matter. As it passes over the after-brain the
canal again becomes widened, and in this situation is called the
ventriculus quartus, Its floor is formed by the fossa rhom-
boidalis and its roof by the cerebellum.

It will be well for you to study the appearance of the mid-
brain roof, verifying the foregoing statements on the sagittal
section (Iig. 56).

Only a few words concerning the pineal gland, which, with
its two pedicles running along the inner surfaces of the thalami,
forms a part of the roof of the inter-brain. (See Fig. 11.) It
consists mainly of a dense mass of epithelial tubules which have
arisen by proliferation from the primitive fold. The pedicles—
the pedunculi glandule pinealis—convey a few medullary nerve-
fibres. These apparently originate in the ganglion habenulz
and (as may be demonstrated in all the lower vertebrates) in the
thalamus. I must again remind you of what was said in the
second lecture concerning the significance of the pineal gland
in reptiles.  Besides the tubules, the pineal gland contains nu-
merous blood-vessels and the * brain-sand,”—little coneretions
of a laminated structure, which consists mainly of calcareouns
salts and a small amount of organic matter,

Fig. 55 will show you the situation of the pineal gland at
the posterior end of the thalami and between the corpora quad-
rigemina.

We have hitherto had no opportunity to examine carefully
the base of the brain. Now that the source of some of the
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structures which are there situated i1s known to us, let us turn a
brain bottom upward, and, having cleared away the pia mater
and blood-vessels, study the specimen carefully.

The figure given later on (page 99) will serve as a guide.
First, we see the crura cerebri emerging from the mass of the

t'\.l_ -.'- £
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b - Loboi ocipsitalis

r.
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Cereheiam.
Fre. 55
The ventricle opened from above,
Unierhorn, Inferior horn.

brain. Just in front of them, in the space which, in the cut, is
occupied by the optic nerve, lies the substantia innominata,
which contains the ansa lenticularis and the inferior pedicle of
the thalamus. Previous frontal sections have taught you that

the white mass visible here is the pes pedunculi, which is the
(]
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direct continuation of the internal capsule.  After passing back-
ward a short distance, the pedunculus cerebri is covered in by a
thick mass of fibres, which appear to run transversely across it
from one-half of the cerebellum to the other. These are called
the fibres of the pons (fibrae pontis).

Fra. S,

Sagittal section throngh the inter-brain and the stroctures lving hack of it, exactly
H: the middle line. The courze of many fibres of the corona radiata is indicated by

s,
Central Konal, Contral canal, Pyramiden Fasern, Preamidal fibres,
Hepwhe, Togmentam. Pyrampdenkrenswng, Preamidal decussation,
Huaubenatrahbung, Tegmontal mdistion. #u den Optiowscentren, To the apeie nuelei.
Zur Brieke, To the pons. ]

Below the pons a portion of the fibres of the peduncle
again comes into view, forming the pyramids. Another portion
of the peduncular fibres terminates in ganglia which are located
among the fibres of the pons.

The gray matter between the crura cerebri is called the sub-
stantia perforata posterior. Internally, it borders on the sub-
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thalamie region. 1In front of it lie the mammillary bodies,—those
two roundish ganglia which we studied in cross-section. To
these ganglia the bundle of Vieq d’Azyr passes from the thala-

orp. callog

F1a. 57.
The bage of the brain. The left tﬁm]]

il lobe representad as in part transparent in

order to show the whole extent of the optic tract,

mus, and from them the ascending fornix appears to emerge.
In front of the mammillary bodies we find a bulging down-
ward of the floor of the middle ventricle, which is called the
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tuber cinereum; thus a funnel-shaped body is formed, the lumen
of which 1s a continuation of the ventricle. At the lower,
pointed end of this structure (infundibulum) the hypophysis is
attached.®

The optie tracts pass in a broad eurve around the infun-
dibulum and over the pedunculi toward the pulvinar of the
thalamus. Covered in on both sides by the temporal lobes, they
curve upward and outward around the origin of the pedunculi
to reach the corpus geniculatum laterale and the pulvinar.

Farther forward in front of the infundibulum they are
united and form the chiasm from which, after the decussation
of their fibres, the optic nerves arise.

In front of the optie tract, external to the chiasm, just
under the anterior part of the corpus
striatum, lies the substantia perforata
anterior,—a grayish mass penetrated
by numerous blood-vessels from the
pia. In front of it is the region of
_ gredttl  the lobus olfactorius.

Fie. 5. The olfactory lobe, in many

The hypophasis seen from behind.  animals, is a large organ on the base

of the fore-brain ; in water mammals

it is entirely wanting, while in human beings and apes it is
very much atrophied.

Its anterior, bulbous extremity is ealled the bulbus olfacto-
rius, and its posterior portion, which is continuous with the
cortex of the frontal lobe, has received the name of tuber
olfactorium. That portion which lies between the two has be-
come atrophied to a thin pedicle,—the tractus olfactorius. The

#* The hypophysis (Fig. 58), an appendix to the hase of the brain, abont the size of a
chierty, consists, first, of a prolongation of the floor of the ventricle {lobus infandibali), which iz
not positively proved to consist of nerve-2ubstanes, and, secondly, of a tuft of epithelial tubules
which are firmly attached to the lobus infundibuli, and which, as you know, is derived from the
mucous membrane of the pharynx. In vertebrates other than mammals this epithelial portion
of the hypophysis is not attached to the lobus infundibuli at all. Later researches (Flesch,
Darkschewitsch) have shown that it containg two forms of cells,—small hyaline and large,
granular, nueleated cells, Imasmuch as very similar elements are found in several very active
glands, it is probable that the hypophysis has some physiclogical function to perform,
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cortex, too, which covers the whole lobe is atrophic in the
olfactory tract. The fibres of the actual olfactory nerves arise
from the olfactory bulb.

The olfactory-lobe cortex has numerous connections with

regions of the brain which lie farther back. Some of these are
plainly visible on the base of the brain. They pass over the
substantia perforata, and in part penetrate it.  Formerly these
were thought to be real nerve-roots, but, according to our present
views, it is much more probable that they are tracts which serve
to connect the olfactory lobe with more central portions of the
brain. The most external ol these bundles ean be traced into
the tip of the temporal lobe. The results of physiological ex-
periments make it probable that it terminates in the cornu
ammonis. The investigations of Zuckerkandl in comparative
anatomy show that these olfactory nerve-roots have their termi-
nation not only in the cornu ammonis, but probably in the
cortex ol the whole gyrus hippocampi and the lobus lingualis,
which is associated with it.
. In the olfactory nerves of the lower animals there has been
demonstrated an extensive system of commissures and a chiasm
between them. We only know that fibres from the anterior
commissure pass into the region of the olfactory lobe. These
fibres, which ean be plainly seen in Fig. 41, form. as it appears,
a commissure between the olfactory lobes. The other fibres of
the anterior commissure connect the two lobi linguales (which
are also points of origin for the olfactory nerve) with each
other.

The gray lamina between the two olfactory lobes is directly
continuous in front with the knee of the corpus callosum. Tt
is called the lamina terminalis. It is the remmant of the em-
bryonie terminal lamina,—that wall which closed the primitive
fore-brain, and from which the massive hemispheres have been
developed. At present it is only a small, unimportant gray
area, which lies at the most anterior point of the base of the
brain.
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The thalami are everywhere in such close juxtaposition to the internal
capsule that we very seldom see cases of disease which involve them alone.
Even in these cases it ig doubtful to what extent the symptoms present depend
upon involvement of the neighboring fibres of the internal capsale. It is, there-
fore, impossible to determine the symptom-complex presented by disease of the
thalami. According to Meynert the sensations of innervation of the upper ex.
tremities are injured.  As a result we would have delugjons as to the position of
the limb, and, in consequence of these delusions, forced attitudes would be
assumed. Neither motor nor sensory paralyses seem to be caused by injuries to
the thalami. Injuries to sight in the form of homonymous, lateral hemianopia,
and, perhaps, also of crossed amblyopia, have been repeatedly observed. In
digease of the thalamus there have often heen obzerved symptoms of hemichorea,
athetosis, and tremor of one side of the body. These last symptoms, however,
have also been observed in dizease of other parts of the brain.

The same obstacles present themselves in attempting to
define the symptoms of disease in the corpus striatum. Those
symptoms, which were formerly considered as indicating disease
at this point (hemiplegia, for example), may equally well be
caused by disease of the neighboring internal capsule. One
case of disease of the putamen is known to have run its course
without giving rise to symptoms which pointed to trouble in
that locality. : :

If' an affection of the base of the brain only involves that
part which lies in front of the pons, the symptoms caused by
the irritation or paralysis of the nerves in that region are far
more important, for diagnostic purposes, than anything else.
If the pedunculi are also involved there may be associated with
these symptoms motor and sensory disturbances of the ex-
tremities. A careful analysis of the symptoms, in connection
with an accurate knowledge of the anatomy of the base of the
brain, often leads to very clear and exact diagnosis as to the
locality affected.




LECTURE VIL

THE SUBTHALAMIC REGION, THE CORPORA QUVADRIGEMINA AND THE
ORIGIN OF THE OFPTIC NERVE.

GENTLEMEN :  In the last lecture we postponed tracing the
fibres of the bram downward, in order to consider the structures
at the base of that organ. Let us again take up the thread of
our discourse. We had learned that, in the posterior thalamic
region, the bundles of the internal capsule (except so far as
they were distributed to the thalamus itsell, or to the subjacent
ganglia) emerge free on the base of the brain and form the pes
pedunculi. Caudad and ventrad of the thalamus are located
the nucleus ruber and the corpus subthalamicum. From the
internal capsule a bundle of the tegmental radiation passes di-
rectly caudad to these structurds, while another first passes
through the corpus striatum, and then enters into relation with
them, after passing through the internal capsule,

Those bundles of tegmental fibres which passed through
the corpus striatum may be traced in part to the body of Luys
(corpus subthalamicum). Another portion of them, together
with the fibres originating in the putamen and the nucleus
caudatus, seem to pass into the stratum intermedium, which lies
dorsad of the substantia nigra. -

The fibres of the regio subthalamica should be examined
anew, with the help of all available methods of investigation.
Hitherto they have been examined chiefly by means of sections
taken from the adult brain. (Meynert, Forel, Wernicke.) The
embryological researches of Flechsig and myself had already
enabled us to distinguish the tegmental fibres amidst the chaos
which prevails in that region.

That bundle of tegmental fibres which passes external to

~(103)
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the red nucleus apparently becomes the upper lemniscus. This
is clearly defined and medullated in a feetus of seven months,
At that time the thalamus contains no medullary fibres except
the bundle of Vieq d’Azyr, and the internal capsule none except
the tegmental radiation.

Fibres pass from the thalamus to the red nucleus, lamine -
medullares thalami, while others go to the corpus subthalamicum,
Between the pes pedunculi and all this mass of ganglia and
fibres, which, taken together, are called the tegmentum, is
sitnated the substantia nigra.

We now pass into the region of the mid-brain. To this
region belongs (embryologically considered) that thick bundle of
white fibres which passes across the ventricle at the point where it
becomes the agueduct of Sylvius; that is to say, the posterior
commissure (Fig. 59). It can be more easily demonstrated in the
lower vertebrates than in mammals that this commissure origi-
nates in ganglia which lie on each side, deep in the inter-brain,
near the median line. Buat, even in mammals, Meynert has
shown that its bundles are evolved from the thalamic nuclei.
They then pass dorsad, reach the surface, and cross to the oppo-
site side, in front of the corpora quadrigemina. They run
horizontally only a very short distance, and then dip down into
the depths of the mid-brain tegmentum, in which they pass still
farther candad. The majority of the fibres under consideration
(as I have seen with peculiar distinetness i the lower animals)
pass laterally and ventrad of the posterior longitudinal fascic-
ulus, into the medulla oblongata. The last-mentioned fascie-
ulus, which we shall study later on, only attains a considerable
size after receiving these fibres from the commissura posterior.
Spitzka and Darkschewitsch have seen a similar condition in
mammals, According to the views of the latter, the more
median of these fibres pass into the nucleus of the oculo-motor
nerve. Certain it is that they pass so near to it that a part of
them seem to terminate there. The fibres can be seen passing
into the nucleus from the same and from the opposite half of the
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brain. In Fig. 72 these fibres originate in the substantia reticu-
laris and the posterior commissure, and this is probably the
truth. In all vertebrates the posterior commissure is one of the
first bundles to become medullary.  Tts development, from the
simple cyclostoma up to human beings, is always conducted
in the same way.

Under the aqueduet the structures of the tegmentum and
the fibres of the pes pedunculi extend farther back. Above

Frc. 50.

Diagram of asection through the vicinity of the posterior commissure. Shows the
ranglia and the course of some of the fibres of the subthalamice region.

Hauben Haebn, Tegmontal track. Stabkr. =uni T healiames, Coromnl Bbres to tlee thalamas.

them lie the corpora quadrigemina developed from the roof of
the mid-brain. The following cut shows the corpora quadri-
gemina viewed from above. They lie on the crura, and seem to
be crowded in between the thalami.  Ventrad of them appears, on
cach side, a thick strand of fibres from the depths below, which
extend into the cerebellum. They are the anterior or superior
peduncles of the cerebellum. In Fig. 53 you can see how they
arise in the red nucleus, which is situated in the tegmentum
beneath the thalamus and the cdtpora quadrigemina. Behind
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the latter bodies it emerges from the tegmentum and lies on the
surface,

We  distinguish the anterior and the posterior quadri-
geminal bodies. This distinction is only visible to the naked

Fia. 0,
The brain-strociures from the Ehalvmns to the spinal eopd,
and the left hall removed,

Rindearm, Pedunele. Kleinkirn, Corabollum,
Hinterdsrm, Hind heain. Mitieterrn, Mid-brain.
Hirnschenkel, Pedune. corebri.

The cercbellum iz divided

Nashhira, Aftar-hrain.
Rirckenmard, Sp. cord.
Zwisekenhirn, Inter-brain.

eye in the case of some mammalians; in all other vertebrates the
anterior quadrigeminal bodies are so large that the posterior
ones disappear beneath them, and seem like a little ganglion
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attached to the anterior pair. (Compare Lecture 11, Figs. 11-
17.) From the anterior quadrigeminal bodies arise a large por-
tion of the optic nerve-fibres. They, like the thalamus, receive
fibres from the region of the occipital lobe, which run in the
optic radiation to the internal capsule, and from there pass up-

ward to the thalamus in the brachium of the anterior quadri-

Carggila
Corp. gen mad—

A

Fia. 61.

Thalamus and corpora quadrigemina seen from the side.  The fore-birain has been
removed at the point where the fibres of the corona radiata enter the internal capsule,
The relation of the optiec radiation to the posterior part of the capsule and to the optie
centres is shown in diagram.

Bindearm, Peduncle. Frns, Crusin. Hint. Arin, Post. brachivm,
Stablrans 2 den Optie Cente,, Coronal Abres (o the optic centres.
V. drm, Ant. brachium,

geminal body. In this brachium anterius the fibres pass
downward to the optic tract. The brachium anterius, which is,
therefore, composed of fibres from the cortex and of fibres fo
the optic tract, passes, with the fibres from the cortex only, into
the corpora quadrigemina. The fibres to the optic nerve spread
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over the gray surface of the quadrigeminal body (stratum zonale)
and end in a fine net-work, which apparently takes its origin in
the numerous delicate cells which are found in this locality.

The posterior quadrigeminal body appears also to stand in
some relation with the optic tract, but it is very improbable that
it contains fibres which are of any use in the visual act. Its
brachium originates in the corpus geniculatum mediale and in
the hitherto unmentioned commissura inferior (Gudden’s com-
missure), which passes along with the optic tract to the posterior
angle of the chiasm. (See Fig. 66.) It may also, perlfaps, con-
tain fibres from the temporal lobe. The extraordinary develop-
ment of the posterior quadrigeminal body in eetaceans, and the
huge bands of fibres which pass from it to the nucleus of the
acoustic nerve, make it probable (Spitzka) that this ganglion
stands in some relation to the sense of hearing.  The results of
experiments undertaken to elucidate the point seem to agree
with this.  After destruction of the acoustic nerve the posterior
quadrigeminal body is said to become somewhat atrophied
(Baginski). It seems to me, however, that this special point
needs further imvestigation.

Viewed laterally the relations of the quadrigeminal brachia
to the ganglia and the optic tract arve plainly seen; also the
situation of the corpora geniculata; the corpus geniculatum
mediale lying close to the posterior brachium, and the corpus
geniculatum laterale seeming to be thrust between the pulvinar
and the optie tract. The corpus geniculatum laterale was men-
tioned when we were describing the thalamus.  From the latter
aganglion fibres pass to the optic tract aside from those which
issue from the pulvinar and the stratum zonale. The optic
fibres, from the anterior quadrigeminal body, have already been
described. They run their course, to a great extent, in its
brachium. Besides these the mnerve receives roots from the
region of the corpus subthalamicum, and from the gray matter
in the vieinity of the infundibulum (basal optic root). Compare
Fig. 66.

|
|




THE SUBTHALAMIC REGION, ETC. 109

We have now reviewed the origin of the optic nerve as shown in dissections
of the adult human brain. According to J. Stilling, there is added still another
rool which ascends in the pedunculus ecercbri from the medulla oblongata.
However, all these fibres and nuclei are so difficalt to locate and (ollow out in ihe
human being that we must ask ourselves the question how far these dizscoveries
are borne out by investigations on the lower animals. Comparative anatomy
furnishes us an opportunity to study optic tracts of such a comparatively huge
size (in fishes and birds) that the relations of these parts can be mueh more
easily determined. From the :dlll:l}' of these animals, as well as of reptiles and
amphibiuns, we can see that the optic nerve, as a whole, certainly originates in
the anterior guadrigeminal body ; that in its course past the lateral geniculale
body it receives fibres from that ganglion ; and that, finally, a basal root from the
region behind the infundibulum is associated with it. Experimental researches
on mammals (Gudden, Ganser, Monakow) show that the early extirpation of an
eye is followed by degeneration of the anterior quadrigeminal body, of the corpus
geniculatum laterale, and of fibres from the pulvinar. The pulvinar is, however,
very amall in most mammals, and first attains a considerable size in the primates.

We may regard it as definitely settled that the optic nerve
has its origin in the anterior quadrigeminal body, the corpus
geniculatum laterale, the pulvinar, the stratum zonale, and the
base of the brain. The roots from the corpus geniculatum
mediale, the corpus subthalamicum, and the pedunculus cevebri
have not received the necessary corroboration by the various
methods of investigation.

The connections between the cortex of the oceipital lobe
and some of the points of origin of the optic nerve have already
been discovered. These conmecting fibres make up the optic
radiation, which passes from the occipital lobe to the most
posterior part of the internal capsule, and from this point can
be traced into the thalamus and the brachium of the anterior
quadrigeminal body. It is shown in Fig. 44. Its fibres, how-
ever, do not end as there represented, in the lateral portions of
the occipital lobe, but trending toward the median line, in planes
which lie outside of this section, extend as far as the cuneus.
In destructive disease of the occipital lobe and of the posterior
part of the internal capsule the same symptoms appear as in
similar lesions of the optic tract on the same side. The outer
half of the retina of the eye on the injured side and the inner
half of the retina of the opposite eye degenerate,
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Let us, now that we have learned something concerning
the region of the corpora quadrigemina, take up the study of a
section made perhaps 5 millimetres behind the structures shown
in Fig. 9. This section divides the two pairs of quadrigeminal
bodies, passes through the underlying tegmentum, and lastly
through the pedunculus cerebri.

Let us first study those structures which we have already

i -:- ‘imﬁﬂﬂm"m Hf.g'n!','
L Hinkeres Lngsbinded:

Frc. 62

Cross-section through the anterior guadrigemingl bodies (somewhat diagrammatic).
Arm des Fierkiipals, Brachium of corpis quadrigeminim.
Haube, Tegmentum, Hinteres Lingohilndel, Post. longitad, faecicnlos, Fuas, Crusia.
Pyramis, Pyramid. Retlier Kern, Red nuclons. Sekicire, Fillat,
Farderer Wierkiigel, Anterior quadrigeminal body.

met with, FExternally on each side is the pulvinar thalami,
from which the optic nerve seems to arise, the corpus genicu-
latum laterale, as it were, inserted into its course. It receives
a thick auxiliary bundle from the brachium of the anterior
quadrigeminal body (shown most clearly on the left), above
which you will recognize the corpus geniculatum mediale, which
has been cut into by the section.

Below the pulvinar arises the pedunculus cerebri. At this




THE SUBTHALAMIC REGION, ETC. 111

point it contains the following tracts: 1. The fibres from the
motor region of the cortex. which we have learned to know as
the pyvramidal tract in both the eorona radiata and the infernal
capsule. They lie near the middle and are slightly shaded in
the eut. 2. The fibres from the frontal lobe to the pons, situ-
ated internal to the pyramidal tract. 3. The fibres from the
occipital lobe to the pons. They are situated external to the
pyramidal fract. Above these three divisions of the pes pedun-
culi, of which the first mentioned earliest receives a medullary
covering, are found fibres apparently from the corpus striatum,
which are not designated in the cut (compare Fig. 50).—Mey-
nert’s stratum intermedium,—and
then comes the substantia nigra, an
aggregation of fine nerve-fibres and
canglion-cells whose significance is
wholly unknown. FExternal to this
(9. in Fig. 62) lies another little
aanglion, which, so far as T know,
has never been deseribed,

In the tegmentum you will at
once notice the two large, round,

Fia, 63,

oray bodies; they are the red nuclei iimuerement b the puos o
- 3 newborn child. Hematoxylin stain-
(mmpm'c 1' 1g- 5-[}); thc EQI"I'_II'I_H 5]_11]- ing. Decuszation of the cerebellar

peduncles,

thalamienm, which 1s shown near 1t
in Fig. 54, has disappeared when we reach this level.

The red nucleus, which receives fibres from the thalamus
(and tegmental radiation?), is, at this point, i.e., under the cor-
pora quadrigemina, very rich in medullary fibres. These pass
under the posterior quadrigeminal body toward the middle line,
and decussate with the fibres of the opposite side. They belong
to the superior peduncles of the cerebellum. The decussation
is called the decussation of the superior cerebellar peduncles.
It is shown in Fig. 63. TFarther back the crossed cerebellar
pedunculi develop into thick bundles of fibres, which lie external
to the red nucleus; they gradually attain a still more external
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position, and finally reach the surface. From here they pass
backward to the cerebellum, as is shown in Fig. 60.

A section made almost horizontally through- the thalamus,
the corpora quadrigemina, and the cerebellum, following the
course of the superior eerebellar peduncles, would give us the
relations between the thalamus, the nucleus ruber, tegmental

Fra. 64,

A diagrammatic horizontal 2ceetion through the deenssation of the anterior cerebellar
peduneles and its vicinity, The tract of filires to the optic nerve is doabitful,

Bindrarm, Pedunole, Feginn der Fierkiige!, Quadrigeminal region.
Direkte Fosern sum Tholamus, Direct fbres to thalamas,  fanben Steohfeny, Togmental radiation.
Kothen Kern, Red nacleus,

striation, pedunculus cerebelli superior, and the cerebellum,
somewhat as they are depicted in Fig. 65.
In the cerebellum the superior peduncles enter the corpus

dentatum.
External to the red nucleus there is shown in Fig. 62 a

bundle of fibres which appear to emerge from under the corpora
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quadrigemina, and which have been cut off obliquely. They
pass backward in the region over the substantia nigra. These
fibres arise in great part from the ganglia of the corpora quad-
rigemina. They are called the lower fillet. The upper fillet,
which arises mainly from the tegmental striation, or, rather,
from the ansa lenticularis, lies, at the level which we are now
considering, just outside of and below the red nucleus, and ap-
pears as a separate bundle of transversely divided fibres. To

FiG. 65,

A frontal séction made in an obligue direetion trending downward and backward
{direction of section shown in small figure). It contains the greater part of the origin
of the mid-brain filler.  Hematox vlin 2tain,

Centr. Hihlengran, Centrl pray matter. Sehmittrichiung, Flans of section.
Sehleyfenachieh! des Poms, Stratam lomnisel of the poms, Tisfes Mark, l:'t‘E'I HATTOW.

the inner ang outer sides of it the fibres of the lower fillet are
joined to it. Thus it comes that there is a wide area of trans-

versely divided fibres just above the substantia nigra, and this is
called the layer of the fillet (stratum lemnisci).

The greater part of the layer of the fillet can be traced caudad to the
nuclei of the sensory nerves and of the posterior column. Meynert first showed
that this was a portion of the sensory tract. Embryology and comparative
anatomy eqgually bear out this view. We shall study the course of the fillet

later,
8
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The stratum lemnisci, then, contains two elements,—the
upper and the lower fillets. The lower (better, mid-brain) fillet
arises chiefly from a system of fibres which has not been men-
tioned before, the deep marrow of the roof of the mid-brain ; but
it also arises in part from the ganglion of the posterior quadri-
geminal body. This is clearly shown in an oblique section down-
ward through both pairs of quadrigeminal bodies, as represented
in Iig. 65. The ganglion above mentioned consists of a large,
roundish nucleus permeated by a net-work of fine fibres. This
is the only ganglion situated in the posterior quadrigeminal
body ; the latter, therefore, does not present that stratified ap-
pearance, alternately gray and white, which is characteristic of
the anterior quadrigeminal body,—the ganglion opticum. It is
connected with its fellow of the opposite side by the fibres run-
ning over the aqueduct of Sylvius,

Phylogenetically the deep marrow is a very old system.
It is present even in the simple brains of the lower vertebrates,
and in these, as in the human being, early receives its medullary
sheaths,  Its fibres arise in the roof of the mid-brain, springing
from layers which lie beneath the origin of the optic nerve.
From this point they at first radiate inward, but, on reaching
the central gray matter, tl‘]ey turn and run ventrad. The most
lateral of these fibres, united with those which come from the
opposite side, pass into Lh:c lemniscus ; the more median fibres,
however, pass down around the aqueduct of Sylvius and decus-
sate with the analogous fibres of the opposite side. In human
beings the termination of these fibres has not yefy been made
clear. We call them by the name proposed by Forel, the
“ fountain-like” decussation of the tegmentum (Figs. 66, 70, 72).
In fishes and birds these particular fibres of the deep marrow
are so extensively developed that their course is much more
readily recognizable. In them, as well as in amphibians and
reptiles, we see that, except so far as they pass into the fillet,
this system of fibres is contained wholly in the mid-brain and
terminate in cells situated both on the same and on the opposite
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sides. In human beings we find groups of cells at points cor-
responding to these terminal cells of birds, fishes, ete. (lateral
and median gangliﬂu,'Fig. 66).

In the central gray matter, under the corpora quadrigemina,
we first meet with ganglion-cells which give origin to a cranial
nerve,—the oculo-motor. From their union, which forms the
oculo-motor nucleus, the roots of that nerve pass ventrad
through the tegmentum and the erusta to the anterior surface
of the brain, and emerge in thick bundles. (See Fig. 72.) The

Fra. 66

The fibres arising in the mid-brain roof. Dorsad the optic tract, ventrad the deep
marrow. The diagram also shows the other optie roots,

oculo-motor nerve contains fibres to several internal and external
muscles of the eye. From the fact that nuclear paralyses of
single muscles from the group supplied by this nerve have been
observed, it is probable that this nucleus consists of a complex
of small nuclei somewhat separated from each other. In human
beings, indeed, a distinct demarecation can be made out in several
parts. Far forward, lying partly in the lateral wall of the third
ventricle on each side, is a small nucleus,—the nucleus anterior.
[t sends a few fibres caudad to the main portion of the nerve.
Behind it lies the -nucleus posterior. It extends the whole
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length of the aqueduct of Sylvius, and is composed of large
multipolar ganglion-cells.  In this nucleus we observe a certain
tendency in the cells to become separated into groups. One
collection of cells lying dorsad of the rest is plainly distinguish-
able. While all the other oculo-motor fibres emerge from the
side on which they originate, the fibres from this group of cells,
as was first shown by Gudden, pass in a median direction and
decussate with those from the corre-
sponding group on the opposite side.
Besides this dorsal group a median
group can be distinguished, just in
the middle line, which gives off
fibres on each side.

Fig. 67 represents, partly in
diagram, the nuclei in the floor of
the aqueduct and their relations to
the nerve-roots.  You will notice in
the: cut two small nuelei situated
one on cach side of the median line,
and connected with each other ante-
riorly and below.  They are marked
a and 5. These two nuclei, which
were first observed by myself in foetal
brains, and later by Westphal, dur-
ing a painstaking examination of the

The floor of the sueduct of 8y 2dult brain, lie in a thick net-work

ins looki ard. The el of St = -
the ooulo-motor and trochiear nerves. Of nerve-fibres. It 8 not yet known

L R whether they stand in any relation
to the oculo-motor, and, if they do, what the relation is. We
possess such an array of clinical facts and discoveries made by
careful post-mortem dissections that we may venture to desig-
nate the particular spot in the nucleus which supplies each
individual ocular muscle. _

I will give you Starr’s table, the latest result of these
researches which were so happily begun by Kahler. According
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to this table, the nuclei of the individual muscles are arranged
in the order given below, from before backward, thus:—

Sphincter iridis. Museculus ciliaris. =

Levator palp. Rectus int. =g

Rectus sup. Rectus inf. ==
-

Obliguus inf,

The nerves to the internal muscles of the eye apparently
spring from the anterior nucleus. The erossed track and, per-
haps, also the median division of the posterior nuclens are
accredited to the rectus internus.  Although clinical experience
teaches that there is both a divect and a crossed communication
between the oculo-motor nerve and the centres of the optie
nerve, yet the anatomical basis of this fact has not been dis-
covered. Net-works and bundles of fibres which might com-
plete the communication are to be found in this region. As yet,
however, no experimentiin crucis has been performed, nor has
there been made any clinical observation supported by post-
mortem examination whicli would elear up this point.

The nucleus of the oculo-motor lies ventrad of the aque-
duct of Sylvius; that is to say, in its floor. Later on, as we
pass gradually backward in our study of the tegmentum, we
shall find the nuclei of most of the other eramial nerves in the
region of this floor.

The eranial nerves all arise directly from their nuclei. To
each of these nuclei fibves pass from higher parts of the brain.
They come from the opposite side and decussate in the middle
line before entering the nucleus. Clinical experience goes to
show that the upper part of the cranial-nerve tracts—that is,
above the nucleus—extends to the cerebral cortex.

The course of the fibres in the vicinity of the thalamus and in the regio
subthalamica iz less certainly known than in most other parts of the brain.
Among the workers in this difficult field, Meynert, Forel, Gudden, Flechsig,
Wernicke, and the author are to be mentioned.

The origin of the optic nerve has been principally worked out by Meynert,
J. Btilling, Tartuferi, Gudden, Bellonci, and Monakow.

You will, gentlemen, have a better comprehension of many
pathological nervous phenomena if you will, for the time, adopt



118 LECTURES ON THE CENTRAL NERVOUS SYSTEM,

the following diagram of an innervation tract. Every peripheral
nerve—at least, every motor nerve—ends in the central organ
in a nuclens,  Nerve-roots and the nucleus form the first part
of the tract. To the nucleus there pass fibres of the corona
radiata from the cortex of the hemispheres, and thus is formed
the second link in the chain: nerve, nucleus—corona radiata,
cortex. »;

Hinteres

Lid_’j h;fﬂﬂb

Diagram of an innervation traet from the cortex to a (motor) eranial nerve,
Bahn o Stablranz u. Caprula, Troact in corona radinia and capsale.

Hinteres Liingsbiindel, Poat. longitud. Mtiw.:?“r'-.'nl-u'c, Eﬁ:::'.ﬁ“ﬂmh Periph. Nere, Peripberal merve.

So long as the first part of the tract is intact, the muscles
can be brought into action by electric, mechanical, or reflex irri-
tation, and, in animals, to a certain extent by the influence of
the will. If either nerve or nucleus is destroyed we have abso-
lute paralysis. In order, however, to obtain the full effect of a
conscious voluntary act, the second part of the tract must also
be intact; thisis particularly true of the highly-developed human




THE SUBTHALAMIC REGION, ETC. 119

brain, for, if the second part is interrupted, there can no longer
be a voluntary motion of any kind. In a case of apoplectic
rupture of the internal capsule the muscles of the opposite side
of the body are not really paralyzed; they simply cannot be
made to contract by the will. This, however, can readily be
accomplished by other forms of stimulation. It is otherwise in
a case, for instance, of infantile paralysis, where a nerve-nucleus
itself is destroyed. In this case we have a true paralysis, gener-
ally irremediable, which leads to atrophy, and the muscles

Vierhiigelplatte:
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Fia. 6.

Longitudinal gection through the quadrizeminal region of a huoman émbryo of 23
weeks, near the median line. The outer wall of the agueduct of Sylvius has been cnt
into. Termination of the fasciculus longitudinalis posterior in the nuclens of the ocalo-
motor, All medullary fibres stained with hematoxylin,

Hint, Lifngebiindel, Posterior longitadinal faseienlus Hirnschenkel, Podunculus corebri.
FierkBgelptaite, Quudrigemingl lamine.

respond very little, if at all, to reflex or any other stimulation.
It makes a great difference, so far as the prospect of a restora-
tion of function is concerned, whether the cerebral or the deeper
portion of the innervation tract is affected.

The diagram Fig. 68 is an attempt to represent the most important fibres
passing to the nucleus of a cranial nerve. Besides the above-described central
tract, the nucleus, and the peripheral tract, you will notice fibres connecting the
nerve-nucleus with deeper-lying nuelei of other nerves, and, in addition to these,
gtill other fibres ariging from the nucleus, but emerging from the central organ in
the nerve of the opposite side,
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In the beginning of to-day’s lecture you learned that cer-
tain fibres of the posterior commissure curved backward. These
fibres, together with others which arise in the depths of the
inter-brain, are met with as a fine fasciculus ventrad of the
anterior oculo-motor nuelens.  As we pass back, this fasciculus
progressively increases in size. There are added to it numerous
fibres from the nucleus of the oculo-motor. We shall, from
now on, meet with the triangular cross-section of this bundle,
which is composed of fibres from such various regions on every
transverse section of the brain, from the level of the corpora
quadrigemina down to the beginning of -the spinal cord. This
bundle is ealled the fascieulus longitudinalis posterior. Inasmuch
as fibres are given oft along the whole course of this bundle to
the nerve-nuclei, as can be plainly seen in embryos of the sixth
to seventh month. when few other fibres are medullated, and, as
this bundle projeets farther back than the nucleus of the abdu-
cens, it 1s probable that the faseienlus longitudinalis posterior not
only contains the fibres of communication between the nuclei
of the ocular museles, but that it also contains fibres to other
cranial nerves. Flechsig is also of this opinion. I have never
succeeded in tracing this fasciculus farther than the nucleus of
the oculo-motor previous to the ninth month. Series of longi-
tudinal sections stained with haematoxylin (one of which is
represented on preceding page) are decisive. Not all fibres of
the fasciculus longitudinalis posterior receive their medullary
substance at the same time.

In the neighborhood of the posterior guadrigeminal body
there is an interchange of fibres between the two fasciculi longi-
tudinales posteriores. By this means there is established a com-
munication between the oculo-motor and the trochlear on one
side and the opposite abducens.

The numerous systems of fibres which run their course in
the region of the corpora quadrigemina can only be differen-
tiated by studying the development of their medullary sheaths.
I should therefore dislike extremely, gentlemen, to close these
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lectures without demonstrating to you a specimen which has a
bearing upon this subject.

In Fig. 70 we have a section through the anterior quadri-
geminal body, close to the posterior commissure, from a child
born during the ninth feetal month. Every one of the fibres
which are medullary at this period is stained black by haema-
toxylin.

You will easily make out the features which we have just
described. Here your attention is, for the first time, called to a

Frontal section throngh the anterior quadrigeminal body of a9 months' foetns,

Hint. Eangsb., Pesterior longitudinal fascienlus. i, 5., Uppaer fillet. t". &, Lower fillet.
little cireular bundle of transversely divided fibres lying between
the red nuclei, and marked 5. It arises in the ganglion habe-
nule and passes backward to a small ganglion which lies be-
tween the erura cerebri, and is called the ganglion inter-
pedunculare. In that situation the fibres decussate with those
of the opposite bundle before entering the ganglion. This
bundle is called the fasciculus retroflexus, or Meynert’s bundle.
Its course is shown in Fig. T1. Compare also Fig. 59.

You see in Fig. 70 a mass of fibres belonging to the lem-
niscus and passing around outside the red nucleus to the region
over the substantia nigra. In the crusta there is at the ninth
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month only one small fasciculus, which has become medullary.
It lies externally, and is not shown in the eut. It emerges
probably from the ansa lenticularis.

In Fig. 72 we have a picture which represents most of the
structures which can be seen in a section just behind the ante-
rior quadrigeminal body. ‘This cut is prepared from specimens
at various periods of development. We will make use of it for
a review of to-day’s lecture, and look up the following important
points :—

1. Roof of mid-brain : Anterior quadrigeminal body ; from

Diagram of asagittal acetion tllrrmghll:ll:rc:- l.:rl:;dunms aml the corpors qmdri_gemlna.
Bindearm, Sap. cereballar 'm'qll:t:il'::l:yr. B. Vig. d':{,:;-h:b:Tpi:ll::ing Tegmenlal fascdcalus.

this there arises dorsad the brachium to the optic nerve, ventrad
the deep marrow, the decussation of the latter over the aque-
duct, the central gray matter surrounding the aqueduct. On the
outer border of the central gray matter a small nucleus, unmen-
tioned before, whose vesicular cells will be found in the same
relative position throughout the entire mid-brain. From it
arises a slender bundle of fibres which, progressively increasing
in size, passes downward to the pons and there associates itself
with the emerging fibres of the trigeminus. It is the descend-
ing root of the fifth nerve.

2. Tegmentum : In the ventral portion of the central gray

|
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matter the nucleus, posterior medialis, and lateralis of the oculo-
motor; to it are added fibres from the deep marrow and from
the fasciculus longitudinalis posterior; external to and continu-
ous with the latter the fibres ol the posterior commissure. Ex-

Fia. 7.

Beetion just back of the anterior quadrigeminal body, combined from specimens at
ifferent stages of medullary development.  Hmmatoxylin staining.

Ans Corpus strinf., From the corpus stristum, Aus Thelomus, From the thalamue,

iy b, temporalis spel !pdn'fh.{", From the - Cenlr, Mihlengrauw, Central (ventricular} gray
temporal and parietal lobes, makior.
Aig Arant., From the fromtal lobe. Tiefes Mark, Deep marrow,

ternal to this a medullary tract, which apparently extends hither
from the thalamus, from which it took its departure in the form
of the lamine medullares. The fillet from the corpora quad-
rigemina, and that from the tegmental radiation ; internal to
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the fillet is the nucleus ruber tegmenti, from which the numerous
fibres of the superior cerebellar peduncles arise. Near the
median line is that decussation of the fibres of the deep ‘marrow
which has been named the * fountain-like ” decussation of the
teementum.  Between the latter and the pedunculus superior
cercbelli is seen a portion of the descending fasciculus retro-
flexus.  Fig. T1 shows how it reached this region.

3. On the boundary between the crusta and the tegmentum
we recognize the substantia nigra Sommeringi, in which run
many fibres,—stratum intermedium,—which arises in the len-
ticular nucleus,

4. Pes pedunculi: The pyramidal tract is shown still non-
medullary, as it appeared in the specimen from a 4-week-old
child. The fibres lying internal to it come from the frontal
lobe ; those on its outer side from the parietal lobe. At about
this level one bundle leaves the pyramids, and, passing along the
border of the pes, becomes associated farther back with the fillet,
and forming the most median layer of that fasciculus,  Spitzka
has shown that most probably this bundle contains the cerebral
tracts of the cranial nerves. Internal to it, in the cut, emerge
the roots of the oculo-motor nerves. Shortly before their exit
they pass through the pedunculus corporis mamillaris.

We have now only to mention those symptoms which may
with reasonable certainty be taken as indicating disease in the
region of the corpora quadrigemina.

Lesions in the regio subthalamica involve such a tangle of
different sorts of fibres that their symptoms are of the most
manifold description. A certain diagnosis can hardly be made.
Foci in the vieinity of the pes pedunculi involye the motor fibres
to the opposite side of the body and the neighboring cranial
nerves, Sensory and vasomotor disturbances may also be present.
Generally, not only the muscles of the extremities and one or
more of the cranial nerves are paralyzed, but there are also
present disturbances of the oculo-motor nerve of the side of the
lesion. If there is a simultaneous paralysis of one oculo-motor
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nerve and of the opposite half of the body we may suspect
trouble under the corpora quadrigemina. Such patients have
either wholly or in part lost control of the limbs on one side of
the body, the upper lid droops, the pupil is dilated, and the
whole eye turned outward by the rectus externus. The same
symptoms might come from a tumor at the base of the brain, as
is evident from Fig. 57. It is, therefore, important for diagnostic
purposes to know whether the ocular paralysis appeared simul-
taneously with the paralysis of the extremities,—a condition of
things which could only very rarely occur in the case of a fumor
at the basis cerebri. If anwmsthesia appear, it is only present in
the side opposite the disease. The sensory fibres Tun to a great
extent in the lemniscus,

If a disease-centre extend farther dorsad and involve the
corpora quadrigemina themselves, there appear, as may be easily
understood from a glance at our cross-section, paralyses of the
oculo-motor, which may involve either one or both nerves. In
disease of the anterior quadrigeminal body there is amaurosis;
in some cases the ophthalmoscope reveals absolutely nothing.
In tumors, of course, as in tumors in other regions of the brain,
we may have choked disk, atrophy of the optic nerve, ete.
Generally, the pupil does not react either way. We do not
know what symptoms are caused by disease of the posterior
quadrigeminal body. Disturbances of equilibrium and co-ordi-
nation have been observed in such cases.

We shall most strongly suspect disease of the corpora
quadrigemina if, in cases of paralysis of the oculo-motor, we
can exclude peripheral causes (on the base of the brain), or
when only a part of the oculo-motor (for instance, the fibres to
the internal muscles of the eye) is injured. In affections of a
peripheral origin this would be impossible ; such paralyses are
nuclear,






LECTURE VIIL
THE PONS AND THE CEREBELLUM.

GENTLEMEN : We learned in the last lecture that the
bundles of fibres from the fore- and inter- brains arranged them-
selves into two layers in the region of the mid-brain. These
layers were called the crusta or pes pedunculi and the tegmen-
tum., Back of the corpora quadrigemina the aqueduct becomes
markedly broader. Both pes and tegmentum pass under it and
farther back into the hind-brain. Only one division of the teg-
mentum, the anterior peduncles of the cerebellum, arising in
the red nucleus, now passes dorsad from the floor of the mid-
brain to the roof of the hind-brain. From this roof has been
developed the cerebellum in adults. The space lying under it,
the continuation of the aqueduct, is called the ventriculus
quartus. ~ The prolongations of the crusta and tegmentum are
contained in the floor and lateral portions of the hind-brain.

Let us first see what becomes of the fibres of the pes. Not
far back of the corpora quadrigemina a thick mass of white
fibres is laid across the erusta. Arising from the cerebellum,
they pass down, surround, and cover the region of the pes in a
thick layer. Taken together, these fibres are ealled the pons.

Only a portion of these fibres cover in the surface of the
crusta (stratum superficiale pontis); the majority of them dip in
between the fibres of the latter, and divide them into isolated
bands (stratum complexum et prolfundum pontis).

You will remember that of the fibres which pass downward
from the brain in the erusta a part could only be traced as far
as the pons. They were the fasciculi from the frontal, parietal,
and temporal lobes. The pyramidal tract from the central con-
volutions passes through and below the pons. Almost the

(127)
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whole inner and the whole outer third of the pes go no farther
than the pons. Below this point only the fibres of the middle
third, the pyramidal tract, appear. The accompanying figure
shows this and gives a front view of the pons, together with the
crura cerebri and the cerebellum. The pyramidal tract is
shaded dark.

Fig. 74 shows in diagram the arrangement and course of
fibres in a section through the pons. The fasciculi come from
above on each side, out of the cerebellum, surround and pene-

(\\l&&& k \1. ‘}mﬂmw

The pedunculus eerehri and the ponms seen from in front.  That traet of the crosta which
dings mot terminate in the pons is shaded dark.

Hirnschenkel, Pedunonlus etrebri, Kileinkirn, Cerabellum. Pyramide, Pyramid.

trate the fibres of the pes, and, erossing over to the opposite side,
are associated with the longitudinal bundles of the latter. Tt is
pretty well established that they are connected with a good
share of the fibres of the pes and serve to establish a communi-
cation between them and the cerebellum. Tow this is effected
is not known. Numerous ganglion-cells lie among the fibres
of the pons. These are caught in a fine net-work of medullary
fibres, and to this net-work only can the fibres of the pes be
traced on the one hand, and the fibres of the pons on the other.

This much is certain, that bundles arise from the regidn of
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the pons which pass at right angles to those of the ernsta over
to the opposite cercbellar hemisphere.

Aside from this it is not certain, and not even probable,
that all the fibres of the pons are to be regarded merely as con-
tinuations of the cerebral fibres.  The arms of the pons (brachia
pontis) contain more fibres than are conveyed to it by the erusta.
Moreover, many of them acquire medullary sheaths at a time

et - ELE 3

"ter;eb-eﬁ.'um_ .;-__,3;_.1_ _'._

Fra. 74. i

Diagram of asection through the pons amd cerebellnm.

Haube, Tegmentam.  Fasers aus . Vorderhien, Fibres from the Gore-brin.

when no single fibre of the erusta is so enveloped. This con-
dition I have seen in cats.

Although the pes pedunculi is pierced through and through
by the fibres of the pons, and in part diverted into the cere-
bellum, yet the tegmentum is continued through the region of
the pons with very little change. In the last section through
the quadrigeminal region we distinguish the following as the
principal structures of the tegmentum (compare Vig. 62) :—

1. The gray substance around the aqueduct, together with
its nerve-nuclei.
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2. Below it the fasciculus longitudinalis posterior, and
external to this—

3. The fibres of the posterior commissure.

4. The fibres from the striee medullares thalami.

5. The red nuclei in the midst of the tegmentum, and spring-
ing from them the superior or anterior cerebellar peduncles.

6. The lemniscus.

7. The pedunculus corporis mamillaris.

8. Fibres from the deep marrow near the median line.

9. Fibres from the stratum mtermedium.

Before reaching the region of the pons, the red nucleus
begins to diminish in size, the an-
terior cercbellar peduncles arising
from them pass more and more
toward the periphery, and here
form two thiclk, white strands, which
lie between the region of the red
nucleus and the fillet. In Fig. 75
we see the first traces of them at
B, and in sections made a little
farther back, but which still pass

Fia. 7.
Commencement of the pons and oueh the corpora quadrizemina
the decussation of the cerebellar thy L ¥ ! Al = g
peduncles, B, antetior cerebellar  they gre already found somewhat

|u;!|L|{11{:]F]ea: L, 1litfllfht. nt’shn um;-hm-n
shilil, The meduallary fibre tlie = ; x
fementum hte stamed wih neewa.  farther toward the periphery (Fig.

taoxylin,

76). In Fig. 77, which represents
a section throngh the velum medullare posticum, they form the
outside margin of the cut. Soon after this they pass into the
cerebellum.

The region which is left unoccupied by the disappearance
of the red nucleus is filled in by the increasing fibres of the sub-
stantia reticularis, which we shall study later on.

The aqueduct, as before stated, becomes expanded into the
fossa  rhomboidalis. The gray matter surrounding it also
increases in area. A new nerve-nucleus, that of the nervus
trochlearis, is met with in this region. Its fibres, however, do
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not, like those of the oculo-motor, pass backward through the
tegmentum. They run directly candad from their point of
origin, then turn upward and decussate with the corresponding
fibres of the opposite side in the velum medullare anticum.
Thus they emerge from the brain on its dorsal aspect, just
behind the corpora quadrigemina. Portions of the course of the
trochlear fibres are shown in Figs. 76 and 77. According to
J . Stilling, the nerve also receives a rootlet from the cerebellum.
The whole course of the nerve, as obtained from dissections, is
shown in Fig. 67. Oculo-motor fibres are no longer given off

F1c. 76 Fra. 77,
{From o newhborn child, Hematoxylin stain)

Fi1G. 78.—Section through the ending of the corpora quadrigemina.  The decazsation
of the cerebellar peduncles alimost eompleted, the red nuelens very small.  Fibres of the
trochlear narve to be seen above,

Fia, 77.—8Section through the velum medullare anticam, in which ean be seen the
trachlear nerve, The red nucleus has disappearved, the cercbellar peduncles lie almost
at the periphery.  The substantia reticularis occcupies the gsituation fermerly held by the
red nuclens. In the pons is o little fascieulus of medullary fibres.  All the rest of the

fibres of the crusta are non-medullary, and are only shown in ontline,

at this level. The posterior longitudinal fasciculus and the
stratum lemnisei, however, are continued down to this level,
They still occupy the same relative positions which they did in
the quadrigeminal region, as may be seen by comparing Figs.
72, 75, 76, and 77. In sections through the commencement of
the pons the substantia nigra has disappeared from view. Thus
it comes that the layer of the fillet is no longer separated from
the pes, but lies directly upon it.

If we have once formed a clear idea of the different struc-
tures to be seen in a good section through the quadrigeminal
region, we shall have no difficulty in recognizing and locating
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them in a section through the upper part of the pons. The
main points of difference are the changed position of the cere-
bellar peduncles and the altered shape of the gray matter under
the broadening aqueduct, where new nerve-nuclei now appear.

In sections lower down, hm\-'i:rr*r,_ the whole appearance of
things is changed. This comes from the fact that the roof of
the ventricle, candad of the velum medullare anticum, is devel-
oped into the cerebellum, and that fibres from both the tegmentum
and the erusta enter into intimate association with the latter,

The anterior peduncles and the fibres of the pons disappear
into the cerebellum. From the medulla oblongata and the
spinal cord below come fibres which are first interwoven with
the tegmentum and then pass to the cerebellum.

It is, therefore, better for us to abandon temporarily the
study of the tegmental fibres at this point, just behind the
corpora qmldrigomimh and to turn our attention to other parts
of the central nervous system. whose processes and prolonga-
tions all meet just here. You will, unquestionably, be better
prepared to understand a section throngh the tegmentum after
vou have learned the arrangement of fibres in the cerebellum,
and have obtained an insicht into the structure of the medulla
oblongata and the spinal cord.

The cerebellum consists of a median portion. or “worm ™
(vermis), and the two hemispheres. It is connected with the
inter-brain by its anterior peduncles from the red nuclei, with
the fore-brain through the brachia pontis,—median peduncles.
Through the former it receives fibres from the thalamus and the
region of the tegmental radiation, through the latter fibres from
the cortex of the frontal, parietal, and temporal lobes. A third
connection is effected through the posterior peduncles (corpora
restiformia, which we shall consider later), with the medulla
oblongata and the spinal cord. In the accompanying figure,
which shows the cerebellum as seen from above, we observe—

1. The situation with respect to the corpora quadrigemina,
from beneath which the anterior peduncles pass to the cere-
bellum.
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2. The general form of the organ, the vermis in the middle
and the hemispheres on each side. Both vermis and hemispheres
are divided into several good-sized lobes. Those of the vermis
are arranged around the central white substance like the fans
of a steam-ship’s screw. (This is shown in Fig. 81, which rep-
resents a sagittal section through the middle of the vermis.)

The vermis is conneeted on each side with the white sub-
stance of the hemispheres, which is divided into lobes by deep

s _._.-L.‘ ‘G}
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Fi. 5.

The cerebellum. Doogal furlnes,
Biratrerrm, Anterior cercbellar pedunclos,

fissures, and into ridges by shallow ones. The dorsal surface of
the vermis is called the superior vermiform process. It is divided
into—

1. The lingula, far forward between the anterior peduncles,

2. The lobulus centralis (central lobe). This passes over
imto the alae lobuli eentralis on each side.

3. The monticulus, of which we call the anterior portion
the culmen and the posterior portion the declivity.
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4. The folium cacuminis, at the posterior extremity of the
vermis.

On the dorsal surface of the hemispheres we can distinguish:

1. The anterior upper lobe, also called the lobus quadran-
gularis, on each side of’ the monticulus, In front of it are the
ale lobuli centralis,

2. The posterior upper lobe (lobus semilunaris superior).
Both posterior upper lobes are connected by the folium cacumi-
nis,  The following ent shows the lobes of’ the under surface of
the cercbellum. It presents a somewhat complicated appearance,

The cerebellum. Ventral sorfaog,
Riwale A,. Anterior cereballar peduncles.

In order to obtain a good view we must first sever the connee-
tions of the cerebellum with the mid-brain, the pons, and the
medulla oblongata. Thus, on each side are the three cut sur-
faces of the three cerebellar peduncles. Between the anterior
peduncles lies a thin membrane, the velum medullare anticum,
which is a part of the roof of the hind-brain. It is shown cut
throngh in the figure. |

The lobes on the under surface of the vermis are called—

1. The nodulus.

2. The uvula.
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3. The pyramis (pyramid).

4. Tuber valvule, far back, and extending partly over on
the dorsal surface.

In the hemispheres lie—

1. The floceulus, on each side of the nodulus.

2. The tonsilla, on each side of the uvula.

3. External to the last mentioned, the lobus cuneiformis.

4. Behind this, the posterior lower lobe, lobus posterior
inferior. Its anterior part is called the lobus gracilis and its
posterior part the lobus semilunaris inferior.

Fra. 8.

The three peduncles avising in the mid-brain, the pons, amd the spinal cord, and pasg-
ing into the cercbellum.  After Hirschfeld and Leveillé (Sappey)., Emergin o
Deneath the corporn gquadrigemina (8) can be seen the superior cerebellar pedancles (5 ;
from the ventral surface come the middle pedouneles or arms of the pons {7}, and from
the apinal cord ascend the restifoom bodies or inferior peduncles (3).  On entering they
decnssate with the superior peduncles. Notice, too, the Torin of the rhomboidal fossa (1),
the strize acusticse (2), the cluve of the fuwiculi gracilis (1), At 6 is the fillet.

In the above cut you see the three bundles of medullary
fibres just mentioned passing to the cerebellum on each side.
These extend to the central white substance of the hemispheres,
and this in turn is continued into the medulla of the lobules
and ridges. These ridges are covered with a gray cortex, which
follows closely all the elevations and depressions of the surface,
so that its extent is relatively much greater than would be sup-

posed from the size and shape of the cerebellum.
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In the hemispheres the white substance is rather plentiful ;
but in the vermis it is scanty. The accompanying sagittal section
(Fig. 81) through the cerebellum passes dirvectly through the
vermis. [t shows the white substance of the latter prolonged
anteriorly into a thin membrane, the velum medullary anticum,
which extends toward the corpora quadrigemina. This thin
membrane, spread out between the anterior peduncles of the
cercbellum, marks the point where the roof of the mid-brain is
continuous with the rool’ of the hind-brain. Upon it lies the
most anterior lobule of the cerebellum,—the lingula.

The peculiar appearance presented by a sagittal section of

Fia, BlL,
Hagittal section throngh the middle of the vermis,

Verf, A.. Vertienl hranch. Heariz, A., Horizontal bragnch.

the vermis gave rise to its ancient name, the arbor vite. The
central mass of white matter is called the corpus trapezoides.
The lingula, lobus centralis, uvula, and nodulus all communicate
separately with it. A number of the lobes of the monticulus
have a common connection with the corpus trapezoides, and
form the vertical branch of the arbor vitee.© The posterior portion
of the montienlus, the folinm eacuminis, and the tuber valvula
—that is to say, the lobes sitnated at the posterior edge of the
cerebellum—form the horizontal branch of the arbor vitee.
Posteriorly, the velnm medullare posticum passes out from
the cerebellum, forms the roof of the fossa rhomboidalis, and is
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continued on to the termination of the 'lmﬁtt:rim' columns of the
spinal cord.

The lateral portions of this roof are composed of a thickish
(principally glia) tissue; in the middle line it is nothing but a
thin layer of cuboidal epithelium. Numerous blood-vessels from
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Fia, 82

Section through the cortical layver of the cerabellum. Iematoxylin staining,
Diﬁg:'.‘ltn'ln:ltir. below anid to the I'in‘hl.

Kirnerschickt, Granalar layer.  Workloisle, Medullary layer.  Parkinfe'sehe Zelle, Colls of Purkinjo.
Rimle, Cortax. Ketverea, IHagrammatie,

the pia are distributed through it, and crowd it partly down into
the ventricle (plexus choroideus ventriculi quarti medialis).
Opposite the medulla oblongata, its lateral portion forms a sort
of sae, which is filled with vascular loops and is called the
plexus choroideus lateralis (see Fig. 120). In the middle choroid
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plexus, as well as near the point of origin of the lateral omes
there are some minute perforations (Key and Retzius). The
middle one of these foramina in the medullary tube is called
the foramen of Magendie. It is of great importance in obvi-
ating sudden changes of pressure in the cerebro-spinal fluid.

Into the above-described mass of the cerebellum pass the
three pedunculi on each side. They pass into the large central
mass uf_ white substance. and from there become united with
gray nuclei and send fasciculi to the cerebellar cortex.

Little is known as to the connections and course of these
cerebellar fibres. We know that they pass from the central
white substance through a granular layer containing nerve and
glia cells, that they extend beyvond this and enter some peculiar,
large, branched cells,—the ganglion-cells of Purkinje; that the
processes of these latter bodies repeatedly divide and pass to
regions just under the surface of the cerebellum. Apparently
these processes enter into some sort of relation with a net-work
of horizontal and oblique fibres situated in this part of the
cortex. These bend around and pass back through the granular
layer to the white substance after anastomosing and interweav-
ing freely with each other. A general idea of their conrse may
be obtained from the dark lines in the accompanying figure.
Many more fibres return from the cortex than pass to its large
cells,—a fact which can be explained by the ramifications of its
cell-processes.  All parts of the cortex are connected with each
other by peculiar garlanded bundles of fibres, which closely
follow the cortical elevations and depressions,

The cerebellum also presents collections of gray matter
aside from that in the cortex. On each side, in the midst of the
white substance of the hemispheres, there lies a large convoluted
nuelens,—the corpus eiliare or corpus dentatum. Internal to it
other collections of gray matter are met with; first, the embolus,
then the nucleus glpbosus, a longish nucleus with a tuberosity
at its posterior extremity; and lastly, lying farthest inward, is the
nucleus tegmenti (nucleus fastigii).
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These nuclel are best shown 1 an almost horizontal seetion
through the cerebellum, such as is represented in Fig. 83, taken
from B. Stilling’s atlas. In such a section you will observe in
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the centre the white substance of the vermis and the nucleus
tegmenti, and in front of these some fascieuli of decussating
fibres, the anterior decussating commissure. To the right and
left lie the white substance of the hemispheres, inclosing the
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nucleus globosus, the embolus, and external to these the plicated
medullary lamina of the nucleus dentatus. The deep indenta-
tions in the surface mark the position of the fissures between the
lobes.  Between the anterior peduncles (R R) lies, as I belore
stated, the lingula on the velum medullare anticum: it is also
cut through in a horizontal divection (A).

All the nuelei which vou see in the white substance are
connected with each other by bands of gray matter. Their
relations to the fibres of’ the white substance are almost totally

Fra. 84,
Beetion just in front of the culmen, passing in a frontal direetion through the

B cutioational) son’ IRrrval th. TC1I8 bt Moniof th BlaLo uncle Sy Ron. - Bun

of trigominus. ‘{Aftor B. Stiting) - oo iciroularcs, Sem. 5, region of exit of root
unknown. If a frontal section is made just in front of the
point where the peduncles enter the cerebellum, then dorsad of
its plane will be the cerebellum, and ventrad of it will be the
pons and the fibres which pass from it on both sides into the
hemispheres.  Between the cerebellum and the tegmentum lies
the fourth ventricle, bounded on each side by the divided pe-
duncles.  This is the continuation of the aqueduct of Sylvius.

The white substance of the vermis does not fall into the plane
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of this section. The teementum and the crusta, the latter per-
forated by the fibres of the pons, are arranged just as we saw
1 D] ged )
them in sections through the quadrigeminal region,
o] | = =

A good many of the bands of fibres shown in the accom-
panying cut have not yet been described, because we have had
no opportunity to consider the system of fibres peculiar to the

FIa. &5,
Diagram of the course of fibres in the cerebellum to explain the ongin of the cere-
bellar peduncles. Notice that they are eomposed of intra-cilinry, extra-ciliary, and
hemisphere fibres. This shown with peculiar distinetress in the right superior peduncle.

Dewd, Fiesern, Dendelitbe teacta, KleinkSitensirang fakn, Latern) cerebollnr tractk.
Ihirecte Sens, furhn, Diroct sonsory traet. Kreuziwngesoner, Lo of decussation.
Harhe, Togmentain, Vivesw, The Hecco.

cerebellum.  'We have seen that fibres pass through the three
peduncles into the cerebellum; our knowledge of their course
is still very unsatisfactory, notwithstanding the fact that that
most skillful investigator, Benedikt Stilling, was for years oceu-
pied in the study of this region. The diagram (Fig. 85) will,
in the simplest manner possible, give Stilling’s views as to the
most important tracts of fibres.* It represents a frontal section

* The fibres of the restiform bodies are given according to my own investigations, some.
what modified,
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somewhat farther forward than the one given in Fig. 84. In
order to simplify matters the anterior peduncles are represented
as occupying a wrong position, as may be seen by comparison
with Tig. 84, They ought to be shown lying close over the
ventricle.

The first thing to attract our notice is that the different
parts of the cortex are connected by curved fibres, fibre arci-
lormes.  From all points of the cortex fibres arise, which,
diverging from each other like the limbs of a tree, pass into the
white substance.  They ave called the Dendritic tracts. Before
they reach the corpus dentatum they are lost in a thick tangle
of fibres. Several zones of these tangled fibres can be distim-
guished, and, from the fact that a true decussation can be made
out in them, they have received the name of decussating zones,
External to the ciliary body is a mass of fibres converging
toward it, which in part enter the gray matter and in part pass
through it.  This mass of fibres, on account of its resemblance
to wool, is called the flecee.

The anterior peduncles enter the ciliary body and break up
into a net-work of fibres. This net-work (intra-ciliary fibres)
is connected, either directly or by means of ganglion-cells, with
the before-mentioned tangle of fibres, the fleece (extra-ciliary
fibres). Fibres pass from this intra-ciliary net-work to the
anterior peduncles, and to it from the cortex of the hemispheres.
The aunterior peduncles, therefore, are composed of (1) intra-
ciliary fibres (the majority of fibres composing them); (2) extra-
ciliary fibres; (3) fibres from the hemispheres. The last two of
these are only present in small quantity.

The restiform bodies have their origin, to a great extent, in
the fleece, and, therefore, consist chiefly of extra-ciliary fibres.
Those fibres, however, which pass through the central portion
of the restiform bodies, and which originate mainly in the spinal
cord, pass, in part, direetly to the dorsal cortex of the vermis,
and in part pass around the corpus dentatum from without in-
ward, and extend over to the ventral portion of the vermis,
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where they are lost between the two nuclei globosi.  These
fibres receive their medullary covering as early as the seventh
feetal month.  Another band of fibres, which becomes medullary
at a later period than the last mentioned, but still far in advance
of the bulk of the restiform fibres, arises in the vicinity of the
nuclens globosus and passes to the outer wall of the fourth
ventricle median to the posterior peduncles. Its most anterior
fibres make their exit from the brain along with the trigeminal
nerve, others pass off with the acoustic, and still others run
caudad. The latter become still fewer in the oblongata, ap-
parently because some of them enter the roots of the glosso-
pharyngeal and vagus. Still, this fasciculus can be traced in
cross-section to the termination of the posterior columns of the
cord. The whole tract is called the direct sensory tract of the
cerebellum. I shall have occasion later to show it to vou in
several illustrations, To-day I will call your attention to a sec-
tion through the brain of a seven months’ feetus, in which you
will recognize that portion of the tract which passes into the
* trigeminus (Fig. 86).

Lastly, it should be stated that fibres pass diveetly from the
hemispheres to the restiform bodies,

The arms of the pons can be traced far into the correspond-
ing hemispheres (hemisphere fibres). Near the cortex they are
lost in the dense tangle of fibres. They receive, however, fibres
[rom the fleece (extra-ciliary fibres).

In recapitulation we shall find that the anterior peduncles
are composed mainly of intra-ciliary fibres, the middle peduncles
largely of hemisphere fibres, and the posterior peduncles chiefly
of extra-ciliary fibres and fibres from the roof of the vermis,
But each peduncle receives auxiliary bands from the point of
origin of each of the other peduncles.

The anterior peduncle and the restiform body also receive
an addition from the white substance of the vermis,

There is a point in the anterior part of the white substance
of the vermis where many fibres decussate,—the anterior decus-
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sating commissure.  These fibres come from the anterior
lobules, decussate in front of the nueleus tegmenti, and pass to
the opposite side of the cerebellum.  From here they can be
traced into the anterior peduncles and the restiform bodies.

[ ereﬁemrm

.hmﬂﬁﬂc:::::::n
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Fra. Bi.
Frontal 2ection through the corelwellum and ponz of an embrye of 26 weeks.  All the
mesdullary filres are stained with hapmatox ylin,

Awa dlemi Corpas vestr,, From the restiform body, Bindenru, Antorior corelatlur pedunele
'-.I'rt-|.{.l‘r Fillee,

The fibres of the posterior lobules follow an exactly analogous
course, and form the posterior decussating commissure in the
back part of the white substance of the vermis.

In the midst of the white substance between the two com-
missures lies the nucleus fastigii (nucleus tegmenti), surrounded
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and eovered in by fibres which, originating in the horizontal
branch of the arbor vite, connect the two decussating commis-
sures, and in part pass off to the cerebellar hemispheres with
the fibres of the anterior of these commissures. The nuclel
tegmenti are connected with all these fibres,

The external surface of the cerebellum was deseribed by Malacarne, Reil,
and Burdach, just as it is described to-day. Investigations of its internal strue-
ture were undertaken by F. Arnold, Reil, Kolliker, Meynert, and particularly by
B. Stilling. Later researches as to the structure of the peduncles have been made
by Bechiterew, Marchi, and the author. A whole literature has been written on
the cortex of the cerebellum, among the contributors to which are Purkinje,
Gerlach, Hess, Kolliker, Fee, Schultze, Obersteiner, Beevor, and Golgi.

" Diseases of the cerebellar peduncles alone are very seldom
observed. For this reason we are not familiar with the symp-
toms which would be caused by them. Gradual destruction of
one brachium pontis may, apparently, give rise to no symptoms.
Diseases which cause irritation (hemorrhage, for example) may
bring about forced movements, generally of a rolling nature,
now toward the affected side, and now toward the sound one.
A forced position of the trunk or of the head only, with or with-
out nystagmus, has been observed in irritating diseases of one of
the peduncles. .

Diseases of the cercbellum may, on account of the inti-
mate association with and proximity of the complex tracts of
fibres lying in the crura cerebri, the pons, and the medulla ob-
longata, give rise to symptoms which eannot be attributed to the
cerebellum.  In cases where only actual cerebellar substance is
diseased, we find vertigo, headache, vomiting, uncertainty of gait
(ataxy), and vague feelings of weakness in the extremities, both
of the same and the opposite side. Real paralysis and sensory
disturbances are wanting. Oceasionally, vision is seriously
affected ; still, it is difficult to say how far this may depend on
a participation of the visnal centres near by. Mental disturb-
ances often appear in disease of the cerebellum, Inasmuch as
many diseases of the cerebellum present no svmptoms, and none

of the symptoms above enumerated are caused C.\I[!lllﬁit'[‘rlj" b}'
10
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cerebellar lesions, a diagnosis is very difficult, and, as a rule,
uncertain. It is usually of great importance to take into con-
sideration the symptoms arising from neighboring organs
(paralysis of the oculo-motor, for instance).

It seems to be a fact that the diseases which attack the
vermis are the ones which give rise to ataxy and vertigo.

Most of those symptoms which are regarded as charac-
teristic of cerebellar disease only appear when the anterior or
median peduncles, or the floor of the fossa rhomboidalis, or the
quadrigeminal region are involved, either directly or indirectly.




LECTURE IX.

THE ROOTS OF THE FPERIFPHERAL NERVES, THE SPINAL GANGLIA,
AND THE 3PFINAL CORD

GENTLEMEN: The peripheral nerves arve made up, as you
know, of both motor and sensory fibres. In the vieinity of the
spinal cord these fibres are separated. The branch containing
the motor fibres passes directly into the spinal cord as an
anterior root. The sensory fibres pass into the spinal ganglion.

Situated in the spinal ganglia are a number of large mono-
- polar cells (occasionally bipolar). In the case of a monopolar
cell the process generally divides shortly after leaving it, so that
here also we have two processes,

Your attention was called to these two processes of the
cells of the spinal ganglia in the second lecture. You will
recollect that, according to the observations of His, the sensory
nerves are evolved from cells in the form of a process extending
toward the periphery, and that these cells also send out another
fibre foward the spinal cord which forms the posterior root.

Since the careful examination made on adults shows that
about as many fibres pass through the posterior root to the
spinal cord as have entered the ganglion from the nerves, it
would seem as though a single cell were intercalated in the
course of each fibre.

[t is, however, a matter of great importance to determine
whether all sensory nerves originate in the cells of the spinal
ganglia. This question has been fully settled by the experi-
ments of Waller and others, and by the most recent experiments
of Joseph.

Every nerve-fibre which is divided from its mother-cell de-
generates. If a sensory nerve is divided just in front of the

(147)
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spinal ganglion all its fibres degenerate. The ganglion itself
and the root originating in it remain normal. This shows that
the cut has severed all the fibres from their cells. If we cut the
posterior root just back of the ganglion, only a few fibres of the
sensory nerve beecome degenerated and the mnjnirit}' remain
intact.  The nerve must, therefore, consist of fibres which
originate in the spinal ganglion-cells, for the connection be-
tween these is unbroken. The fibres which were destroyed
must have come from the spinal cord itself, for they are only
severed from the latter and not at all

FIe. &7,
Diagram of the relations of the nerve-roots
to the spinal cond, ] Fia. 83, .
enieahlor Xeer,, Mi nerve,  flind, Wirzel, Post. rook. Diagram of t!ll‘ filires of & 2pinal
Mat. Theil, Motor par. Semr. Pheil, Sonsory part. ganglion,
Furdere Wirzel, Ank. roat. Hinf. Warzel, Post. rook.

from the ganglion.  An examination of the root after this latter
experiment will account for this. The root is divided from the
ganglion, and we find that only a few fibres have remained
sound: the majority have been destroyed. The fibres which
remain uninjured must have their source in the spinal cord, for
they are connected to it alone; the fibres which perish must
come from the spinal ganglion, for their connection with it alone
was severed.

Experiments show that cell-processes pass out of the gan-
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glion in two directions,
and that fibres which
originate in the spinal
cord only pass through
it. 'We may, therefore,
consider the relations of
the sensory roots to the
spinal ganglia to be as
represented in the dia-
gram. Fig. 88.
Between the spinal
ganglion and the cord
the sensory and motor
roots divide into a num-
ber of root-fibres, which
for some considerable
distance enter the spinal
cord, the sensory fibres
on the dorsal aspect,
and the motor fibres on
the ventral surface, in
a groove situated some-
what laterally. The
number of these root-
fibres is not alike for
all roots, and differs in
different individuals,
Recent investiga-
tions show that each
root does mnot corres
spond to one definite
peripheral nerve. It has
been proved that in
each peripheral nerve
there is contained a
large number of nerve-
fibres from different
roots, and it is very

L1

P -

III'I -

- oy i
et

-
5,

- S ]

o g b ow W il

—

2 PaY e | i | A ] AN

S e e A S A )
e

Sl .
ol i i

T

T
——r

= e g

r—
s

i
o -__{.l'.'
-—.-_-..-ll"_r.—-lf,'-:--.-!" T =T

i ]

i

Nez

J

=

=
==
—

- S o

e =
O

i

Ld

)

o

NERVES, ETC.

seconid f.!l"l.'?!ii.‘gl

il
)

uwm, Ld. Ne

b

ough the dura and then spread themselves out, fan-lik

the ligamentam denticula

pass thr

The trunks
% a dentated suspensory ligament,

nerve-ronts,

]1%

Between the dura and the epinal eord

pinal cord with enteri

@ earl.

F1a. 8 A.—Anterior view of s
nerve ; Nl first dorsal nerve ; XN, first lombar nerve ; Vi, first sacral nerve, -

along th

149

In the cervieal region
Ot conus terminglis ;

ements : Je, cervical enlargement ; I2, lumbar

5

icited freom cach other,
¢ funiculus cuneatus, fe.

amed Eh

, e B0

18

Notice the two enlan

Frap, ihe pogterior coliimng, J’J‘I{)

al eord after division of the nerve-roots,
posticus, Sip, divides these colomns ivto the funiealus gracilis,

pinal
pasterior meadinon l=sare,

By means of the

Fra. 8% B.—Posterior view of s

the sulens intermedins

Fi filium terminale,

enlargement.




150 LECTURES ON THE CENTRAL NERVOUS SYSTEM.

probable that two museles which are commonly associated in
co-ordinate movements are innervated by the same root, even
though they may be supplied by different nerves.

The interchange of fibres which makes this possible takes
place partly in the plexus (cervical, lumbar, ete.) and partly in
the larger nerve-trunks, which are themselves to be regarded as
a sort of plexus.

Only few cases of disease of the spinal ganglia are known. Besides acute
pain, an intercostal herpes zoster extending along the course of the affected
nerves has been taken as a symptom of this trouble. It is questionable, however,
whether this should be referred to the ganglionic appamtus, for we have herpes
zoster withont digsease of the ganglia, and, furthermore, herpes zoster has been
found to follow inflammation of the peripheral nerves,

‘The roots, therefore, enter the spinal cord along its whole
length. The latter becomes somewhat thickened at those points
where the largest roots enter it from the extremities. The cer-
vical enlargement receives the nerves of the arms, and the lnmbar
enlargement those of the leg. The intercostal nerves arise from
the narrowest part of the spinal cord. The lowest, club-shaped,
portion is called the conus terminalis : from it there arise not only
the nerves but a long, thin prolongation,—the filum terminale.

The upper boundary of the cord is formed by the commence-
ment of the decussation of the pyramidal tract (of which, later).

It is often an important diagnostic point at the bedside to
determine the level at which those nerves arise which supply
certain paralyzed muscles or anasthetic regions of the skin.

The effort has been made to settle this question by experi-
ments on animals, for the simple anatomical method would
never suffice. The attempt has repeatedly been made to sum-
marize those local injuries to the cord in human beings (com-
pressions, haemorrhages, ete.) which give rise to definite disturb-
ances and utilize the results to settle this question.

I give you herewith the results attained by Starr in this
manner, who made a comparative study of all the cases he eould
obtain, in 1888. In all probability, further researches will lead
to minor corrections,
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SEGMENTS OF THE

e ek

BRGMENT. | MUsSCcLES. REFLEXES. SENSATION.
e F - e
2d and 5d Cer- ' Sterno-mastoid. | Hypochondrium (7). | Back of head to vertex,
vical. | Trapezius. - | Budden inspiration pro- | Neck,
| Bealend and meck. duced by sudden pres- |
3 Diaphragm. sure beneath lower
. border of rihs,
4th Cervical. | Diaphragm, { Pupil. 4th to Tth cerv. | Neck.
| Deltodd. Dilatation of the pupil | Upper shoulder.
| Biveps. Coraco-brachialis. | produced by frrita- | Quiter arm.

5th Cervical.

6th Cervical. | Biceps. Brachialisanticus. | Triceps.
Pectoraliz (clav. part). Sth to Gth cervieal.
| Berratus magnus, Tapping elbow-tendon
| Triceps. produecs extension of
| Extensors of wrist and forearm.
| . fingers, ; | Posterior wrist.
| Pronators. Gth to Bth cervical.
[ Tapping tendons causes
I extension of hand.
Tth Cervical. | Tricepz (long head). Anterior wrist.
| Extenzgors of wrist and | 7th o Sth cervical,
| fingers, | Tapping anterior ten-
Pronators of wrist, | don causes flexion of |
Flexors of wrist, wiist. |
Subgeapular. | Palmar. Tth cervical to
Pectoralis (ecostal part). | 1st dorsal.
Latissimns dorsi. | Btroking palm ecauses
Teres major. elosure of fingers,
8th Cervical. | Flexors of  wrist  and
fingers.
Intrinsic muscles of hand.
lst Dorsal. Extensors of thumb.
Intrinsie hand-museles.
Thenar and - hypothenar
CIMinences,
2d and 12th | Muscles of back and ab- | Epigastric. 4th to Tth
. Doraal. domen. orsal.

; Erectores spine. Tickling mammary re-
glion canuses retraction
of the epigastrium.

Abdominal. Tth to 11th
dorsal, !

Btroking side of abdo-
men causes retraction
of belly.

Supivator longus. tion of neck.
Rhomboid.,

| Supra- and infra- spinatus,

' Deltoid.
j Biceps. Coraco-brachialis.
Brachializ anticus.
|'Supinator longus.
Supinator hrevis,
Deep museles of ghonlder- |
[ ET I

| Beapular.

I Sth cervieal to 1st dorsal

{ Irritation of skin over
the seapula produces
contraction of the
seapular muscles,

Supinator longus,

Rhombold. Teres minor. | Tapping {ts tendon in |

Pectoralis (clav. part).
Serralus magnus.

wrist produces lexion
of forearm.

Back of shoulder and

Arm.

Outer side of arm and
foreari.

Anterior upper two-

thirds of arm.

|

| Outer gide of arm and
forearin.

| Ingide and front of
forearm.

| Tmner and back of arm
and forearm,

Radial distribution in
the hand.

|
l
[

Forearm and hand;
median and  alnar
areas.

Ulnar distribution to
hand.

Skin of chest and abdo-
men, in bands run.
ning  around and
downwand COTIE-
aponding to spinal
nervies., i

Upper gluteal reg[nn.-
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LOCALIZATION OF FUNCTION (continued).

HEGMENT. | MuscLES. REFLEXES, | BENSATION.,
|
1st Lumbar. lI]Iu—pﬂ‘ms. Cremasteric.  1st to 3d | Bkin over groin and
| Bartoriue. lumbar. | front of serotum.

Stroking inmer thigh |
| canses retraction of |

scrotum.
1
] Lumbar. Tlic-psoas, Bartorius. | Patella tendomn. | Outer side of thigh.
Flexors of knee (Remak). | Striking tendon ecauses |
| Quadriceps femoris. extension of leg. | _
4d Lumbar. | Quadriceps femoris. Bladder centre. | Front of thigh.

Inner rotators of thigh, | 2d to 4th lumbar.
| Abductors of thigh.

|
4th Lumbar. . Abductors of thigh. Rectal centre, ! Inner side of thigh and
|

| Adductors of thigh. 4th lumbar to 24 sacral. ieg to ankle,
Flexors of knee (Ferrier). | Gluteal. { Inner side of foot
Tibializ anticus. 4th to Sth Inmbar. !
Peroneus longus. | Stroking the buttock |

canses  dimpling in
fold of buttock.

Sth Lumbar, | Outward rotators of thigh. | Achillis tendon, Lower gluteal region
Flexors of knee (Ferrier). | Overextension  causes | back of thizh. Leg
Flexors of ankle. Peronel. | rapid flexion of ankle, | and foot, outer part.

Extensors of tocs. called ankle-clonus,
|
st and 24 Flexors of ankle. Plantar, Leg and foot except
Bacral. Long flexor of toes. Tickling sole of foot| inmer side.
Intrinsic muscles of foot. causes flexion of toes | Perineum and back of
and retraction of leg. | serotum.

Aunus,

The course of the fibres in the spinal cord, gentlemen, is
only imperfectly known. In order to obtain a clear under-
standing of it, you must make yourselves perfectly familiar with

the appearances presented by a transverse section of the organ..

In such a cross-section you will recognize the white sub-
stance externally and the gray matter in the form of a letter H
in the middle. The two lateral halves of the spinal cord are
divided by the anterior and posterior longitudinal (median)
fissures, and connected with each other by the anterior or white
commissure and the posterior or gray one.  We call the anterior
extension of gray matter the anterior horns (cornua) and the
posterior extension the posterior homns or cornua.

The proportions of gray and white substance are not the
same at all levels.  The gray substance predominates markedly
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from the upper lumbar region down. Fig. 91 shows cross-
sections made at different levels in the spinal cord.

Aside from the proportionate differences in the gray and
white substances, you will notice that the most lateral portion of
the anterior horns in the lower cervical and upper dorsal regions
become more and more developed (£, and D) until they form
an independent process, which is called the lateral horn or inter-
medio-lateral tract. In the lower dorsal region the lateral horns
again disappear. They are shown at o in Fig. 90.

Fia. 90,

Bemi-dingrammatic cross.section of spinal cord. @, anterior, b, posterior longitudinal
fissures ; o, anterior column ; o, Internl column § e, posterior eolumn ; f, funicnlus gra-
cilis; g, funiculus cuneatus ; A, anterior, §, posterior roois ; & central canal; § suleas
intermeding posticus; i, anterior horn ; #, postérior horn ; o, intermedio-lateral tract ;
P, processus reticularis 3 g, anterior white commissure § r, posterior or gray commissure ;
& column of Clarke, or vesleular column.,  (After Erly)

Throughout the whole cervical and the upper part of the
dorsal regions, in the angle between the intermedio-lateral tract
and the posterior horn, the gray matter is not sharply defined,
but projects out into the white substance in the form of a
net-work of gray bands and fascienli. This net-work is called the
processus reticularis.

At the terminal cone the gray matter is covered only by a
thin layer of white substance (Co, Fig. 91).
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The root-fibres of the motor nerves pass by the spinal
ganglia directly into the spinal cord, traverse the white substance,
and enter the anterior horn. It is very probable that the axis-
eylinders of all these fibres are connected with the large ganglion-

Fia. 0.

Bections throngh the spinal cord at diferent heights, The letters and fAgures show the
apinal nerves at the level of whose exit the section is made, (After Quain.)

cells as shown in Fig. 92. These cells, which constitute the
first station of the motor innervation-tract, are so distributed
over the section of the spinal cord that we can make out (to the
left at m in Fig. 90) more or less distinetly a median and a
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lateral group in front, and, behind the latter, a central group.
In the cervical cord there is also a group in the lateral horn.
On making a longitudinal section we see that these cells
are somewhat more plentiful opposite the entrance of each root;
that is to say, they are arranged in segments. We call such an
agaregation of cells, together with the root arising from it, a

Fra. 92

From the anterior border of a section through the anterior horn of the gray makter,
Passage of the cell procesaes into nerve-roots,  Carmine stain 342 (After Henle,)

segment of the spinal cord. In human beings the segmentation
of the cord is almost obliterated, but it is more pronounced in
the lower animals,

Nothing is certainly known as to the course of those pro-
cesses of the ganglion-cells which do not terminate in axis-
cylinders: a few appear to extend directly to other ganglion-
cells; the majority, however, are lost in a fine net-work of most
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delicate fibrils, which permeates all the gray matter, and of
which it is still doubtful whether or not it is nervous tissue.
The sensory roots, alter passing through the spinal ganglia,

Half of a section through the lumbar cornd.  Fa, anterior roat ; Bp, posterior root ;
Fip, inner portion of the posterior root ; Cp, posterior commissure ; oo, anterior coms
missure ; Oc, central eanal,  The fine net-wark of medallary fibres in the gray matter and
the net-work of medullary fascienli in the otherwise gay posterior commissure are not
shown. (After Deiters.)
run in part direct to the posterior horn and in part to the
posterior white columns. The cell-complex of the spinal gan-
glion is the real source from which these fibres arise. You

recollect that embryology shows that the cells of this ganglion
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grow peripherally toward the nerves and centrally in the
direction of the spinal cord.

The centripetal processes form what we call the posterior
root. It is, however, joined by fibres which do not originate in
the cells of the spinal ganglia. These are apparently the fibres
which we see passing to a peculiar group of cells which resemble

Fia. 94,

Cross-section of the vesicular eolumn (v},  Fp, faniculus post.
{After Henle.)

those of the spinal ganglia. This group, columna vesicularis,
or column of Clarke (Fig. 90), lies about at the junection of the
anterior and posterior horns. Besides these cells it contains a
small bundle of extremely fine nerve-fibres, which run in the
long axis of the spinal cord.

The vesicular column can only be distinctly traced from

about the end of the cervical to the beginning of the lumbar
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enlargement; it probably, h{}WE'{El‘: extends high up into the
medulla oblongata, '

At the tip of the posterior horn there is found a glassy,
semi-transparent body,—the substantia gelatinosa Rolandi.  As
has been shown by Corning, this is the remains of a tissue which
was present throughout the spinal cord during the embryonal
period. Its cells strongly resemble ganglion-cells, but their
nature is still unknown., Many fibres of the posterior root pass
through it (Fig. 93).

At several points in the gray matter there can be seen but
few nerve-fibres, and scarcely any ganglion-cells. At these
points the neuroglia is the only constituent, and they therefore
present a pale-grayish, translucent
appearance to the naked eye. A
very plentiful deposit of neuroglia
1s situated around the central canal,
and 1s called the substantia gelati-
nosa centralis. The whole periph-
ery of the spinal cord is also cov-
ered with a thin mantle of almost

Fia. 9. . .
Part of crosssection of the white  pure neuroglia,—the gelatinous cor-
snbatance of one of the lateral eolumne, :
The transversely-divided nerve-fibres,  tical laver.
in the centre of each of which is an v

axis-eylinder, are surrounded by neu- '[‘]]E “’hitﬂ Sllhﬁtﬂﬂﬁ{‘ ﬂ“l'rﬁllll(l-

Elgiﬂ_i?cont:l.ining Dieiters' colls, (After ) : ;

ing the gray matter consists prin-
cipally of fibres running lengthwise of the spinal cord, of the
obliquely-ascending roots of the nerves, and of fibres which
run more or less perpendicular to the long axis of the cord,
from the gray matter into the white substance. The nerve-fibres
have an axis-cylinder and a medullary sheath. The width of
the latter varies greatly. The sheath of Schwann is wanting.
Between the fibres lies the neuroglia, which at many points is
continuous with a fibrous connective tissue. In this connective
tissue, which is continuous externally with the neuroglia and
with the pia mater, are situated blood-vessels which have a some-
what radial arrangement. The neuroglia consists here, as in the
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oray matter, of numerous cells with long, slender processes.  The
body of the cell is usually so small that the processes have the
appearance of springing from the nucleus.  Oceasionally, how-
ever, it is larger. These cells are called the spider-cells, or cells
of Deiters. (See Fig. 95, at left).

The spinal cord is, as a glance at a transverse section will
show, divided into several :
columns by the entering nerve-
roots and the longitudinal fis-
sures. Internal to the spinal

nerve-roots are situated the
anterior or posterior columns,
as the case may be, and exter-
nal to them the lateral columns.

The study of embryology
and the investigation of cer-
tain diseases of the spinal cord
show that the anterior, lateral,
and posterior columns are not
uniform masses of fibres of
equal importance, as might
appear from a section through
the adult organ, but that they
are composed of several dif-
ferent divisions,

You remember the pyra- Fre. 06,
midal tract, whose conrse We . g o S e et havoraa:
traced from the cortex of the “"™'*
motor zone through the capsule and the crusta to the ventral
part of the pons.

Let us ascertain in what part of the spinal cord this tract
is situated. It is not difficult to discover this. II' a destructive
disease involves any part of this extensive tract the nerve-fibres
disappear, and are replaced by connective tissue. This process,
which is ecalled secondary degeneration, continues downward

:
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into the spinal cord. Here it occupies two regions,—first, the

FiG. 7.

Secondary descending
degeneration following 2
lesion in the left cerebral
hemisphere, (Alter Erb.)

innermost portion of the anterior column on
the side of the brain-lesion, and, secondly, a
large area in the lateral columm of the oppo-
site side. Iigh up, at the commencement
of the oblongata, we see that the crossed de-
generation passes back to the side of the un-
crossed degeneration; that is, the degenerated
tract decussates with the normal pyramidal
tract. The tract which, in this instance, is
involved in the descending degeneration is
called, as in the brain, the pyramidal tract.
In the spinal cord it is divided into the
anterior (colummnar) pyramidal tract (most
median part of anterior column) and the
lateral (colummnar) pyramidal tract (in the
posterior portion of the lateral columm).
There are grounds for believing that these
pyramidal tracts contain most of those fibres
from the brain to the spinal cord which con-
vey the impulses for conscious movement.
They degenerate only downward ; their nerve-
fibres always disappear if the cross-section of
the tract i1s destroyed at any point of its course
in the brain or spinal cord. In human beings
all the tracts in the spinal eord have their
medullary sheaths at the time of birth. The
pyvramidal tract is the only exception to this
rule.  On a section taken from the spinal
cord of a newborn child, therefore, the pyra-
midal tracts appear gray in the midst of the
white lateral ecolumns.

The cross-section of the pyramidal tract
diminishes gradually toward the lumbar

region. In the lower dorsal region the pyramidal tract of the
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anterior column ean no longer be seen. because its fibres are lost
in the regions from which the motor nerves issue. In Fig. 100
the points 7 and 7" give a general idea of the pyramidal tract at
different levels of the spinal cord.

The examination of spinal cords affected by secondary
degeneration throws still more light wpon their structure. If
we make sections of spinal cord whose continuity has bheen in-
terrupted in the dorsal portion by pressure or any other violence,
we shall find, as might be expected from what has already been

v
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Fra. 98
Cross-section throngh the eervical cord of a newborn ehild, The pyramidal tracts
without medullary filives appear glistening and clear. The divect pyramidal tract in the
anterior column encroaches warkedly upon the antero-lateral eolummn,

frrensechickd, Limiting layer. Settenatrang, Lateral eslumn.
i medBismetel. Groand=bamd be. Vrerateraf reng, AR teriar colwmn.
Klsinkirnscifenstrerngs Baln, Lateral cerelellar tract. Wiirzel Zoue, dAone of thi roots.

said, that the pyramidal tracts on each side have become degen-
erated downward., But there is also a degeneration upward from
the level of the injury. At first this degeneration occupies the
whole area of the posterior column, but at a point a lew seg-
ments higher up it is limited to that part of the column which
lies along the posterior median fissure. In such specimens we
can easily divide the posterior column into an inner and an
outer one. The parts affected by this ascending degeneration
(which extends into the oblongata) are fibres of the posterior
11
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roots, which have been divided from their ganglion-cells in the
spinal ganglia,  If we divide these posterior roots experiment-
ally just outside the spmal column (Singer) we shall produce an
exactly similar degeneration.  Just above the divided point both
the outer and the inner posterior columns are degenerated ;
farther up new and healthy root-fibres enter and arrange them-
sclves to t#e outside ol the injured omes, so that the area of
degeneration 1s gr:uluuil}' pushed farther and farther toward the
median line as we pass higher up in the cord.

The study of the development of the
medullary sheaths confirms the conclusion
reached by the investigation of secondary
degeneration. It teaches that there are here,
at least., two sets of fibres,
ordinarily called the fundamental bundle of

an outer one,

the posterior eolumn. also called wedge-shaped
column, or column of Burdach, and an inner
one, which is ecalled the slender column
(funiculus gracilis), or Goll’s tract. In the
normal adult cord the two divisions of the
* are separated from each
other by a septum of connective-tissue only
in the cervical region. In sections made

]u:n-:tq:t'iur column

Fres. 10, lower down we ean only distinguish them
Speeonidary  ascending = E

and desceniing degener: when one or the other is degenerated, and
tion following o trns- (=]

verse diviston o el e therefore is differently stained. Goll’s tract

in the apper dorgal Pe-
gion., (After Strimpelly - . . "
inereases in size lrom below lllm'mﬂ as [ar as

the upper dorsal region, probably because portions of the pos-
terior nerve-roots are continually entering it on their way to the
medulla oblongata., It is not improbable that still {urther sub-
divisions of the posterior columns will be made in the future.
The manner of extension of certain diseases, and occasional rare
forms of secondary degeneration, lead us to anticipate this.

# Funienlus cuneatos aml funiculus gracilis in Fig, 8 B, alsocalled postero-external and
postero-internnal columns,
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The region near the gray commissure, which is marked A in
Fig. 98, on the lelt, must contain a distinct system of fibres,
because, for example, it never becomes mmvolved in cases of
tabes, even though the other parts of the posterior columns
degenerate.  We may call this the ventral field of the posterior
column. .

The posterior columns consist of the entering fibres of the

Fra. 100
Sections through the gpinal cord in the upper cervieal region, the dorsal region, and
the middle of the Inmbar region. Boundaries of the different eolumns of the white
substanee, I, Basal bomdle of the anterior column. 2. Basal bumdle of posterior colmmn,
the 'L'rl-rlg"l--n-,c||:;||n'4| coliwmn or eoslumn of Burdach, 3 Anterior mixed zone of lateral
column. 4. Lateral boundary-layer of gray sabstance. 5 The delicate column, er colum
of Goll, 6 Lateral® cerebellar tract, 7. Crossed pyramidal teact in Iateral columin.
7. Direct pyramidal tract in anterior column, o, anterior voots, The gray substance is
hown Dlack. (After Flechzig.)
posterior roots. These roots are arranged in such a way that
when they first enter the cord they lie on the outer side near the
posterior horn, and those entering afterward (i.e., above them)
crowd their predecessors inward. Thus it happens that in the
cervical region the fibres from the lower extremities are found
principally in the column of Goll, while the column of Burdach
contains very many fibres from the upper extremities. You
must not imagine, gentlemen, that these divisions of the posterior
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columns convey upward all the fibres of any posterior root.
Many of the fibres pass into the gray matter directly after the
root has entered the spinal cord, and others pass first into the
posterior horn and then into the gray matter. Therefore, rela-
tively few of those fibres which entered the posterior columns
below are to be found in the upper part of the cord. Experi-
mentally we have ascertained that the area of degeneration due
to section of a posterior root becomes continually smaller as it
is traced upward. At the same time it moves inward,

At the upper part of the spinal cord the funiculus cuneatus
receives fibres which do not come directly from the posterior
roots.  Their origin 1s unecertain.

But, as you have been told before, all the sensory fibres do
not terminate in the cells of the spinal ganglia; a part pass
through the ganglia apparently to end in the cells of the column
of Clarke, their first terminal station. These fibres remain
normal when the root is cut across, for the reason that they are
not divided from their own cells in that experiment. They do
degenerate, however, if’ the continuity of the spinal cord itself
is broken. In fact, in the latter case (Fig. 99), we see still
another tract of fibres degenerate. It is that shown in the
peripheral portion of the lateral columns at 6, in Fig. 100.
This tract can be traced as far as the worm of the cerebellum.
[t is owing to embryological researches (Flechsig) that we are
able to recognize and distinguish this divect lateral cerebellar
tract from other tracts in the lateral column. In the first weeks
of life, before the pyramidal tract has become medullated, the
cerebellar tract lies like a delicate white border along one-half
of the periphery of the lateral column.

Just in front of the cerebellar tract lies a tract which projects like a wedge
from Lhe periphery of the lateral column toward the centre. It is not indieated

in the dingrams, but is apparently independent, for it may degenerate (upward)
by itself. It is called the fasciculus antero-lateralis.

By the study of secondary degeneration and embryology.
therefore, we have discovered the following systems of white
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fibres. To these subdivisions we have given the general name
of columnar systems. In the anterior columns the anterior
direct pyramidal tract; in the lateral columns the lateral crossed
pyramidal tract, and the direct cerebellar tract; in the posterior
columns the ground-bundles and the funiculi graciles.

If you will look at Fig. 100 you will observe, aside from
the above-named, two areas in the section which have been left
white. They are marked 1 and 3, and are situated in the
anterior and lateral columns.  They are probably a region which
is only traversed by the anterior roots, and have received the
name of remnant of the antero-lateral colnmn.  The part lying
in the anterior column is also ealled the anterior ground-bundle
(1, in figure). The part lying in the lateral column has received
the name of anterior mixed zone of the lateral column (3, in
the ficure). The fibres of the remnant of the antero-lateral
column arise in part in the anterior roots and in part in the
gray matter. They come principally from the centripetal pro-
cesses of the sensory tract. The field marked 4 in Fig. 100
(lateral limiting layer of the gray matter) contains the divect
continuations of the nerve-roots which, after passing transversely
through the posterior horn (see Fig. 98), ascend in this layer,

Let us, now that we have learned the general arrangement
of the structures of the spinal cord, see what becomes of the
entering root-fibres, the examination of which we abandoned
for a time. Let us see how far their course within the central
organ has been investigated. We are no longer considering the
form and arrangement of the different parts of the central
nervous system ; that which now demands our attention is the
mtimate connection between its constituent elements, the relation
of fibre to fibre and of fibre to cell.

The fasciculi of the anterior roots pass in a gentle ascent
through the midst of the antevo-lateral columns. Each fasciculus
is spread out over a large extent of the white substance. For
this reason any injury to the eolumn must involve a certain
number of the anterior root-fibres, and it is therefore impossible
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to arrive at any conclusion concerning the function of the antero-
lateral column proper by section experiments on animals.. The
anterior roots, which contain motor fibres, and also exert a
trophic influence on both muscle and nerve, are an important
constituent of the ecolumns now under consideration.

The accompanying drawing and Fig. 102 will give you an
idea of the central comrse of the anterior roots.

On reaching the gray substance the component fibres of
cach bundle separate. There are many and conflicting state-
ments as to the ultimate destiny of these fibres.
The following explanation, which is based
largely on my own investigations, is an at-
tempt |ttﬂu harmonize the most important of
these statements.

First, we may consider it as settled that
the fibres of the anterior roots pass to the
ganglion-cells of the anterior horn, or, rather,
become continuous with their axis-eylinder
process (sce Fig. 92). A few of these fibres
pass to the cells of the opposite anterior hom
by way of the anterior commissure.

The nuclel of the anterior roots are con-

Fid . 1ol g ] t
Passage of the antes “ﬂ{:h’d ]}T 11{"'[‘\-'1‘:-{'[']1"[.':-'. “rlf-l]. tllﬂ' E)ﬁ'l‘:lt]l]t':ll
rior roots through the o - < ;
substance of the spinal  tracts.  We see large numbers of these fibres

cord.  {Dingrammeatic, )

“at the bottom of the anterior median fissure
passing across the middle line of the anterior direct pyramidal
tract. The fibres, from the anterior horn to the lateral crossed
pyramidal tract, ave less easily demonstrated on account of' the
obliguity of their course and the extreme difficulty of making a
section exactly in their plane. In Fig. 102 these central portions
of the motor tract are indicated by fine lines, the peripheral (gan-
olion-cells of the roots) with eoarse ones.  The nature of union
Letween the ganglion-cells and the pyramidal fibres is unknown.

Fibres pass from the anterior horn to the lateral and median
portions of the ground-bundle of the antero-lateral column.
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The anterior commissure is composed of the central fibres
from the root-nuclei to the opposite anterior pyramidal tract, the
fibres from the roots to the corresponding cells of the opposite
side, and of fibres from the posterior horn.

All these fibres are swrrounded and enclosed by an extra-
ordinarily close tangle of fibres, the unraveling of which has
never been accomplished. This mass of fibres, without doubt.
contains other nerve-tracts of which we know nothing. That
portion of this net-work, which is medullary at birth, is correctly
depicted in Fig. 98.

The investigation of the relations of the posterior roots
presents peculiar difficulties. We never see a fibre connect
unmistakably with a cell-process: there is always a net-
work between the two. We must bear in mind, too, that the
greater part of these rvoots is made up of central fibres; that is.
of fibres which have already passed their first terminal station
(the spinal ganglion). We have made out the course of some
of these central fibres by the study of secondary degeneration.
We have seen that they pass directly into the column of Bur-
dach along with the root-fibres, and that they show a tendency
to pass more and more to the median line, so that in levels
above their point of entrance they lie nearer the middle line in
the column of Goll. But we have also seen that, while they
were working toward the median line, they were continually
giving oft fibres to the gray matter.

If T am to succeed in giving vou a clear explanation of the
complicated relations existing at the entrance of the posterior
roots, I must particularly request you to study the following
text with continuous reference to Iig. 102

On a transverse section of the spinal cord we see that the
posterior root divides into at least four parts. The most median
bundle (1, in Fig. 102), which consists of coarse fibres, passes
almost entirely and directly into the white posterior columns at
the same level with their point of entrance. These are the
before-mentioned central tracts ; along with these, fibres of equal
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size (2, Fig. 102) pass into the spinal cord, which do not run
directly toward the median line, but pass in a curve through the
white substance laterally toward the columns of Clarke, where
they are lost sight of. A few fibres run directly throngh the
posterior horn ventrad of the substantia gelatinosa, and then
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Diagram of a transverse section of the spinal cord, showing the central eourse of some
of the most mportant tracts, Compare Fig. 38, which s not diagrammatic.

Gremzechichs, Tamiting Inyer. Frumd Bidade!, Ground bandle.
Kleinkirm:Seitenslramg: Bahn, Lateral corobellar teact, Pyramid. Verd=8¢, B, Anterior pyramidal tract.
Pyrawiden-Seiteaste, 0., Lateral pyramidal tesct. Keitenste,, Lateral eoluma.

2 Furdleratr,, Antarior eolumn,

continue their course into the limiting layer of the lateral
column. They are shown with peculiar distinctness in Fig. 98.

The two last-described portious of' the posterior roots lie on
the median side of the apex of the posterior horm. Laterally
from these lie the bundles which are distributed to the latter ;
we can distinguish both coarse and fine fibres. Neither of them
terminate at the level of their entrance into the cord. The larger
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fibres (3, in Fig. 102) pass directly through the substantia gela-
tinosa Rolandi, which lies at the tip of the posterior horn, and
at once turn upward and downward, and only pass farther into
the gray substance at other levels. The fine fibres (4, in Fig.
102) become separated from the coarse immediately after the
entrance of the root, and pass as a separate bundle upward and
downward between the tip of the substantia gelatinosa and the
periphery. The cross-section of this fasciculus was called zona
terminalis by Lissauer, to whom we are mainly indebted for our
knowledge on this point.  Fibrils are continually given off from
the zona terminalis to a net-work lying between it and the sub-
stantia gelatinosa. This net-work is called the zona spongiosa,
and from it fine fasciculi arise, which pass into the substantia
gelatinosa and are lost in the maze of fibres which make up the
main mass of the posterior horn. From this infricate maze of
fibres are developed new fasciculi, which pass across to the
opposite side through the anterior and posterior commissures,
and, emerging from the gray matter, are continued upward to the
brain in the ground-bundles of the anterior and lateral columns.

We have, therefore, distinguished two paths in which
the fibres of the posterior roots are continued upward,—a
direct one, in the posterior columns, and an indirect path by
which., after passing through the posterior horn, in some un-
known manner, the fibres eross to the opposite side. We
shall see later that the direct fibres, after passing through a
nucleus in the medulla oblongata, also decussate.

[t would not have been possible for me to recognize this
arrangement of the fibres of the posterior root were it not for
the fact that, in the lower vertebrates, the order of the fibres in
the spinal cord is a very simple one: I might almost ‘call it
diagrammatie. Once it was shown, in the case of these animals,
that the majority of the posterior roots pass through a net-work
and afterward decussate before continuing on their course to
the brain, it was easy to recognize the same conditions in human
beings and other mammals.
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Knowledze obained by experiment and at the bedside confirms these late
dizeoveries. I one-half of & spinal cord is divided the sensation of the skin is
lost below the point of division, and that not on the same but on the opposite
gide. We had previouszly been al a loss to harmonize this fact with our knowl-
edee that posterior root-fibres were continued divectly (without decussation) in
the posterior columns, The phenomenon, however, was al once uxp]uinm] when
we discovered that a considerable portion of each root passed, in some way not
clearly understood, to the opposite side shortly after entering the cord.

You will at once be struck by the remarkable analogy ex-
isting between the central fibres of the anterior and posterior
roots. In the former we have (in relation to the root) a direct
tract (the lateral pyramidal tract) and a crossed tract (the
anterior pyramidal tract).

The principal distinction between the motor and sensory
traets consists in the different mechanisms which are interposed
hetween the cells from which they originate and the point of
their decussation.

While there is good cause to believe that this mechanism is
very simple in the anterior horn, apparently residing in the cell
itself, we see, in the case of the posterior roots, a whole net-work,
itself filled with small cells, thrust in between the eells of the
spinal ganglia and the decussation.

We shall have occasion again to refer to this important
matter when we study the oblongata.

We must now consider that portion of the posterior root
which does not arise from the cells of the spinal ganglion but is
connected with the columns of Clarke. Pathological observa-
tions go to show that this portion has probably nothing to do
with conveying sensory impressions from the skin. The central
connecting fibres from the columns of Clarke do mnot pass
npward in the general sensory tract. They send off fibres which
pass out laterally from the gray matter, and reach the direct
lateval cerebellar tracts in the periphery of the white substance.
and in these tracts they pass to the cerebellum. These fibres
are apparently of importance in the co-ordination of movements,
We not only see disturbances in co-ordination of gait and
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posture in cerebellar disease, but in tabes dorsalis, where the
highest degrees of ataxy are sometimes present, the fibres of the
posterior and of the vesicular columns are degenerated: the
continuity of the tracts to the cerebellum is broken.

The anatomy of the spinal eord, so far as it could be ascerigined microscopi-
cally, was deseribed by Burdach, Sommering, and F. Arnold. Bellingeri first
discovered the connection existing between the anterior roots and the gray matter
of the anterior horns, while Grainger rendered the same service with respect to
the posterior roots and the posterior horng. The finer struetare of the spinal cord,
however, was first discovered by B. Stilling, and after him additional light was
thrown on the matter by Kiélliker, Goll, Deiters, Gerlach, Clarke, and others.
We owe our knowledge of the course of fibres in the white substance prineipally
1o the works of Tiirk, Flechsiz, Charcot, and Gowers.

¥

The picture which I have given you to-day of the most im-
portant tracts of fibres in the spinal cord might be made much
more complete, might be improved by many highly interesting
details.  We have touched, however, upon many points where
our knowledge is uncertain, so that a faithful adherence to the
object of these lectures will compel us to stop at this place,
where the lack of known details and the conflicting opinions of
authors prevent us from laying before the student clear and
definite views,

In the preface to his great work on the structure of the
spinal cord, Stilling says, * We must not, to borrow the lan-
guage of the distinguished Burdach, forget that in investigating
the spinal cord we are traveling through a wonderland of which
we have no accurate knowledge. We can only turn our atten-
tion to the rivers and mountains in order to get a general idea
of the whole, and must leave it to those who follow to trace up
and map out the minor features of the landscape.” Thirty vears
have passed away since this preface was sent forth into the world
with a book richer in material than any ever before presented to
anatomical science. We are still far from the goal, and it will
be long before that perfect map can be drawn of which both
Stilling and Burdach dreamed.
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LECTURE X.

THE SPINAL CORD AND THE COMMENCEMENT OF THE MEDULLA
OBLONGATA.

GENTLEMEN: In the spinal cord, fibres of widely different
physiological significance lie crowded closely together. Those
cells which we regard as central organs lie side by side with
peripheral structures. You will, therefore, easily understand
how extremely difficult it is to detect the consequences and
symptoms which follow a disease or injury of any one of these
components of the spinal cord.

Nevertheless, careful observation, both at the bedside and
at the post-mortem table, has taught us much in this connec-
tion. A certain number of discases affect only certain regions
of the spinal cord, always confining themselves to particular
columns or groups of cells, and leave all other parts of the cord
intact, or at least invade them very slowly. The investigation
of such diseases is naturally of great importance, as affecting
the subject®which we have now in hand. Then, too, injuries,
sections, and compressions of the cord, such as may arise from
spinal ecaries or tumors, often enable us to draw valuable con-
clusions,

Much less important results have been obtained by physio-
logical experiments on animals than by pathology. The neces-
sary operations are comparable to pathological processes of a
-ather gross character, and in. animals we know very little of
the nature and source of the severed fibres, for the reason that
their cord has not been so thoroughly investigated as in the case
of human beings,

It is, of course, beyond the pale of these lectures to give
even a short summary of the valuable discoveries which we owe
to pathological research. A number of excellent works will
afford you an easy introduction into this part of our subject.

(173)
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I will mention only a few points which are either particu-
larly important or have been established bevond a doubt:—

Digeases of the pyramidal tract in the lateral, and apparently inthe anterior
columns as well, canse paresis or paralysia.  In addition to thig, the weakened or
paralyzed muscles are in a condition of inereased tension, have a tendency to con-
tracture, and are abnormally regponsive to mechanical irritants, Wherever you
see these symptoms, either alone or mixed with others, you may with all safety
assume that the pyramidal tract is involved in the disease.
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Fra. 104,

Lacalization of a lesion in the anterior
horn of the gray matler in the lnmbar eén-
largement, taken from a two-year-old ehilid

Fra. 108, EEI:"I-'E[_IF :lmnl,hi iLt'l.i‘r Ll:luj: 1.*n_|n|r||-e|:|1:‘._mimnt rln'

e ek the disease, A large lesion in the right and a

Mot Ji'l":‘l:;t: :'::"Tm'""“'};::;f;n“ﬂ‘:fln' smaller one in the left anterior horn, See.

P b mette ALE oot sl Warder Famel Ant. seot. _M1OnS made 13, 25,30, 36, and 43 mm, above the
s Cartax of the beakn: : © o filimm terminale. |(From Erb, after Roth,

Diseasges of the posterior columns give rise to sympltoms varying according
to the area of the columns involved. Injuries Lo Lthe posterior roots at their
entrance break up the continnity of the sensory tract which runs in the Jatter, and
eanse a loss, not only of every kind of sensation, but also of the reflexes which
are 2et in motion by the sensory tract. The reflexes which have no direet con-
nection with conscious sensation, as the tendon reflexes, also disappear. Dezen-
erations ol the posterior columns, which do not injure the entering posterior
roots, or only slightly affect them, may not zive rise to any serious disturbance of
cutincous sensation, but the musele-sense invariably appears to suffer.  The main
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part of the fibres of the posterior roots which run in these coluwmns stand in some
sort of relation to this sense.  The motor power is not diminished by disease of
the posterior columns.

If the gray matter of the anterior horns ia injured by a pathological process,
there appears paralysis of the related museles, just as in ease of injury to the
peripheral nerves. These paralyses are followed with unusual rapidity by atrophy
of the affected muscles.  This affection resembles the peripheral paralyses, also,
in the fact that the paralyzed museles react to the eleetric current as though
their nerve-supply had been cat off. We think, from Lhese (ets, that we are
Jjustified in agsuming that trophic centres for the museles and nerves are situated
in the anterior horn,  The section experiment proves this. No matier where the
anterior root i2 severed, be it far from or near to the spinal cord, its nerve always
desenerates toward the periphery ;. while the posterior root, divided in like
manner from the cord, remains in o great measure normal as long as its union
with the spinal ganglion remains undisturbed.  »

IF the fibres of the anterior roois are divided in te lnberal eolomns Beiween
their eells in the anterior horn and the brain, there generally results only paralysis
and no atrophy.  From the accompanying diagram (Fig. 103), which shows the
connection between the central and periplieral portions of 4 motor tract, vou will
ensily understand the reason of this phenomenon.

A disease situated in the line 2 a e, or, rather, in the fibres represented by the
line, leads to paralysis.  If it interrupis the conductivity of the fibres above the
ganglion-cells (st & or z), it has the character of a central paralysis without
atrophy, and often results in an improvement, or even a cure, probably becanse
other tracts act vicaviously for it. I however, the tract 2 4 ¢ is interrapted in the
anglion-cell, orat any part of ¢, then not only paralysis ocenrs, but she paralyzed
files disappear, and the muscles supplied by them become atrophied. In this
ense there iz little progpect of a cure.  Oceasionally, after long-protracted disease
of the part # a. the part ¢ is finally involved. This, however, is rare. A lbreak
in the tract at & leads to a descending degeneration from the point of injury to the
corresponding anterior horn.  The trophic centres for this part of the motor tract
must, therefore, be sought for centrally from the point of interruption. probably
in the cortex, Az an example of paralygiz and atrophy following disease of the
anterior horn, I will cite infantile spinal paralysis.  In this digease there ocears a
sidden complete paralysis of distinet groups of muscles, soon followed by atrophy
of the muscles themselves,  An examination of (he spinal cord reveals disease-foct
affecting the gray matter of the anterior horns.  The nerves, too, and even the
anterior roots, gradually become atrophie.  The spinal cord and the roots present
gommewhat the appearnnce shown in Fig. 105 4 and B.

We are not yvel in possession of a suficient number of aceurate and pains-
taking observalions (o enable us 1o say what symploms will result from o disease
of the gray matler of the posterior horng A comparizson, however, o the cases
of tabes dorsalis in which it was affected, and of those in which it was not,
make it probable that a disease affecting this region would give rise Lo sensory,
and especially to trophic, disturbances of the skin. In the vicinity of the basal
portion of both anterior and posterior horng there must be situated bacls or
centres, which sland in some relation to the trophic innervation of the skin and
its Bood-vessels. We must also look in this region for the mechanism which
underlies the temperalure-sense.
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The above-mentioned functions are the very ones that suffer most in a
dilation of the ceniral canal—syringomyelin—or in tumors which are frequently

sitnated in the midst of the gray matter.

After this short exeursion into the domain of pathology let
us return to the consideration of the structure of the spinal

Frg. 105 4 aND B.
Bpinal cord, with acute alm-viﬂgmllnm}'c]il:i.ﬂ\. 43 years after

the commencement of the disease, Beetion through the Inm-
bar enlwrgement, both snterior horng and both antero-laterad
columns strongly atrophicd, more s0 on the left than on the
right. No ganglion-cells, 8. Section through the cervieal en-
largement. Left anterior horn and antero-lateral column
markedly atrophied, and withont ganglion-celis.  Posterior
horns and columns normal in both sections.  (After Charcot
and Joffroy. )

cord. At its up-
per end the white
fibres which com-

pose 1t are arranged
In a most intricate
manner. The ex-
tent and form of
the gray matter is
markedly changed,
new collections of
glia- and ganglion-
cells appear,and the
familiar appearance
of a section through
the spinal cord is
greatly  changed.
The resemblance is
particularly hard to
trace Just above
the upper terminus
of the spinal cord,
where the inferior
olivary body, a gray,
plicated lamina, rich
in  ganglion-cells,
usurps the place of

the lateral columns on each side, and the central canal, trending
continually backward, expands into the fossa rhomboidalis.

The series of sections which I will now demonstrate to you
is intended to elucidate the transition of the spinal cord into the

medulla oblongata.
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Fig. 106 represents a section through the cervical medulla
about opposite the point of emergence of the first spinal nérve,
Its general appearance reminds us, on the whole, of the sections
which we have before examined. We must notice three points
in particular, because they differ from what we have hitherto
seen. One is the peculiar shape of the posterior horn. It con-
sists only of a thin * neck ” united to its most dorsal portion,
which at this level is markedly thickened by admixture with
the substantia gelatinosa. This thickened portion is called the
“head of the posterior horn.” The substantia gelatinosa is

Hinterharn,

) Proc. reticu\laris,
e S N. accessor.

~ Rad.ant Xeern I.

Fra. 106,
Saetion throngh the uppermost portion of the eervical eond.

Hinterhorn, Paat. horn, Seiternhorn, Lateral horma.
permeated by innumerable fine fibrils, which may possibly have
their origin in it.  All these pass to the region lying external to
the substantia gelatinosa and form a fasciculus, which extends
to the periphery of the spinal cord and presents a somewhat
crescentic appearance on cross-section. This fasciculus ascends
far up into the pons, to the point where the trigeminus is given
off, and emerges along with the fibres of the latter. It is called
the ascending root of the fifth nerve. In all the sections which
I show you from now on we shall see this crescent of nerve-

fibres and the substantia gelatinosa lying median to it.
12
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Next, you will notice that the lateral horns are strongly
developed. The accessory nerve of Willis arises from cells
which here lie at their base, but which, at higher levels, are
situated at the lateral boundary of the anterior horns. The
root-fibres of this nerve, which are given off continuously from
the level of the sixth cervical nerve up to the commencement
of the oblongata. do not pass straight out, as might be supposed,

F1a. 107,

Cross-section of medulla oblongata through the pyramidal decasgation.  Fpy, pyra-
mibdal column ; Clge, anterior horn; Me’, remains of anterior eoluomn ; Ng, nucleus of the
funiculus graciliz ; g, sub=tantia gelatinoza ; X1, acceszory nerve.  (After Henle. )

™

from the cut, but, on the contrary, extend upward toward the
brain and then bend outward at an angle (Darkschewitseh).
Ouly the horizontal limb of this angle is shown in the section
(106). Please notice, too, that in the space between the posterior
and anterior horns the gray matter extends out into the lateral
column m the form of a thick net-work of fasciculi. This net-
work is insinnated among the bundles of the lateral column, and
is called the processus reticularis.
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Just above the level of this section (Fig. 106) begins the
peculiar arrangement of fibres, ete., which go to make up the
medulla oblongata.

We found two pyramidal tracts in the spinal cord,—one
situated in the anterior column, which conducted fibres toward
the brain which were added to it from each nerve-root on the

Fpr
Fra. 108,
Section through medulla oblongata in the region of the moat candad of the roots of

the h:.'imglﬂusal nerve,  Pyramidal decussation almost completed.  Ne, nucleus of tha
f:;lEﬁE il.[-‘i;l:ilél.la'l"ﬂ.l.lm: XII hypoglossal nerve, All other marks same as in Fig, 107
opposite side of the cord, and a second, situated in the lateral
column, which received fibres from the anterior horn on the
same side. At the upper end of the spinal cord (Fig. 107, Fpy)
the last-named tract forces its way in thick bundles through the
anterior horn of its own side and reaches the opposite anterior
column. Here it meets with the anterior pyramidal tract, and
from this point the crossed and the uncrossed pyramids are
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united and pass upward as the pyramidal column. The posterior
horns move more to the front, so as to oceupy the space in the
lateral columns which was formerly filled by the pyramidal
tracts.

The pyramidal decussation is fully completed a few milli-
metres above this point.  Both the anterior direct and lateral
indirect pyramidal fibres are united into a thick bundle on the
ventral side of the cord, which now bears the name of medulla
oblongata. This is elearly shown in Fig. 108.  You see that
the ground-bundle (') of the anterior column has assumed a
position dorsad of the pyramids. External to the anterior horn,
which has been cut off from the rest of the gray matter by the
decussation of the pyramids, lies a small gray mass. It is the
commencement of the inferior olivary body. Higher up, the
olivary body inereases greatly in size and oceupies a large share
of the space once occupied by the lateral columns,  These latter
have become somewhat less abundantly supplied with fibres since
the reticular process appeared on the scene. They still, how-
ever, send many fasciculi high up beyond the olivary body into
the reticular processes.  On account of the continual distribution
of fibres to small gray nuclei situated in the latter, the supply of
these fibres soon becomes exhausted and the lateral columns ean
be traced no farther.

The two accompanying figures, taken from IHenle, show
beautifully the general change in the arrangement of fibres and
the passage of the lateral columnar pyramidal tract to the oppo-
site anterior columns.  The severed anterior horns can be traced
still farther upward, but are lost at about the level of the pons.

You will see the pyramidal columns in the anterior part of
all following sections lying between the olivary bodies. (See the
figures of the next lecture,) At last they are covered in and
split up by the transverse fibres of the pons. We have learned
in previous lectures how they re-appear from under the pons.
and pass upward in the pedunculi to the internal capsule. We
have also seen that a break in the conduectivity of the pyramid-
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tracts situated in the brain was followed by a descending de-
generation, which could be traced through the medulla oblongata
into the opposite postero-lateral column and the anterior column
of the same side,

You will not so very infrequently have opportunities to
trace out the course of the pyramidal columns if, in autopsies on
old cases of hemiplegia, you will make sections through the
pedunculi, the pons, the medulla oblongata, and the spinal cord.
The grayish pyramid of the affected side can generally be clearly
distinguished from the normal white one of the sound side.  TIn
the spinal cord there will be also a gray, discolored spot in the
opposite lateral column.

In that region of the spinal cord which is occupied by the
pyramidal decussation there also appear marked changes in the
posterior columns.  Gray, ganglionic masses appear first in the
inner and then in the outer division of the posterior columns.
These are the nuelei funiculi gracilis et funiculi cuneati.  These
nuclei become blended with the gray matter and materially
change its configuration. (In Tig. 107 the first-mentioned of
these nuclei can be seen, and both are shown in Fig. 108.)
Apparently, the fibres of the posterior columns gradually termi-
nate in these nuclei.  From the latter, however, masses of fibres
ave given off, which pass forward through the gray matter and
decussate with those of the opposite side (above the pyramidal
decussation). The fibres pass later to the fillet, and the upper
pyramidal decussation has also been called the decussation of the
fillet.

It is not easy to demonstrate bevond a doubt the existence
of the decussation of the lemniscus in the adult organ. All
doubt ceases, however, if we examine sections through the me-
dulla oblongata of embryos in the seventh month. In this case
the decussating medullary pyramidal fibres are not present to
blur the clearness of the image, and the fibres of the posterior
columns, which alone are medullary, stand out prominently and
cannot be mistaken. At first, only the fibres from the nuclei of
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Burdach’s eolumn ean be made out, but later, in the ninth foetal
month, the decussation of the fibres from the nuclei of Goll’s
tract can also he seen.

Let us compare the accompanying cut with Figs. 107 and
108. Behind the central canal lies the gray matter, which, at
this level, has become very much expanded laterally. In the

Fic. 108,

Section through the commencement of the medulia oblongata taken from a homan
embryo of the 2th weelk, Notice the tracts from the eolumns of Burdach to the decns.
sation of the fillet, and the fibre arciformes externme posteriores from the column of
El'i!l, which will be descrilvsd Lter on. Observe the situation of the direct lateral cere-

ellar tract.

s i o Varder-Sinang. R, Ratasins of satssiay solasn,
funiculi gracilis et enneati their vespective nuclei have appeared,
and both are continuous with the gray matter. External to these
lies the substantia gelatinosa of the posterior horns, surrounded
by a thin stratum of medullary fibres (ascending root of fifth
nerve). The space in front of them, which, in Fig. 108, is oc-
cupied by the dark pyramidal fibres. appears clear because these
fibres have not vet become medullary. The remmant of the
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antero-lateral column and the direct lateral cerebellar tract at
the periphery of the lateral column have become medullated.
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Fra. 110.

Heetion throogeh the medulla oh'tnngnta of an embryo of the 20th week, The medul-
lary fibres are staned with hematoxylin, The left inter-olivary layer and the ascendin
root of the trigeminns are ndt shown. In the restiformm body only that portion which is
derived from the spinal cond is medullary. Fibrm arciformes = filre arciformes externme
anteriores, The posterior external arciform fibres can be seen, outside and above, be-
tween the restiform body and the posterior column.

MHinferatrarg, Postortor solamn. Hint, Nelben (ive, Posberior aomeasory olivary proosss.
Tan. Neben Glvee, Internal accessory oliva ; iinen Feeinchenschichl, Inter-olivary layer.
Seitenslr. Bahna, Lateral (cerebellar) tract.

We now see fibres arising from the nuclei of the posterior
columns, which pass in a curve through the gray matter (fibre
arciformes internza), decussate in front of the central ecanal, and
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lie in a thick stratum dorsad of the pyramids, which have, at
this level, completed their decussation. The region in which
they lie is the one which was occupied by the antero-lateral
columns in the spinal cord. The main mass of crossed sensory
tracts which ascended in the latter is crowded backward and
outward by these new-comers. Thus, the now united crossed
sensory tract fills up all the space between the olivary bodies
(olivie inferiores). The latter are gray masses, which first appear
in the meduila oblongata at this level. The higher we pass in
the medulla oblongata, the fewer fibres are there found i the
posterior columns.  Gradually, all of them pass, by way of the
arciform fibres, to the decussation of the lemniscus, and extend to
the opposite side near the middle line, where they form the inter-
olivary laver, or, as we will call it from now an, the laver of the
fillet. The fibres of this layer pass to the fillet of the mid-brain.
" Tt has been frequently claimed that the fibres of the pos-
terior columns do not follow this course, but rather pass into the
olivary bodies, and from there through the posterior peduncles
of the cerebellum into that body. My investigations have
shown, however, that they all, or nearly all, follow the course 1
have deseribed.  At°the embryological period of which T was
speaking, both the olivary bodies and their whole vicinity are
destitute of medullary fibres. We can therefore prove, in the
. most convincing manner, that the fibres of the posterior columns
have no connection whatever with them, but only pass through
them. Fig. 110 represents a section through the same fietal
oblongata shown in Fig. 109. This section is made somewhat
higher up than the latter, and shows clearly the point of which
[ speak. You see that the fibres pass through the olivary
bodies (which at this level have the appearance of plicated
medullary Jaming) to the decussation in the middle line (raphé,
continuation of the decussation of the fillet).

Fig. 111 is a diagram of the course of the sensory fibres.
Let us, with the aid of this diagram, trace out the course of the
separate tracts, and ascertain what location in the medulla is
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assigned to each. Please notice in this, as in the last figure, how
the tracts which decussated in the spinal cord and those which
ascended directly are united to form a single body. We have
now met with two important

decussations,—that of the pyra- Byree-\|mides

mids and that of the lemnisens, ﬁf

The former is composed of motor 'K:}

fihres, while the latter contains { ;
2

the sensory tracts. e
There are formed. therefore,

two new large tracts of fibres, <k, A

which lie in the ventral portion ﬂ o

of the oblongata, viz., the pyra- ‘
midal columns, and, dorsad of ,,_,
these, the layer of the fillet, or LA
mter-olivary layer. We shall

find them both oceupying the

T
& .: '..I'l}"'"-

same relative position as far up i i
as the corpora quadrigemina. 3 _i

The transverse area of the 5"
laver of the fillet is, in adults, A Ay
much richer in fibres than is i '?l_ | 2
shown in the illustrations, which i .l: :
have been prepared from sec-
fions taken from the feetus. In
the latter none of the sensory 18
fibres from the antero-lateral st =
columns are medullary, and only Fia. 111

. Diagram of the course of the sensory
tIIﬂHE 1“["(“(!‘& “"I]][}h COrmne ﬁ'nm t-ﬁrt!'nnutlw posterior rosts to the medulla
: E oblongata,
the nwuclei of the posterior K leinhira-Seiten B., Latoral corebellar tract.
Vanrder-Sealenslr., Antéro-lateral eolumn,

columns ean be seen,

The whele configuration of the section is changed by these
two decussations. In addition to this the gray matter, as T will
presently show you, varies its outline. New masses of gray

matter appear in the oblongata. We have already met three
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of these on cach side,—the two nuclei of the posterior columns
and the olivary body. The greatest difference is in the outer

conformation of the

section. The fibres of the posterior columns

Lrisehenhirn

T

F P STV g TR L
Ventriculis ' M e
fertiug. — .

Fia. 112,

The hind- and after- brains opened by removing their roof.  The velum medullars
anticum amd the eercbellum can st be seen,  The velum moedullare posticom has Loen
removed along the dotted Tine o b,

Bimalrarrm, Pedunels,
Huaderkiere, Himd bealn,

Hirnscheulel, Pedune. cerebiri.

Nachbirn, Afger-bhrain.
Kurbenmaark, e, e
Zweiachenkirn, Tater-brain.

Klevmhirn, Cerobellum
Mirteihirm, Mid-brain,

are pushed gradually forward by the interposed nuclei, so that
at last the latter are wholly uncovered and lie almost free on

the dorsal surface

of the medulla. The posterior columns
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diverge somewhat in the region of the oblongata, so that the
central gray matter lies exposed on the posterior surface of the
spinal cord. Only a thin membrane of gray matter divides the
central canal from the free surface. This canal expands along
with the diverging posterior columns, and from now on is called
the fourth ventricle. The thin membrane which covers it is
called the velum medullare posticum, and is continuous anteriorly
with the cerebellum. In the sagittal section, Fig. 56, you ean
see how the hind-brain roof is formed by the velum medullare
posticum, the cerebellum, and the velum medullare anticum.
Just at the commencement of the fourth ventriele is an opening
through the velum medullare posticum, which leads from the
outside into the ventricular cavity. It is the previously-described
foramen of Magendi. Through this the fluid in the ventricles
communicates with that which lies outside between the pia and
the medulla, and, in the cavity of the arachnoid, bathes the
whole central nervous system.

In Fig. 112 this whole roof is removed, so that we are
looking directly into the fourth ventricle. Its floor is bounded
behind by the diverging posterior columns and in front by the
anterior cerebellar peduncles, which converge toward the corpora
quadrigemina.  This condition of things has given it the peculiar
shape from which it has received its name,—fossa rhomboidalis.

The posterior view of the oblongata (Fig. 112) shows that
the posterior columns disappear above, and that the posterior
cerebellar peduncles, the corpora restiformia (see below) take
their place. The enlargement in the upper portion of the inner
posterior column is called the clava, and is caused by the nuclens
funiculi gracilis. y

A front (ventral) view of the medulla oblongata (Fig. 113)
shows first the thick pyramidal columns ascending from the
spinal cord. External to them, imbedded in the prolongations
of the lateral columns, are two good-sized enlargements.—the
olivary bodies. Not far above them the thick masses of fibres
which constitute the pons pass across in front of the pyramids.
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In the prolongation of the line of exit of the anterior roots,
between the olivary bodies and the pyramids, the hypoglossal
nerve (XI7T) emerges from the medulla oblongata. The spinal
accessory nerve of Willis (X7) arises by numerous radicles,
which are given oft' along the side of the cervical cord, and
high up in the oblongata, external to the olivary bodies. Above
and in line with it emerge the vagus (.X') and the glosso-
pharyngeal (/X). Laterally, close behind the fibres of the

Fra, 118,

Medulla oblongata, pons, cerebellum, and pedunculus cerebri seen from in front. To
show the origin of the cranial nerves.

pons, are given off the acoustic (V/IT) and the facial nerves
( VIT). The sixth eranial nerve, the abducens, lies internal to the
point of origin of the two last mentioned. The trigeminus ( V)
arises from the depths of the pons. The origins of the trochlear
(IV) and the oculo-motor (/1I') have already been given. The
first emerges from the velum medullare posticum behind the
corpora quadrigemina, and the second from the ventral surface
of the pedunculi cerebri.
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We lelt off studying the section of the oblongata at the
point where the eentral canal expands info the rhomboidal fossa.
The first nuclei of the cranial nerves had begun to appear
below this point.  The fibres of the acoustic arise from cells in
the lateral portion of’ the anterior horn.  From a point some-
what ventrad of the latter, pﬂrhu[m representing the position of
the former anterior horn, arise the fascienli of’ the hypoglossal
nerve.

This is diagrammatically shown in the accompanying figure.

Fia. 114,
Section throngh the medulla oblongata at the level of the most posterior voots of the
Ly peElossal nerve,  (Dingraminatic. )

Aira W, 8rr, Kernen, From the naclei of the posterior colamns. Aws Filekenmeard, From e spimal eonl,
Ferets, Bk, Lateral cerebellar trmet. Mimderkern, Fostirior hors. Hinteratrifuige, Fsterior colimmng,
.'ﬁ'-'M-‘r:.l"r, Filbet. Vaueder eSeifeabarn, Antero-Latersd horm.

If. looking at this diagram. vou will remember that the central
canal broadens out along with the divergenee of the posterior
columns and becomes the fourth ventricle. vou will easily under-
stand that all nerve-nuclei developed in the floor of the ventricle
above this point must lie on the floor of the rhomboidal fossa.
The following eut (Fig. 115) shows this clearly. External to
the nerve-nuclei lie the posterior columns (now nearly devoid
of fibres), with their respective nueclei. The posterior horn,
recognizable by the substantia gelatinosa of its head, is entirely
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severed from the compact portion of the gray matter. The
basal portion of the lateral horns, from which arise the fibres of
the motor accessory, are also separated from it a short distance
above the level of this section. The latter continues ventrad of
the former, as an independent column of gray matter, rich in
ganglion-cells, high upward into the pons; and when the fibres
to the accessory are no longer given off it sends fibres to the
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Fra, 115

Bection through the medulla oldongata at the level of exit of the vages nerve,
{DiaEraminatic.)

Hinterhorn, Peatarior horn, Hintersiriirge, Papterior eolnmns,
Afst. Terpes efe. Kera, Mobar vagns, ebe,, nacleas, v, Ziviwel. Lehichr., Inter-nlivary lnyver.
Kehleifenfmusern, Fibres of fillet. Seitensfemnagleen, Nuclons of Iateral enlnmn.

Fapderformres, Bemnaat of aniecior horm,

vagus (and hypoglossal 1), which at first pass dorsad and then
bend back to the respective nerves (motor vagus, ete.. nucleus).
Still higher, we meet it as the nucleus of the facial nerve.  You
will notice that, with the Uxt‘uptimi of the hypoglossal and the
nerves to the ocular muscles, all the motor fibres of the cranial
nerves originate in this upward prolongation of the basis of the
lateral horns of the spinal cord.
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Please notice in Fig. 115 the position of the remnant of the
anterior horn and the great increase in volume of the olivary
bodies. When the lateral horn is divided from the rest of the
gray matter there appears, at the point where, lower down, the
posterior horm was attached (a region, therefore, which. in the
spinal cord, was oceupied by the nuclei of sensory nerves), a laree
new nuclens with spindle-shaped cells much like those of the
posterior horns.  This is the sensory nucleus of the vagus. It
lics on the floor of the rhomboidal fossa, internal to the ala
cinerea (Fig. 112), and extends forward to about the middle one
of the transverse white lines which yon see crossing the fossa.
From this anterior end arises the glosso-pharyngeal nerve.  The
nucleus of the glosso-pharyngeal is not sharply divided from
that of the vagus. We now see that there are two nueler for
the vagus,—a ventral one, which, from its situation (prolongation
of a portion of the anterior horm) and from its cells (multipolar
with axis-cvlinders), we judge to be motor. and a dorsal one,
which, from its situation in the prolongation of’ the gray matter
at the base of the posterior horn and from its structure, we take
to be sensory. The first mentioned of these is also called the
nuclens ambiguns.  The fibres arising from it all pass dorsad,
and unite and turn at angle to join the straight sensory root,
which is much larger. (See Fig. 115.) Besides these two nuclei
the vagus receives fibres from at least two other regions.  There
is a small fasciculus which can be traced from the cervieal
medulla up to the point in the oblongata, where the last roots
of the glosso-pharyngeal arise.  On its median side is a column
of gelatinous substance containing a few cells.  The fibres from
these all pass to the fasciculus just mentioned. At the level of
the svagus-roots it begins to send off fibres to them, and this it
does to all the roots of the vagus and the glosso-pharyngeal.
This fasciculus is called the common ascending vago-pharyngeal
root.*

It can be seen in Figs. 110 and 118, dorsad of the vagus-

& Ghierke's rospiratory budle,
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roots. In addition to this the vagus and glosso-pharyngeal
apparently receive a descending root. It arises in the cere-
bellum, where we met it under the name of diveet sensory
cercbellar tract,  These partienlar fibres, passing from it to the
vagus, are hard to demonstrate in the human being.  Apparently
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Frea, 116,
Frontal section throngh the nunclens of the hypoglossal nerve,  (After Koch.)

the sensory fibres arvise {rom the ganglion juglare and extend
from it toward the cerebrum (His) just like the sensory spinal
nerves. The before-mentioned sensory nueclens, therefore, is
their second  terminal point.  Many eurving fibres enter its
ventral side. By embryological methods we have suceeeded in
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showing that these fibres come from the opposite layer of the
fillet. Thus the diagram of a sensory spinal nerve will also
represent the course of the sensory vagus (and the glosso-phar-
yngeal as well)—nerve, first nucleus in spinal ganglion; root,
second nucleus (sensory vagus-nucleus), crossed ascending
central tract.

The nucleus of the hypoglossal consists of several collec-
tions of ganglion-cells, which are united by a fine net-work.
From the large multipolar cells are given off fine processes,
which converge to form a number of nerve-rootlets,

From the nucleus, just as from the anterior horn, are devel-
oped afferent fibres, which pass over across the median line.
They do not continue their course far on the opposite side, but,
after decussating, run toward the brain in the raphé and become
united with other fibres (from the facial nucleus) in the pons.
The whole fasciculus then passes into the pyramid of the erusta.
Although this course differs somewhat from that of the central
motor tracts in the spinal cord, still* it is essentially the same—
root, nucleus, erossed tract to the pyramids.

The net-work connegting the different divisions of the hypo-
glossal nueleus is of ptrcul}ar mterest ; we meet with nul;hing
like it in any of the other nerve-nuclei. We should also notice
that there is no other nerve whose fibres must act so harmoni-
ously and so nearly at the same instant. as the fibres of the
hypoglossal in the act of swallowing. Inasmuch as I have been
compelled to place before you to-day figures which are largely
diagrammatie, it will be well for you, at the close of this lecture,
to study carefully the accompanying representation of the hypo-
glossal nuclens. Tt was drawn by Koch, in all its wealth of
cells and fibres. He it was who first deseribed the net-work.
Ventrad of this nucleus lies another collection of cells (Roller’s
hypoglossal nucleus), from which, however. I do not think that
hypoglossal fibres arise; at least, not in man.

The pyramidal decussation was discovered as early as 1710, by Francois
Petit. The olivary bodies were first deseribed by Vieussens. The macroscopic
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changes in configuration from the spinal cord to the medulla oblongata, partien
larly those relating to the surface, were first described by Santorini, Reil, Burdach,
and Rolando. The nuclei arciformes and the anterior arciform fibres which cover
them were first accurately deseribed by Arnold, who named them *“ the anterior
pons.” The strim acustice were discovered by Picolhomini. Even in the pre-
microscopic period there was an active dispute as to their relation to the acoustic
nerve.  Real light was first thrown on the structure of the medulla oblongata by
Stilling, Kolliker, Meynert, Schroeder von der Kolk, and Deiters. In later
years investigations directed more particularly to the nerve-nuclei have been
instituted by Gudden, Roller, Freud, Laura, Duval, Koch, Darkschewitsch, and
others, .
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LECTURE XI.
TdE MEDULLA OBLONGATA AND THE TEGMENTUM OF THE PONS.

GENTLEMEN : In the last lecture we learned how the con-
formation of the oblongata was brought about by the peculiar
alteration in the relative position of vast tracts of’ fibres, by the
appearances of new nuclei, and by the disappearance of the
posterior columns. We have, however, failed to trace a number
of tracts upward from the spinal cord, and to these we will now
turn our attention. The posterior columns have found their
indirect prolongation in the layer of the fillet, and to this laver
also have passed those motor fibres which ascended in the antero-
lateral columns. The pyramidal tracts of the anterior and
lateral columns, now united, lie on the ventral surlace as the
thick pyramids of the oblongata. The direct lateral cerebellar
tract maintains its position on the outer periphery far up into
the level of the olivary bodies. At that point its fibres, still
gently ascending, begin to pass dorsad to the cerebellum,  IHere
they form the nucleus of a large bundle which appears at this
level,—the posterior cerebellar peduncle, or corpus restiforme.

The restiform body arises externally to the upper extremity
of the posterior columns, and at this point is made up prineipally
of the direct lateral cercbellar tract. To this are added the
posterior external arciform fibres, which, as you see from Figs.
117 and 110 (above and to the left), pass to them from the pos-
terior columns along the outer and posterior periphery of the
medulla oblongata. Fibres are also added to them from in
front. These are the anterior external arciform fibres, which
onginate apparently in the layer of the fillet between the
olivary bodies, and are really, therefore, continuations of the
crossed posterior columns.  These fibres approach the surlace
near the middle line in front, extend around past the pyramids,
and run outward and backward to the restiform bodies. They

(192)
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have also been called the pyramidal arciform fibres (Fig. 113,
front view). They inclose a small nuclens,—the nucleus arci-
formis (Fig. 118). Thus there pass to the restiform body from
the spinal cord. 1, the direct cerebellar tract; 2, fibres of the
posterior column on the same side; 3, fibres prubabiy from the
opposite posterior column.*
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Section throagh the medulla oblongata of an cmbrye of the twenty-2ixth week.
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In the embryonal period depicted in Fig. 110, only the
fibres from the spinal cord are medullary. Thus we can clearly
distinguish the extent and location of this portion of the pos-
terior cevebellar peduncle.  The different avciform fibres are
also shown in Fig. 118

The restiform bodies. however, contain., besides the fibres
from the spinal cord, a second and much larger system, which

# The fibres mentioned under the heading 3 become medullary months before the
pyra.m:'ﬂs and olivary bodies, probably at the game time a8 the posterior columns,
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must be distinct from the former, because it becomes medullary
at a much later period. These are the fibres from the opposite
olivary bodies. Inasmuch as they come from the cerebellum
amd can be traced no farther downward than the olivary bodies,
let us give them the name of cerebello-olivary fibres of the resti-
form body. It is only after the addition of these fibres that the
posterior cerebellar peduncle becomes a larger structure than
that shown in Fig. 110, when it consisted only of the fibres
from the spinal cord.

The olivary body, a medullary
structure  whose wavy outline you
have seen on many of the previous
figures, consists of a mass of neu-
roglia, in which are imbedded in-
numerable small  ganglion-cells,
What the relation is between these
cells and the nerve-fibres which run
to the olivary bodies is, it is impos-
sible to state.

Large masses of fibres emerge N
from the restiform body, and sur- o,
round the olivary process externally T

Origin of the spinal-cord portion of

in Sipent and belnnd. "~ Lhey pass s restform body. Muskorallof the
through its medullary lamina, and in g o vy
the interior are gathered into a thick
bundle of nerve-fibres, which emerges from the hilus of the
olivary body, crosses the #aphé, and can be traced into the olivary
body of the opposite side. If one-half of the cerebellum is
destroyed, the opposite olivary body degenerates. Dorsad of the
olivary body, in the vicinity of the substantia reticularis, a num-
ber of fasciculi pass upward in the tegmentum, in r=mh|mu§' with
fibres which are given off from the net-work surrounding the
ganglion (Bechterew’s central tegmental tract, Stilling’s remnant
of the lateral column).

The cercbello-olivary tract of the restiform body has its

o
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principal source in the outer side of the fleece. 'This, again, is
connected with the anterior cerebellar peduncle by the nucleus
dentatus cerebelli, which it surrounds. Thus, we can easily
imagine that the olivary body, the opposite restiform body, the
fleece, the anterior cerebellar peduncle and the red nucleus,
again of the opposite side, form a separate system of fibres.
Many observations, particularly those gained by experiments on
animals, go to show that this system is of great importance in
maintaining equilibrium,

Many investigators, adopting Meynert’s views, are of the
opinion that the cerebello-olivary tract is the continuation of the
fibres of the posterior columns, which pass, so they claim, into
the olivary body, and then emerge from it to reach the cerebel-
lum by way of the restiform body. We have, however, pre-
viously seen that the posterior columns, while they do indeed
reach the vicinity of the olivary bodies, through the arcuate
fibres, and even in many instances pass directly through them,
vet have nothing in common with the olivary fibres proper, but
terminate in the layer of the fillet.

At those levels of the oblongata where the nucleus of the
vagus is situated, most of the fibres from the spinal cord have
already entered the restiform body. At this level, too, the
latter has also received a part of the olivary tract. It lies in the
form of a thick bundle outside the last remnants of the posterior
columns.

We have now weached the level at which we get a typical
section of the medulla oblongata. Let us, now that we have
met with the majority of the structures there present, take a
general view of the section as a whole. (See Fig. 120.) Many
points that are new can easily be added.

In the ventral portion lie the pyramids. The large, tri-
angular field of dense, transversely-divided fibres just back of
them is the inter-olivary layer,—the crossed prolongation of the
posterior-root fibres. The nuclei of the posterior columns lie
externally near the dorsal surface, still covered by a few nerve-
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fibres. Numerous internal arciform fibres take their origin here,
and, passing through the motor area of the tegmentum (as the
space between the posterior horn and the inter-olivary layer is
called), enter the raphé and cross to the opposite side.

The fibres of the cerebello-olivary tract follow an exaetly
similar course for a certain distance. In the figure they are
represented by-dotted lines, but in reality the two kinds of in-
ternal arciform fibres cannot be distinguished in the adult.

ot

=)

Raphe

se sy

Fra. 115

The cerebello-olivary portion of the restiform body, The fibres terminate mostly in
the fleece of the corpus dentatum.  That part of the restiform Lody which is left white
indicates the situation of the syuml-mrd porticn,

In the median line, of course, all these fibres decussate
with those coming from the opposite side. This line, with its
numerous decussations, is called the raphé.

The inter-olivary layer, or layer of the fillet, contains at
this level. besides the tracts which ascended in the antero-lateral
column, the greater part of those originating in the nuclei of
the posterior columns.

Notice, also, the fibres passing from the layer of the fillet
to the nucleus of the vagus of the opposite side. They are the
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analogue of the decussating fibres from the antero-lateral columns
to the posterior horn,—the central vagus-tract.

Dorsad of the lemniscus we again meet with the posterior
longitudinal fasciculus, which was deseribed in the seventh lec-
ture. Its fibres are met with deep in the anterior column, as
low down as the first cervical nerve.

Fi, 1M
Seetion through the medully obilongta,
Auwfateigende Firgraug efe. ., Aseonding vogns, HMief. Neb. (Nige, Postérior neesasary olivary

elo , rowol. provess.
Aufaf. Trigem. Wwrz, Ascending voob of tri- Jowere Neb (fiee, Intormal acosssory olivary

Eemibnns, _ process. :
Cende, Heawh, Herhin, Comi Fal begmental truot. (i, Hevisch, Sehiehi, Tnter-olivary layer.
Hint, Efugeh,, Post. longitud, fazabealus, -dedf, Str. B, Lateral verebellnr dract.

Viord. Feay. ele. IV, Antérior vagus, ete., reot.

The lower olivary bodies lie on both sides, external to the
pyramids. They are traversed by the arciform fibres. Those
arciform fibres which come from the cerebellum terminate here,
while those originating in the nuclei of the posterior columns
are merely in transit.

Internal to and dorsad of the olivary bodies lie the internal
and posterior accessory olivary bodies. These are nuclei whose
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structure resembles that of the olivary bodies, and which, like
them, are traversed by the arciform fibres.  As is shown in the
figure, the internal accessory olivary body 1s traversed principally
by the fibres passing from one olivary body to another, while
the posterior body of that name gives passage mainly to the
fibres of the posterior columns.  The internal accessory olivary
nucleus is also called the nucleus pyramidalis.

Dorsad of the olivary body, in the vieinity of the posterior
accessory olivary nucleus, is a medullary tract, which we shall
see from now on occupying a position in the midst of the teg-
mentum, and which can be fraced to a certainty above the
origin of the trigeminus. Taken together, these fibres—the
central tegmental tract—probably connect the olivary body with
the mid-brain.

The nerve-nuclei are sitnated along the dorsal periphery of
the section.

Next to the median line is the nucleus of the hypoglossal
nerve, whose fibres, after passing through the vicinity of the
olivary body, run ventrad. (See Iig. 116.) It recelves numerous
fibres from the raphé. External to this comes the common
sensory nucleus of the accessory, the vagus, and the glosso-
pharyngeal nerve.  As a rule, the fibres of the accessory do not
issue from the nucleus at this level. The majority of them arise
lower down from the accessory nucleus proper, which is situated
in the upward prolongation of the lateral horns. A remuant of
this nucleus, the anterior or motor nucleus of the vagus and
glosso-pharyngeal, lies just in front of the posterior horn. Its
fibres, before emerging, bend at an angle to join those from the
sensory nucleus,

The thin bundle of transversely-divided fibres lying exter-
nal to the last-named nucleus is the common ascending root of
the vagus and glosso-pharyngeal. External to the common
nucleus of these nerves lie the nuclei of the posterior columus,
covered over by a few fibres. Ventrad of them you can see the
substantia gelatinosa of the head of the posterior horn of the
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spinal cord. Externally this is covered by a bundle of fibres.
which is separated into numerous fasciculi, and which has ac-
companied it from the upper cervical cord. This bundle has
become somewhat larger near its upper extremity, and can be
traced high up into the pons. There it associates itself’ with
the emerging fibres of the trigeminus, and perhaps, too, enters
mto some relation with their nueleus.  This bundle, the ascend-
ing root of the trigeminus, has been deseribed before (Fig. 109)

The region between the olivary bodies and the nuclei of
the posterior columns, bounded externally by the dirvect lateral
cerebellar tract and the ascending root of the fifth nerve and
internally by the lemniscus, contains, besides the numerous inter-
nal arciform fibres, a great number of short fibres whose course
can be traced but a short distance.  Seattered throughout them
are numerous multipolar ganglion-cells,  We call this funetion-
ally unknown formation the formatio reticularis, and the space -
occupied by it the motor area of the tegmentum. Masses of
cells are found in this situation in all vertebrates. They can be
traced as scattered groups of cells up to the line of the raplé.
As long as we possess no information concerning them, we shall
do well to adopt the name given them by Bechterew,—nuclens
reticularis tegmenti.

The fibres of the antero-lateral columns, which do not
enter the layer of the fillet, can be traced into the formatio
reticularis. It is possible, however, that they pass higher up.

On making further sections through the oblongata the
picture changes but little for about two millimetres. . We see
the sensory nucleus of the vagus and glosso-pharyngeal project-
ing far upward, and continually sending off root-fibres toward
the periphery from its own ventral surface. The ascending root
also gives off an occasional rootlet to join the latter. The
areatest change is in the restiform body, which increases greatly
in size, for at this level it has begun to receive the fibres passing
from the cerebellum to the olivary body.

The sections made just before reaching the pons show (Fig.
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121) that the nuclei of the posterior columns have almost dis-
appeared, the hypoglossal nucleus lymg extended over a wide
area, and the huge fibrous mass of the restiform body oceupying
a great amount of space.

Internal to the latter appears the section of a new bundle
of fibres,—the direct sensory cerchellar tract. It is difficult to
say just where it commenced; possibly as low. down as the

F1a. 121,
The structure of the medulla oblongata at the candal border of the pons,
Centr, W, B, Contral tegmental bract. Inr, Beme, Corele, B, Direct sangory cereballar tract-

posterior columns. It may be that this area of transversely
divided fibres also contains an ascending root to the acoustic
nerve. Fibres run from the restiform body to the inferior
olivary body, which latter at this level is very much diminished
in size. DBoth the fillet and the central tegmental tract appear
just as they did in the last section examined. Two new nuclei
have appeared,—one, situated in the locality from which, in
sections farther down, the fibres of the motor vagus arose (Fig.
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132), sends all its fibrils dorsad and toward the middle line, near
which they are gathered into a small bundle. This is the
nucleus of the facial nerve, The second of the new nueclei lies
external to the restiform body. In this section we only see
fibres passing to it from the dorsal nuclens of the acoustic,
which, at this level, is just beginning to appear. But in making
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The most important sirnctures shown by a zeetion through the vieinity of the origin of
tha acoustic narve.

Cent. M. B, Contral togemantal tract.

the next sections you will see that we are dealing with a large
structure, the ventral—formerly the anterior—nucleus of the
acoustic nerve. You will observe even here how it is wedged
in between the cerebellum and the restiform body. The enlarge-
ment ventrad of this nuclens on the outer surface of the oblongata
1s called the tuberculum acusticum.

|
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In our upward progress we have now reached the point
where the lowest fibres of the pons, running across the pyramids
from the cercbellum, appear at the ventral periphery of the
section.

Here we strike a region where several important structures
are compressed into a relatively small space, the region of the
origin of the acoustie, the facial, and the abducens nerves.

In the section represented in Fig. 122 you see that from
the ventral nucleus of the acoustic there arises a root composed
of fine fibres. This is the radix posterior acustici. You will
also notice that another tract runs upward from this same nucleus
and in part enters a rounded nucleus, the superior olivary body,

' N faciaivs
ﬁ. dbguceus
Fra. 1238, Fic. 124.
Medalla oblongata and pons of an ape. Diagram of the central course of the
To show the m}rpuﬂ.ltmpunnhlc:a. facial and alklnecens nerves,

Kuie, Knea,

and in part extends over the median line. These latter fibres
pass transversely through the layer of the fillet, which is placed
in the dorsal portion of the pons. In the lower animals, where
the pons is much shorter than in human beings, this tract can
be seen as a squadrangular medullary area passing across the
pyramids in the ventral portion of the oblongata. This area
and the fibres it contains have received the name of corpus
trapezoides.

The fibres in the corpus trapezoides connect the ventral
acoustic nucleus with the superior olivary body of the same and

of the opposite side. This is made clear in the following cut
(Fig. 125).
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Internal to the restiform body, which at this level begins
to incline toward the cerebellum, lies the dorsal acoustic nueleus,
which, just here, has reached its greatest expansion. The fibres
of the direct sensory cerebellar tract pass through it, and a few
of them pass into the acoustic nerve. From its ventral border
emerges the anterior acoustic root, which is composed of coarse

Fia. 125,
Section in the vicinity of the origin of the abducens nerve,
Cent, K. B, Coatral tegmental teact.

fibres. This nucleus is also connected with the upper olivary
body. It is possible, however, that these latter fibres.do not
originate in the nueleus itself, but merely pass through it on
their way from the cerebellum. In eats a connection befween
the superior olivary body and the cerebellum is easily shown.
In adult human beings we see numerous thick fibres arising
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from the raphé ; these pass upward and decussate very near the
floor of the rhomboidal fossa. They are here gathered into
bundles, which run across this floor. These, the strie acustica,
which pursue a course analogous to that of the central sensory
tract, pass from above downward into the dorsal nucleus; then.
skirting along the border of the restiform body, are continued on
to ‘the ventral nucleus of the acoustic nerve (Figs. 121 and
122).

Monakow states that these striee atrophied after he had
divided the opposite lemniscus high up near the corpora quad-
rigemina. This, and their situation in the lower animals, lead
to the coneclusion that they are the central sensory tract of the
acoustic.

At this level no new nucleus has appeared, only that of the
facial nerve has inereased in size. Fibres from the ascending
root of the trigeminus ave given off to the root of the last-named
nerve. This is important, for we know that from just this por-
tion of the trigeminus come the sensory fibres of the face.

Somewhat farther forward (Fig. 125) the fibres of the facial
have been gathered together into a nerve-trunk. This. however,
does not pass at once to the surface, but runs cephalad for a
short distance, and then turns in the direction of the basis. In
this way it makes two turns,—one in the horizontal and one in
the descending part of its course. Just in the bend between
these two turns is situated the nucleus of the abducens (Fig. 124).

The root-fibres of the abducens, gathered into several
bundles, run a straight course through the tegmentum and pons,
and emerge laterally on the ventral surface of the latter. The
nucleus is connected internally with the posterior longitudinal
fasciculus, It has been stated, but I think without sufficient
foundation, that these fibres enter the opposite oculo-motor
nucleus higher up. On the other hand. there is certainly a
remarkable connection between the nucleus of the abducens and
the superior olivary body. This tract, which vou see running
parallel to the root of the facial nerve in Fig. 125, must connect



208 LECTURES ON THE CENTRAL NERVOUS SYSTEM.

the acoustic nerve with the nerves governing the movements of
the eye. It may be of importance in connection with our judg-
ment of space measurements.

External to the {lgrs:ll acoustic nuelens, imbedded in the
direct sensory cerebellar tract, lies a nueleus whose significance -
is wholly unknown. It was formerly called the external acoustic
nucleus. It atrophies if the cervical cord is divided on the
same side (Monakow). No connection between it and the nerves
of hearing has been clearly shown. It is, therefore, better for
the present to call it Deiters’ nucleus, in honor of that great
investigator of the medulla oblongata.,

The method of origin of the acoustic nerve, which was
long in doubt, has been the subject of study by a number of
investigators. The results obtained by some do not agree with
the statements which have been made here, and which are based
on personal rescarch.

The author and Freund, whose investigations were con-
ducted upon human embryos, have arrived at practically the
same conclusions.  Bechterew and Flechsig contend that the
anterior root does not arise from the dorsal nucleus, but rather
from some cells situated in the vieinity of Deiters’ nueleus. The
origin of the posterior roots from the ventral nucleus is conceded
by all. Tearing out the acoustic nerve results in atrophy of
this nucleus (Forel, Onufrowics, Baginski).

Let us, before we go farther, again look up the structures
of the tegmentum which have not been specially mentioned in
the text, and aseertain their situation and form at these levels.
One, the nucleus reticularis tegmenti, which, together with the
fibres of the substantia reticularis, is spread out over the area
between the raphé and the root of the facial nerve, has, for the
sake of clearness, been omitted from the illustrations. We
could have seen it in all the sections through the levels which
we have been studying.

The following figure (Fig. 126) represents the section lying
just ahead of the preceding one, and is only given to show how
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the facial nerve curves, backward, and the entrance of the direct
sensory cerebellar tract into the cerebellum. In sections made
at this level the anterior cerebellar peduncles begin to appear.
After the facial, the acoustie, and the abducens have left the
tegmentum, ifs conformation naturally becomes much simpler.
We are approaching the source of the trigeminus,  First,
in the prolongation of the nucleus of the facial, but somewhat
more dorsad, appears the motor nucleus of the trigeminus. From
it arises the motor root, the portio minor, which also takes a

Fre. 1.
Section at the point where the internal division of the restiform body enters the cerebellum.

Bindearm, Sup, corobsllar pedancle, Ihr. Sems, Cor. 8., Dircct sonsory cercbellar tract.

slightly-curved course. This root supplies the muscles of masti-
cation. Probably this root also contains fibres from the opposite
motor nucleus which have crossed in the raplé.

Other fibres leave the pons, together with the trigeminus.
which do not arise in the motor nucleus, but high up in the
quadrigeminal region, where a few cells at the side of the aque-
duct give off this descending root of the. fifth nerve. (See
Fig. 72, above and to the left.)

These cells are continued eaudad in the lateral walls, and
we can see a large collection of them shining through the thin
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ependyma of the ventricle, forming a dark group of cells on
either side, and at the anterior extremity of the fourth ventricle.
This area is called the locus ceeruleus.

The main part of the trigeminus, the sensory portion, gets
but very few fibres from the pons. They come rather from all
levels above the cervical spinal cord up to its point of emergence
from the brain. It has often been mentioned before, and is the
thick, crescentic bundle of medullary fibres which surrounds the
head of the posterior horn in almost all the illustrations shown
in the last two lectures, Near the motor nucleus this. main
trunk dips forward into the pons, and emerges from it as the
portio major. (See Iig. 113.)

Fibres also come from the dorsal region to enter the portio
major. They are fasciculi from the direct sensory cerebellar
tract. There are not many of them. In lower animals, how-
ever, particularly in fishes, they constitute the greater part of
the nerve-root, and their point of origin in the cerebellum is so
largely developed as really to form one of the lobes of that body.

Lastly, there is an enlargement of the substantia gelatinosa
at its cerebral termination, which is regarded as a sensory
nuclens of the trigeminus. It receives masses of fibres which
run to it from the raphé across the floor of the rhomboidal fossa.
Similar fibres also pass to the locus cceruleus. They represent
the central tract which we have discovered as belonging to all
the cranial nerves. Comparative embryology teaches us that
this considerable bundle of fibres comes from the opposite fillet,
and that after leaving it they run a short distance horizontally
through the substantia reticularis,

The trigeminus roots cannot be shown in a single section.
They come from dorsal and ventral areas to their junction on
the floor of the rhomboidal fossa, where they turn and pass
downward to their exit,

From the level of exit of the fifth nerve up to the level
where the trochlear nerve emerges, the tegmentum has a much
simpler structure than we have previously made out.
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In the section which I last showed you the anterior
peduncles had begun to separate themselves from the mass of
the cerebellum. They now leave it altogether and are found
externally on each side of the tegmentum. The layer of the
fillet is a broad structure which here in the pons separates the

Fra. 127,
SBection at the point where the ascending root of the trigeminug bends ontward, Roots
of trigeminns.

Cewtr, M. B., Contral tegmental tract, Cenfr, V. Boake, Contral teact of fifth nerve.
Rir. Seia. Cerelerllnrboks, Diract semeory corobsllar traok.

fibres of the tegmentum from those of the crusta, just as it did
in sections made farther forward through the erura cerebri.

We can distinguish in the fillet an outer lateral portion
and a more median one. The former is already beginning to
trend upward to the quadrigeminal region, and the latter will
follow its example a little farther forward. Just at the point
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where the fillet begins to turn upward there are found some
ganglion-cells imbedded in it (lateral nucleus of the lemniscus,
Obersteiner). This group can be traced upward to the upper
nucleus of the fillet, which is situated on the outer border of the
substantia nigra. Those fibres of the fillet which lie nearest the
raphé form a separate bundle. This arises from the pyramidal
portion of the crusta. It was shown in the seventh lecture how
this bundle became separated from the pes, passing around its

”Q :

Fic. 128
Saction through the wpper pontine region of & fetus in the ninth month.

Binderrm, Anterior corebollar pedancle.  Brifeke, Pons.  Schleife, Fillat.

whole internal border and extending to the median side of the
fillet. Spitzka’s studies in comparative anatomy have made it
very probable that this little bundle contains the central tracts
of the motor eranial nerves. We may easily ascertain that
fibres are continually given off from it which ascend in the
raphé, and can see that, at the upper end of the raphé, fibres
pass over beyond the middle line to the nerve-nuclei. This is
shown most clearly with reference to the hypoglossal nerve.
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‘We are now gradually approaching that region of the pons
where the roof of the hind-brain is no longer formed by the
cerebellum, but by the velum medullare anticum.  The fourth
ventricle here begins to narrow down to form the aqueduct of
Sylvius,

The different structures which constitute the tegmentum at
this level are very clearly shown mn the accompanymg non-
diagrammatic seetion through the upper part of the pons of a
9 months’ feetus. At this period only one small fascieulus of
the pes is medullary.  In the tegmentum, however, the layer of
the fillet, the anterior cerebellar peduncles, the posterior longi-
tudinal fasciculus, and many of the fibres of the substantia
reticularis are fully developed. The anterior peduncles are
continuous above with the velum medullare anticum. upon which
rests the anterior extremity of the lingula. Lower down, just
above the fillet, can be seen the most posterior of the decussating
fibres of the anterior cerebellar peduncles.  The descending root
of the trigeminus lies, a thin bundle of fibres, on each side of
the aqueduct. You must imagine the cells of the locus coeru-
leus placed just under the floor of the aqueduct or the rhom-
boidal fossa. They did not show well in this specimen. The
reticular substance here consists mostly of longitudinal fibres,
which cannot be traced higher than the level of the anterior
quadrigeminal bodies. Near the middle line on each side is the
posterior longitudinal fasecienlus,

From this level up to the quadrigeminal region the appear-
ance of the tegmentum does not materially change. The fillet
begins to work its way externally and dorsad of the tegmentum
to reach the region under the corpora quadrigemina. You
remember that these ascending fibres of the fillet could be seen
even in sections through the mid-brain.  The anterior peduncles
approach each other and at last decussate higher up.

You have already observed the fibres of the crusta and the
fasciculi of the pons penetrating them. It should be added that
in the anterior levels of the pons there is a system of fibres

14
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which become medullary shortly before birth, and which passes
out of the pons, ascends in the raphé, and sends its fibres right
and left into the reticular substance of the tegmentum. Accord-
ing to Bechterew they terminate in the most anterior part of the
reticular nucleus.

Ganglion-cells possessing a structure similar to those of the
pons can be found scattered along on both sides of the raphé,
~and can be traced also in that structure into the tegmentum.



LECTURE XII.

THE PONS—FINAL REVIEW.

GENTLEMEN : We reached, in our last lecture, that level of
the tegmentum which we diseussed in the eighth lecture. A
few millimetres cephalad of the last section, the fibres of the
pes emerge from under the pons to pass independently to the
brain. In the medulla oblongata the pyramids arve the only
structures which pass into the pes; but from the ganglia of the
pons huge bundles of fibres emerge, which run in the median
and lateral portions of the erusta, and can be traced as far as
the cortex of the frontal, parietal, and temporal lobes.

Now, again, we see the substantia nigra dividing the pes
from the tegmentum.

The anterior cerebellar peduncles are lost in the red nuclei,
and in place of the velum medullary anticum the roof is formed
by the corpora quadrigemina.

The reproduction of a few sections which have been given
before may recall to mind what was then said, and make clear
the transition from the pons into the quadrigeminal region.
(See Figs. 129, 130, and 131.)

The symptoms which arise in diseases of the pons and ob-
longata are, from the manner in which they are grouped, a
pretty good proof of the correctness of our views of the
anatomical relations of these parts.

Tracts are here crowided into a small space, which are of the ulmost impor-
tance m movements of the musecles, in sensation, speaking, swallowing, ete. A
disease focus need be but small to eause many different syimptoms here.

The central motor and sensory tracts, which arise from the coriex as well as
[rom the inter- and mid- brains, pass through the pons and oblongata, and only
give off those fibres which go to ihe nuclei of the eranial nerves.

Inasmuch as a break in the conductivity of these long tracts will canse the
same symptoms, whether it occur in the fore., mid-, or hind- brains, we can only

suspect disease of the pons or oblongata if symptoms are at the same time present
which show that one or more of the cranial-nerve noclei have been involved,

(215)
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The museunlar atrophy which follows affections of the nuclei themselves
(see Fig. 68 and accompanying text) must be studied with serupulous care it we
are 1o sueceed in discovering the location and extent of such a disease.  Fig, 132,
which gives yvou a general view of the nuclei in a longitudinal section throngh
the oblongata, will make this task somewhat easier for you than it was possible for
the transverse sections through the nuelei (o do.

Disturbances of speech, respiration, or deglutition probably depend on
disease of the oblongata,—paralysiz of muscles of masticalion {molor portion of
trizeminus), facial paralysis, or affections of the abducens on disease of the pons.
Inasmuch, however, as the central fibres to the nerve-nuclei of the oblonsiia
pass through the pons, a disease situated there may also eause disturbances of
dexlutition,

The motor tracts to the extremitics lie anteriorly near the ventral border in
the p:,.'r:lmiil.-:. T|lt‘_1.‘ only eross to the up[msitu side far down near the Imglnuing
of the spinal cord. The motor fibres of the cranial nerves, on the other hand, lie

Fre. 131,

Fra, 129,

Three sections through the pons and quadrigeminal region of newborn ehildren,

to show the course of the cercbellar peduncles and the layer of the fillet. The latrer is

situated just above the fibres of the pons. The cerebellar peduncles, & (Fig, 12), are

gitnated more internally in Fig. 130, and are beginning the decossation, which s at its
height in Fig. 151, (Hemnatoxylin stain. )

near the middle line. They ascend in the raphé of the tesmentum, and only eross
to the opposite side just before reaching the nueleus to which they are tending,
A disease in the pons, therefore. will generally involve the opposite extremitics,
but will affect the facial abducens or trigeminus of its own side. The diagram
(Fig. 133) iz intended to impress upon your memory more forcibly than ean be done
by written deseriptions this crossed paralysis. which is the most important symp-
tom in many affections of the pons and medulla. It represents the motor inner-
vation-tract for the face and extremities. You sce from the cut that o lesion at A,
in the right side of the eerebrum or right cras, would paralyze the left facial nerve
and the left extremitics. A disease at B, on the right, in the vicinity of the pons,
waould still paralyze the left extremities but the right facial. Should such a disease
extend beyond the middle line it might paralyze both facial nerves and the extremi-
tics on one side. . You see, also, in the dingram, that a disease in the pons (at 1)
might he 2o situated as to give rise to unilateral, not alternating, hemiplegia, —that
is, it may cause the same symptoms as though it were situated in the cerebrum.
Alternating paralysis can only (except in cases of multiple foei) be eaused by dis-
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ease of the pons, or tumors, ete., loeated in front of the pons, which impinge upon
the peripheral portion of the cranial nerves and upon the pyramids. Inas-
much as the nuclei of the abducens and trigeminus are also Jocated in the pons,
these nerves may cause manifold modifications in the symptom-complex present
in cazes of alternating paralysis originating in disease ol that part. IHow the
acoustic nerve would be affected in such a case is still uncertain.

Through the pons, alzo, pass all the fibres to the nerve-nuclei of the ob-
longata, which supply the muscles of speech.  Thus, in diseases of the pons and
oblongata, we see disturbances of articulation, in spite of undiminished power of
utterance.  We call this either dysarthria or anarthria, according to the degree in
which it is present.

Diseases of the pons may also lead to zensory disturbances. I it is located
in the outer region, in the vicinity of the fillet, and is unilateral, we shall have
hemianasthezsia of the opposite side.

Fic. 132,

The situation of the cramial nerves.  The medulla oldongaia amld the pons represented
= transparent.

Biill, the sense of taste (trigeminus) and that of hearing are almost always
unimpaired, and the same may be said of the sense of sight. It is usually but
little injured (paralysiz of abducens, ete.). The picture presented by intra-pontine
hemianmesthesin, therefore, differs markedly from that produced by discase in the
cerebrum.  Bilateral hiemianesthesia may be cansed by a disease situated in the
middle line (inter-olivary layer), The occasjonal appearance of partial, direct,
and alternating anesthesias of the faee is explained by the situation of the
trigeminal nuelens.

Disturbances of” mastication ana deglutition may he observed also, because
the motor nuelei of the triseminus, the glosso-pharyngeal, amd the hypoglossal
may easily be aflected by the same disense.,

It is often difficult 1o decide whether a disease is zeated in the medulla or
the pons. From the situation of the motor nuclei of the vagus, aceessory and
gloszo-pharyngeal nerves such symptoms asg hoarseness, loss of voice, and respir-
atory disturbances are usually only obzserved in dizeases of the oblongata. Dis-
turbanees of articulation, dysarthria, and anarthria (nuelens of hypoglossal), and
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Fic. 1E.

Diagram of the motor innervation tract for the facial nerve and the nerves to
the extremities.  Frontal section through the cercleam, the peduncali cerebri, the
pons, the medalla oblongata, and the spinal cord.

Rinden-Centren fiir oie Extremifitten—yiir s Geageht, Cortical centros for the extremitics-=—
for tha face.
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disturbances of eireulation are also more often cansed by aflections of the
oblonzat,

Almost all these symploms may be caused in rare cases by disease in the
cercbhrinm, inasmuch as injury to the central tracts of the eranial-nerve fibres is
followed by parnlysis, just as is injury to the nuclens or 1o the peripheral nerve,
Paralysis of certain museles supplied by nerves originating in the oblongaia can
only be aseribed to disease of the latter when simaultancons museular atrophy
appears, amd an injury to the trunk of the nerve, outside the central organ, ean
be exeladed,

Gentlemen : Our task is nearly done. A great number of
important systems ol fibres have been studied. both with regard
to their relations to the central gray ganglia and to their course
from the fore-brain down to the termination of the mid-brain,
or from the spinal cord up to the same level. Still. it seems
advisable again to examine a few of them briefly, either because
they are of particular importance in connection with physiology
or pathology, or because the comprehension of their whole
course was rendered more difficult on account of their being
traced. for didactic reasons, in an opposite direction after Lecture
VIIL. Let this short recital serve as vour guide in a sort of
review, which you can easily undertake with the aid of the
lustrations,

1. The pyvramidal tract: The most important tract of
‘notor innervation arises from the upper two-thivds of the central
sonvolutions and the ]l:ll“:l.['(‘ltt!':ll lobule, and runs to a point
behind the knee of the internal capsule.  IFrom there it passes
into the pes pedunculi, where it oceupies the middle third.  In
the pons its fibres are but little divided by the transverse fibres
of the latter.

After emerging from the pons its fibves lie in two thick
bundles on the ventral surface of the oblongata.  Iu this position
they pass fo the spinal cord.  Here the great mass ol the fibres
cross to the opposite lateral columns; a smaller portion (anterior
pyramidal tract) remains on the same side.  Doth these masses
of fibres enter into relations with the cells ol the anterior horns
of the side opposite their cortical origin in the brain. From
these cells the motor roots arise,  Compare Figs. 44, 47, 56, 62,
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T2, 13, 96, 97, 98, 99, 100, 102, 103, 104, 108, 113, 114, 115,
120, 125, and 127.)

2. The central tract of the motor cranial nerves is only
accurately known in the case of the facial and hypoglossal.
The facial tract arises in the vicinity of the lower third of the
central convolutions.  Apparently this supplies the lower branches
only; the cortical centre ol the frontal branches is 1ot known
(gyrus angularis?). It then passes inward across the lenticular
nucleus, and is finally found i the internal capsule, very close
to the pyramidal tract. It cannot be (elinically) distinguished
from the latter.  Its fibres then abandon the general motor in-
nervation tract apparvently in company with the * bundle from

3

the pes to the tegmentum.” which has been frequently men-
tioned.  They certainly are separated in the pons (see diagram,
Fig. 68). It is not known how it reaches the nucleus. At all
events it reaches the opposite facial nueleus, which lies in the
caudal part of the pons.  From this the nerve is given off.  (See
Figs. 47, 121, 122, 124, 125, 126, and 132.)

In the most ventral portion of the anterior central convolu-
tion is apparently situated the cortical centre of the hypoglossal
nerve. At all events bundles pass from this region. ventrad of
those going to the facial, whose destruction is followed by
bilateral disturbances of the hypoelossal.  On its way from the
cortex to the internal capsule it passes over the upper edge of
the lenticular nucleus, and must lie very near the speech-traet,
just outside the commencement of the tail of the nueleus
caudatus.  In one case. which came under my observation, a
diseased spot not larger than a 5-cent piece broke down both
tracts at this point. In the internal capsule the hypoglossal
tract probably lies between that of the facial and that of the
extremifies.  Inside the pons its fibres must become separated
from the pyramids.  They apparently withdraw from the latter
on the median side of the fillet. and pass upward and backward
in the raphé. Tt is only on reaching the oblongata that they
pass to the nnelens of the opposite (and the one on the same?)
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side. - From these nuclei arise the nerve. (Compare Figs. 47,
108, 110, 114, 115, 116, and 132.)

3. The motor speech-tract.  We possess certain knowledge
of only a few points along this tract,—the point of origin in
the lower frontal convolution, the terminal point in the nuelel
of the facial and hypoglossal, and, between the two, a point out-
side the tail of the nucleus caudatus.  Apparently (Wernicke)
the tract passes somewhat toward the median line from Broea’s
convolution—third frontal—and pursues an almost horizontal
course under the island, dorsad of the internal capsule. Iis
fibres then pass into the internal capsule behind the motor tracts,
~and from there run to the erusta. In the pons they must
gradually pass up into the tegmentum. Disturbances of speech
have been observed in disease of all the above-mentioned points.
(See Figs. 27 and 28.)

4. The coronal fibres to the pons arise from the cortex of
the fore-brain, particularly from the frontal and parieto-oceipital
lobes. They pass through the internal capsule into the erusta,
and from there into the pons (Fig. 56). From here they pass
either directly or through interpolated ganglion-cells into the
middle peduncles of the cerebellum, or brachia pontis.

5. The tegmental radiation arises in the parietal lobe, pos-
sibly in the same regions as the pyramidal fibres, and passes into
the posterior third of the internal capsule. In this situation it
is very closely approached by the optic radiation from the oc-
cipital lobe, and by the central tract of the acoustic. (As
regards the latter tract, this has been demonstrated clinically,
but not anatomically). A part of the tegmental tract passes
into and through the lenticular nucleus, and a part passes
directly into the fillet. Probably these two portions become
united on the median side of the body of Luy’s,—upper fillet.
(Compare Figs. 47, 51, 52, 54, 56, and 59.)

6. The largest part of the fillet arises from the deep marrow
of the corpora quadrigemina and from the nucleus of the pos-
terior quadrigeminal body. In all likelihood it represents the



L

222 LECTURES ON THE CENTRAL NERVOUS SYSTEM.

central sensory tract, or at least contains a good share of it.
(Figs. 62, 65, 66, 70, and 72).

The fillet then passes back in the tegmentum of the crus,
the pons, and the oblongata. On its way it gives off fibres to
the opposite nuclei of the trigeminus, the acoustie, the glosso-
pharyngeal, and the vagus.  (Figs. 127, 126, 125, 122, and 121).

In the medulla oblongata a latge share of the fibres branch
oft and pass dorsad over the middle line to the nuclei of the
posterior colnmns,—internal arciform fibres. (Figs. 120, 117.
115, 114, 111, 110, and 109.)

The fibres of the posterior columns run caudad from the
nuclei of these columns.  Opposite each spinal-nerve root a few
fibres are given off, which emerge with the root and enter the
cells of the spinal ganglion. From these cells the sensory nerve
arises,

Those fibres of the fillet which are left after the tracts to
the nuelei of the posterior columns have been given off run
backward in the anterior and lateral columns of the spinal cord.
A number of these fibres pass off to the gray matter opposite
each sensory spinal nerve, traverse it, and enter the opposite
posterior horn.  They are lost in the net-work of cells and fibres
at that point; from this net-work, however, a great number of
the sensory fibres arise. They all terminate directly in the
spinal- ganglion, and from this the sensory fibres arise.  (Figs.
102, 100, and 88).

In this way connections are established between all the
fibres of the laver of the fillet and the nuclei which lie on the
opposite side. A portion decussate in the n!:l:‘.lllgeltzt, the rest
only do so after reaching the spinal cord. From these nuclei
the fibres of the posterior roots are given off.

You have seen that the motor nerves are connected directly
with the cells of the anterior horn. and have learned that a
central tract, partly direct and partly crossed (the pyramids),
arises from the anterior horns. The direct part (lateral pyramidal
tract) passes across to the opposite side in the oblongata, and so
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joins the other part which had already crossed in the spinal
cord. The two, united, form the pyramids of the oblongata,

We also know that the sensory nerves have an analogous
central course. The mnerve first passes to its nucleus i the
spinal ganglion. From the nucleus a direct tract is developed,
which passes upward in the posterior columns. In the oblongata
it passes over to the other side. Their course differs from that
of the motor nerves in that they pass throngh a nuclens (nucleus
of the posterior column) before deeunssating.  In addition to
this, there is given off from the spinal ganglion a tract whicl
decussates directly after entering the spinal cord, but this fract
must also pass through the unknown mechanism of the posterior
horn.

There is an important and characteristic difference between
the ways in which the two sets of nerves are connected with
their prolongations into the brain.

The connection is always a crossed one, but, in the case of
the sensory nerve, an additional apparatus is interposed in the
cord, between the nucleus of origin, which lies outside the cord,
and the central tract.  With a motor nerve the case is different ;
its nucleus of origin already lies in the cord.

7. The central course of the trigeminus from the cortex to
the capsule is unknown. Its fasciculi must, according to patho-
logical experience, lie in the posterior third of the capsule.
From here a tract must pass to the tegmental nuclei, the most
anterior of which lies under the corpora quadrigemina, in the
lateral wall of the aqueduct, the middle one in the midst of the
pons, and the most posterior extends {rom the cervical cord up
to the point of exit of the nerve. Near the point of exit is
situated the motor nucleus of the nerve. Pathology teaches us
that the ascending root contains the sensory fibres for the face.
The eentral tract reaches all these from the fillet of the opposite
side. These fibres are well known and were deseribed in Lec-
ture XI. From the trigeminal nuclei arise the roots whose
sensory portions pass into ganglia (Gasserian and ciliary ganglia,
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etc.), just like the posterior roots of the spinal nerves. The nerves
arise from these ganglia. (Compare Figs. 47, 72, 86, 109, 1190,
113, 114, 115, 125, 127, 128, and 13%2.)

8. As to the cerebral source of the acoustic nerve, we ma v
assume that it is sitnated somewhere in the temporal lobe, that
from here it is connected, in some way, with the posterior por-
tion of the capsule, and that the acoustie tract passes on in that
portion of the fillet which originated in the nucleus of the
posterior quadrigeminal body. On reaching the level of the
aconstic nucleus it passes to the opposite of these structures in
the strie acusticee.  There are two acoustic nuclei,—a dorsal,
which resembles a sensory nuclens, both in sitnation and
structure, and a ventral, which has a somewhat similar structure
to that of the spinal ganglia. From its relations it may,
perhaps, be compared to one of the latter. Through its ventral
nuclens, the aconstic nerve is connected with the upper olivary
body. From the latter, fasciculi run to the cerebellum and to
the nuclei of the ocular muscles, and probably farther up to
more anterior region® of the brain. (Compare Figs. 47, 65, 85,
113, 121, 122, 125, and 126.)

The trigeminus and the acoustic both receive fibres from
the cerebellum.

9. Nothing is known about the central course of the vagus
in the fore-brain.  If the often-mentioned region in the posterior
portion of the eapsule is destroyed, no symptoms appear which
can be attributed to the vagus. Disturbance of the sense of taste
(glosso-pharyngeal) is present. Reference has been made to
the course of the fibres from the fillet to the opposite nuclei of
the vagus and glosso-pharyngeal. These nerves also apparently
receive a tract from the eerebellum.

10. The eentral course of the optic nerve has been
explained in all its relations. (Compare Figs. 56, 57, 61, 62,
66, and 70.) :

I will again remind you that this nerve arises from the
pulvinar thalami, the corpus geniculatum laterale, the tuber



THE PONS—TFINAL REVIEW. 229

cinereum, and, mainly, from the corpora quadrigemina.  Fibres
from the optic radiation, which eommences in the occipital lobe,
pass to all these sources. This radiation passes along the outer
side of the posterier horn of the lateral ventricle, and. therefore,
in its passage from the cortex td the primary optic centres, it
runs under the lower parietal lobule. Hence, in diseases of the
latter, or when it has been experimentally destroyed in emim:n:-:,
disturbances of vision arise which resemble those ol cortical
origin.

The fibres of the optie tract run to the chiasm. There the
greater part of them cross to the opposite side. A small portion,
which, however, are not gathered into a distinct bundle, remain
on the same side. The conflict which was carried on for years
over the chiasm has lately been definitely settled by Singer and
Miinzer, with the results given above. The optic tract must
contain pupillary fibres coming from the oculo-motor nerve.
It is not vet known by what course they reach the former.
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posterior, 133, 143
Cerebellum, 14, 20, 34, 132
Cervieal enlargement of
150
Chiazm, 100
Choroid plexus {fore-brain), 14
(after-brain), 137
Cingulum, 71
LiﬂrLL, columnz of, 157, 170
Claustrum, 38, 80
Clawva, 147
Columna forniciz (=ee also Fornix), 52
vesicularis, 167, 170

spinal cord, |

Cﬂl]lm!ﬂﬂ-l&ﬁl [nntn.rmr {fore-brain), 38,
|_l At |
(gpinul cord), 187
media, 36, 53, 41
posterior, 36, 104
thalami dorsalis, 26
Conarvium (see Pineal gland)
Conus terminalis, 150
Convolutions of cerebrum, 45
Cornu ammonis, 54, 55
Corona radiata, 24, 85
Corpora gquadrigemina, 14, 84, 95,
106, 114, 121
Corpus callosum, 32, 52, 71
ciliare (dentatum), 138
renicnlatum laterale, 26, 36, 89, 108
geniculatum mediale, 36, 108
mamillve (enndicans), 92, 93, 90
opticum, 20
restiforme, 132, 142, 195-198
striatum, 16, 21, 78
subthalamicum (Luys), 93, 104
trapezoides, 205
Cortical epilepsy, T0
Trura fornicis, 35
Crusta, 27, 85, 97, 124, 126
Culmen, 153
Cuneus, H3

105,

Declivity, the, 133
Decussating commissure, anterior, 139,
143, 144
posterior, 144
zone, 142
Degeneration,
162
Deiter’s nucleus, 208
eells, 150
Dendritie tracts, 142
Direct svﬂzlagu'y cercbhellar tract, 143, 192,
[}

secondary, 6, 147, 159,

Ehrenberg, 2
Embolusz, 138

Embryoclogy of central nervous system,

Embryonic lamina terminalis, 13
Epiphysis, 20, 25, 35, 96

; Facial nerve, 185, 204, 207
Fascia dentata,

=
Hj\.
Fasciculus antero-lateralis, 164
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Fasciculns arcuatis, 71, 72
lengitudinalis, inferior, 71
posterior, 120, 200
retroflexus, 121
uncinatus, 41
Fibrm arciformes, 142, 195
internge, 183
propri@ (of the cortex), 68
Fifth nerve, ascending root, 177
descending root, 1232
Fillet, 26, 95, 104, 113, 221
Filum terminale, 150
Fimbria, 54
Fissurp calearina, 53
hippocampi, 54
occipito-temporalis, 57
parieto-occipitalis, 53
hxlut, 15, 4b
Flechsiz, 7
Fleece, thL 142
Floeculus, 1:!;’:
Folinim cacuminis, 154
Foramen of Marendie, 188, 187
of Monro, 34
Fore-brain, secondary, 14
Formatio-reticularis, 202
Fornix, 16, 35, 51
Fountain-like deenszsation of the teg-
mentim, 114, 134
Frontal lobe, 24, 48
Funiculus zraeilis, 162
cuneatus, 162
Furrows of ecerebrum, 45

Ganglion-cells, 40
Ganglion habenulae, 26, 36
Ganglionic ridge, 19
Gaszkell, 29
l"ussmmn ganglion, 323
Gelatinous cortical layer, 158
Gennari, line of, 65
Gland, pineal, 20, 25, 33, 06
Globus pallidus, 38, 86
Glosso-pharyngeal nerve, 188, 191,
224
Goll’s tract, 162, 182
Granular layer, 138
Gron ml-llg;ﬂle of posterior column,
1

of anterior column, 165
Gudden, T
Gudden’s commissure, 108
Gyrencephalous mammals, 23
Gyri insnle, 48
Gyrus angularis, 49

centralis ant. et post., 48

dentatus, 54

formicatus, 53-53

hippocampi, 53-35

marginalis, 49

occipito-temporalis, 57

uncinatus, H2

i
1

| Hypophisis, 35, 100

Hannover, 2

Hearing, neeve of, 108, 188, 204, 221

Hemispheres of cerebellum, 134, 185

History of ilm'eslignti-:m of the brain,

Horns of lateral ventricle, 15

Hypoglossal nerve, 188, 193, 201, 220
central tract of, T4 220

Inferior horn of ventricle, 15, 199
Inferior longitudinal fascieulus, 71
Infundibulum, 85, 33, 100
Inter-brain, 13, 14, 25, T4, 80
Inter-olivary layer, 184, 198
Intumescentia cervicealis, 150
Inmbalizs, 150
Island of Reil, 34, 46

Knee of corpus eallosum. 52
of internal capsule, #9

Lamina medullaris thalami, 10s
terminalis, 101
Laqueus, 26, 95, 104, 118, 221

i Lateral cerebellar tract, 164, 105

columns, 159
Latticed layer, 90
Lemniseus (see Lagueus)
Lenticular nucleus, 18, 38, 73
divisions of, 86, 87
Limiting layer of gray matter, 165
Lingula, 133
Lraumuph.nluua mammals, 23
Lobes of cerehellum, 133
Lobi optici, 26
Lobus centralis, 133
cuneiformis, 1535
frontaliz, 24, 48
gracilis, 135
linrualis, 53
occipitalis, 50
olfactorius, 100
parietalis, 49
posterior inferior, 135
quadrangularis, 134
gemilunaris inferior, 135
superior, 154
temporalis, 48
Localization and symptomatology of
dizense in:—
the cortex, 57
the eentral panglia, 102
the cerebellum, 145
the quadrigeminal region, 124
the gpinal cord, 150, 178
the oblongata and pons, 215
the white substance, 81
Loeus cernleus, 210
Longitudinal fissures (spinal corﬂ} 152
Lumbar enlargement ) 1540

Luys, body of, 93, 104
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Margin of hemisphere, 14
Mai zinal convolution, 55
Markow, deep, 27, 114
Medulla oblongata, 29, 176
spinalis, 27, 150
Medullary sheath in spinal-cord, 158
structure of, 8
Methods of investigating the central
nervous system, 4-14
Meynert's bundle, 121
Mid-brain, 13, 34, 95, 120
Motor area of tezmentum, 199
nuclei of cranial nerves, 190, 222,
ele.
raots, 147, 201, 222
speech-tract, 74, 221

Werve-fihres, 40
twao forms of origin of, 41
Nenrocrlia, 59
Nodulus, 134
Nuelei nenstici, 204
Nuclei of the thalamus, 89
of trigeminns, 200, 210
of trochlear nerve, 130
Nucleus ambiguus, 191
mnyedale, 38
arciformiz, 196
candatns, 18, 34, 77
dentatus, 158
fastigii, 144 °
funiculi gracilis. 181, 182
cuneati, 181, 182
globosus, 183
lemmnisei, 212
lentiformis, 18, 38, 73, 86
of abducens, 207
of accessory nerve, 178
of facinl nerve, 204
of glosso-pharyngeal nerve, 181
of oculo-motor nerve, 115
of hypoglossal nerve, 193
pyramidalis, 201
reticularisz tegmenti, 202
ruber, 13, 94

Oblongata, 29, 176

Oceipital lohe, 50
sulci, 50

Oenlo-motor nerve, 115, 188

Olfactory nerve, 25, 100
bulb, 23

Olivary body, inferior, 176, 184, 197
superior, 2

Operculum, 47

Optic nerve, 26,,100, 108, 224

Pallium, 21

Paracentral lolmle, 53

Parietal lobe, 48
organ, 26

Pedicle of thalamus, 74

Pedunculi cerebelli, 182
cerebri, 27, 86, 85
conarii, 96, 96
corporis mamillaris, 92
Pes hippocampi major, 54
minor, 58
pedunculi, 27, 85, 97, 124, 120
Plexus choroideus |fore-brain), 14
{after-brainy, 137
Poys, 14, 29, 74, 98, 12T, 215
Posterior columns, 150
nuclei of, 181, 152
Posterior horns, 152
head of, 177
neck of, 177
roolz of spinal cord, 147, 156, 167,
224
Pruecuneus, 53
Processus protoplasmatici, 42
reticularis, 153
Pulvinar, 36, 89
Purkinje, cells of, 133
Puotamen, 38, 70, 86
Pyramidal column, 180, 198
tract, T4, 058, 111, 219, 223, elc.
in anterior column, 160, 222
in lateral eolumn, 160, 222
Pyramis cerebelli, 135

Raphé, 199

Ravys, 21

Red nucleus, 93, 04

Regio subthalamicn, 88, D3

Reil, 2

Remak, 2

Remnant of antero-lateral column, 165
Respiration bundle, 191

Rhomboidal fossa, 96, 175, 187

Snecens vascnlosns, 25
Secondary degeneration, 6, 100, 161
Sensory nuelei of cranial nerves, 101,
200, 201, 223
rootz, 18, 147, 156, 223
Septum pellucidum, 16, 34, 51
Bpeech-tract, 74, 221
Spider-cells, 159
Spinal cord, 28, 149
seementation of, 151, 165
ranglin, 147
Spleninm, 52
Btilling, 2-4
Stratum  complexnm
pontig, 127
intermedinm (Meynert's), 111
superficiale pontis, 127
zonale, 89
Stria medullaris, 36
longitudinalis Lancigi, 56
terminalis, 36
Btrim acustico, 207
Substantia gelatinosa centralis, 158

et profundum
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Bubstantin gelatinosa Rolandi, 158 Tractus opticus, 26, 89, 100
innominata, 91 Trigeminus nerve, 188, 200, 223
nigra, 45 Trochlear nerve, 130, 184
perforata, anterior, 100 | Tuber cinereum, 35, 88, 100

posterior, 98 i olfactorium, 100
reticularis, 180 valvulas, 135
Suleus ealloso-marginalis, 52 Tuberculum acusticum, 204

centraliz, 48 anterius, 36
insulme, 47
interparietalis, 50
olfactorius, 56
orbitalis, 56
priccentralis, 48
Sylvius, fissure of, 15, 45

Uvula {cerebelli), 134
Vagus, 188, 191, 224

YVelum medallare anticum. 134, 136
posticum, 21, 137, 187

Yentricle, 14, 15, 83

Ventriculus lateralis, 14, 15, 33

e ———

Tangential fibres of cortex, 63

Tapetum, 72 | guartus, 96, 127, 140, 176, 187
Tegmental bundle of corpus mamillare, | septi pellucidi, 84
o Vermis, 132, 143
radintion, T, 87, 01, 118, 221 Vieq d"Azyr's bundle, 93
tract, central, 201 -
Tepmentum, 27, 85, 111, 123, 120 | White substance, 1568
motor area of, 199 | of cerébrum, 31
Temporal convolutions, 48 | . of hemispheres of cerebellum, 135
lobe, 48 of vermis, 153
Thalamie ganglia, 25 Worm, 132, 138
Thalamns, 14, 34, 74, 80
Tonsilla (cerebelli), 155 Zona spongiosa, 169
Tractus intermedio-lateralis, 153 terminalis, 169
olfactorius, 23, 100 Zone of anterior horn (His). 29
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Basuore's ImprOVED ULINICAL CHART

For the SEPARATE PLOTTING of TEMPERATURE, PULSE, and RESPIRATION,

Designed for the Convenient, Accurate, and Permanent Daily Recording of Cases in
Hospital and Private Practice.

By HARYEY B. BASHORE, IM.ID.
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QOSYRIGHTED, 1558, BY F. A. DAVIE.
EC Chartz, in Talklet Baryra. Sloe, Ex 12 inches.

Price, in the United States and Canada, Post-paid, 50 Cents,
Net; Great Britain, 2s. 64.; France. 3 fr. 60.

The above diagram is a little more than one-fifth (1-2) the actual size of the chart and shows the
method of plotting, the up?w curve being the Temperature, the middle the Pulse, and the lower the
Respiration, By this method a fu_II_rutnrd of aach ¢in easily be kept with but one color ink

115 sa armnged that all practitioners will find it an invaluable aid in the treatment of their patienis,
; in the b?.ck of l&‘;l.l:."!r chart will be found ample space canveniently arranged for recording ** Clinical
History and Symptoms " and * Treatment,"
. By its use the physician will secure such a complete record of his cases as will enable him to review
them at any time. Thus he will always have at hand a source of individual improvesent and benefit in
the practice of his profession, the value of which can hardly be averestimated,

(F. A. DAVIS, Medical Publisher, Philadelphia, Pa., U.8.A.)
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BOENNING

R Text-Book on Practical Anatomy.
INCLUDING A SECTION 0N SURGICAL Axaromy.

By Heswy C. Boessiwg, M.D., Lecturer on Anatomy and Surgery
in the Philadelphia School of Anatomy ; Demonstrator of Anatomy in
the Medico-Chirurgical College; Demonstrator of Anatomy in the
Philadelphia Dental College ; Lecturer on Diseases of the Rectum in
the Medico-Chirurgical College, ete., ete.

Fully illustrated throughout with about 200 Wood-Engravings,
In one handsome Octavo volume, printed in extra-large, clear type,
making it specially desirable for use in the dissecting room. Nearly
500 pages. Substantially bound in Extra Cloth. Also in Qil-Cloth, for
use in the dissecting-room without soiling.

Price, post-paid, in the United States, $2.50, net; Canada (duty paid), $2.75, net;
Great Britain, 14s, ; France, 16 ir. 20.

—

BOWEN

Hand-Book of Materia Medica, Pharmacy,
and Therapeutics.

By Curnrerr Bowen, M.D., B.A., Editor of ® Notes on Practice.”

The second volume in the Physicians’ and Students’ Ready Refer-
eice Series. One 12mo volume of 870 pages. Handsomely bound in
Dark-Blue Cloth.

Price, post-paid, in the United States and Canada, $1.40, net; in Great
BEritain, 8s. 64.; in France, 9 fr. 25.

EXTRACT FREOM THE PREFACE.— While this is essentially a STUDEST'S MANTTAL,
a ]Slr:l.'il_' amount of matter has been incorpomted which, it is hoped, will render it a nseful refer-
ence-loak to the YoURG GRADUATE who is just entering on his professional carcer, and more
particnlarly the individual whose sphere of work demands a mora practical aequaintance with
l;h:n.nu:muautriml processes than is required of the ordinary city practitioner. Great care has
evn taken throughount the book to familiarize the stndent with the best methods of administer-
ing the varions drugs he will be called npoen to ase, and with this object o large number of
standard prescriptions have been selected from the works of the most eminenl anthorities,
which he can either adopt, with moedifications to suit particular cases, or wse as models on which
to construet hiz own formule,'

This excellent mannal comprises in its 38 || sort, and which are destructive to vision and
raigs'i about ag muceh sound and valuable || temper alike.—&8t, Louis Med. and Surg. Jour.
nformation on the subjects indieated in ity
title as conld well be crowded into the com- In going through it, we have been favorably
pass. The book is exhaustively and correctiy || i111|.lrnsm:3 by the plain and practieal sugges-
tndexed, and of o convenient form. The paper, tions in regard to preseripbion writing, and
press-work, and binding are excellent, and the the metrie avstem, and the other things which
typography (long primer amd bréevier) is highly | mnst be known in order ©o write good anad ae-
to be comnendod, as opposed to the I:I!I!'I}l:'l.:l'l"il || enrate prescriptionz.—Medieal and Swrgical
and agate usnally used in compends of this || Reporter

BURET
Syphilis : To-day and in Antiquity.

By Dr. F. Burer (Paris). 'Translated from the French, with the
author’s permission, by A. H., Oamass-Dusmesyin, A M., M.D., Professor
of Dermatology and Syphilology in the St. Louis College of Physicians
and Surgeons.

To be completed in three 12mo volumes. Volume I, Syphilis in
4 ~tigquity. I~ Press. Reapy ix Ocroper, 1891,
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CAPP

dihe. Daughiers, B N3 Bincion, ana

HoMeLy SuvcGesTions To MoTHERS AND DAUGHTERS.

By Wintiam M. Carp, M.D., Philadelphia. This is just such a book
as a family physician would advise his lady patients to obtain and read.
It answers many questions which every busy practitioner of medicine
has put to him in the sick-room at a time when it is neither expedient
nor wise to impart the information sought.

It is complete in one beautifully printed (large, clear type) 12mo
volume of 150 pages. Attractively bound in Extra Cloth.

Price, post-paid, in the United States and Canada, $1.00, net; In Great
Britain, Bs. 6d.; France, 6 fr. 20.

In the 144 pages allotted to him he has com- || skill and in & manmer which cannot strike any

pressed an amount of homely wisdom on the ane as improper oF bald, The abaolute ignor-
physical, mental, md moral development of || anee in which maost voung girls are allowed (o
the female child from birth to matericy which exist, even until adalt life, 18 often productive
is to ko fouwd elsewhere in only the great | of much nizery, both mental and physical.
book of experience. It is, of course, a haok | Quite & numleer of books written by physi-
for mothers, but is one a0 void of offense in || cians for popular use have been propared in
expression or ileas that it can safely be recom- || snch a way that the professional man ean read
mended for all whose minds are safficiently | between fhe lineg strong bids [or popular
developed to appreciate its teachings.—FPhida- || favor, ete.  These objectionable features wiil
clelphia Public Ledgor, |] nakb be fouud in D, Uapp's brochure, and for

this reason it 8 worthy the gonfidence of

Many delicate subjects ave treated with | physicians,—Medical News,

CATHELL

Book on the Physician Himself

Anp Taines miiar ConcErRN His REPUTATION AND Success,

By D. W. Caraern, M.D., Baltimore, Md. Being the Nivtn Epition
(enlarged and thoroughly revised) of the * Physician Himself, and what
he should add to his Scientific Aequirements in order to Secure Success,”
In one handsome Oetavo Volume of 298 pages, bound in Extra Cloth.

Thousands of physicians have won suceess in their chosen profession
through the aid of this invaluable work.

This remarkable book has passed through eight (8) editions in less
than five years. It has just undergone a thorough revison by the author,
who has added much new matter covering many points and elucidating
many excellent ideas not included in former editions.

Price, post-paid, in the United States and Canada, $2.00, net; in Great
Britain, 11s, 6d.; France, 12 fr. 40.

I am most favorably impressed with the ||  Wa have read It earefully and regret mueh
wisdom and Torce of the points made in *“The || that we had not done so exrlier and followed
Physician Himsell,” and belivve the work in || its precepts.  The book is full of mood advice,
the hands of a yonng graduate will greatly en- || Get it ab once.—Paeifle Record of Medicine
hiance his chances for professional snccesg— || and Surgery.

Frow Prof, D, Hayes Agnew, Phila., Pa.
4 | We cannot imaging a more profitable invest.

We strongly advise every actual and intend- || ment for the junior practitioner than the pur
in‘ﬁpmt:tltmlmr ol mlicine or surgery to have || chase and eareful stady of **The Physiciar
“The Physician Himself,” and the more it in- || Himsell,"—Oveidenial Medical Tines,
flueneces his future conduct the better he will |
bt —From the Conade Medical and Surgical || To the physician who has discovered that
Joiernal, Moniveal, |I there is something else besides dey book-learn

| g nesded to make him a desiralle visitor ac

In tha present edition the entire work has | the hedside, we commend this volwime, that he
I-'I:Mll re'i'l:]ed anid some new matter introdoesd. may assimilate some of the ready erystallized
The publisher's part is well done; paper is | worldly wisdom which otherwise he may be
good and the print large ; altogether it is a || many vears acquiring by natnral progesses—
very readable amd enjoyable book.—Montreal || Norih Coreling Medieal Jowrnal,

Meidical Journal
(5)
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CLEVENGER

Spinal Concussion.

SURGICALLY CoxsiDERED AS A Cavse or SriNan Injury, Axp NEURO-
LoGICALLY REstRICTED TO A CERTAIN SYMPTOM (GROUP, FOR WHICH
18 SUGGESTED THE DEsiGNaTION ERICHSEN'S IMSEASE,
As One Form oF THE TrAUMATIC NEUROSES.

By 8. V. Crevexcer, M.I., Consulting Physician Reese and Alexian
Hospitals; Late Pathologist County Insane Asylum, Chicago ; Member
ol numerous American bmentlfn and Medical Societies; Collaborator
American Naturalist, Alienist and Neurologist, Journal "of Neurology
and Psyehiatry, Journal of Nervous and Mental Diseases; author of
* Comparative Physiology and Psychology,” “ Artistic Anatomy,” ete.

This work is the ontcome of five years’ special study and experience
in legal eircles, clinics, hospital and private practice, in addition to
twenty years’ lahor as a scientifie student, writer, and teacher.

The literature of hpllm] Concussion has heen inereasing of late yvears
to an unwieldy shape for the general student, and Dr. ﬂl{.x{-nir-r_‘-'l' lias in
this work "L'I:‘I'lll”i'ﬂ. and reviewed all that h'i.ﬂ been done by ‘observers
since the days of Erichsen and those who preceded him,

There are abundant illustrations, particularly for Electro-diagnosis,
and to enable a clear comprehension of the anatomical and pathological
relations.

The Chapters ave: 1. Historieal Introduetion; II. Erichsen on
Spinal Conenssion; 111 Page on Injuries of the Spine and Spinal Cord ;
I1V. Recent Discnssions of Spinal  Coneussion ; V. Oppenheim on
Traumatiec Nenroses; VI, Illustrative Cases from Ul‘t{.,lnal and all other
Sources; VII. Traumatic Insanity; VIIT. The Spinal Column; IX.
Symptoms; X. Diagnosis; XI. Pathology; XII. Treatment; XIIL
"‘r[udl(‘ﬂ-iﬂ“‘.hl Considerations.

Other special features consist in a deseription of modern methods
of diagnosis by Hmtnuh,& discussion of the controversy concerning
hysteria. and the author's original pathological view that the lesion is
one involving the spinal s}mlmthetm nervons system. In this latter
respect entively new ground is taken, and the diversity of opinion con-
cerning the funetional and organic nature of the disease is afforded a
basis for reconciliation.

Every Physician and Lawyer should own this work.

In one handsome Royal Octavo Volume of nearly 400 pages, with
thirty Wood-Engravings.

Price, post-paid, in United States and Canada, $2.50, net; in Great
Britain, 14s.; in France, 15 fr.

The reader will find in this ook the hest || This work really does, if we may be per-
digenzzion and =ominary of the facis on this | !'|||lh"l| to use o trite ami ]Iqllkl'IE:rIi] X res-
topic, which will make it very valualle to || sion, *fll a long-felt want.,” The subject i3
every physician. For the ‘i]rl_e||||4-|;. it is o tre q.lul in all lt= Irr-1.nng-: electro-dingnosis
text-boenk that will e often consalied.— The receive: a large share of attention, and the
Journal of Tnebrictiy, || chapter devoted to illustrative cases will be

|| fonml to possess especial importance,  The

The work comes folly up to the demand, || awthor has some orignal views on LmLIli}lllg}
amd the law and medical eary, to ba com- || —Medical Weekly Heview,

o te, cannot ba without it,—Southern Medical ||

eeord. (|

(8)



Medical Publications of F. A. Davis, Philadelphia.

DAVIS
How to Prevent it, and How

Consumption: to Live with it.

Its Narvrg, Cavses, PREVENTION, AXD THE MoDE oF LivE, CLIMATE,
Exercisg, Foop axp CLoTHiNG NECESSARY FOR 1T CURE.

By N. 8. Davis, Jr., A. M, M.D., Professor of Principles and Practice of
Medicine in Chicago Medical College; Physician to Mercy Hospital; Member of
the American Medical Association, Illinois State Medical Bociely, ele., ele.

12mo. Ix PrEss.

DAVIS

Discases of the Heart, Lungs, and Kidneys.

By N. 8. Davis, Jr., A M., M.D.. Professor of Principles and Practice of
Medicine in Chicago Medical College; Physician to Mercy Hospital; Member of
the American Medieal Association, Illinois State Medical Society, ete., ete.

In one neat 12mo volume.  No. tn the Physicians’ and Students’ Heady-
Reference Series. 1K PREPARATION.

DEMARQUAY

A Practical Investigation of the Clinical
0 N Oxygen. and Therapeutic Value of the Gases
in Medical and Surgical Practice,

Wit EspeciAL REFERENCE TO THE VALUE AND AVAILABILITY OF OXYGEN,
NirroceN, HyprocEN, AND NITROGEN MONOXIDE,

By J. N. DEMARQUATY, SBurgeon to the Munieipal Hospital, Paris, and of the
Counecil of State; Member of the Imperial Society of Surgery; Correspondent of
the Academies of Belginm, Tarin, Munich, ete ; Officer of the Lesion of Honor,
Chevalier of the Orders of Isabella-the-Catholic and of the Coneception, of
Portugal, ete.  Translated, with notes, additions, and omissions, by Samven 8.
Warnnraxn, ADM., M.I),, Member of the American Medical Association: Ex-Presi-
dent of the Medieal Association of Northern New York; Member of the New
York County Medical Society, ete,

In one handsome Oetave Volume of 316 pages, printed on fine paper, in
the best style of the printer’s art, and illustrated with 21 Wood-Cuts.

Price, post-paid, in United States, Cloth, $2.00, net; Half-Russia, $3.00,
net. In Canada (duty paid), Cleth, $2.20, net; Hali-Russia, $3.30,
net. In Great Britain, Cleth, 1ls. 6d.; Half-Russia, 17s. 64 In
France, Cloth, 12 fr. 40; Half-Russia, 18 fr. 60.

For some years past there has been a growing demand for something more
satisfaciory and more practical in the way ol liternture on the subject of what
has, by common consent, come to be termed “ Oxygen Therapeuties.” On all
sides professional men of standing and ability are turning their attention to the
use of the zaseous elements about us as remedies in disease, as well as susininers
in health.  In prosecuting their inguiries, the first hindranee has been the want
of any reliable, or in any degree satisfuctory, literature on the subject.

This work, translated in the main from the French of Professor Demarquay,
containg also a very full account of recent English, German, and American ex.
periences, prepared by Dr. Bamuel 8. Wallian, of New York, whose experience
in this field antedates that of any other American writer on the subiject.

This is & handsome volome of 300 pages, in || The book shonld e widely read, for to many
large print, on good paper, aod nicely illus- 1t will bring the addition of 3 new weapon to
trated. Althoogh nominally pleading for the || their therapeuatic armament.—Noriliwestern
nse of oxveen inhalations, the aunthor shows in Laneel.

a philezophical manner bow much greater
pood physiciang might do if they more fully | Altogether the book iz a valuable one, which
appreciated the value of fresh air exercise and | will ba found of service to the busy prac.
water, especially in diseases of the longs, kid- titioner who wishes to keep abreast of the

nevs, and zkin, We commend itz perusal to improvements in therapeutics, — Medical
our readers.—The Canada Medical Record., IV¥ews,

()




Medical Publications of F. A. Davis, Philadelphia.

EISENBERG

Bacteriological Diagnosis.

Tasvrar AIps ror Use 18 Pracrical WoRk.

By James Eisenpera, Ph.D., M., Vienna. Translated and aug-
mented, with the permission of the aunthor, from the latest German
Edition, by Norvar H. Pigrce, M.D., Burzeon to the Out-Door Depart-
ment of Michnel Reese Hospital ; Assistant to SBurgieal Clinie, College
of Physicians and Surgeons, Chicago, 111 '

This book is a novelty in Bacteriological Science. It is arranged
in & tabular form in which are given the-specific characteristies of the
various well-established bacteria, so that the worker may, at a glance,
inform himself as to the identity of a given organism. They then serve
the same function to the Bacteriologist as does the * Chemical Analysis
Chart ” to the chemist, and the one will be found as essential as the
other. :

THe GrEaTEST care has been taken to bring the work up to the
present aspect of Bacteriology.

In one Octavo volume, handzomely bound in Cloth., Reapy Soow.

Price, post-paid, in the United States and Canada, $1.50, net; in Great
Britain, 8s. 6d.; in France, 9 fr. 35.

FEDINGER

Twelve Lectures on the Structure of the
Central Nervous System.

For PHYSICIANS AND STUDENTS.

By Dr. Lupwie Epmwaer, Frankfort-on-the-Main. Second Revised
ddition.  'With 133 Illustrations. Translated by Wirris Hann Virrua,
M.D., 8t. Panl, Minn. Edited by C. Eveexe Riqas, A.M., M.D., Pro-
fessor of Mental and Nervous Diseases, University of Minnesota;
Member of the American Neurological Association,

The illustrations are exactly the same as those used in the latest
German edition (with the German names translated into English), and
are very satisfactory to the Physician and Student using the book.

The work is eomplete in one Royal Octave volume of about 250
pages, bound in Extra Cloth.

Price in United States and Canada, post-paid, $1.75, net; Great
Eritain, 10s.; France, 12 fr. 20.

One of the most instructive and valaable || suececded in transforming the mazy wilder-
wiorks on the minute anatomy of the hinman nes=s of nerve fibras and cells into adistriet of
brain extant. It is written in the form of lec. well-inarked pathwayva and centres, and by so
tupes, profosely illustrated, and In clear lan- doing has made a pleasure ont of an amtomi-
punge. The book is worthy of the highest || enl bugbear.—The Southern Medical Record,
enconinms, and will, nndonbtedly, command o
large sale.—The Pacife Record of Medicine
cred Swrgery,

Every point is clearly dwelt upon in the
| text, and where description alone might leave
|| & subject obzeure clever drawings and dia-
Sinee the first works on anatomy, up to the || grams are introduesd to render misconception
wesent day, no work has appeared on the sub- || of the author's meaning impossible. The boolk
il!l't of the general aml minute anatomy of the || i3 eminently practical. It unravels the intri-
centril nervons system 80 complete and ex- || eate entanglement of different tracts and
haunstive as this work of Dir. Lmllwig Edinger, || paths in a way that no other book hag done 80
Being himself an original worker, and having explicitly or s0 concisely. — Northwestern
the bencfits of such masters as Stilling, || Laneel,

Weigeit, Geilnch, Meynert, and others, lie has ||

(&)
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GOODELL

Lessons in*® Gynecology.

By WinLiam Goopenn, AM., M.D., ete., Professor of Clinical Gyne-
cology in the University of Pennsylvania.

This exceedingly valuable work, from one of the most eminent
specialists and teachers in gynecology in the United States, is now
offered to the profession in a mueh more complete condition than either
of the previons editions. It embraces all the more important diseases
and the principal operations in the field of gynecology, and brings to
bear upon them all the extensive practieal experience and wide reading
of the author. It is an indispensable gnide to every practitioner who
has to do with the diseases peculiar to women. Third Edition, With
112 illustrations. Thoroughly revised and greatly enlarged. One volume,
large octavo, 578 pages,

Price, in United States and Canada, Cloth, $5.00; Full Sheep, $6.00. Discount,
20 per cent., making it, net, Cloth, $4.00; Sheep, $4.80. Postage, 27
cents extra, Great Britain, Cloth, 22s, 6d. ; Sheep, 23s.,
post-paid. France, 30 fr. 80.

It is too good a ook o have been allowed to || tores, unugnally entertaining.  The snlstance
remain ont of print, amd it ag anguestionahly of his teachings we regard as equally exeel-
begn missed. The anthor has revised the work | lent.—Philacdeiphin Medical and  Surgieal
willy e-|:|:~|_!5;!|| CAre, ;11]11|1|;: to each lesson such ff-e‘;n,'.u'&l'r‘,
fresh matter as the progress in the art ren-
dered necessary, and e has enlarged it by the Extended mention of the contents of the
insertion of six new lessons, This eldition will, || ook i8 unnecessary; sufflee it to say that
withont question, e as eagerly sought for as | every important disense found in the female
wiers it predeceasors,—dmecican Jowenal of | sex 13 taken up and discussed i o common-

Cihastedivics. || senge kind of a way, We wizh every physician
b L 5 || in Ameriea coull read and carry out the sug-
Hiz Hierary stvle is pecnliavly charming, || gestions of the chapter on *the sexnal rela-

There iz a directness aml shoplieity about ot tinng as canges of uierine dizordera—conjugal
which is casier to sdmive than to copy. His | onanism and kindred =ins."” ‘1"!|l~4l.i'l|l;lrm11~nt
chain of plain words and almeet blant cxpres- | treating of nervons counterfeits of ulerine
sions, his familiar comparizon amd honely || diseases is a most valuable one,—/Ransas Cily
illaatrations, make k's writings, like his leg. || Medical Fndex,

— i —————— - e —

GUERNSEY

Plain Talks on Avoided Subjects.

By Henrny N, Guernsey, M.D., formerly Professor of Materia Mediea
and Institutes in the Hahnemann Medieal College‘of Philadelphia;
anthor of Guernsey’s © Obstetrics,” including the Disorders Peculiar to
Women and Young Children ; Lectures on Materin Medica, ete.  The
following Table of Contents shows the scope of the book :

ConTENTS.—Chapter I. Introductory. II. The Infant. TIL Child-
hood. IV. Adolescence of the Male. V. Adolescence of the Female.
VI. Marriage: The Husband. VII. The Wife. VIII. Husband and
Wife. IX., To the Unfortunate. X. Origin of the Sex. In one neat
16mo volume, bound in Extra Cloth,

Price, post-paid, in the United States and Canada, $1.00; Great Britain,

6s.; France, 6 fr. 20.
(9)
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HARE

Epilepsy: lts Pathotogy and Treatment.

Brixg ax Essay To wHICH wWAS Awarpep A Prize oF Four THonousaxp
Fraxcs oy THE AcapEMIE RovaLE DE MEDECINE DE BELGIQUE,
DecemBer 31, 1889,

By Homart Avmory Hare, M.D. (Univ. of Penna.), B.8e¢.,, Professor of
Materia Mediea and Therapeutics in the Jefferson Medical College, Phila. ;
Physician to St. Aenes’ Hospital and to the Children's Dispensary of the Chil-
dren’s Hospital ; Laureate of the Royal Academy of Medicine in Belgium, of
the Medical Society of London, ete. ; Member of the Association of American
Physicians. :

No. 7 in the Physicians' and Students’ Ready-Reference Series. 12mo. 228
pages. Neatly bound in Dark-blue Cloth.

Price, post-paid, in United States and Canada, $1.25, net; in Great
Britain, 6s. 6d.; in France, 7 fr. 75.

It is representative of the most advanced | It is remarkable for its clearness, brevity, and
views of the profession, and the subject i | beanty of siyle. It s so far as the reviewer
promed of the vast anount of 2aperstition and knows, altogether the Lest gssay ever written
nonsense that generally obtains in connection || wpon this important subject.—Koansas Ciy

with epllepay, —Medieal Age il cdical Tndex.

FEvery physician who would get ot the gist .
of all that Is worth knowing on epilepsy, and : The task of preparing the work must have
who wounlil avoid nseleas research among the | Peen most laborious, but we think that Dr.

mass of literary nonsense which pervades all || T1are will ha repaid for his efforts by a wida
mieddieal libraries, shoulid get this work.”—TThe | appreciation of the work by the 1“""1‘"-“-""_"'1
Seuniteiricen, || Tor the ook will be instrocetive to those who
| have not kept abresst with the reeent litera.
Tt eontains all that is known of the pathology ture upon this sabject.  Indacl, the work is o
of this atrange disorder, a clear discussion of || sort of Dictionary of epilepsy—a reflerance
the dingnesiz from allied neurcoses, and the | moide-book upon the subject.—dlicnist and
very latest therapeutic measaves for relief, || Newrologist,

HARE
Fever: lts Pathology and Treatment.

Beixng THE DBovisroNn Prize Essay oF Harvarp UNIvERSITY For 1890,
Coxraining IMrections AN THE Lareser IsrorMaTion (Cox-
CERNING THE UsgE oF THE So-CALLED ANTI-

PYRETICS IN FEVER anDp Pain

By Hopart Avory Hare, M.D. (Univ. of Penna.). B.8c., Professor of
Materia Medica and Therapeutics in the Jefferson Medical College, Phila;
Physician to St. Agnes' Hospital and to the Children's Dispensary of the Chil-
dren’s Hospital; Laureate of the Royal Academy of Medicine in Belgium, of the
Medical Society of London, ete.; Member of the Association of American
Physicians.

No, 10 in the Physicians’ and Students' Ready-Reference Series.  12mo.
Neatly bound in Dark-blue Cloth.

IMustrated with more than 25 new plates of tracings of varions fever cascs,
showing beauntifully and accurately the action of the Antipyretics. The work
also conlaing 33 ecarefully prepared statistieal tables of 249 cases showing the
untoward etfects of the antipyretics.

Price, post-paid, in the United States and Canada, $1.25, net; in Great Britain,
s, 6d.; in France, 7 ir. T6.

Az is usual with thig anthor, the sabject is || the most interesting of itg excellent groap,
thorouzhly handled, and much experimental the Physicians” and Students’ Ready- Refer-
and clinfeal evidence, both from the author's ence Series.— The Dosinelrie Wedical Kevicw,
experienes amd that of others, is addoced in
support of the view taken.—New York Medical
Adbstroet.

Buch bonks as the present one are of service
ta the student, the scientifie therapentist, and

|
H
I

|; the general practitioner alike, for much ean

The amwthar has done an able picce of work L Eoumnd of real value in Dir, Flare's ook, with
in showing the facts as fur as they are known (| the additional advantage that it is up to the
concerning the action of antl :I-"l't'llh.. antis I Intest Fesenrelies LI the au'l.-ier.-t..—{-’m'm'r-
febpin, phenacetin thallin, awd salicvlic acid, || sy Medical Magazine,

The reader will certainly find the work one of

(1)
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JAMIES
American Resorts. With Notes upon their Climate.

By Busurop W. James, AM., M.D., Member of the American Publie
Health Association, and the Academy of Natural Sciences, Philadelphia; the
Society of Alaskan Natural History and Ethnology, Sitka, Alaska, ete. With
a translation from the German, by Mg, 8 Kavermaxx, of those chapters of ** Die
Klimate der Erde' written by "hr. A, Woeikof, of S8t Petershurg, Russia, that
relate to North and South America and the Islands and Oceans contiguous thereto.

This is a unigue and valuable work, and usefal to physicians in all parts of
the country. We mention a few of the merits it possesses: First. List of
all the Health Resorts of the country, arranged according to their elimate.
Seeond, Contains just the information needed by tourists, invalids, and those who
visit summer or winter resorts.  Third, The latest and best large railvoad map for
reference.  Fourth. It indicates the climate each one shonld select for health,
£ifth. The author has traveled extensively, and most of his suggestions are
practical in reference to localties. In one Octavo volume. Handsomely bound
in Cloth. Nearly 300 pages.

Price, post-paid, in the United States and Canada, $2.00, net;
Great Britain, 1ls. 64 : France, 12 fr. 40.

Taken altopether, this i by far the mast |)
complete exposition of the subject of resorts |

that fins vet been put forth, and it is one that
every physicisn: must nasls possess intelligont

pathological indications and constitutional
predispositions,—The Semitarion,

The book before us is a very comprehensive
voldlume, giving all necessary informuation eon-

cerning climate, temperature, humidity, sun-

The special chapter on the therapeutios of shine, and indeed evervihing necessary to he
climrate . . i85 excellent :I‘nr;r*maijn't-canth::m|'.-»' | stated for the Leoefit of the phys=ician or
suggestions in the =election of climates and imvalid gecking a health resort in the United
locil conditions, with reference to known || States.—Scouwthern Clinic,

information upon.- Bufoale Med.  Surg. Jowr,

Journal of Laryngology and Rhinology.

IssvEp ox THE First oF Eaca MoxTin

Edited by Dr. Norris Wolfenden, of London, and Dr. John Macintyre, of
Glasgow, with the active aid and eo-operation of Drs. Dundas Grant, Barelay J.
Baron, Hunter Mackenzie, and Sir Morell Mackenzie. Besides those specialists
in Europe and America who have so ably afsisted in the colluboration of the
Jowrnal, a number of new correspondents have undertaken to assist the editors in
keeping the Journal up to date, and furnishing it with matters of interest,
Amonest these are: Drs, H:ljnuﬁ, af I"'Ili]:l.ﬂi*.!p]l'l.:l; Middlemass Huont, of Liver-
pool; Mellow, of Rio Janeiro; Sedziak, of Warsaw; Draispul, of St Petersburg,
cte.  Dirs. Michael, Joal, Holger, Mygind, Prof. Massei, and Dr. Valerius Idelson
will still collaborate the literature of their respective countries,

Price, 135, or $3.00 per annum (inclusive of Postage). For single copies, however, a
charge of 15, 3d. (30 cents) will be made. Sample Copy, 26 Cents.

B

KEATING
Record-Book of Medical Examinations

For Lire INSURANCE.

Designed by Joux M. Keatixe, M.D.

This record-book iz small, neat, and complete, and emhraces all the prin-
cipal points that arve required by the different companies. Tt iz made in two sizes,
viz.: No, 1. covering one hundred (100) examivations, and No. 2, covering two
hundred (200) examinations. The size of the book is Tx 8% inches, and can be
conveniently carried in the pocket.

. 5. and Canada, Great Britain, France.

Mo. 1. For 100 Ezaminations, in Cloth, - - $§ .50 Net 3s, 64 3 fr. 60
Wo. 2. For 200 Ezaminations, in Full

Leather, with Side Flap, - - - - 100 * 6s. €fr 20
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HKEATING mnd'EDWARDS
Diseases of the Heart and Circulation.

In Inpancy AND ADoOLESCENCE. WiTH AN APPENDIX ENTITLED ** CLINICAL
Srumes oN THE Purse v Cuainpmoon.”

By Joux M. Keatixg, M.D)., Obstetrician to the Philadelphia Hospital,
and Lecturer on [Mscases of Women and Children; Burgeon to the Maternity
Hospital; Physician to 3t. Joseph's Hospital; Fellow of the Colleze of Physicians
of Philadelphia, ete.; and Winntax A, Epwannps, MDD, Instruetor in Clinical
Medicine and Physician to the Medieal Dispensary in the University of
Pennsylvania; Physician to 8t Joseplh's Hoszpital; Fellow of the Collese of
Physicians; formerly Assistant Pathologist to the Philadelphia Hospital, ete.

Ilustrated by Photographs and Wood-Engravings. About 325 pages. Oc-
tavo. DBound in Cloth.

Price, post-pald, in the United States and Canada, $1.50, net; in Great
Britain, 8s, 6d.; in France, 9 fr. 35.

Drs. Keating and Fadwards have prodoced a0 | It is not o mere compilation, bt a systematic
work that will give material aid to every treatise, and bears evidence of econgideralile
floctor in hs practice among children. The labor and observation on the part of che
stvle of the ook is graphic and s-h}.nﬂin;:. the || anthors, Two fine phatographs -sl' dissections
diagno=toe points are explicit amd exacr, amd || exhibit mitral gtenosiz aml mitral regorgics-
the therspentical resources inelude the novel- || tion: there are alse 4 number of wood-cuts,
tios of melicine as well a2 the old and tried = eveland Medieal Goazelle,
agents,—Piltabureglh Med., Revicw,

LIEJ?I& u.}ur: ROHE
Practical Electricity in Medicine ;# Surgery.

By G. A. Ligsic, Jr., Pu )., Assistant in Eleectricity, Johns Hopkins
University ; Lecturer on Medieal Electricity, College of 1*hysicians and Surzeons,
Baltimore ; Mamber of the American Institnte of Elecivical En=ineers, ete. ; and
Georer I Roue, ALIM., Profeszor of Obstetries and Hygziene, Collese of Physi-
cians and Surgeons, Baltimore ; Visiting Physician to Bay View and City Hos-
pitals ; Director of the Marvland Maternité ; Associate Editor “ Aunual of the
Universal Medical Seiences,”” ete.

Profusely [lustrated by Wood-Engravings and Original Diagrams, and
publdished in one handsome Royal Octavo voluine of 383 pages, bound in Extra
Clath.

The eonstantly inereasing demand for this work attests its thorongh relia.
bility and its popularity with the profession, amd points (o the fnet that it is
already THE standard work on this very important subject.  The part on Physical
Electricity, written by Dr. Liebig, one of the recognized authorities on the
scicnce in the United States, treats Tally such topies of interest as Storage Bat.
teries, Dynamos, the Electric Light, and the Principles and Practice of Electrical
Menzurement in their Relations to Medieal Practice.,  Professor Robé, who writea
on Electro-Thempentices, discugges ol length the recent developiments of Klectricity
in the treatment of steicture, enlarged prostate, wterine fibroids, pelvie cellulitis,
and other diseases of the male and female genito-urinary organs,  The applica-
tions of Electricity in dermatology, s well as in the diseases of the nervous
system, are also fully considered.

Price, post-paid, in the United States and Canada, $2.00, net; in Great
Eritain, 115, 6d.; France, 12 fr. 40.

Any phyzician, especially if e be a beginner || Im itz pernsal, with each snecesding page,
i 1_~|_|;'1_5I!:|'||--1.||r'|‘:|,;||i_~1,|l‘.{|!5-cI will be well repaid by || W liave been more and maore il|L|JI'{!H§IH'|. '\\'i.‘th
a carcial =tuidy of thiz work by I.icllpj:.: and || the fact that heve, at last, we bave a treatize
Hohé, For 4 work om a z:|l-|.=!1:i.'|.f subject tha on electricity in medicine and sargery which
price is low, and no one can give a gond ex- amply fulfills ita purpose, and which is sare of
enge for remaining in jgnorance of so impor- || seneral adoption by reason of its thorouwgh
tant n subject as electricity in pedicine.— || excellenee and superiority to other work= n-
Tolede Medicol wud Surigical Beporier, | :-_*m}v}:‘ to cover the saune field. —Pharmaces-

| tical Kra.

The entire work is thoronghly scientifie and ||
practical, and is really what the anthors have | After carefully looking over this work, wa
admed 1o produce, *a trustworthy guide (o '. ineline to the huii.er that the intelligent physi-
rhe application of electricity in the practice of || cian who is familiar with the general subject
medicine and Surgery.”—New York Medical || will be greatly intervested and profited. —
Times, {| Anrerican Lancet.

(2]
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JIL-:ISSEI’
Electricity in the Diseases of Women.

Wit Seectal, REFPERENCE TO THE APPLICATION OF Sriosa CUrrests

By . Berrox Massey, M., Physician to the Gynmeologioal Department
of the Howard Hospital 3 late E][:.-::Il11-|:||1'|‘sl|r[:1_|.lii:t io the |“||'||:::h~|[|||'t:| Ot hopadic
Hospital and Infirmary for Nervous Diseases ; Member of the American Neuro-
logical Association, of the Philadelphin Neurological Socicty, of the Franklin
Institute, ete. Secoxp Eprrrox.  Revised and Enlarged.  With New and
Original Wood-Engravings. Handsomely bonnd in Dark-Blue Cloth. 240 pages,
13ma.  No. 5 i the I‘fr:,r-nr:-ms and Students Ready-Reference Series.

This work is presented to the profession as the most complete trealise vel
izsued on the electrical treatment of the discases of women, and ig destined to
fill the inereasing demand for elear and practieal instruction in the handling and
use of strong currents after the recent methods fivst advoeated by Apostoli. The
whaole subject is treated from the present stand-point of electric science with new
atrd ordganal dleztrafions, the !ht}l'ul‘:g’ll studdicz of the author and his wide elinieal
experience rendering him an anthority vpon electricity itsell and its therapeutic
applications.  The anthor has enhaneed the practical value of the work by
ineluding the exact details of treatment and rvesults in a number of eases taken from
hiz private and hospital practice.

Price, post-paid, in the United States and Canada, $1.50, net; in Great
Britain, 8s. 6d.; in France, 9 fr. 365

A new edition of this practical manual at- || that the improvements introduced ints this
tests the ntility of it2 existence and the recog- || edition make it more valuable stl—foston

mitieen of if= Lnnfnl: The direetions aye J-L:||:|pli_ Medioal cnd a‘frn'yi:!ﬂf JetErE,

ensy to follow and to pot into practics; the

gronnd iz well coverad, and nithing is '1-.-ernsld The style is clear, ot condenged. Useless
Tl entire ok biein & Lhe recor il ol r:::i:ll Flenee, || detaile ave omitted, the 1'|_-'|:'|||nrl‘:-i ol ecazea tamang

—JSowrnal of Nervous and Mentoal Dhseases, I:Ir“tll"'dl of all irrelevant material. The boolk

It is only a few months sines we notieed the ig an excecdingly valuable one, and represents
firar edithon of this little ook ; and it is onily || an amonnt of stwdy and expervience which is
necessary to add wow that we congider it the || only appreeinted after o coreful reading—
Liest trientise on this subject we have scen, and || Medfieal Record,

MANTON
Childbed ; Its Management; Diseases and
Their Treatment.

By Warter P. Maxtox, M.D,, Visiting Physician to the Detroit Woman’s
Hospital ; Consulting !‘.nn.t'ru]ﬁ"'hl to the Eastern Michigan Asylum ; President
of the Detroit Gynmeologieal Society ; Fellow of the American So 'r.t'l. of Oh-
stetricians and Gynmeologists, and of the British Gynmeologienl Society ; Member
of Michigan State Medical Society, ete.  In one neat 12mo volume, Jlr'-.-r. in
the Physicians’ and Students’ Ready-Reference Serics. TN PREPARATION.

Medical Bulletin.

A Moxriury Jovryarn oF MEDICINE AND SURGERY.

Edited by Jonx V. SpwoeMaker. AM., M.ID. Brieht, orizinal, and read-
able.  Articles by the best practical writers procurable.  Ewery article as brief as
is consistent with the preservation of its scientific value. Therapeutic Notes by
the leaders of the mediea]l profession throughout the world.  These, and many
other unigue leatures, help to keep Tar Mepicarn BounneTi® in it present
position as the leading low-price .‘hh-.Hin::] Monthly of the world. Bubseribe now,

TERMS: $1.00 a year in advance in United States, Canada, and Mexico,
Foreign Subscription Terms: England, Bs.; France, 6 fr. ; Germany,
6 marks; Japan, 1 yen; Australia, 5s.; Holland, 3 forins.
{18)
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The Medical Bulletin Visiting-List or
Physicians’ Call Record.

ARRANGED UroN AN Oniginar anp Convesiest Mowtony axp WEEKLY
Prax ror THE DaiLy REcorminGg oF PROFESSIONAL VISITS

Frequent Rewriting of Names Unnecessary.

HIS Visiting-List is arranred s0 that the names of patients need be written
but oxcE a month instead of voun times a month, as in the old-style lists.
By means of a new feature, a simple device consisting of 8TUB OR HALP
LEAVES IN THE FORM OF INXSERTS, the first week's vigits are recorded in the usual
way, and the second week's visits are begun by simply turning over the half-leaf
without the necessity of rewriting the patients’ names. This very casily nnder-
slood process is repeated until the month is8 ended and the récord has been Iu_-pl
complete in every detail of visiT, cHARGE, creT, ete., and the labor and time
of entering and iransferring names at least THREE times in the month has been
gavied, T]IL*]'U are no inlricule rulineg ; not the least amount of time can be lost
in comprehending the plan, for it is acquired at a glance.

THE THREE DIFFERENT STYLES MADE.

The No. 1 Style of this List provides space for the DAILY record of seventy
different names each month for a year ; for physicians who prefer a List that will
accommadate a larger practice we have made a No. 2 Btyle, which provides
gpace for the daily record of 105 different names each month for a year, and for
physicians who may prefer a Pocket Record-Book of |t":ﬂ thickness than either of
these s qtl"]vu- we have made a No. 3 Style, in which ** The Blanks for the Record-
ing of Vigits in " Lhave been made into removable sections. These zections are

very thin, and are made up so as to answer in full the demand of the largest
practice, each section providing ample space for the paiLy recorp oF 210 prr-
FERENT NAMES for two months ; or 105 different names daily each month for four
months ; or seventy different names d; uh' each month for six months, Bix sels
of these sections go with each eopy of No. 8 StyLE.

SPECIAL FEATURES NOT FOUND IN ANY OTHER LIST.

In this No. 8 STYLE the PRINTED MATTER. and such matter as the nLANK
l-'muta Folk ApDREssEs oF Partiests, Obstetric Record, Vaceination Recond,
Cash Account, Birth and Death Records, ete, are fastened permanently in the
back of the book, thus reducing its thickness. The addition of one of these
removable sections does not inerease the thickness more than an eighth of an inch.
This brings the book into such a small compnss that no one can object Lo it on
account of its thickness, as its bulk is vERY MUecH LEss than that of any visiting-
list ever published. Ewvery physician will at onee understand that as seon as a
seetion is full it can be aken out, filed away. and another inserted without the
least inconvenience or tronble.  Fetra or additional sections will be furnished at
iy tme for 15 cents each or §1.75 per dozen. This Visiting-List contains calen-
dars, valuable miscellaneous data, important tables, and other useful printed
matter usually placed in Physicians’ Visiting-Lists,
Phiysicinns of many years’ standing and with large practices pronounce it
THE BesT LI1sT THEY HAVE EVER SEEN. It is handsomely bound in fine, strong
leather, with Hap, including a pocket for loose memoranda, ete., and is furnished
with n Dixon lead-pencil of excellent quality and finish. It iz compact and con-
venient for carrying in the pocket.  Size, 4 x 6 inches.

IINN TEFHREREL ST YLD HET PRICES.
MNo. 1. Regular size, to accommodace g0 patlents dajly each momh for one year, . . . B1.25
Mo. 2. Large size, to accommodate 105 patients daily each month for one year, . . . . B1L.50
Nao. 3. In which the ** Blanks for Recording Visits in** are in remowvalle ﬂtlil.'lﬂi_, « o« = BLSS
Special Edition for Great Britain, withoul printed matier, . T As. Gl
N. B.—The Recording of Visits in this Ligt may be Commenced at any n'nm during the Year,
{14}



Medical Publications of F. A. Davis, Philadelphia.

e —— o

MICHENER
Hand-Book of E’Clan‘lpsia; OR, NOTES AND CASES

OF PUERPERAL
CONMVULSIONS,

By E. MicueExer, M.D.; J. H. Stvers, M.ID.; R. B. Ewixg, M.D.; B.

* Trompsox, M.D. ; 8. Sreepeixs, M.D. 16mo. Cloth.

Price, 60 cents, met; in Great Britain, 4s. 64 ; France, ¢4 fr. 20.

NISSEN
A MANUAL OF INSTRUCTION FOR GIVING
Swedish Movement ;# Massage Treatment

By Pror. Hartvic Nissex, Iate Director of the Swedish Health Institute,
Washington, 10, C.; late Instructor in Physical Culture and Gymnasties at the
Jolins Hopkins University, Baltimore, Md. ; Instruector of Swedigh and German
Gymnastics at Harvard University’s Summer School, 1891,

This excellent little volume treats this very important subject in a practieal
manner. Full instructions are given regarding the mode of applying the Swedish
Movement and Massage Treatment in various diseases and conditions of the
human system with the greatest degree of effectiveness. Professor Nissen is the
best authority in the United States upon the practical phasze of this subject, and
hiz hook is indigpensable to every physician who wishes to knotw fow to use these
vitluable handmaids of medicine.

Ilustrated with 29 Original Wood-Engravings.
128 Pages. Neatly bound in Cloth.

Price, post-paid, in the United States and Canada, $1.00, net;
Great Britain, 6s.: France, 6 fr. 20. .

This manual is valoable to the practitioner, Il the various procedures are elearly stated as
I

In one 12mo volume of

s it contains a terse description of a subject well as illustrated in a very exeellent manner.
It oo litkle understood in this conntey, . . —Novth American Procfilioner.

The book iz gol up very creditably.—V, ¥, || This attractive little book presents the sub-

Mt ofoeir. {| Jeet in a very practical shape, and makes it

5 | f-:m:ihle for every physician to understansd at

The prezent volume is a modest account of || least how it is applied, i it does not g ve him

thi ;l|='|l-]i5'iuiun of the Swedish Movement and || dexterity in the art of its application, —Chicage
Mazange Treavment, in whicl the technigue of | ded, Trmes, .

Physicians’ Interpreter.

In Fovr Lavevaces (Encrise, Frexcrn, Germax, anp ITaniax).
SPECIALLY ARRANGED vor Diacnosis my M. von V.

The ohjeet of this little work is to meet a need often keenly felt by the busy
physician, namely, the need of some guick and reliable method of communicating
intellizgibly with patients of those nationalities and languages unfamiliar to the
practitioner. The plan of the book is a systematic arrangement of questions
upon the various branches of Practieal Medicine, and each guestion is so worded
that the only answer required of the patient is merely Yes or No.  The questions
are ]l numbered. and a complete Index renders them always available for quick
reference. The book iz written by one who is well versed in English, French,
German, and Ttalian, being an exeellent teacher in all those languages, and who
has also had considerable hospital experience. Bound in Full Russia Leather,
for carrying in the pocket. Size, 5x22 inches. 206 pages.

Price, post-paid, in United States and Canada, $1.00, met; Great
Britain, 6s.; France, € fr. 20.

Many nther haoks of the same sort, with || difficulty in dealing with foreign-speaking
more extensive voeabularies, have been pol- people, who Sré constantly comimg nmto onr
lished, but, from their size, and from their | city hospitals.—New York Medieol Jowrnal.
heing nanally devoted o equivalants in Fog
l'ah amal one other langnage only, they
not had the sdvantage which is pre-em
inthis—convenienee, Itis handwomely printed, |

:' Thiz little volume is one of the most inge-
nious wids to the phygician which we have
seen.  We heartily commend the book to any

and bound in flexible red leather in the form
of a dinry. It wonld searcely make itself felt
in one’s hip-pocket, and would insure it
bearer against any ordinary conversational

one who, heing withont o knowledze of the
forelgn langnages, is oblizged to trest those

[| whodonot koow onre own language, =S8, Lot
| Couwrier of Medicine,
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Physician’s All-Requisite Time- and Labor-
Saving Account-Book.

Beixé A LEpGER AND AccouNtT-Boor ror Puvsiciaxs' Use, MEeTING
ALL THE REQUIREMENTS OF THE Law axp Courts,

Designed by Winntam A, SeiserT, M.D, of Easton, Pa.

Probably no class of people lose more money through carclessly kept
accounts and overlooked or neglecied bills than physicians. Often detained at
the bedside of the sick until late at night, or deprived of even a modicum of rest,
it is with great dificulty that he spares the time or puts himself in condition to
give the same eare lo his own financial interests that a merchant, a I:I'I."-'j."l::r1 or
even 4 farmer devotes. It isthien plainly apparent that o system of bookkeeping
and accounts that, without sacrificing accuracy, but, on the other hand, ensuring
it, at the some time relieves the keeping of a physician’s book of lalf their
complexity and two-thirds the labor, is o convenience which will be eagerly
welcomed by thousands of overworked physicians, Such a system has at last
been devised, and we take pleasure in offering it to the profession in the form ol
The Physician's All-RReguisite Time- and Labor- Baving Account-Book.

There is no exaggeration in stating that this Account-BDook and Ledger
reduces the labor of keeping your acconnis more than one-half, and at the same
time secures the greatest degree of aceuracy. We may mention a few of the
superior advaltages of The Physician’s All-Requisite Time- and Labor- Saving
Account-Book, as fullows :— i
First—Will meet all the requirements

of the law and courts,
Second—Sell-explanatory ; no cipher

connts in ﬂllﬁ similar book ; the
300.paze bhook contains space for
M) accounts, and the G00-page

code. book contains space for 1500 ac-
Third—Its completeness without saeri- | connis,

Fourth—No posting ; one entry only. Tenth—Compact  without sacrificing

Fifth—Universal ; can be commenced al completeness ; every account com-
any time of the year, and ecan be plete on same page—a decided ad.
continued indefinitely until every vaniagze and recommendation.

|

|

(|

ficing anything, | Ninth—There are no smaller spaces.
I

i

g | S 2 :

account is filled. | Efeventh—Uniform size of leaves,

Sixth—Absolutely no waste of space. || Twelfth—The siatement of the mosi
Seventh—One person must needs be | complicated account is at once be-
sick every day of the year to fill fore you at any time of month or
his account, or might be ten years rear—in other words, the account
about it and require no more than itgell’ as it stands is its simplest
the space for one account in this | statement.
ledger. | Thirteenth—No transferring of aceounts,
Eighth—Double the number and many || balances, ete.

times more than the number of ac- |

To all physicians desiring a quick, accurate, and comprehensive method of
keeping their accounts, we can safely say that no book as suitable as this one has
ever been devised. A descriptive circular showing the plan of the book will be
sent on application.

NET PRICES, SHIPPING EXPENSES PREPAID.

o. 1. 300 Pages, for 800 Accounts per Tear, hraa Y dag
Size 10zl2, Bound in 3-Russia, Raised 1 U.8. (duty paid). Britain.  France.
Back-Bands, Cleth Sides, i $5.00 $5.50 28s. 30 fr. 30
#: 7. 600 Pages, for 1500 Acoounts per “Iaa.r.
Size 10=z12, Bound in 3{-Russia, Baised
Back-Bands, Cloth Sides, S L ¢ 8.80 42s, 49 fr. 40
(18)
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PRICE and EAGLETON

Three Charts of the Nervo-Vascular System.

Panr [.—Tue Nerves. Papr [I.—THE ARTERIES.
Parr 11I.—Tue VEIN=

A New Edition, Revised and Perfeeted.  Arranged by W, Hesey Prce,
M.D., and 8. Porrs EagreTox, M.D.  Endorsed by leading unatomists.  Clearly
and beautifully printed upon extra durable paper.

PART I. The Nerves.—{Fives in a clear foan not only the Crandal amd Spinal Nerves, sliow-
ing the formation of the ditferent Plexuses and their branches, but algo the complete
distribution of the SYMPATHETIC NERVES. ; ;

PART II: The Arteries.—liives a unique grouping of the Arterial system, showing the
divisions aid suldivisions of all the vessels, beginming from the heart and teacing their
coNTINUoUs disiribution to the periphery, and showlng at a glance the terminal
branches of each artery. ; !

PART IIL. The Veins.<shows how the blood from the periphery of the iy is gradually
collected by the larger veins, and these coalescing forming still larger vessels, until they
finally trace themselves into the Right Auricle of the beart,

It is therelore readily seen thiat ““The Nervo-Vascular Bystem of Charts '
offers the following superior advaniages —

1. It is the only arrangement which combines the Three Systems, and yet
ench iz perfect and distinet in f1sell

2. It is the only instance of the Cranial, Spinal, and Sympathetic Nervous
Systems being represented on one chart,

4. From its neat size and elear type, and being printed only upon one side,
it may be tacked up in any convenient place, and is always ready for freshening
up the memory amd reviewing for examination.

Price, post-paid, in United States and Canada, &0 cents, net, complets; in
Great Britain, 3s. 64.; in France, 3 fr. 60.

For the student of anatomy there can pos- || Its price is nominal aud its valoe inestimable.
gibly be no more concise way of acquiring a || Mo student shonld be wishout  it—=FPuacegie
Enowledge of the nerves, veing, and avteries Fecord of Medicine amnd Surgery.
of the haman svstem, I presents at a glance [
their trunks and branches in the great divis- “ These are three admiraldy arranged charts

iones of the body, 1t will save o world of tedi. for the nse of students, to assist in memor-
uits reading, and will impeess itsell on the izing their anatomical swdies,—fuffalo Med,
il as no ordinary vade sascwm, even, conuld, wiried Sebrgy, Jovki,

S PURD 1;_
Diabetes: lts Cause, Symptoms s# Treatment

By Cuas. W. Puroy, M.D. (Queen’s University), Honorary Fellow of 1he
Royal Collese of Physicians and Surgeons of Hingsion ; Member of the Collese
ol ]”IJ.’FEI:‘!-H”I.“I anil HLir_-_fl,-un:: of Ontario ; Anthoer of "I'Iri;_"]n'!i Digease amd Allied
Affections of the Kidneys ;" Member of the Association of American Physicians ;
Member of the Ameriean Medical Association ; Member of the Chicago .-1L¢:||.1'|L'I|'|J.I'
of Beiences, ete.

Coxtexrs.—Section [. Historieal, Geographieal, and Climatologieal Con.
siderations of Diabetes Mellitus.  II. Physiological and Pathological Considers-
tions of Diabetes Mellitus  IIL. Etiologg of Diabetes Mellitus, IV, Morbid
Anatomy of Diabetes Mellitus. V. Symptomatology of Diabetes Mellitns, VI
Treatment of Diabetes Mellitus, VIL Clinieal Ilusirations of Dinbetes Mellitus,
VIIIL. Diabetes Insipidus ; Bibliography.

i2mo. Dark Blue Extra Cloth. Nearly 200 pages. With Clinical Illus-
trations. No. 8 in the Physicians’ and Students’ Ready-Reference Series.

Price, post-paid, in the United States and Canada, $1.25, net; in Great
Britain, 6s. 64.; in France, T fr. T6.

Thiz will prove a iost entertaining as weall | lished which have dealt with the subject of
a2 ast interosting treatize npon o disease || diabetes, we Know of nooe whieh 2o thoronghly
which frequnently falls to the lot of every || considers its relatons o the geopraplical
practitioner. The work has besn written with || conditions which exist in the United States,
a spocial view of bringing ont the features of nor which 18 more complete in 5 summary of
the disease as it oconrs hu the United Siates. || the symptomatolozy and treatment of  this
affection. A number of tables, 2howing the
percentagenl sugar in a very large nomber of
Ly tan

The aunthor has very judicionsly arranged the :

Litthe volume, and it will offer many Plonsant

attractlong to the practitioner.—Nasheille || alcoholie beverages, adds very consideri

doviviial af Medivine and Surgery. the value of the work, —Medical News,
While many monographs {Iri‘.'ﬂ been pub-
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REMONDINO
Circumcision : Its History, Modes of
Operation, Etc.

From tne Earviest TiMezs 1o THE PRrEsSENT; with A Histrory oF
Euxvcaisy, HEpMAPHBODISAM, ETe., A% OBSERVED AMoNG ALL RAcEs
AND NaTioxs: arso A Descmiprion oF THE DIFFERENT OPERATIVE
MEernons oF MODERN SURGERY IPRACTICED UPON THE PREPUCE.

By P. C. Remoxpixo, M.D. (Jefferson) ; Member of the American Medieal
Association; Member of the American Public Health Association; Viee-President
of the State Medical Socicty of California, and of the Southern California Medical
Society, ete., ete. ;

No. 11 in the Physiciong' and Students’ Ready-Reference Serics.  About 350
pages. 12mo. Handsomely bound in Dark-Blue Cloth. Just READY.

Price, post-paid, in the United States and Canada, $1.25, net; in Great
Britain, 8s. 6d. ; in France, T i, 75, Cheap Edition (paper binding),
United States and Canada, 5Q cents, net, post-paid; Great Britain,
43, 3d.; France, ¢ fr. 20.

ROHE

Text-Book of Hygiene.

A Covrrenensive TREATISE ON THE PriNciPLEs AND PRAacTICE oF Pre-
VENTIVE MEDICINE FROM AN AMERICAN STANDPOINT.

By Georor II. Rou, M.D., Professor of Obstetrics and Hygiene in the
Colleze of Physicians and Surgeons, Baltimore ; Member of the American Public
Health Association, ete.

Every Sanitarian should have Rohé’s “ Text-Book of Hygiene ™ as a work
of reference. OF this New (second) edition, one of the hest qualified judszes,
namely, Albert L. Gilon, M. D., Medical Director, U, 8. Navy, in charge of U. 5
Naval Mospital, Brooklyn, N. Y.. and ex.President of the Ameriean Publie
Health Associntion, writes : “ It is the most admimble, concise résumé of the fucts
of Hyziene with which I am acguainted. Prof. Rohd's attractive style makes
the book so rveadable that no better presentation of the important place of Pre-
ventive Medicine, among their studies, can be desired for the younger members,
especially, of our profession.

Second Edition, thoroughly revised and largely rewritten, with many
illustrations and valuable tables. In one handsome Royal Oclavo volume of
over 400 pages, bound in Bxira Cloth.

Price, post-paid, in United States, $2.50, net; Canada (duty paid), $2.75,
net : Great Brita.&r.t‘ 14s.; France, 16 fr, 20.

In short, the work containg brief and prac- || oughly revisad, much of it being rewritten,
tieal articles on hygienic regulation of life, || and many additions being made,  The size of
unider almost all conditions. One prominent | the bonk s incressed one hundred pages,
feptnre is that there are no superfluons words ; The book has the original recommendation of

every scntence is direct to the point songht. || being & bhandsomely-bound, clearly-printed
It is, therefore, easy reading, and convevs very actave volume, profusely illustrated with re-
mueh information in little space, —The Pacifc lighle referemces for every branch of the
Revord of Medicine and Swrgeryr, subject matter.— Wedioal Record.

Truly & most excellent aml valuable wark, The wonder is how Prof. Rohdé has made the

econprising the accepted facts in regard to || book so readable and entertaining with so
preventive medicine, olearly atated and well much matier mnecessarily condensed. The
arranged, It i3 unguestionably a work that | book is well printed with good, elear type, 18
alhoild be in the hamds of every phygician in || attractive in  appearance, and containg a
the country, and medical students will find it number of valnable tables and illustrations
a most excellent and valuable text-book,—The || that must be of decided aid to the student, if
Honthern Praslilioner, not to the gam-rrﬂ weretitiomer and health

The first edition was rapidly exhansted, and | officer. Altogether, the manual is a good ex-
the ook justly became an anthority to physi- 1ent of hygiens and sanitary geignee from
cians and sanitary ofcers, and a text-book very he present imcrlnan stamd-point, and will
generally adopted in the colleges throughout |
Amerien, The gecond edition is a greatimprove- || ma given to its pepusal.— Universify Medi-
ment over the first, all of the matter being thor- caty.!fqu:iue,

(18]
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SAJOUS

And Iits Successful Treatment by Superficial
HAY FE“ER Orgpanic Alteration of the MNasal
Mucous Membrane,

By Cuarnes E. Sajovs, M.D., formerly Lecturer on Rhinologzy and
Laryngology in Jefferson Medical College; Vice-President of the Ameriean
Laryngological Association; Officer of the Academy of Franee and of Public
Instruction of Venezueln; Corresponding Member of the Royal Bociety of
Belgiom, of the Medieal Society of Warsaw (Poland), and of the Society of
Hygiene of France; Member of the American Philosophical Society, ete., ete

With 18 Encravines on Wood, 108 pages. 12mo. Bound in Cloth.
Beveled Tidges,

Price, post-paid, in the United States and Canada, $1.00, net; in Great
Britain, €s,; France, 6 fr. 20.

————— — — —— — e —

SANNE
Diphtheria, Croup: Tracheotomy and
Intubation.

FroM THE FRENcH oF A. SANXE

Translated and enlarged by Hexsey Z. Giun, M D., LL.I)., late P'ro-
fessor of Surgery in Cleveland, Ohio.

Saxsg's work is quoted. direetly or indirectly, by every writer since
its publieation, as the highest authority, statistieally, theoretically. and
practieally. The translator, having given special study to the subject
for many years, has added over fifty pages, including the Surgical
Anatomy, Intubmtion, and the recent progress in other branches, making
it, lu-:.':;rfui question, the most complete work extant on the subject of
Diphtheria in the English language.

Facing the title-page is found a very fine Colored Lithograph Plate
of the parts concerned in Tracheotomy. Next follows an iillustration
of 2 cast of the entire Trachea, and bronchi to the third or fourth
division, in one piece, taken from a photograph of a ease in which the
cast was expelled during life from a patient sixteen years old. This is
the most complete cast of any one recorded.

Over fifty other illnstrations of the surgieal anatomy of instruments,
ete.. add to the practieal value of the work.

A full Index accompanies the enlarged volume, also a List of
Authors, making altogether a very handsome illustrated volume of

over GB0 pages. 3
Canada
United States.  {duty paid), Great Britnin.  France.

Price, post-paid, Cloth, - $4.00, Net $4.40, Mot 225,64 24fr 60
“ i Leather, 6.00, “ 5.50, “ 28s. 30 fr. 30

The subject of intubation. so reeontly re- || titioner.—8t, Louis Med. and Surgieal Journ.
vived in this conntry, receives.n Very oare- il Diphtheria having hecome such a prevalent,
ful and impartial discnssion at the hands || wide-spread, and fatal discase, no general
of the translator, and a most valuable chapter practitioner ean afford to be without this
on the prophviaxis of diphtheria and eroap work. It will aid in preventive measures,
rloges t]:n volume. Altogether the book is 1 stimnlate prompeness in application of, and
one that is valuable and timely, and one that || efficiency in, treatment, uthern Praci-

should be in the hands of every general prac- || fioner,
(19)
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SENN

Principles of Surgery.

By N. 8exx, M.D., Pu.D., Profesgor of Practice of Surgery and Clinieal
Surzery in Rush Medical College, Chicamo, Ill.; Professor of Surcery in the
Chicago Polyelinie ; Attending Surgeon to the Milwankee Hospital; Consulting
Surgeon to the Milwaukee County Hospital and te the Milwaukee County
Insane Asylum. :

This work, by one of America’s grealest surgeons, is thoronghly coMPLETE;
its clearness and brevity of statement are among ils conspicuous merits.  The
author’s long, able, aml conscientious researches in every direction in this
important field are a guarantee, of unusual trustworthiness, that every braneh of
the subject is treated anthoritatively and in such n manner as to bring the
greatest gain in knowledge to the Practitioner and Student.,

In one handsome Royal Octavo volume, with 109 fine Wood-Engravings
and 024 pages. i

United States, Canada (duty paid) Great Britain, France

Price in Cloth, $450, Met  $5.00, Net  24s. 6d. 27 & 20
“  Sheep or J-Russis, 550 “ 610 “  30s 33 fr. 10

DFINIONS AND CRITICISIS,

STEPHEN Barril, M. 1k, Professar of Clini- one of the secrets of his fane. No physician
cal =urgery Medicel Department Tnivorsity in any line of practice can afford to be without
of the Ciky of New York, writes :=—" 1 have Senn s U Principles of Surgery.'=The Revicw
exnpminmd the work with srest satisfaetion, wf Fusandily and Nervous Diseases,
it s st valuable abdition to . =3 : ; : i

al literature, There has long | ISvery chapter is a mine of information
- neal of & work on the principlesof || containing all the recent mlvances on the snb-
sirgery which would fully illustrate the pres- J‘."'_"'* l'“-'m’"""d_' n such a sygteinnlic, MeLric-
ent advanced state of kuotwledge of the varions || Wve and entertaining style that the reader
sulgjects embraced in this volwme, The work :r::l] ll:flfr::;l:::ﬁi‘ill:::ﬂl:ittl‘:::h:r:;tt:i Wﬂ!:’r\l‘;‘l‘f’l
. . 3 : o T paa LTI | « 1"l ' H =k € |
speind oo mie boomeet this want admivably, [ Meidioal Tornal

LEwIs A. Bayre, M.D., Professor Ortho- || 3 3 4
wedic Surgery  Bellevoe 1}{“?; vital Medical | It iz 2 most admivalde work in all respertE,
b“!lf'ﬂ'&. New York, writes == My Dear Doctor || 20d should be in the hands of every senior
Senn: Your \'ur;\"vutunhlu work on sargery, staudent, general |::':u;tl;l.|n_n--r. and  special
sent to me some time since, I have studied || surgeon—Canadian Practitioner.

with great satisfaction amd improvement. I || A fier perusing this work on several differ
congratuliute you most heartily on having | ang gecasions we have eome to the eonclusion
B uimc:mi tll:nr: most classical _-.:.ml praciieal | thar ik js 2 remarkallea work by o man of nn.
work on surgery yet published. || usual ability. We have never seen anythin

Fraxi J. Lurs, M.D., 8t, Louis, Mo., gays; || like it before. The author seems to have ha
= T seems incredible that those \hm pretend | a very largc p:-r.n]ml axpeTience, wlnn]:_ 15
to teach have dome without sneh a guide | freely misle use of in the text, besides which
before, amil I do not widerstand bosw onr 2ta- | he is familiar with ll]ll'll:'ri- all that has been
dents suceeeded in mastering the principles || Written in Euglish and German on the above
L]
1

of modern surgery by attempiing to read our || opics, We congratulate Dy, Senn npon the

obsnlate text-heoks, A mervican surgeryshonld || manner in which he has aecoinplis el his
feel prowd of the production, amd the present || task. —The Canadda Medical Kecord.

H({'Ilk'gtai.t-'lul!‘ul' surgeons owe you @ debt of | Ple work is exceedingly practical, as the
gratitude, chapters on the treatment of the various eons
W. W, Dawsox, M.D.. Cineinnatl, Ohio, || ditions congidered are h.'uicnl_ r!n_lwl.l_.ud dedne-
writes :—* It is 2 work of great merit, and one || “.I'":I'E.. are complete, and easily carried oul b
greaily needed, Relinble Surgery must be || 80F padnstaking surgeon. Asep=ls and anti-
. S F e ] B sep=is are exhonstively treated,  All in
foundid upon eorrect pringiples. i =i are exl tively treated. Al Inall, the
3 || book i a most exeellent one, and deserves o
W, OsrLer, M. D, The Johns Hopking || place in every well-selected th.l':-lr}'.—Mr.‘!-fIL'l}[
I'IIJE]_}'iIrlL Baltimore, ﬁ;;:.':l.:-—-""l"nu certainly || Kreeard,
have quu-.l'gd the ground thoroughily and well,
and with a thoroughoess 1 do not Know of in
any similar work, [ shonld think it wonld
prove o great boon to the students and glso to |
very many teachers,' |
|
!

[ It will prove exceedingly valnable in the
| diffustion of more thorough knowledse of the
| subject-matier among Fnglish-speaking sur-
| ﬁl'uun. Az in the eaze of all his work, he hias
R | done thiz in a truly admirable manner, No-
J, O, WaRREN, M.I, Boston, Mass,, writes ; where s there room to eriticise the acenracy
=""The book comes at an opportune moment ; || of Senn’s statements, and everywhere is there
the old text-bonks on Bargical Pathology are | évidence of a thm-mugh atwdy of the bhest
out of date, amd yon are tilling practically o | work of the most eminent men, The book
new field." throughout is worthy of the highest praise.
It abondd b adopied as a text-book wall of

aur :-'-:‘!I|u||-l.~a,~—[_-'n.|li:e~r.u'£y Mewieard Magasine,

= e w

The work Is systematie and compact, with-
out a fucl omitted or a sentence oo mueh,
aud it mot only makes instructive but fasei. | The principles of surgery, as expounided by
nating reading. A conspicuons merit of Senn's | Dr, Senn, are such a= to place the student in
work is hiz method, his pergistent and tireless | the independent position of evolving from
geareh through original investications for | them methods of treatment ; the master of
alditions to knowledge, and the practical | the prineiples repdily  becomes  equally a
charpcter of his discoveries. This combina. | master of practice. And this, of course, is
tiom of the discoverer and the practical man reially the whole purpose of the velume.—
gives a special value to all bis work, amnd I8 | Weekly Medical Review,
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SHOEMAKER

Heredity, Health, and Personal Beauty.

IxcLvming THE SeLEcTion oF THE Besr CosMETICS FOR THE Skin, Ham,
Nams, asp AauL PParrs REnamisa To THE DBopy,

I.’r}r" Jony V. SHoeMARER, A M., M.D., Professor of Materia Mediea, Phar
macolory, Therapeatics, and Clinical Medicine, and Clinieal Professor of Diseases
ol the Skin in the Medico-Chirurgieal College ol Philadelplia; Physician to the
Medico-Chirurgical Hospital, ete., ele.

The health of the skin and hair, and how to promote them, are discnased;
the treatment of the nails; the subjects of ventilation, food, clothing, warmth,
bathing; the circulation of the bloml, digestion, ventilation; in faet, all that in
daily life conduces to the well-being of the body and refinement iz duly enlarzed
upon. To these stores of popular information is added a list of the best medieated
soaps and toilet soaps, amd a whole chapter of the work iz devoted to household
remedies. The work js largely suggestive, and gives wise and timely advice as
to when a physician should be consulted. This £ just the book fo place on the
wariling-room bable of cvery physician, and o werk that will prove usefal in the handa
of pour paticnts,

Complete in one handsome Royal Octavo volume of 425 pages, heautifully
and clearly printed, and bound in Extra Cloth, Beveled Edges, with side and
ack gilt stamps and in Mall-Moroeco Gilt Top.

Price, in United States, post-paid, Cloth, 32.50; Half-Morocco, $3.50,
net. Canada (duty paid), Cleth, $2.76; Half-Morceeo, $3.90, net.
Great Britain, Cloth, 14s,: Half-Morocco, 19s. 6d. France, Cloth,
15 fr.; Half-Morooceo, 22 fr.

The hook reada not like the Tolfillment of & |1 pleased, and improved,—The Sowthern Olinie,
task, but like the researches and observations Thizs ook 8 written primarily for the Iaity,
of one thoronghly in love with his sabject, but will prove of intercst o the plivsician as
fully apypreciating its importanee, and writing well. Though the anthor goes to some extent
for the pleasire he cxperienee2 in it. The imto technicalities, e eonflines hmesell to the
wiork is very comprehensive and complete in nse of godd, plain English, aml in thot respect
168 senpwe, — Medieal World, =efg a notable example to many other writers

The book hefore ns is a most remarkable | on similar s=ubjects. Forthenmore, the bhook
produetion and a most entertaining one,  The is written from a thorounghly Ameriean stand-
book & cgually well adapted for the Inity or || point,— Medical Record.
the profession. It tells us how to e haalthy, This i3 an exceedingly interesting ook,
Bappy, ani as beantiful as possilde.  We ean't Loth scientific amd practical in character, in-
review this book ; it is aliferent from anvthing tended for hoth prolessional amd lay remwlers,
we have ever read, It runs like anovel, ;,mrl? The ook i well wrtten amid prezented in pdl-
Wil be perused natil finished with pleasure | mirable form by the publisher.—Camnadion
s profit. Buy it, read it, and Le surprised, | Praclilioner,

SHOEMAKER
Especially in Diseases

Ointments and QOleates : S e

By Joux V. SnoEMaReR, A. M., M.D., Professor of Materia Medica, Phar-
maeology, Therapeutics, and Clinical Medicine, and Clinical Professor of Diseases
of the Skin in the Medico-Chirurgical College of Philadelphia, ete., ete.

The author coneisely coneludes his preface as follows: “The reader may
thus obtain a conspectus of the whole subject of inunction as it exisis 1o-day in
the eivilized world. [n all eases the mode of preparation is given, and the thera-
. peutical application dezcribed seriatim, in so far as may be done without needless
repetition."”

SrcoND Enrriow, revised and enlargod. 299 pages.  12mo.  Neatly bound
in Dark-Blue Cloth. No. 6 in the Physicians’ and Students’ Ready-Reference Sevies.

Price, post-pald, in the United States and Canada, $1.50, net; in Great
Britain, 8s. 6d.; in France, 9 fr. 35.

Tt iz invaluable a2 & ready reference when || the best form in which to preseribe medicines
ointments or oleates are to ha nsed, and is by way of the skin the book will prove valu-
servicealile tn hoth droggist and physician— || able, owing to the many preseriptions and
Canada Medical Record, farmulz which dotits pages, while the copions

index at the back materially m't'l: in making

To the physician who feels uncertain as to || the book a useful one.—Medical JNeiws,
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. SHOEMAKER
Materia Medica and Therapeutics.

Wirn Especiar Rererexce 1o THE CLriNican ArpricatioNn oF Druas.
Being THE SecoND AND Last VonuMme oF A TREATISE o MATERIA
Mepica, PHARMACOLOGY, AND THERAPEUTICS, AND AN [NDEPENDENT
VoLuMe vrox Druas,

By Joux V. SiuoeMakeERr, AM., M.D., Professor of Materin Medica,
P'E:'.lr]n;l.'f_‘n!l:??-ﬂ}'- Therapeutics, and Clinical Medicine, and Clinieal Professor of
Diseases of the Skin in the Medico-Chirargical College of Philadelphia; Physician
to the Medico-Chirurgical Hospital, ete., ete.

This, the second volume of Shoemaker's * Materin Medica, Pll:n'tmu:u]u;:}‘,
and Therapeutics,”” is wholly taken up with the consideration of drugs, each
remedy being studied from three points of view, viz.: the Preparations, or Materia
Medica; the Physiology and Toxicology, or Pharmacology; and, lastly, its
Therapy. It is thoroughly abreast of the progress of Therapeutic Seience, and
is really an indispensalile book to every student and practitioner of medicine.

Royal Octavo, about 675 pages. Thoroughly and carefully indexed.

Price, in TUnited States, post-paid, Cloth, $3.50; Sheep, $4.50, net.
Canada (duty paid), Cloth, $4.00; Sheep, $5.00, net. Great Brit-
ain, Cloth, 20s.; Sheep, 26s. France, Cloth, 22 fr. 40; Sheep,
28 fr. €0.

The first volume of this work is devoted to Pharmacy, General Pharma-
cology, and Therapeutics, and remedial agents not properly elassed with drugs.
Royal Octavo, 853 pages.

Price of Volume I, post-paid, in United States, Cloth, $2.50, net; Sheep,

$3.25, net. Canada, duty paid, Cloth, $2.75, net; Sheep, $3.60, net.
Great Britain, Cloth, 14s.; Sheep, 18s. France, Cloth, 16 fr. 20;
Sheep, 20 fr. 20. The volumes are sold separately.

SHOEMAKER'S TREATISE ON MATERIA MEDICA, PHARMACOLOGY, AND THERA-
PEUTICS STANDS ALONE.

(1) Among Materia Medica text-books, in that it includes every officinal drug and every
preparation contained in the United States Pharnoacoposia.

(%) Im that it is the only work on therapeutics giving the strength, composition, and dosage
afl every officinal preparation.

(3) In giving the latest investigations with regard to the physiological action of drogs and
the mwost recent applications in therapentics,

(4) In combining with officinal drmgs the most reliable reports of the actions and nses of all
the noteworthy new remedies, sneh as acetanilid, antipyrio, bromoform, exalgin, pyok-
tamin, pyriding somnal, spermine (Brown-Ségquard ), taberealin { Koel's lvmph ), sulplional,
thiol, urethan, ete., ete.,

(5} As a complete ancyelopedia of modern therapenties in condensed form, arrangad alpha-
betically for convenlenee of reference for either physician, dentist, or pharmagist, when
immediate information is wanted concerning the action, eomposition, dose, or antidotes
for any officinal preparation or new remedy.

6y 1In zl\'lng the phvsical eharncters and chemicel formule of the new remedies, e:a.pl:u:lally
the recently-introduced antipyretics and analgesics,

{7} In the faet that it gives special attention to the consideration of the diagnosis and treat-
ment of poisoning by the more active drugs, both oficinal and non-oMicinal,

(8) And unpivaled in the number and variety of the prescriptions and practical formule,
representing the latest achlevements of clinical medicine,

{(#) In that, while summarizing foreign therapentical literature, it fully recognizes the work
done in this department by American physicians. Ik is an epitome of the present state
of American medical practice, which i2 universally acknowledged to be the best practice,

{10) Because it i3 the most complete, convenient, and compendions work of reference, Lcing,
in fact, a companion to the Dnited States Pharvmacopeio, a drug-eneyclopedia, and a
therapeutic band-book all in one volume,

The value of the book lies in the fact that || material compressed in so limited a space,

it containz all that is authentic and trast- || The book will prove a valuable addition to the
wortliv abont the host of new remedies whiel phvsician ‘s library,—Oeeciventfal Med, Times,

have deluped us in the last five vears. The | [t is a meritorions work, with many nniguae
pages are remarkably free from useless infor- featurss, It iz richly illugtrated by well-tried
mation, The anthor has done wall in fallowin preserviptions showing the practical applica-
the alphabeiieal order.—N. ¥. Med, Record, tion of the varions drugs discussed, Inshort,

In perusing the pages devoted to the special this work makes a pretty complete encyeio-
congideration of drugs. their pharmacology, || pedia of the scienes of therapeutics, conve-
physislogical action, toxie action, and therapy, | niently arranged for handy reflorenee.—Med,
one is constantly surpriged at the amount of || World.
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SMITH

Physiology of the Domestic Animals.

A TeEXT-Book ror VETERINARY AND MEDICAL STUDENTS AND PRACTITIONERS.

By Rosert Meape Smitn, A M., M. D, Professor of Comparative Physi-
ology in University of Pennsylvania; Fellow of the College of Physieinns and
Academy of the Nawral Sciences, Philadelphia; of American Physiological
Bociety; of the American Society of Naturalists, ete,

Thiz new and imporiant work, the most thoroughly complete in the
Englizsh language on this subject, treats of the physiology of the domestic animals
in a most comprehensive manner, especial prominence being given o the subject
of toods and fodders, and the character of the diet for the herbivora undey
different conditions, with a full consideration of their digestive peculiarities.
Without being overburdened with details, it forms a complete text-book of
physiology adapted to the use ol students and practitioners of both velerinary
and human medicine.  This work has already been adopted as the Text-Book on
Physiology in the Veterinary Colleges of the United States, Great Britain, and
Canada. In one Handsome Royal Octavo Volume of over 950 pages, profusely
illustrated with more than 400 Fine Wood-Engravings and many Colored Plates.

United seates,  Cannda (duty paid) Grest Britain,  France.

Price, Cloth, - - $5.00, Net $5.50, Net 28s. 30 fr. 30
“ Bheep, - - 600 “ 660 “ 32s. 36 fr, 20

A, Lravrarn, M.D., H RO, V.5, Pro- || full understanding of the text.—Jowrnal of
fessor of Anatomy, COperative Surgery, and Comparralive Medieine aud Swrgery.
Sanitary Medicine in the Ameriean Veterinary Veterinary practitioners and gradunates will
College, - New York, writes :=“1 hinve exome- read it with pleasure.  Veterinary students
imed the work of Dr. B, M. Smith on the || will readily seguire necded knowledze from
‘Plivsiology of the Domestic Anbmals, " aml con- its pages, and velerinary sclisols, which wionldl
gitler it one of the best additions to veterinary b well panipped for the work they alm i
literatore that we have bad Cor some tlne rform, cannot lgnore it as their text.book

E. M. BEADIXNG, AM., M.I)., Professor of || i physiokgy.=—Americon Felerinary Review,
Physiology in the Chicago Veterinary College, Itogether, Profeszor Bmilth's * Physiclogy
writes :(—""1 have carefully examined the || of the Domestic Animals’ i3 a bappy produe-
*REmith’s Physiclogy,” published Ly yvou, and || tion, and will be hailed with debght in both
like it. It is comprehensive, exhaustive, and the human medical and veterinary medical
complete, and is especially adapted to those || worlds. Tt slowld find its place, bealdes, fo all
who desire to obtain a full knowledge of the ngri:mhm'al libraries,—PauL Paguix, M.D.,
|'|1"H'|1'.|i:|n’_‘.’l. of I'l-h_rs-iiu]ng}" amd are not aatislled | % ,Fﬁ,. i the 'r'f'k?g; Medieal Revier,
with a mere sinattering of the cardinal points,™ The author has judicion=1y made the natri-
tive functions the strong point of the work,
aml gz devoted special attention to the sulb-
briel as the status of the science permits, and || ject of foods aml  digestion.  In looking
tor ks mucli-desired conciseness e has adided thirongh other seetions of the work, it appears
an equally welcome clearness of statement, || tows thaba just proportion of r:;l-:n:e I3 assigned
The illustrations in the work are exceedingly || 1o each, in view of thelr relative hnportance
good, and must prove a valuable aid to the || to the practitioner.—London Lanced,

D, Sinith’s prezentment of his zubject i= a8

SOZINSKEY
Historical Studies in the Arts

MEdical Symbollsm' of Healing and Hygiene.

By Tuomas 8. Somx=rey, M.D., PuaD., Author of *The Culture of
Beanty,” * The Carve and Culture of Children,’” ele.

2mo. Nearly 200 pages. Neatly bound in Dark-Blue Cloth.  Appropri-
ately illustrated with upward of thirty (30) new Wood-Engravings. Ne. & én the
Physicians' and Students’ Ready-Reference Series.

Price, post-paid, in United States and Canada, $1.00, neﬁ : Great
Britain, 6s.; France, 6 fr. 20.

He who has not time to more fully study the [ will value as sound and serions matter, ' =—Can-
|
{
{
|

more extenided records of the pase, will highly adign Proactifioner, .
prize this little book, Itsinterczting dizscourse Im the volume before us we have an admira-
upan the past is full of sugrestive thought.— || ble and suecessful attempt to =et forth in
meriean Lancect, order those medical symbola which have come
down tovs, and to explain on historical gronnds
their =ipnificance, n astonishing amount of

Like an oaszis in a dry and duzty desert of
information i contained within the covers of

medical literature, through which we wearily
stageer, is this work devoted to medical sym- || the book, and every page of the work bears
bolism anid mythology. As the anthor aptly token of the painstaKing genius and erndite
qQuotes: °* What eome light braines ay esteem mind of the now unhappily deceased anthor.
a3 foulich toyes, deeper judgments can and || —Londen Laneet,
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STEWART

Obstetric Synopsis.

By Joux 8. StewarTt, M.D., formerly Demonstrator of Obstetries and
Chief Assistant in the Gymmecological Clinic of the Medico-Clhirurgical Colleze
of Philadelphia: with an introductory note by Winniam S, Srewanr, AM.,
M. D, Professor of Obstetrics and Gynmeology in the Medico-Chirurgical Colleze
of Philadelplia. -

H}' students this work will be found pari ii‘.lﬂu,r]:.+ n=cfil, It is hased upon
the teachings of such well-known authors as Playfair, Parvin, Lusk, Galabin,
and Cazeaux and Tarnier, and containg much new and important matter of great
vialue to both student and practitioner.

With 42 Illustrations. 202 pages. 12mo. Handzomely bound in Dark-
Blue Cloth., Ne. ! in the Physicians’ and Students’ Ready-Reference Series.

Price, post-paid, in the United States and Canada, $1.00, net; in Great
Britain, 63.; France, 6 fr. 20.

DELASKIE MILLER, M.D., Professor of || eurately described.—Rufalo Medical and
Obstetries, Hush Medieal College, Chicago, || Suregécal Jourmal,
Ill., says:—* 1 have examined the *Obstetric [ It iz clear pnd concise.  The ehapter on the
Svuopsis,” by John 2, Stewart, M. I, amd it | developmment of the ovum is especially satis.
|

gives me pleasure to charncterize the work ns factory., The judicions unse of bold-Taced

svatematie, concise, perspienong, and anthen- || type for hewdings and italics Tor important

tic, Among manuals it is one of the Dest.™ || statements gives the baok a }uiem@ln;: Ly
- i | Eraphical appearaiee—MWedisa! Record.

It iz well written, execllently illasteated, (| This volume iz done with a masterly hand,
amnd Mally up to date in every respect. Here || The scheme i= an excelient one, * The whole
we find all the essentinls of Obstetrics in a is frecly and most almirabily wsbrated with
niiahel]l, Anatomy, Embryolosy, Phygiology, || well-idvawn, new engravings, and the bhook iz
rex cy, Labor, Poerperal State, amd Ob- of & very convenient size,—&t, Lowig Medieal
stetric Operations all bemg carefully and ac- || and Swegical Jowrrnal,

ULTZMANN
The Neuroses of the Genito-Urinary System
in the Male.

WiTH STERILITY AXD IMPOTENCE.

By Dr. R. Untzmaxy, Profeszor of Genito-Urinary Diseases in the Uni-
versity of Vienna. Translated, with the anthor’'s permission, by Garnxer W.
ArLex, M.D,, Surgeon in the Genito-Urinary Department, Boston Dispensary.

Full and complete, yet terse and concise, it handles the subject with suclh
a vigor ol toueh, such a clearness of detail and deseription, and such a directness
to the result, that no medieal man who once takes it up will be content to lay it
down until its pernsal is complete,—nor will one reading be enongh.

~ Professor Ultzmann has approached the subject from a somewhat different
point of view from most surgeons, and this gives a peculiar value to the work.
It is believed, moreover, that there is no convenient hand-book in English treat-
ing in a broad manner the Genito-Urinary Neuroses,

Syxorsis oF CoNTENTS.—First Purt—I[. Chemical Changes in the Urine in
Cases of Neuroses. II. Neuroses of the Urinary and of the Sexual Organs,
classified as : (1) Sensory Neuroses; (2) Motor Neuroses ; (3) Secretory Neuroses.
Second Part—Sterility and Impotence, The treatment in all cases is described
elearly and minutely.

Mustrated. 12mo. Handsomely bound in Dark-Blue Cloth. No. § in the
Physicians' and Students’ Ready- Reference Series.

Price, post-paid, in the United Statec and Canada, $1.00, net; in Great
Eritain, 6s.; in France, 6 fr. 20.

This book i3 to be highly recommended, || minded of his delightful manner of |I11.'1-:4cn't.inf.:
awing to its clearness and brevity, Altorether, || his thoughts, which ever sparkle with original-
we do not know of any book of the same size || ity and appositeness.— Weekly Med, Bevigw,
which containg 8o much nseful information in |
gueh a short space,— MWedioal News, |

Its scope is large, not being confined to the ||
one condition,—nenrasthenia, —buat embracing ||
all of the néuroses, motor and sensory, of the ||
genito-urinary organs im_the male.  No one ||
who has read after Dr. Ultzmann need be re- ||
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It engenders sound pathological teaching,
and will aid In no small degree in throwin
light on the management of many of the dif-
fleunlt and more refractory cases of the clagses
to which these essays capecially refer.—The
Medical Age.
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WHEELER

Abstracts of Pharmacology.

By H, A, WareeLER, M.D. (Registered Pharmacist, No. 3468, Towa), Pre-
ared for the use of Physicians and Pharmacists, and especially for the use of
tudents of Medicine and Pharmacy, who are preparing for Examination in

Colleges and before State Boards of Examiners.

Thisz book does not eontain guestions and answers, but solid pages of
abstract information. It will be an almost indispensable companion to the prac-
ticing Pharmacist, and & very useful reference-book to the Physician. It containg
a brief but thorough explanation of all terms and processes used in practical
pharmacy, an abstract of all that is essential to be known of each officinal drug,
its preparations and therapetie action, with doses; in Chemistry and Botany,
much that is useful to the Physician and Pharmacist; a general working formula
for each class and an abstract formula for each officinal preparation, and many of
the more popular unoflicinal ones, together with their doses; also many symbolie
formulas; a list of abbreviations used in prescription writing; rules governing
incompatibilitics; a list of Solvents; tests for the more common drugs; the habitat
and best thme for gathering plants to secure their medical properties.

The book contains 180 pages, 5} x 8 inches, closely printed and on the best
paper, nicely and durably bound, containing a greater amount of information on
the above topics than any other work for the money.

Price, post-paid, in United States and Canada, $1.50, net; in Great
Britain, 8s. 64.; in France, 9 fr, 35.

YOUNG
Synopsis of Human Anatomy.

Beina A CoMPLETE COMPEND OF ANATOMY, INCLUDING THE ANATOMY OF
THE VIsCERA, AND NuMERoUS TABLEs.

By James K. Youxe, M.ID., Instructor in Orthopedic Surgery and Assistant
Demonstrator of Surgery, University of Pennsylvania; Auttending Orthopwdic
Surgeon, Out-Patient Department, University Hospital, etc.

While the author has prepared Lthis work especially for students, suflicient
descriptive matter has been added to render it extremely valuable to the busy
practitioner, particularly the sections on the Viscera, Special Senses, and Sur-
gicxl Anatomy.

The work includes a complete account of Osteology, Articulations and
Ligaments, Muscles, Fasciaz, Vascular and Nervous Systems, Alimentary, Vocal,
and Respiratory and Genito-Urinary Apparatus, the Organs ol Special Bense,
and Burgical Anatomy.

In addition to a most carefully and accurately prepared text, wherever
possible, the value of the work has been enhanced by tables 1o facilitate and
minimize the labor of studenis in acquiring a thorough Knowledge of this
important subject. The section on the teeth has also been especially prepared
to meet the requirements of students of dentistry.

IMustrated with 76 Wood-Engravings. 390 pages. 12mo. No. § in the
Physicians’ and Students’ Ready- Reference Series.

Price, post-vaid, in United States and Canada $1.40, net;
Great Britain, 8s. 6d. ; France, 9 ft. 25

Every unnecessary wond hag been excluled, || has a definite fleld of nsefulness.—Piltsburgh
ont of Tegard to the very limjtad time at the Medical Review,
medical student’s dizposal, 1t is also ool ns The book is much more satisfactory than the
a reference-honk, as it presents the facts abont “romembrances " in vogne, and yet is not too
which e wislies to refresh s memory in the cumbersome to be enrried avound and read at
briefest manner consistent with clearngss.— || odd moments—a property which the stadent
New York Medical Jowrnal, | will readily appreciate, — Weekly Medical
As neompanion to the dissecting-table, and Heview,
& convenient referenee for the practitioner, it ||
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WITHERSTINE

The International Pocket Medical Formulary
ARRANGED THERAPEUTICALLY,

By C. Sunxer Witnersting, M8, M.D., Associate Editor of the
“Annual of the Universal Medieal Sciences ;' Visiting Physician of the Home
for the Azed, Germantown, Philadelphia ; Loate House-Burgeon Charity Hospital,
New York,

More than 1800 formule from several hundred well-known authorities.
With an Appendix containing a Posological Table, the newer remedies included ;
Im}:lm.l.ull Incompatibles ; Tables on Dentition and the Talse ; Table of Drops
in o Fluidrachm and I}nws of Laundapum graduated for age ; Formula and Dozes
of Hypodermatic Medieation, including the newer rcmmlu.ﬁ', Uses of the Hypo-
dermatic Syringe ; Formule and Doses for Tnbalations, Nasal Donches, Gargles,
and Eye-washes ; Formule for Suppositories ; Use of the Thermometer in Dis-
ense s Poisons, Antidotes, and Treatment; Directions for Post-Mortem and
Medico-Lega]l Examinations; Treatment ol Asphyxia, Suan-stroke, ete. ; Anti-
emetic Remedies and Diginfectants ; Obstetrical Table ; Direetions for Ligations
of Arteries ; Urinary Analysis ; Table of Eraptive Fevers ; Motor Points for
Electirical Treatment, ete.

This work, the best and most complete of its kind, contains about 275
printed pages, besides extra blank Jeaves—the book being interleaved throughout
—elegantly printed, with red lines, edgzes, and borders; with illustrations. Bound
in leather, with side flap.

It is a handy book of reference, replete with the choicest formule (over
1800 in number) of more than six hundred of the most prominent classical writers
and modern practitioners,

The remedies given are not only those whose efficiency has stood the test

- of time, but also the newest and latest discoveries in pharmacy and medieal

seience, as prescribed and used by the best-known American and foreign modern
authorities,

It contains the latest, largest (66 formule), and most complete collection of
hypodermatic formula {m{,iu{iln" the latest new remedies) ever published, with
doses and directions for their use in over filty different discases and disensed
coniitions.

Its appendix is brimful of information, invaluable in office work, emergency
cases, and the daily routine of practice

It is arreliable fricnd to consult when, in a perplexing or obstinate case, the
usual line of treatment is of no avail. (A hint or a help from the best authorities,
as to choice of remedies, correct dosage, and the eligible, elegant, and most palat-
able mode of exhibition of the same. )

It is compaet, elegantly printed and bound, well illustrated, and of conve-
nient size amd shape for the pocket,

The alphabetical arrangement of the diseases and a thumb-letter index
render reference rapid and easy.

Blank leaves, judiciously distributed throughout the book, afford a place to
record and index favorite formule, 4

As a sfudent, the physician needs it for study, collateral reading, and for
recording the favorite prescriptions of his professors, in lecture and Illlilf‘ a5 #
recent graduate, he needs it as a reference hand-book for daily use in prescribing
(gargles, nasal douchesz, inhalations, eye-washes, suppositories, incompatibles,
poisons, ele.); as an old practitioner, he needs it to refresh his memory on old
remedies and combinations, and for information concerning newer remedies and
more modern approved plans of treatment,

No live, progressive medical man ean afford to be without it.

Price, post-paid, in United States and Canada $2.00, net;
Great Britain, 11s. 64.; France, 12 fr. 40.

It is spmetimes important that sueh preserip- || enough of incompatibilities bafore eommencs
tions az have Leen well establizshed in their ing practice to avoid writing incompatille and

unsefulness be preserved for reference, amd || dangerous r{esor!ptumﬂ e constant nse of
this little volume serves sncha purpose etier such a ook by such prescrilbers would save
than any other we have seen,—Clolwnbus Wed- the pharmacist much anxiety. = The  Drg-
ded Sorrnal, R griats’ Cireulor,

To the voung physicinn just starting ont in In judicions selection, in acourate nomen-
practice this little ook will prove an accept- clatare, in arrangement, and in styvle, it leaves
able companion,— Omala Clinie, nothing to be uﬁ-.‘. ired. The editor and the

As lome as *eombinations " aresonght, such || publisher are to ba congratulated on the pro-
a book w:ll e of wvalue, especially to those luetion of the ver 'Imt buok of its clasg,—
who canuot spare the time reguired to learn | Petesbuergh Medical Review,
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Annual of the Universal Medical Sciences.

A YEeEarYy RErorT OF THE PROGRESS OF THE (ENERAL SANITARY
Sciences THrOuGHOUT THE WORLD.

Edited by CHARLES E. Bajous, M.I)., formerly Lecturer on Laryngolosy
and Rhinology in Jefferson Medical College, Philadelphia, ete., and Sevenly
Associate Editors, assisted by over Two Hundred Corresponding Editors and
Collaborators. In Five Royal Octavo Volumes of about 500 pages each, bound
in Cloth and Half-Russia, Marnificently Ilustrated with Clhromo-Lithographs,
Lngmwngg, }Iulm, Charts, and I.'lurgl.‘nmﬁ. Bei ML intended to enable ; any Enh}%l—
cian to possess, at a moderate cost, a complete Contemporary History of Universal
Medicine, edited by many ol Ameriea’s ablest teachers, and superior in every
detail of print, paper, binding, ete,, a befitting continuation of such great works
as “ Pepper's System of Medicine,” ** Ashhurst’s International Encyc lopeedia of
Surgery,”” * Buck's Reference Hand-Book of the Medical Bciences

SOLD ONLY BY SUBSCRIPTION, OR SENT DIRECT ON RECEIPT OF PRICE,
EHIPPING EXPENSES PREPAID.

Subeeription Price per Year (including the * SATELLITE " for one year):
In United States, Cloth, 5 vols., Royal Octave, $15.00; Half-Russid, 5 vols.,
Royal Octavo, $20.00. Canada (duty paid), Cloth, $16 50; Half-Russia,
$22.00. Great Britain, Cloth, £4 Ts,; Half-Russia, £5 155, France, Cloth,
93 fr, 95; Half-Bussia, 124 fr. 35

Tur SarenuiTe of the “ Annual of the Universal Medical Sciences,” A
Monthly Review of the most important articles upon the praetieal branches of
Medicine appearing in the medical press at large, edited by the Chief Editor of
the Axwvan and an able staff. Published in connection with the AxxuaL, and
for its Bubscribers Cnly.
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.RANNEY
Lectures on Nervous Diseases.

From THE Sranp-PoixrT oF CEREBRAL AND SPINAL LOCALIZATION, AND
THE "LATER MEernops EMPLoYED I8N THE DiAGNOSIS AND
TREATMENT OF THESE AFFECTIONS,

By Auerose L. Raxxer, A M. M.D., Professor of the Anatomy and
Pln'ﬂulmﬂ of the Nervous System in llu- New York Post-Graduvate
Medical School and Hospital ; Professor of Nervous and Mental Diseases
in the Medical Department of the University of Vermont, ete. ; Anthor
of “ The Applied Anatomy of the Nervous System,” * Practical Medical
Anatomy,” ete., ete,

o It is now generally conceded that the nervous system controls all
of the physieal functions to a greater or less extent, and also that mosg
of the symptoms encountered at the bedside ean be explained and
interpreted from the stand-point of nervous physiology.

Profusely illustrated with original diagrams and sketches in ecolor
by the author, earefully selected wood-engravings, and reproduced photo-
araphs of typical eases. One handsome 1‘1:-1.‘1‘:1 octavo volume ol T80 pages,

SOLD ONLY BY SUBSCRIPTION, OR SENT DNMRECT ON RECEIPT OF PRICE,
SHIPPING EXPENSES PREPAILD.

Price, in United States, Cloth, $5 50; Sheep, $6.50; Half-Russia, $7.00.
Canada (duty paid), Cloth, $6.05; Sheep, $7.15; Half-Russia, $7.70.
Great Britain, Cloth, 32s. ; Sheep, 37s. 64. ; Half-Russia, 40s, France,
Cloth, 34 fr, 70; Sheep, 40 fr. 45; Half-Russia, 43 fr. 30.

gsented in compact form, and thus made easil

We are '[:'hrl tn nate that Dr. Hanney has
aceessible. In our opinion, Dr. Ranneys boo

pablighed in book form bis adimirable lectures
on nervous diseases.  His book eontaing over ought to meet with a covdial reception at the
seven hondred large pages, and is profusely hands of the medieal profession, for, even
illnstrated with original diagrams and sketches || though the anthor's views may be sometimes
in eolors, and with many carefully selected open to question, it connot be disputed that
wirrl-cuts  and  reprodoced |:]1nlajglal1t|t aof || his work bears evidence of scientific method
typleal cases, Ia:'ue amount of valuable and  lmest u;1|:l1nll.—Anler|¢uu Jowrnal of
information, ImT- a little of which has but || Jresanity,

recently appeared in medical literature, is pra-

=

ST AT ONS
Practical and Scientific Physiognomy;

Powr to FRead Faces.

By Mary OrmsTeEp SranroyN. Copiously illustrated. Two large
Oectavo volumes.

The author, Mrs. Mary O. Stanrtox, has given over twenty years to
the preparation of this work. Her bhl{- is easy, and, by her happy
method of illustration of every point, the book reads like a novel and
memorizes itself.  To physicians the diagnostic information conveyed is
invaluable. To the general reader each page opens a new train of ideas.
(This book has no reference whatever to phrenologsy.)

S0OLD ONLY BY SUBSCRIPTION, ORE SENT DIRECT ON EECEIPT OF PRICE,
HI:II_FPING EXPENSES PREFPAID.

Price, in United States, Cloth, $3.00; Sheep, $11.00; Half-Russia, $13.00.
Canada (duty paid), Cloth, $10.00; Sheep, $12,10; EHalf-Russia,
$14.30. Great Britain, Cloth, G6s.; Sheep, 68s.; Half-Russia, 80
France, Cloth, 30 fr. 30; Sheep, 36 fr, 40; Hali-Rus:ia, 43 fr. 30.
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Lectures on the .Diseases of the Nose
and Throat.

DELIVERED AT THE JEFFERSON MEDICAL COLLEGE, PHILADELPHIA.

By Cnarres B, Sagous, M.D. Formerly Lecturer on Rhinclogy and
Laryngology in Jetterson Medical College; Vice-P'resident of the
American Larvngologieal Association; Officer of the Academy of
France and of Public Instruction of Venezuela; Corresponding Member
of the Royal Society of Belgium, of the Medical Society of Warsaw
(Poland), and of the Society of Hygiene of France; Member of the
Ameriean Philosoplienl Society, ete., ete.

I5&™ Since the publisher brought this valuable work before the pro-
fession, it has become : Ist, the text-book of a large number of colleges ;
2d, the referencebook of the U. 8. Army, Navy, and the Marine Sevvice ;
and. 3d, an tmportant and valued addilion to the libraries of over 10,000
physicians.

T'his book has not only the inherent merit of presenting a clear
exposé of the subject, but it is written with a view to enable the general
practitioner to treat his cases himself. To facilitate diagnosis, colored
plates are introduced, showing the appearance of the different parts in
the diseased state as they appear in nature by artificial light. No error
can thus be made, as each affection of the nose and throat has its repre-
sentative in the 100 chromo-lithographs presented. In the matter of
treatment, the indications are so complete that even the slightest pro-
cednres, folding of cotton for the forceps, the use of the probe, ete., are
clearly explained. _

Ilustrated with 100 chromo-lithographs, from oil paintings by the
author, and 93 engravings on wood, One handsome royal octavo volume.
SOLD ONLY BY SUBSCRIPTION, OR SENT DIRECT ON RECEIPT OF PRICE,

: EHIFPING EXPENSES PREPAID.

Prics, in United States, Cloth, Royal Octavo, $4.00; Half-Russia, Royal
Octavo, $5.00. Canada (duty paid), Cloth, $4.40; Half-Russia, $5.50.
Great Britain, Cloth, 23s. 6d.; Sheep or Half-Russia, 28s, France,
Cloth, 24 fr, 60; Half-Russia, 30 fr. 30.

It is intended to furnish the general practi- || to him were they seen in the living subject.
tioner not only with a guide for the treatment || As a guide to the treatment of the nose and
of diseases of the nose and throat, but also to throat, we can cordially recommend this worl.
place before him a representatien of the nor- || —Boeston Medieal and Surgical Journal,

. mal and diseased parts as they would appear

e ——

IIT FPRIESS.

THE CHINESE : Their Present and Future ; Medical, Political, and Social.

By ROBERT COLTMAN, Jr., M.D , Surgeon in Charge of the Presbyterian
Hospital and Dispensary at Teng Chow Fu; Consulting Physician of the American
Southern Baptist Mission Society; Examiner in Surgery and Diseases of the Eye
for the Shantung Medical Class; Consulting Physician to the English Baptist
Missions, ete. Illustrated with about Bixteen Fine Engravings from photographs
of persons, places, and objects characteristic of China. In one Octavo volume of
about 250 pages. REaDpY ABouT DECEMBER 1, 1801,

The author has spent many yearz among the Chinese; LIVED with them
in their dwellings; THOROUGHLY learned the language; has become conversant
with all their strange and odd characteristics to a greater extent than almost any
other American. He has been a physician to all classes of this wonderful people,
and the opportunitiea thus afforded for a clear insight into the inner life of the
Chinese, their virtues and vices, political, social, and sanitary condition, probale
destiny, and their present important pesition in the world to-day, have been ably
and wisely used by Dr. Coltman,
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Nearly Ready. Will be Issued about October 1, 1891.

‘Age of the Domestic Animals.

Bemve A CompLeETe TrREATISE ON THE DEexTITION OF THE Homse, OX,
Sueer, Hoa, axp Doa, AND o8 THE VArious OTHER MEANS
oF TELLING THE AGE OF THESE ANIMALS.

By Rusa Smrerex Hurpexorer, M.D., Veterinarian, Alfort, France.
Professor of Sanitary Medicine and Veterinary Jurvisprudence in the
American Veterinary College, New York; Lieutenant-Colonel and Sur-
geon-in-Chief National Guard of Pennsylvania; Fellow of the College
of Physicians, Philadelphia; Honorary Fellow of the Royval College
Veterinary Surgeons, London ; Late Dean of the Veterinary Department
University of Pennsylvania, ete., ete.

Complete in one handsome Royal Oetavo volume, with about 160
INustrations, This is one of the most important works on the domestic
animals published in recent years,

Ready Very Shortly.

A, B, C of the Swedish System of
Educational Gymnastics.

A Pracricarn Hanp-Book ror School-TEacHERS AxD THE HouE.

By Harrvie Nissen, Instroetor of Physieal Training in the Publie
Schools of Boston, Mass.; Instructor of Swedish and German Gymnas-
tics at Harvard University’s Sommer School, 1891; Author of “ A
Manual on Swedish Movement and Massace Treatment,” ete., ete.

Complete in one neat 12mo volume, bound in extra flexible cloth
and appropriately illustrated with 77 excellent engravings aptly eluei-,
dating the text.

Lectures on Auto-Intoxication.

By Pror. BoucHarD, Paris. Translated from the French, with an
Original Appendix by the author. By Taomas Oniver, M.D., Professor
of Physiology in University of Durham, England. I~ Press.

(32)















