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CHaP. 1.] THE SPINAL CORD. 919

ENSOr but also

?ﬂ&ﬂ the same holds
or antripetal and cen i 18 u!.:-.

An exception must be made to the above general statement, on
account of the so-called “recurrent sensibiljfy ” which is witnessed
in conscious mammals, under certamn circumstances. It some-
times happens that when the distal stump of the divided anterior
root is stimulated, signs of pain are witnessed. These are not
caused by the concurrent muscular contractions or cranip which the
stimulation oceasions, for they persist after the whole trunk of the
nerve has been divided some iltt!e way below the union of the roots
above the origins of the muscular branches, so that no contractions

take place. They disappear when the En?jgu‘g: roof_is subse-
uently divided, and they are not seen 1f the mixed nerve trun
be :hvlaﬁa close to the union of the roots. The phenomena are
probably due to the fact, that bundles of sepsory fibres of the
posterior roof after running a short distance down the mixed
trunk turn back and run_upwards in the anterior root, (being
robably to the pia er) and by this recurrent course
er, certain experimental and histological results have been

hmught forward to shew that the posterior roots do or mayv contain
efferent fibres earrying impulses to the

for this 18 not at present sufficiently conclusive to render invalid
the same general statement,

§ 561. Concerning the ganglion on the posterior root, we may
say definitely that we%‘iave no evidence that it can act as a centre
of retlex action ; nor have we any evidence that 1t can spontaneously
give origin to efferent impulses and thus act as an automatic
centre, as can the central nervous system itself. The bodies of
the nerve-cells behave somewhat differently from the axis-cylinders
at some distance from the cells, though, as we have seen, these are
in reality processes of the nerve cells; thus the nerve cells in the
%nglion are_more sensitive to certain %nisuns (ex. gr. micobn)
than are the nerve fibres of the nerve trunk. But beyond this, our
knowledge concerning the funetion of the ganglion is almost limited
to the fact that it is in some way intimately connected with the
nutrition of the nerve. As we have already (§ 83) said, when a
mixed nerve trunk is divided the peripheral portion degenerates
from the point of section downwards towards the periphery. The
central portion does not so degenerate, and if the length of nerve
removed be not too great, the central portion ma
alon of the degeneratin era , and thus
regenerate the nerve. egeneration 18 observed when the
mixed trunk is divided in any part of its course from the periphery
to close up to the ganglion. When the posterior root 15 divided
between the ganglion and the spinal cord, the portion attached
to the spinal cord degenerates, but that attached to the ganglion



















CHAP. 1] THE SPINAL CORD. 925

since, as we shall see, it runs am#ﬂm_wlunm along the
LE_DEMM, 18 calle JMTHF%?_WW._ and 1nto a
portion lying to the outside of the dorsal (posterior) root between it
and the ventral (anterior) fissure, called t%ﬂwmm
This latter may be considered as further divided, by the entrance
of the ventral (anterior) roots into a lateral column (Fig. 96, lat. col.)
between the dorsal (posterior) Toot and the most external bundle
of the ventral (anterior) root, and into (Fig. 96,
ant. col.) between the ventral (anterior) fissure and the most external
bundle of the ventral (anterior) root. The part traversed by the
bundles of the ventral (anterior) root, as they make for the ventral
(anterior) horn, accordingly belongs to the anterior column; but
some writers speak of the anterior column as lying between the
ventral (anterior) fissure and the nearest bundle of the ventral
(anterior) root, thus making the region of the ventral (anterior) root
belong to neither anterior nor lateral columm. And indeed the
distinetion between the anterior and the lateral columm is to a
great extent an artificial distinetion,
§ 563. The ‘white matter’ lusively of
medullated fi supported partly by connective tissue and partly
Yy a liec:u ar_tissue_known as mneuwroglia, of which we shall
presently speak. The fibres are of various sizes, but many of them
are large, and in nearly all of them the medulla 1s co
They run for the most part Ian%'itudmai Y, 50 that In transverse
sections of the cord nea.rl:; the whole of the white matter appears
under the microscope to be_ composed of minute circles, the trans-
verse sections of the longitudially disposed fibres, imbedded in
the supporting structures. When examined by ordinary modes of
preparation these longitudinal medullated fibres of the white

matter, though they may occasionally be seen to bifurcate appear,
on the whole, to run an undivided unbranched course; but a

special mode of préparation has revealed the fact that they give
a

off very fine lateral branches. This method known as that of
olgl, of which there are several modifications, consists 1 so

treating the tissue with a silver salt and other reagents that
while the mass of the tissue 1s 1 z the

course of the hbres, and especially of the very fibres is marked
out by black lines consisting of reduced an rgr. DBy
this “method we learn that the longitudinal fibres of the white
matter give off, generall 1 , exceedingly fine
branches, known which running E.lm%ma
e grey matter and there end in a manner to be deseribed.

n
Owing to the relative abundance of the white refractive medulla,
the white matter possesses in fresh specimens a characteristic
opaque white colour; hence the name. The grey matter from the
relia'ﬂﬁe scantiness of medulla has no such opaque whiteness, is
much more translucent, and in fresh specimens has a grey or
rather pinky grey colour, the reddish tint being due to the
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which starting from the larger ones carry minute blood vessels into
the interior of the white matter. In these spaces it is so arranged
? to_form delicate tubular canals, of very varlable size, running
or the most part in a longitudinal direction. Each of these tubular
canals is occupied by and whollg filled up with a medullated
n%:;gg fibre of cnrresgﬂnding size. A medullated nerve fibre of the
white matter of the spinal cord resembles a medullated nerve
fibre of a nerve (§ 68) in being composed of an axis-cylinder and a

medulla; but it ﬁﬂﬂﬁﬁﬁﬁ no_primitive gh%yh-m peurilemma.
This is absent and indeed is not wanted; the tubular sheath o
neurﬂ%'lia. affords in_the spinal cord (and as we shall see in the
central nervous system generally) the support which in a nerve
is afforded by the neurilemma. WmﬁEg%mording to most

authors, absent, but some say they are present.

The white matter of the cord consists then of a1 less
solid mass og EEEEE, Emrmg the structure Just described, which
1s permeated by minute canals, some exceedingly fine and carrying

very fine fibres, 2 or even less, others larger and carrying fibres
up to the size of 154 or even more. This mass is further broken
up into areas by the smaller and larger vascular connective-tissue
septa. with the ed5%—STA~SAAZE-5T-Which {Ee nowrogla &5
continuous. Most of the nerve-fibres, as we have said, run
longitudinally and in a transverse section of the cord are cut
transversely; as we shall see fibres, more especially very fine
fibres and in particular ‘ collateral ’ fibres, are continually passing
me%mm so doing take a more or
less transverse course; but by far the great majority of the readily
visible fibres, and the neuroglia canals in which these lie run in a
longitudinal direction. On the outside of the cord below the pia
mater the neuroglia is devglu:].geg into_a layer of some thickness
from which nerve fibres are absent; this 1s often spoken of as an
mner layer of the pia mater; but being neuroglia and not con-
nective tissue is of a different nature from the pia mater proper.
A layer of this superficial neuroglia also accompanies the larger
septa, and a considerable quantity is present in the large septum
called the dorsal fissure.

The pia mater carries not only blood vessels but also lymphatics ;
R e e s e ey o
vascular arrangements of the whole of the central nervous system.,

§ 564 In the grey matter we may distinguish the larger,
more conspicuous nerve-cells and the rest of the grey matter in
which these cells lie. We have already (§ 99) deseribed some of
the general features of these nerve-cells; but they must now be
dealt with in greater detail. Our knowledge of the characters of
these cells has of late years been greatly extended by the appli-
cation of the silver method of Golgi and also of the methylene-blue
method, When methylene-blue 15 injected into a Iiving animal,
certain cells take up and are stained by the colouring matter, and
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above or below the plane of the section, their dendrites alone, and
only some of these passing into the section. To these terminal
portions of dendrites of nerve-cells are attached the terminal
arborisations of certain axons, belonging to cells which as we have
said may be a long way off. These dendrites and the arborisations

in contact with them both form as 1t were the E;ls ﬂM]i‘FIe of
matter; but they form only a part and indeed a small part
u; 1%. o this we must add a MM'
axons, of various sizes, some large, some quite small, runnmlg n
Various directions ;. of these some are about to end immediately in
arborisations, others are simply sweeping through the portion of
grey matter under view, on their way to some other part of the
grey matter or to the white matter. The abw-ea‘g_l_'uilnm
ullated nervous elements. There are also present, 1n relativel
ge n the icular fine ullated fibres of which we
spcke above ; of these, which also run 1n various directions, some
are collaterals, and while some are soon about to end, losing their
scanty medulla, in arborisations lying in the section, or close to it,
others are on their way to other, it may be, distant connections.
Lastly there are present a certain number of ordinary medullated
fibres, some of even large size; these running also in various direc-
tions may be cuanereé as simply passing through the grey matter
under view on their way to other parts. All these several elements,
some being terminal and forming a basis, others coming in to end
in that basis, and yet others simply passing through it on their way
elsewhere, all intricately interwoven, all supported in a bed of
neuru%lia., make up with the obvious well-defined nerve-cells what
we call the grey matter. It should be added that besides the
nerve-cells spoken of above, which, though of various sizes, are all
large enough for their features to be readily recognized, a number
of other cells of very small size, some of IY{liCh at all events must
be regarded as true nerve-cells, are present in the grey matter.
The neuroglia in which all these structures, nerve-cells, fine
medullated nerve-tibres, naked axis-cylinders and fine filaments,
are imbedded is identical in its general characters with that of
the white matter, but, as naturally follows from the nature of the
nervous elements which it supports, is differently arranged. In-
stead of forming a system of tubular channels it takes on the form
of a sponge-work with Targe ﬁ];;aces or the larger nerve-cells an
ne passages for the nervous filaments. At the junction of the
grey matter with the white matter, the neuroglia of the one is
continuous with that of the other, and the connective-tissue septa
of the latter run right in e former; the outline of the grey
matter is not smooth and even, but broken by tooth-like processes
due to the septa. Since, as we have just said, some of the true
nerve-cells are very small, and since the nerve filaments like the

neuroglia fibres are very fine and take like them an irregular
course, 1t often becomes very difficult in a section to determine

60—2
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tm&_akes lace ; the axis:cylinder and medulla simply break up, are
absorbed and disappear. _
Similar degenerations, ascending, or descending, or both, are
seen when the section is not carried right through the whole
cord, but particular parts of the cord are cut through or simply
injured. And similar degenerations occur as the consequences
of disease set up in parts of the cord.
In this way the results of sections of or of other injuries to or
of diseases of the spinal cord have enabled us to mark out certain
tracts of the white matter as undergoing degeneration and others
as not, and moreover certain tracts as undergoing descending and
others as undergoing ascending dE%)EnEr&tiﬂn. Further, the delimi-
tation of tracts of white matter the process of degeneration
agrees so well with the results of the embryological method as to
leave no doubt that the white matter does consist of tracts which
differ from each other in nature and 1 funcfion,
e several tracts thus indicated vary in different regions
of the cord. They may be broadly described as follows.
I. Descending tracts, that is to say, tracts which undergo a §x .9 Tr. L
descending degeneration in the sense noted above. : -
/. The most important and conspicuous is a large tract (Fig. 101,
er. P.) occupying the posterior part of the lateral column, comin
close_upon the outer margin of the dorsal horn, and for the
most part not reaching the surtace of the cord. We shall have

to return to this tract more than once, and may here simply say

that it may be traced along the whole length of the cord from the
top of the cervical mézﬂn to FEE end ﬁ EE sacral_region, that
it may be also traced right through the brain and indeed begins
at the surface of the cerebral hemispheres, and that it enters the
cord from tﬁ_e brain t.EmugE the structures called the pyramids of
the bulb, which we shall study later on. These pyramids cross over or
decussate as they are about to pass into the cord, forming what 1s

known as the decussation of the Ezmmids, and the tract of fibres :
in question shares 1 this decussation, ence this tract is called o :
the crossed pyramidal tract or more simply the pyramidal tract. Yioadal.
t 1s no less distinetly marked out by the embryological method. i" Crossia
The fibres forming this tract acquire their medulla ﬁa.ter than do  {todast
Wm of the cord; in %He human embryo the meduila {6 ¥iasgmt
‘ I I ‘ oes not appear in them until about the end of the ninth month. {5 Calrat
See Fig. 102.
A smaller, less conspicnous descending tract occupies the

median portion of (Fig. 100, d. P.). This
15 not only much smaller but also much more variable than the

crossed pyramidal tract, is not present in the lower animals,
bein ; d the monkey only and Eemg better

developed in man than i the monkey, and reaches a certain

way only down the s?inal cord, generally coming to an end in
the thoracic region. It too comes down from the pyramid, and
















946 THE TRACTS OF WHITE MATTER. [Book m.

vicarious trophie centres, but simply fo their running for a short
distance only in the area. The area is composed of fibres providing
short intraspinal paths from the grey matter of one part to some
grey matter not far off, and hence contrasting strongly with the
fibres I':erini the tracts of descending and ascending degeneration
spoken of above, which pass to or from the cord from or to
structures outside the cord itself and run long distances. The

fibres composing the area acquire their medulla before any of the
tracts mentioned above. It may be added that some of the fibres
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Fia. 108.
A, Berow TrawsectioN. B, Apove TRANSECTION.

Fic. 108. CHARTS OF CROSS-SECTIONS OF THE SPINAL CORD {M:m!:m'j showing
the topography of the degeneration consequent on a transection earried out at the
10th thoracie level. A, one segment below the transection ; B, one segment above.

Cross-hatching means *“ absolute” degeneration, i.e. less than 19, fibres remain-
ing sound. Simple hatching /// means * severe” degeneration. xx means *“slight”
degeneration. Numerals 1, 2, indicate the places of scattered single or double
fibres observed to be in degeneration. The spongy grey matter is shown as a black
field, the gelatinous grey and Clarke’s column (C'C.) are stippled.

In A, the degenerations being below the injury are called descending.
In B, the degenerations being above are ascending; note that the latter involve
U, a5 well as the white matter.
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l;rl“]][]u’ the de ~1n11|1m|r comma tract are like those of the area
in question, short, intraspinal fibres.

Fia. 108 C.

From the same experiment as the preceding and drawn to the same scale but at
the 2nd cervical level. The same signs are used for denoting the degeneration.
The patch of depeneration in the dorsal column is still “*absolute™ in character,
but its area measures less than half that in B. The long tract of * severs"
degeneration in the dorsal part of the lateral column is the direct cerebellar tract,
which in monkey is partly shut off from the free edge of the ecolumn by fibres of
the pyramidal tract. In man this is not so. Vide Fig. 101.

Compare these three charts with the diagrams given of the spinal tracts in
Fig. 107.
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same side. The fibres which can thus be traced are of large diameter,
and appear to be chiefly if not exclusively motor fibres for the
skeletal muscles. But the ventral root contains other than motor
fibres for the skeletal muscles, vlﬂﬂg-mgﬁm_‘ fibres for instance,
secretory fibres and others; and these probably have a different
LT T T M s e s

origin.
[al'ge but from small cells in the ventral horn, while others have been
traced through the ventral horn, on the one hand towards the dorsal
horn and on the other hand towards the lateral column ; others
again are found to pass through the ventral horn of their own
side to the bottom of the ventral fissure where, ing over to
the other Side and thus forming part of the white COMIISSUTe,
the omar ToTrsseed o the entral Tomn of The-cther &ide.
We cannot at present make any positive statement as to the
real origin and exact nature of these fibres which thus upon
entering the cord pass by the cells in the ventral horn without
joining them, though those which cross by the white com-
missure are supposed to take origin in the cells of the ventral
horn of the other side; it is sufficient for our present purposes to
remember that while a large number of the fibres of the ventral
root, presumably those supplying the skeletal muscles, take origin
in the cells of the ventral horn, shortly before they issue from the
cord, others have some other origin. And similarly we have reason
to think that all the cells m the ventral horn do not send out
axis-gylinder processes to jﬂin the ventral roots of the same side.
We may however regard a Jarge number at all events of the cells
of the ventral horn, at the level of as well as a little below and a
little above the level of the exit of any particular ventral root, as
constituting a sort of nucleus of origin for the larger number of
the fibres, and those most probably the skeletal motor fibres, of
that ventral root.

The dorsal roof enters the cord not in several bundles
laterally scattered as does the ventral roof, but in & more compact
mﬁg., ihis mass however consists of at least two distincs bundles,
which upon their entrance Into the cord take Jifferent courses.
One bundle, the larger one, lying to the inner or median side of
the other, consisting of pelatively coarse fibres, and called the
medicn %ﬂ% (Fig. 99, P.—.-W’T‘Lummﬁm the lateral part
0

e external posterior column, which, as we have said, is in con-

(2) sequence often spoken of as the posterior root-zone. The other

ey lateral bundl
A

smaller bundle placed to the outside of the former, and called the
¢ (Fig. 99, Pr), may be again divided into an inter-
medigte bundle (Fig. 100, Pr) lying next to the median bundle,

(#1and into a sfll more ﬂgﬁ! bundle (Fig. 100, Pr”). The former,
consisting also of coarse TES.MWM%

.fburu.ﬁ.f,

%‘ Rolando at the extremity of, and so into the grey ma
of the horn, where the fibres In part at least changing their
direction run longitudinally in the grey matter in bundles known
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ortion of a fusi

swelling, whie 1gh as about the attachment of the
rOOLS DE the twelfth or elev racic nerve at the level of the
eighth thoracic v ra, the broadest part of the swelling being
about opposite the third lumbar nerve. Above the lumbar
swelling, through the thoracie region the somewhat narrowed cord
retains about the same diameter until it reaches the level of
the first or second thoracic nerve opposite the seventh cervical

vertebra where a second fusiform Enlargument, th : LERaLg,
than the lumbar swelling, begins. The broadest

part of the eervical swelling is about opposite to the fifth or sixth
.cervical nerve: from thence the diameter of the cord becomes
gradually somewhat less until it begins to _expand into the bulb,

but even in the highest part is greater than i the thoraecic region.
The sectional area of the cord increases therefore from below

uEwarHsl but_not regularly, the Irregularity being due to the
lumbar and cervical swellings.

The extremity of the filam terminale is_said to consist entirely
of neuroglia closely invested by the membranes, even the central
canal Delng absent. A Nttle ﬁigﬁer up the central canal begins,
and nerve-cells with unerve-fibres make their appearance in the
neuroglia ; thus a kind of grey matter covered by a thin super-
ficial layer of white matter is established. e have alread
referred to the peculiar features of the lower end of the conus,
§ 565; but higher up the canal becomes central and small, the
posterior columns are developed, and the grey matter contains
more nervous elements and relatively less neuroglia, becoming in
fact ordinary grey matter. From thence onward to very near the
junction with the bulb, where transitional features begin to come
in, the spinal cord may be said to have the general structure
previously deseribed.

The sectional area of the white 1 ] in_absolute
size_and on the whole in_a steady manner from below u?wa.rﬂs.
[ other words, in a section at any level, the number of longi-
tudinal fibres forming the white matter is greater than the
number at a lower level, and less than the number at a higher
level ; for any difference which may exist in the diameter of the
individual fibres is insufficient to explain the differences in the
total sectional area of the white matter. If we were to measure in
man the sectional area of each of the spinal nerves as it joins the
cord, and to add them together, passing along the cord from below
upwards, the results put in the form of a curve would give us
some such figure as that shewn in Fig. 104; the area gained
by adding together the sectional areas of the nerves increases
in a fairly steady manner from below upwards. The curve of
the sectional area of the white matter of the cord taken from
below upwards would be very similar, but if anything more
regular. It must be understood however that the dimensions of
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CHAP. 1.] THE SPINAL CORD. 993

brain, movements apparently spontaneous in nature are frequently
observed. But all these movements, even when most highly deve-
loped, are very different from the movements, irregular and variable
in their occurrence though orderly and purposeful in their character,
which we recognize as distinctly voluntary., Even admitting that
some of the movements of the brainless mammal may resemble
voluntary movements in so far as they are due to changes faking
place in the spinal cord itself independent of the immediate
ifluence of any stimulus, we are not thereby justified in speaking
of the spinal cord as developing a will in the sense that we
attribute a will to the brain.

§ 596, In the case of the beat of the heart, the automatic
rhythmie discharge of energy appears to be exclusively the outcome
of the molecular nutritive changes taking place in the cardiac
substance. The beat may be modified, as we have seen, by nervous
impulses reaching the cardiac substance along certain nerves;
but the actual existence of the beat is wholly independent of these
extraneous influences ; the rhythmic discharge continues when they
are entirely absent. The automatic rhythmic discharge of respi-
ratory impulses from the respiratory centre is also dependent on
the intrinsic molecular changes of the centre, these being, as we
have seen, largely determined by the character of the blood
streaming through it ; but in this case extrinsic nervous impulses,
reaching the centre along the vagus and other nerves, play a much
more important part than do similar impulses in the case of the
heart. They act so continually on the centre and enter so largely
into its working, that we are compelled to regard the activity of
the centre as fed, if we may use the word, not only by the
intrinsic molecular nutritive processes of the centre itself, but also
by the extrinsic nervous influences which flow into the centre from
without. The automatism of the spinal cord as a whole resembles,
in this aspect, that of the respiratory centre rather than that of
the heart. It has for its basis doubtless the intrinsic molecular
changes of the grey matter, on whose remarkable constitution we
dwelt in a previous section ; the metabolic events of this substance
are so ordered as to give rise to discharges of energy; but the
discharge appears to be also intimately dependent on the inflow
mto the grey matter of afferent impulses and influences, The
normal discharge of efferent impulses from the cord undoubtedly
takes place under the influence of these incoming impulses; and
1t may be doubted whether the grey matter of the cord would be
able, in the absence of all afferent impulses, to generate any sus-
tained series of discharges out of its merely nutritive intrinsic
changes. The automatic activity of the cord is fed not only by
1utrinsic nutritive events, but also by extrinsic influences,

In this feature we may, moreover, find perhaps the reason why
the automatic activity of the spinal cord is so limited, as compared
with that of the brain. In spite of certain striking but superficial
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hemispheres is not only much greater than that of the rest of the
brain, but also takes place in a special manner. At their first
appearance the cerebral hemispheres lie lly in_front of the

-brain or vesicle of the third ventricle, but in their subsequent
directions, they extend
us in the adult bramn, on the dorsal

surface they not only completely cover up the third ventricle but
also overlap the mid-brain, reaching so far back as to cover the
_fﬂglmlm_while on the ventral surface, though
in the middle line they l?we exposed the floor or ventral portions

of the walls of the third ventricle, at the sides they are seen to

I d as on the dorsal surface. The median furrow
on the dorsal surface which separates each hemisphere from its
fellow 1s at first shallow but rapidly deepens, so that as the hemi-
spheres grow they become separated from each other by a narrow
deep longitudinal fissure, into which as we shall see a fold of the
dura mater dips. This fissure is pot only deep vertically, .e. from
the dorsal surface ventrally, but at the front of the brain runs
baglaard in the middle line almost as far as the level of the third
veniricle, so as completely to separate from each other the anterior
parts of each hemisphere, known as the anterior lobes; at the
back of the brain also it similarly runs forward in the middle line

for a considerable distance, so as to separate from each other the
posterior lobes, Hence the two great masses of the cerebral

hemisphere are united with each other, not along their whole
length but for about a third of’ that length, the isthmus or bridee
thus connecting them Iymng at some depth below the dorsal
surface at the %nttum of the longitudinal fissure, in about the
middle third of its length.

b 1ts first appearance each lateral ventricle is of a more or less
, its walls are of uniform thickness, and it lies in front oF

e thi uring the growth of the hemispheres it

acquires a peculiar shape and becomes divided into an_anterior

%Mhﬂm stretching into the anterior portion, a_posterjor
orn ndi

stretching into the posterior portion, and a descending horn,
which ?mmwly into the middle portion of the
hemisphere ; owing to the great backward extension of the hemi-
~spheres the lateral ventricles come to lie not only in front of but
g,:i'gc- at the side of, and indeed, to a certain extent, above or dorsal
to the fhird venfricle; and ([urmg the growth of the parts the
originally wide 7-55&_}93(1 opening which placed the hind ends of
bﬁi:a two iafemI ventricles in communication with the front of the
third ventricle becomes narrowed i 1t-11 ssaoe of similar
t?rmi the foramen of Monro, which still opening into the front of
the third venfricle, now leads on each side from a point rather in

front of The Tiiddle of the lateral ventricle,
As the hemisphere enlarges the growth of the walls of the
vesicle is not uniform in all parts. At an early period there may

0
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between the two vesicles is reduced to a thin sheet, the septum
Tucidum ; but behind, the broader basal portion of the Tornix is
arched up so as to lie immediatelﬁ under and touch the corpus
callosum. Hence the septum lueidum has the form of a more or
ess trangular vertical sheet, broad in front and narrowing behind,
separating the two lateral ventricles. The sheet may be conceived
of as hein% double and formed by the ai_:lposition of two layers, one
belonging to each ventricle; bebwe ese two layers 13 developed
a narrow closed cavity containing fluid, called the fifth ventricle. Eut-
while the lateral ventricles GEED bE the foramen of Monro into the
third ventricle and the third ventricle 1s continuous by means o
T T T T T R T T
contral canal of the spinal cord, the whole series being developed

ont of the same embryonic neural canal, the fifth ventricle cnm-n

1 with none of them ; it is a cavity of differen :

The corpus callosum or dorsal portion of the junction between
the vesicles spreads out, as we have said, laterally along its whole
length, and thus forms a broad band joining the two hemispheres
together ; the middle portion spreads out in a more or less straight
direction, though curving over the ventricle upwards and downwards
to reach various parts of the hemisphere, while the front and hind
ends bend round on each side forwards and backwards to reach the
anterior and posterior parts. Thus through the corpus callosum
1]? of one ventricle is made continuous with that of

. 1sposition o e fornix or ventral portion of the
junction is yery different. At its apex in front the forpix bifurcates
into two bands, known as the pillars he fornix, which on eac

side become_continuous with, and take a peculiar course in the
wallsiof o it enaTe In like et Lehind, the angles of
the base of the fornix are cogi;im;gﬂ:s with the walls of the lateral
ventricles, that 1s to say, with the thick mass of the hemispheres,

being also prolonged as two_special stra fibres called the
Crur ix. But along each side of the triangle, between

the attachments in front and behind, the substance of the fornix is
not continued into the substance of the corresponding hemisphere ;
the edge of the fornix appears on each side to lie loose on the

dorsal surface of the optic thalamus, which here torms the median
mﬁ;;‘_l T
thalamus below and the fornix above there seems to be a

I'TOW
iitb by which the cavity of the lateral ventricle communicates Wwith
parts outside 1tself. In reality however there is no actual breach

of continuity t@gh&hmummw:w& The
slit is bridged over by a layer of epithelium, by means of which
the edge of the fornix is made continuous with the upper surface
of the opfic Thalamus, and the median wall of the lateral ventricle
made complete. But this layer of epithelium has the followin

peculiar relations to th??ﬁnmw
e U R ) R T T
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111

at the apex of a funnel-shaped projection :
1t important ancestral

lies th also a remnant o
structures.

§ 603. We may then divide the whole brain into a series of
parts corresponding to the main divisions of the embryonic brain.
At the front lie the cerebral hemispheres, with the lateral ventricles,
developed ouf of the cerebral vesicles; and with these are asso-
ciated the canara. striata, the term cerebral hemisphere being
sometimes used so as to include these bodies, and sometimes so
as to exclude them. Next come, corresponding to the original

fore-brain, the parts forming the walls of the third ventricle,
Conspl ong which are the optic tﬁaamlg for these
odies though they appear to imtrude mto the laferal ventricles
belong properly to the third vEEm'iglﬁ, In the mid-brain which
follows, the cavity, now the tubular ge of the aqueduet, is
roofed in by the two pairs, anterior and posterior, of corpora quad-
rilgemina., the dimensions of which are mnot very great; Eui a
thick Hoor is furnished by the crura cerebri. In each crus we
must distinguish between a dorsal portion called the fegmentum,
in which a large quantity of grey matter 1s present and i Which a
great complexity in the arrangement of fibres exists, and a ventral

rtion, the pes or erusta, which is a much more uniform mass of
longitudinally disposed Rbres.  As the crura passing forward diverge
into tHE'cerei:-.ira] Hemlspﬁrere on each side, the m ceases
at the hinder n | parts of the optic thalamus; it
18 the pes which supplies the mass o res radiating into each
CoTe b T Rere—Ti—a—viowoT The_ventral surhce of the
brain, the base of the brain as it is frequently called, the crura
may be seen emerging from the anterior border of the pons. This
we have spoken of as the thickened floor of the front part of the
hind-brain, but in reality, it encroac i id-brain,
the hind part of the corpora, quadrigemina being in the same
dorsoventral plane as the front part of the pons (see Fig. 112).
In the main, however, the pons belongs to the fore part of the
hind-brain, the roof and sides of which are developed as we have
said into the cerebellum. This superficially resemhfes the cerebral
hemispheres in its large size, and in the special development of its
surface, which is formed of grey matter folded in a remarkable
manner and often spoken of as cortex. The cerebellum, though
the lateral portions, called the hemispheres, project above the
median portion, called the vermis, is, unlike the cerebrum, g
EEEEFEE; each lateral halt however sends down ventrally a
mass of fibres which, running transversely, end in the pons;
this mass of fibres, thus constituting as we have said a con-
siderable part of the pons, forms on each side, just as it leaves
the cerebellum to enter the pons, a thick strand, called the middle
peduncle of l"he cerebellum.  From the cerebellum there also

wards 1n

proceeds e bulb on each side a thick strand of
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art of the ventral horn of the spinal cord. Whether they are
exactly homologous to the hypoglossal nucleus, and their fibres
to simple ventral roots, is not so clear.

Lastly, the auditory nerve, both from its character as a nerve
of special sense and from the remarkable features of its nuclei, is
even more difficult. Most probably it results from the fusion of
more roots than one ; but it is impossible at present to obtain a

clear conception of the nature of the whole nerve.

2. The Superficial Grey Matter.

625. The whole of the surface of each cerebral hemisphere
for some little depth inwards consists of grey matter, possessing
special characters; this is called the cortical grey matter, or the
cortex cerebrt, or shortly and simply the corter. As we shall see,
by its histological and still more by its physiological features, it
stands apart from all other kinds of grey matter.

The whole of the surface of the cerebellum is also covered with
grey matter, which, while possessing features of its own, so far
resembles the cerebral cortex in its histological characters that
it too has been spoken of as cortex, as the cortex cerebelli. By
its functional manifestations, however, it differs widely from the
cerebral cortex; and since there are many advantages in being
able to use the word cortex in connection with the cerebrum
only, it is desirable not to speak of a cerebellar cortex, but to
employ the term “superficial grey matter of the cerebellum.”

The third ventricle and the hinder part of the fourth ventricle
are not roofed in by nervous material, and possess no superﬁci:-ﬂ‘
grey matter at all, In the corpora quadrigemina, which form the
roof of the aqueduct or cavity of the mid-brain, grey matter is
present and possesses, in the case of the anterior _corpora quadri-
gemina at least, characters to a certain extent analogous to those
of the cortex and to the cerebellar superficial grey matter; but it
will be best to consider the grey matter of these bodies as
belonging to another category.

3. The Intermediate Grey Matter of the Crural System,

§ 626. We have seen (§ 603) that the crura cerebri form the
prominent part of a system of longitudinal fibres stretching from
each cerebral hemisphere to the bulb and to the spinal cord.
This system of fibres, upon which we may consider the various
parts of the brain to be as it were founded, we may speak of
as the crural system. It is, it is true, not one continuous strand,
but a number of different strands, having different beginnings
and endings; but these all contribute to the crura and are
so far alike as to justify us in considering them as a system.
The cortical grey matter of each hemisphere is, as we shall see,
connected with various parts of this system, and in one sense
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descending horn of lateral ventricle; V. 8. in the position of the third
ventricle; the outlines of the cavities are made dingrammatically distinet by
thick black lines. Op. optic tract; P. P. Parietal lobe. T. Temporal lobe.

evidently the part of the corpus striatum which projects into the
lateral ventricle. The same horizontal sections further teach us
that the front part of the band (Cia.) is bent at an angle upon the
hind part (Cip.).

It appears then from these sections that the fibres of the pes
as they rise up dorsally into the hemisphere spread out in the
form of a fan bent upon itself. This fan-like expansion of the pes
is called the dnternal capsule, the angle formed by the bend being
called its genu or knee, (Cig.) the part in front of the knee the
JSront limb, and the part behind the knee the hind limb. And
horizontal sections at levels more dorsal than those given in
Figs. 119—125 would shew that the fibres composing this fan-
like internal capsule, as they rose dorsally, curved away in various
directions to reach nearly all parts of the surface of the hemisphere.
We may add that though the internal capsule is mainly composed
of fibres which thus stretch all the way from the cerebral cortex
to the pes of the crus, it also contains other fibres of which we
shall speak later on.

§ 627. The grey mass separated from the thalamus by the
hind limb of the internal capsule is called as a whole the nucleus
lenticularts, since in horizontal seetion it presents a certain though
distant resemblance to a lens. Of the three divisions into which
it is split up by the partitions of white matter, the two median
ones Gp', Gp". are spoken of together as the globus pallidus, the
name being given to them on account of their paler colour. The
third, lateral division Pt., is called the putamen. The use of these
two names for the two different parts of the one body appears to
be justified by the different connections and features of the twc}PHn&

The grey mass which in a horizontal section (Fig. 119, Nc.) is
EEP&TEtEﬁT from the nucleus lenticularis by the front limb of the
internal capsule, and which projects into the lateral ventricle, is
called the nucleus caudatus. The nuclens candatus and the nucleus
lenticularis form together the corpus striatum; the former, since
it projects into the lateral ventricle, being the part of the corpus
striatum seen when the lateral ventricle is laid open, is sometimes
spoken of as the intraventricular portion of the whole body, while
the nucleus lenticularis, which is wholly hidden in the hemisphere
and in no part projects into the lateral ventricle, is called the
extraventricular portion.

But only a part, indeed only a relatively small part, of the
nucleus candatus is disclosed in sueh a horizontal section ; to learn
the somewhat peculiar form and relations of the whole nucleus a
number of sections of a hemisphere taken in ditferent planes must
be studied ; and these will at the same time explain why the nucleus
15 called ‘candatus.” These teach us that the nucleus has somewhat
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above the cerebellum gains access to the third ventricle, the position of the
velum being shewn by the thin black line stretching from the splenium to the
fornix. The front (and more ventral) part of the third ventricle is seen to end
in the infundibuium attached to which is the pituitary body H, seen in section
at L. In front of the infundibulum is seen the optic nerve cut across af the
optic decussation OP, stretching from which to the anterior commissure is the

lamina terminalis.

Stretching between the corpns callosum e.c. (seen in longitudinal section with a
striated appearance and ending in front at the rostrum R. and behind at the
gplenium Sp.) dorsally and the fornix ventrally is seen (unshaded) the septuin
lucidum S.L, but the greater part of this has been cut away in order to disclose
the right lateral ventricle in the wall of which is seen the bulging nucleus
caudatus N.C,

Above the corpus callosum is seen the mesial surface of the right hemisphere
forming the right lateral wall of the longitudinal fissure. On this mesial
surface appears immediately above the corpns callosum the arched gyrus
formicatus .5, defined above by the calloso-marginal fissure f.em. The whole
of the surface seen in the frontal region in front of the ealloso-marginal fissure,
though divided by fissures, is called the marginal convolution. In the middle
parietal region a block of the cerebral substance has been removed in order to
shew the position of the cenfral fissure or fissure of Rolando, f.ec., and
immediately below this is seen a part of Pd.C, the paracentral lobule. In
the occipital region PR.C. is the precuneus or gquadrate lobule, and ¢, the
cuneus, while at &.L is seen a part of the lingual lobule. T.iis a part of the
inferior temporo-occipital convolution, the greater part of which is hidden to
view by the pons and crus.

the fornix (Fig. 124). Its ventral surface is fused with the crus;
indeed the tegmental or dorsal portion of the crus may be said
to end in it and in certain structures lying ventral to the
thalamus, in what is called the “subthalamic region” (Fig. 120),
while the fibres of the pes pass first ventral and then lateral to
it to form the internal capsule.

The grey matter of the whole body is more or less distinctly
divided by sheets of white matter, as seen both in horizontal and
in vertical sections (Figs. 119, 120, 125), into three parts, which
have received the name of nuclei, namely, the median or inner
nucleus (Fig. 120, in.), which with the thin layer of central grey
matter forms the side wall of the third ventricle, the larger lateral
nucleus (In.) which abuts upon the internal capsule, and the small
anterior nucleus (an.) which lies on the dorsal surface of the front
part of the body and which thus at its front end appears to project
into the lateral ventricle.

These three nuclei form however not the whole of the optic
thalamus, but only the larger front portion; behind them lies the
inportant portion called the pulvinar, into which the hind part of
the median nucleus merges; this is partly imbedded in the crus
ventrally and in the hemisphere laterally, and is partly free,
coming to the surface beneath the hind end of the corpus callosum,
In a median longitudinal section of the brain (Fig. 124) it is the
pulvinar which forms the cushion-like (hence the name) end of the
thalamus beneath the overhanging splenium of the corpus cal-
losum, by the side of the pineal gland; and in the horizontal view
(Fig. 119, Pur.), in which the hemispheres are supposed to have
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The grey matter of the pons. When the conjoined crura as we
trace them backward plunge beneath the pons the longitudinal
fibres of the pes of each crus are, as we have said, soon split up
into bundles scattered among the transverse fibres belonging to
the pons itself. Dorsal to this system of transverse and longi-
tudinal fibres forming the pons proper, between it on the ventral
surface and the central grey matter with the posterior corpora
quadrigemina on the dorsal surface, is a region which may be
called tegmental since it is a confinuation of the tegmentum of
the erus. In the front part of the pons (Fig. 117), where the
posterior corpora quadrigemina still form the dorsal roof of the
section, this tegmental area, which is much broken up by certain
strands of longitudinal fibres of which we shall speak later on,
contains scattered nerve-cells, and is largely composed of reticular
formation. In this is placed on each side a group of nerve-cells,
the locus ceruleus (Fig. 117, le.), distinet from the group of
cells referred toin § 621 as the origin of the descending root of
the fifth nerve (V. d.), just ventral to which 1t lies. This acquires
larger dimensions farther back, in the front part of the fourth
ventricle (Fig. 119, lc.) between the levels represented in Figs,
116 and 117, and is a collection of large spindle-shaped nerve-
cells; it has a bluish tint when its black pigment is seen shining
through the surrounding more or less transparent material, hence
the name.

In the hinder parts of the pons (Figs. 115, 116), where the
cerebellum 1s seen overhanging the open fourth ventricle, the
reticular formation of the tegmental area is still more conspicuous.
The only special collection of grey matter in this region to which
we need call attention is one which, consisting like the olivary
body of the bulb (or inferior olive) of a wall of grey matter
surrounding and surrounded by white matter, is called the upper
olive (Figs. 115, 116, s.0.).

The ventral part of the pons, or the pons proper, unlike the pes
of the erus, contains mixed with the fibres a very considerable
quantity of grey matter. This is fairly abundant in the front part
of the pons (Fig. 117) below the corpora quadrigemina, but in-
creases even more behind this (Figs. 115, 116). Hence though the
pons proper is largely built up of transverse and longitudinal
fibres, and though it contains no compact aggregations of grey
matter receiving special names, it does contain scattered through-
out 1t a very large quantity of grey matter, far more indeed than
is present in the tegmental portion; the grey matter of the pons,
that is of the pons proper, must be regarded as forming a very
important part of the grey matter of the crural system, and of
no little physiological significance.

Behind the pons the erural system is continued into the bulb,
with the structure of which we have already dealt.
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as those of which we are speaking is the work of a more or less
complicated nervous mechanism, in which there are not only
central and efferent, but also afferent factors. And, putting aside
the question of consciousness, with which we have here no occasion
to deal, it is evident that in the frog deprived of its cerebral
hemispheres all these factors are present, the afferent no less than
the central and the efferent. The machinery for all the necessary
and usual bodily movements is present in all 1ts completeness.
We may regard the share therefore which the cerebral hemispheres
take in executing the movements of which the entire animal is
capable, as that of putting this machinery into action or of
limiting its previous activity. The relation which the higher
nervous changes concerned in volition bear to this machinery
may be compared to that of a stimulus, always bearing in mind
that the effect of a stimulus on a nervous centre may be either
to start activity, or to increase, or to curb, or to stop activity
already present. We might almost speak of the will as an
intrinsic stimulus, Its operations are limited by the machinery
at its command. We may infer that in the frog, the action of
the cerebral hemispheres m giving shape to a bodily movement
is that of throwing into activity particular parts of the nervous
machinery situated in the lower parts of the brain and in the
spinal cord ; precisely the same movement may be initiated in the
absence of the cerebral hemispheres by applying such stimuli as
shall throw precisely the same parts of that machinery into the
same activity.

Very marked is the contrast between the behaviour of such
a frog which, though deprived of its cerebral hemispheres, still
retains the other parts of the brain, and that of a frog which
possesses a spinal cord only, The latter when placed on its
back makes no attempt to regain its normal posture; in fact,
it may be said to have completely lost its normal posture, for
even when placed on its belly it does not stand with its fore
feet erect, as does the other animal, but lies flat on the ground.
When thrown into water, instead of swimming, it sinks like a
lump of lead. When pinched, or otherwise stimulated, it does
not crawl or leap forwards; it simply throws out its limbs in
various ways, hen its flanks are stroked it does not croak ;
and when a board on which it is placed is inclined sufficiently
to displace its centre of gravity it makes no effort to regain
its balance, but falls off the board like a lifeless mass. Though,
as we have seen, the various parts of the spinal cord of the frog
contain a large amount of coordinating machinery, so that the
brainless frog may, by appropriate stimuli, be made to execute
various purposeful coordinate movements, yet these are ve
limited compared with those which can be similarly carried
out by a frog possessing the middle and lower parts of the
brain in addition to the spinal cord. It is evident that a great
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thalami, can stand, run and leap. Placed on its side or back it at
once regains its feet. Left alone it generally remains as motion-
less and impassive as a statue, save now and then when a passing
impulse seems to stir it to a sudden but brief movement; but
sometimes it seems subject to a more continued impulse to move,
in which case death usnally follows very speedily. Such a rabbit
will remain for minutes together utterly heedless of a carrot or
cabbage-leaf placed just before its nose, though if a morsel be
placed within its mouth it at once be%ins to eat. When stirred it
will with ease and steadiness run or leap forward; and obstacles
in its course are very frequently, with more or less success, avoided.
In some cases the animal (rat) has been described as following by
movements of the head a bright light held in front of it (provided
that the optic nerves and tracts have not been injured during the
operation), as starting when a shrill and loud noise 1s made near
it, and as crying when pinched, often with a long and seemingly
plaintive scream. So plaintive is the ery which it thus gives
forth as to suggest to the observer the existence of passion, this,
however, is probably a wrong interpretation of a vocal action;
the cry appears plaintive simply because, in consequence of the
completeness of the reflex nervous machinery and the absence of
the usual restraints, it is prolonged.

Withont insisting too much on such results as these, and
allowing full weight to the objection which may be urged, that in
some of these cases parts of the cerebral hemispheres surrounding
the opfic thalami were left, there still remains adequate evidence
to shew that a mammal such as a rabbit, in the same way as
a frog and a bird, may in the complete or all but complete
absence of the cerebral {;Emispher&s maintain a natural posture,
free from all signs of disturbance of equilibrium, and is able to
carry out with sueccess, at all events, all the usual and common
bodily movements. And as in the bird and frog, the evidence
also shews that these movements not only may be started by, but
in their carrying out are guided by and coordinated by afferent
impulses along afferent nerves, including those of the special senses.
But in the case of the rabbit it is even still clearer than in the case
of the bird that the effects of these afferent impulses are different
from those which result when the impulses gain access to an
intact brain. The movements of the animal seem guided by
impressions made on its retina, as well as on other sensory nerves;
we may perhaps speak of the animal as the subject of sensations;
but there is no satisfactory evidence that it possesses either visnal
or other perceptions, or that the sensations which it experiences give
rise to ideas, Ifs aveidance of objects depends not so much on
the form of these as on their interference with light. No image,
whether pleasant or terrible, whether of food or of an enemy,
produces an effect on if, other than that of an object reflecting
more or less light. And we may infer that it lacks the possession
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both be interfered with, they are diagonal. The peculiar move-
ments may not be witnessed when the bird is perfectly quiet, but
they make their appearance whenever it is disturbed, or attempts
in any way to stir. When all the canals of one side are operated
on, the head is kept turned on one side in a characteristic manner.
When the injury is confined to one canal only or even to the canals
of one side of the head only, the condition after a while passes
away; when the canals of both sides have been divided, it becomes
much exaggerated, lasts much longer, and in some cases is said to
remain permanently. After these injuries to the canals it is found
that the peculiar movements of the head are associated with what
appears to be a great want of coordination of bodily movements.
If the bird be thrown into the air, it flutters and falls down in a
helpless and confused manner; it appears to have lost the power
of orderly flight. If placed in a balanced position, it may remain
for some time quiet, generally with its head in a peculiar posture ;
but directly it is disturbed, the movements which it attempts to
execute are irregular and fall short of their purpose. It has great
difficulty in picking up food and in drinking; and in general its
Seha‘vi-}ur very much resembles that of a person who is exceedingly
izzy.

It can hear perfectly well, and therefore the symptoms cannot
be regarded as the result of any abnormal auditory sensations, such
as ‘a roaring ' in the ears. DBesides, any such stimulation of the
auditory nerve as the result of the section would speedily die away,
whereas these phenomena may last for at least a very considerable
time.

The movements are not occasioned by any partial paralysis, by
any want of power in particular muscles or group of muscles;
though removal of the canals of one side has been deseribed as
ultimately leading to diminished muscular force on the same side
of the body, the mere diminution of force is insufficient to explain
the phenomena. Nor on the other hand are the movements due
to any uncontrollable impulse; a very gentle pressure of the hand
suffices to stop the movements of the head, and the hand in doing
so experiences no strain. The assistance of a very sE:Eht support
enables movements, otherwise impossible or most difficult, to be
easily executed. Thus, though when left alone the bird has t
difficulty in drinking or picking up corn, it will continue to Eﬁk
or eat with ease if its beak be plunged into water or into a heap
of barley; the slight support of the water or of the grain seems
sufficient to steady its movements. In the same way it can,
even without assistance, clean its feathers and scrateh its head,
its beak and foot being in these operations guided by contact
with its own body.

The amount of disorder thus induced differs in different birds ;
and some movements are more affected than others. As a general
rule it may be said that the more complex and intricate a move-







CHAP. 1L ] THE BRAIN. 1085

walls of the ampullae or to movements of endolymph over those
walls, and so must give rise to impulses passing up the auditory
nerve; and that since every change of position will affect the three
canals differently (whereas the changes of pressure of the endo-
lymph involved 1 a “wave of sound” will affect all three ampullae
equally) those impulses will differ according to the direction of
the change. A still further extension of this view supposes that
since in any one position of the head the pressure of the endo-
lymph will differ in the three ampullae, mere position of the head,
as distinguished from change of position, is adequate to generate
afferent impulses differing in the different positions.

Let us now for a while turn aside to ourselves and examine
the coordination of the movements of our own bodies. When we
appeal to our own consciousness we find that our movements are
governed and guided by what we may call a sense of equilibrium,
by an appreciation of the position of our body and its relations to
space. hen this sense of equilibrium is disturbed we say we
are dizzy, and we then stagger and reel, being no longer able to
coordinate the movements of our bodies or to adapt them to the
position of things around us. What is the origin of this sense
of equilibrium? By what means are we able to appreciate the
position of our body? There can be no doubt that this appre-
ciation is in large measure the product of visual and tactile
sensations; we recognise the relations of our body to the things
around us in great measure by sight and touch; we also learn
much by our muscular sense. But there is something besides
these. Neither sight nor touch nor muscular sense can help us
when, placed perfectly flat and at rest on a horizontal rotating
table, with the eyes shut and not a muscle stirring, we attempt to
determine whether or no the table and we with it are being moved,
or to ascertain how much it and we are turned to the right or to
the left. Yet under such circumstances we are conscious of a
change in our position, and some observers have been even able to
pass a tolerably suceessful judgment as to the angle through which
they have been moved. There can be no doubt that such a
judgment is based upon the interpretation by consciousness of
afferent impulses which are dependent on the position of the
body, but which are not afferent impulses belonging to sensations
of touch or sight, or taking part in the muscular sense. We
ought not perhaps to forget the possibility of our consciousness
being affected by other impulses generated in the tissues by the
change of position, such as those due to vaso-motor effects; still
it may be urged with great Elausihiiity that the afferent impulses
in question are those which we have just referred to as started
in the semicireular canals.

If we admit the existence of such ampullar impulses, if we
may venture so to call them, and recognise them as contributing
largely not only to our direct perception of the position of the
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producing vertigo. Many persons feel giddy when they look at a
waterfall ; and this is a case in which both the sense of giddiness
and the disarrangement of coordination is the result of the action
of a pure sensation and nothing else. In the well-known intense
vertigo which is caused by rapid rotation of the body visual
sensation plays a part when the rotation is carried on with the eyes
open, but only a part; for vertigo may be induced, though not so
readily, by rotation with the eyes completely shut. In the latter
case it has been suggested that the vertigo is cansed by abnormal
ampullar impulses, but these only contribute to the result,
which is in part at least, if not in the main, caused by direct dis-
turbance of the brain. When the rotation is carried out with the
eyes open, the vertigo which is felt when the rotation ceases 1s
partly caused by the visual sensations, on account of the behaviour
of the eyeballs, ceasing to be in harmony with the rest of the
sensations and afferent impulses which help to make up the co-
ordination. The rotation sets up peculiar oscillating movements
of the eyeballs (nystagmus), which continue for some time after
the rotation has ceased ; owing to these movements of the eyeballs
the visual sensations excited are such as would be excited if
external objects were rapidly moving, whereas all the other sen-
sations and impulses which are affecting the central nervous system
are such as are excited by objects at rest. In a normal state of
things the visual and the other sensations and impulses, which go
to make up the coordinating machinery, are i accord with each
other in reference to the events in the external world which are
giving rise to them ; after rotation they are for a time in disaceord,
and the coordinating machinery is in consequence disarranged.

When we interrogate our own consciousness, we find that we
are not distinetly conscious of this disaccord ; the visual sensations
are so prepotent in consciousness, that we really think the external
world 1s rapidly whirling round ; all that we are further conscious
of is the feeling of giddiness and our inability to make our bodily
movements harmonize with our visual sensations. So that even in
the cases where the loss of coordination is brought about by
distinet semsations what we really appreciate by means of our
consciousness is the disarrangement of the coordinating machinery.
It is the appreciation of this disorder which constitutes the feeling
of vertigo; both the feeling of giddiness and the disordered move-
ments are the outcome, one subjective and the other objective, of
the same thing. It is not because we feel giddy that we stagger
and reel; our movements are wrong because the machinery is at
fault, and it is the faulty action of the machinery which also makes
us feel giddy.

We may here perhaps remark that it is an actually disordered
condition of the coordinating mechanism which gives rise to the
affection of consciousness which we call giddiness, not a mere cur-
tailing of the mechanism or any failure on its part to make
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sensation that the ground in front of them is suddenly sinking
away beneath their feet. Without trusting too closely to the
interpretations the subjects of these disorders give of their own
feelings, and remembering what was said above concerning vertigo,
we may at least conclude that the unusual movements are in many
cases due to a disorder of the coordinating mechanism, brought
about by strange or disordered sensory impulses. And this view
is supported by the fact that many of these forced movements
are accompanied by a peculiar and wholly abnormal posifion of
the eyes, which alone might perhaps explain many of the pheno-
mena.

Somewhat allied to these ‘forced movements’ is a peculiar
rigidity of certain of the skeletal muscles, which is seen in some
animals after removal of the cerebral hemispheres (including
the corpora striata), together with the optic thalami, and which
has been called ‘decerebrate rig':.:lif&:f,’ The limbs become fixed,
with the joints in extreme extension, the neck and the tail are
stiffly arched upwards, and all the parts may remain in this
condition without intermission for several days. No convulsions
or struggling necessarily occur and the breathing is regular and
tranquil. The steady, continued tonic contraction of the extensor
muscles which causes the rigidity may be temporarily suspended
by exciting in a reflex manner the appropriate flexor muscles;
the excitation of the flexor entails an inhibition of the antago-
nistic extensor (ef. 598); but the rigidity returns when the excita-
tion is ended. Since this ngidity of {imb is at once and per-
manently done away by section of the sensory roots of the part,
we may conclude that the phenomenon is of a reflex nature;
it is however developed by some action of the lower part
of the brain determined by the absence of the ecerebral
hemispheres.

The phenomena presented by animals deprived of
their cerebral hemispheres shew that this machinery of coordina-
tion is supplied by cerebral structures lying between the cerebral
hemisphere above and the top of the spinal cord below. But
when we ask the further question, how is this machinery related
to the various elements which go to make up this part of the
brain ? the only answers which we receive are of the most im-
perfect kind.

In the case of the frog we can, after removal of the cerebral
hemisphere, make an experimental distinetion in the parts left
between the optic thalami with the optic nerves and tracts,
the optic lobes, and the bulb with the rudimentary cerebellum.
When the optic thalami are removed, as might be expected, the
evidence of visnal impressions modifying the movements of the
animal disappears; and it is stated that apparently spontaneous
movements are much more rare than when the thalami are
intact. When the optic lobes as well as the cerebral hemispheres
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inert, develope their cell body into branches which spread upwards
through both layers to the surface, and so form a supporting
scaffold for the other elements (Fig. 129, n); these are neuroglia
cells,

As we pass upwards through the scale of animals we find that
the molecular layer, though increasing in complexity, is not grea.tg;
altered. The layer of cells on the contrary becomes largely modified.
All the cells composing it become definitely developed into either
nerve cells or neuroglia cells, and into many different kinds of nerve
cells in such a way that the single layer obtaining in the frog is in
the mammal differentiated into several layers. Many of the cells
continue to send their axons in an ascending direction to or towards
the molecular layer; but an increasing number, taking on as we
shall see the definite characters of pyramidal cells, send their axons
in a descending direction and thus increase the white matter
underlying them; this increase is further assisted by the growth
of axons coming from cells in other parts of the brain, and ending
in the cortex. Put briefly the development of the cortex, or rather
of the pallium, in the animal series (and the embryonic develop-
ment in the individual affords a close parallel) consists on the one
hand in the multiplication and differentiation of the cells in what
we have called in the frog the layer of cells, and on the other in
the establishment of ties in the form of fibres between these cells
and cells in other parts of the central nervous system, either in
other divisions of the brain or in the spinal cord or in other areas
of the cerebral hemispheres; as we have seen the great pyramidal
tract is in man the last such tie to be formed. The superficial
molecular layer though making its appearance at the first, and
a.Iwa{s remaining of great importance, becomes, owing fo the greater
development of the underlying parts, relatively less in the higher
animals,

Turning now to the mammal, we may say that the cortical
grey matter, having, in man, an average thickness of about
3 mm., but varying considerably in different regions from 1'8 mm,
in some parts of the occipital lobe to 42 at the dorsal summit of
the precentral convolution, is, like other grey matter, composed of
nerve cells, and of nerve fibres and fibrils supported by neuroglia.
The nerve cells are scattered, and appear, in sections prepared in
the ordinary way, to be imbedded in, and separated from each
other by a not inconsiderable but variable quantity of somewhat
peculiar ground substance, not unlike that which forms so large a
part of the molecular layer of the cerebellum. Part of this ground
substance, which apparently is not confined to any particular layer,
but stretches throughout the thickness of the cortex, is undoubtedly
neuroglial in nature, but part, and the greater part, is nervous
In nature; it is largely composed of fine fibrils traversing it in
vartous directions, the transverse sections of these fibrils giving it
a characteristic dotted or ‘molecular’ appearance ; and the majority
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throughout life is much more limited than that of other tissues.
In other tissues old cells die, new ones taking their place, and loss
by injury or disease is soon repaired by the formation of new but
ici,:antma.l tissue. In the brain, and indeed in the whole central
nervous system, this is not the case. A piece of the brain or
of the spinal cord once lost, is lost for ever. Put in another way
this means that after a certain epoch, and the epoch seems to be
late intrauterine life or quite early infancy, the installation of the
nerve cells of the central nervous system is complete, no more
new cells are formed. The growth which follows this epoch
consists exclusively in the development of the existing units,
in the amplification and extension of dendrites and axons, and
in the expansion of nuclei and perikaryons of cells already laid
down, not in the addition of new units. And what is lost by the
deprivation of acquiring new cells is made up for, perhaps more
than made up for, by the remarkable power which the nerve cell
possesses on the one hand of growing with the growth of the
body, and on the other of repairing itself after injury, as aeen‘

et

in the section of nerves, the latter power being retained to the
extreme limits of old age. Further, that dependence of gmwth
on the stimulus of environment and circumstance, which 1s seen
more or less obscurely in other tissues, as when the muscle
strengthens by exercise, 1s conspicuous in the cerebral nerve cells.
Shut off from all opportunity of reproducing itself and adding to
its number by mitosis or otherwise, the nerve cell directs its pent
up energy towards amplifying its connections with its fellows, in
response to the events which stir it up. Hence it is capable of an ‘
education unknown to other tissues.

One of the more easily recognized tokens of the growth and
development and the consequent full functional activity of a nerve
cell is the deposition of medulla around, the myelination of, the
axon and its branches; we may assume that an axon, so long as |
it has not acquired the medulla which is proper to it, though it |
may, like a non-medullated fibre, be capable of carrying impulses |
of a certain kind, is not in the full enjoyment of all its powers. This |
myelination is especially late in the cerebral hemisphere and
continues to advance here long after it has ceased elsewhere.
At birth no medullated fibres are present at all in the cortex
ifself, and the only part beneath the cortex, where the white
matter is really white, that is, contains medullated fibres, is the
motor area. We have seen that in the spinal cord the part which
is the last to acquire its medulla is the pyramidal tract; but this,
when it reaches the cerebral hemisphere, finds itself among fellows
all later in this respect than itself with the exception of the fibres
connected with the same area as itself but carrying impulses to
instead of away from it; these afferent fibres as we have alread
sald become myelinated a little earlier than the efferent fibres
which constitute the pyramidal tract. We may look upon all the
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the cells in the nuclei of the cranial nerves or in the ventral horn
of the spinal cord, the sensory limb consists of a series of relays,
in the spinal cord, in the bulb and elsewhere. So important 1s
this sensory moiety of the cortical mechanism that it seems to
determine the size of the cortical area connected with a particular
part of the body. We have already called attention to what
appears to be the disproportionate size of the area for the thumb,
or the fingers when compared with that of the trunk ; but the
disproportion vanishes when we measure the value of the thumb,
not by its share in the total surface or the total weight of the
body, but by the number and complexity of the sensory impulses
which pass from it up to the brain. Conversely the movements
of the viscera, of which normally we are unconscious, are not
represented at all, or in a very exceptional way, in the cortex.

We have already (§ 643) dwelt on the importance of afferent
impulses in the development of various movements, Of voluntary
movements afferent impulses seem to be, as 1t were, the very
essence. This is shewn by the following important experiments.
If in a monkey all the sensory roots ielnnging to a part, say
to the arm, be divided, the result is a loss of voluntary power,
which, as regards the extremity of the limb, the hand and digits
is complete, but is progressively less marked in the upper parts, in
the wrist, elbow and shoulder. No regeneration of the divided
roots taking place, the loss in the hand, thumb and fingers at
least is permanent; no voluntary power over these parts returns
however long the unimal may be kept alive. Further, it is the
distinetly voluntary movements which are affected. Under the
influence of emotions and the like movements may be observed in
a limb which, so far as volition is concerned, is useless. We may
add that the sensory nerves, whose intact condition thus seems
essential to the development of an act of volition, appear to be
especially those of the skin as distinguished from hhme%eluuging
to the muscles, tendons and other parts.

Now, if in an animal which has thus by section of the sensory
roots been deprived of voluntary power over, say, its arm, the
cerebral cortex be laid bare and the arm area be stimulated,
all the usual movements, all the ordinary rough imitations of
voluntary movements may be obtained as completely and as
readily as, perhaps even more readily than, in an intact animal.
This shews, in the case of a normal voluntary movement, how
small a part of the whole act is borne by the events taking place
i the pyramidal tract, and to what a small extent a movement
evoked by stimulation of the cortex corresponds to a really
voluntary movement. The fact that the specific movements ma
be called forth by stimulation, not of the cortex only, but also
of the fibres of the tract along their course, for instance in the
mternal eapsule and the electrieal phenomena deseribed in § 657,
leave little room for doubt but that in the normal function of























































































































































































































































































1236 THE ARTERIES OF THE BRAIN, [Book 1

origin of this from the basilar artery. Moreover, the two anterior
cerebral arteries soon after they have crossed the optic nerves,
Just as they are about to run straight forwards along the frontal
lobes, are joined together by a short wide branch, the anterior
communicating artery. In this way the vertebral arteries through
the basilar artery join with the carotid arteries to form around the
optic chiasma beneath the floor of the third ventricle an arterial
circle, the cirele of Willis,

Blood can pass along this circle in various ways; from the
basilar artery along the right posterior communicating artery to
the right internal carotid, and so by the right anterior cerebral
artery and anterior communicating artery to the left side of the
cirele, and similarly from the basilar artery along the left side to
the right, or from the right or from the left carotid through the
circle, to the right hand or to the left hand in each case. Since
the channel of the circle is a fairly wide one, the passage in
various directions is an easy one; all the vessels radiating from
the circle, including the basilar artery and its branches, can be
supplied by the carotids alone, or by the vertebrals alone, or even
by one carotid or one vertebral alone. In this way an ample
supply of blood to the brain is secured in the face of any hindrance
to the flow of blood along any one of the four channels,

In what may perhaps be considered the usual arrangement,

the calibre of the posterior communicating arteries is rather

smaller than the other parts of the ecircle, so that, other things
being equal, most of the vertebral blood will pass by the posterior
cerebral arteries, while the carotid blood passes to the middle and
anterior cerebral arteries; but many variations are met with.
We may also here perhaps call to mind the fact that the left
carotid coming off from the top of the aorta, offers a more straight
path for the blood than does the right carotid which comes off

' from the innominate artery.

Another special feature of the arterial supply to the brain is
that the three large cerebral arteries, posterior, middle and ante-
rior, are distributed almost exclusively to the cortex and to the sub-
jacent white matter, while the deeper parts of the hemisphere, the
nucleus caudatus, thalamus and the ligz, with the internal capsule
and other adjoining white matter are supplied by smaller arteries
coming direct from the cirele of Willis, or from the very beginnings
of the three cerebral arteries. It is stated that these two systems
make no anastomoses with each other; but this appears to vary
much in different individuals. The region of junction between
the two systems seems to be more liable than do other parts of
the brain to suffer in its blood supply when general difficulties
arise in the circulation; this perhaps explains why central
‘softening’ due to 1mperfect nutrition is especially frequent in
that important 1r:*e&:r~e+l:+1"ae|}3 structure, the internal capsule. e may
add that the anterior cerebral artery supplies the cortex of the
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