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THE FEUNCTIONS OF THE
CEREBELLUM

FIRST PART

EXPOSITION OF FACTS

CHAPTER 1
ANATOMY OF THE CEREBELLUM
I. THE ARCHITECTURE OF THE CEREBELLUM

The cerebellum is an unpaired median symmetrical organ,
situated, in man, below the cerebral hemispheres which cover it
entirelv, behind the corpora quadrigemini, and above the pons
Varolii and the medulla oblongata in which it makes a deep
groove or concavity and which it overlaps largely on the sides.

With its furrowed and lamellated appearance it is related to
all the other parts of the central nervous system in which, by
volume, it occupies the second place; it 1s but a misnomer to call
it the *little brain” or “ Kleinhirn” as do the Germans as this
name 1s neither justified by morphology, histology nor physiology.

The cortex of the cerebellum or the cerebellar mantle, which
is demonstrated by a simple macroscopic examination, constitutes
but one portion of the organ; a series of longitudinal or sagittal
sections gives immediately an important idea of its architecture.
From the surface towards the interior one can distinguish: (1)
the cerebellar cortex; (2) a thick layer of white matter; (3)
collections of gray matter or central gray nuclei. In man there
are four of these nuclei for each half of the organ, the corpus
rhomboideum or cerebellar olive also called the corpus dentatuni,
the nucleus fastigii, the nucleus globulosus and the nucleus em-

2 I



2 THE FUNCTIONS OF THE CEREBELLUM

boliformis (Fig. 3). Certainly the cortex and the nuclei have, as
we shall see further on, very intimate relations with one another,
but their configuration and their structure is so dissimilar that
they must be looked upon as distinct organs. This should be
the same with the cerebellum as with the cerebrum. In each
cerebral hemisphere does not one distinguish—as well from the
point of view of structure as of function—the cortex and the
central nuclei? All the more reason to do the same for the
cerebellum in which the cortex is so distinctly differentiated from
the rest by its external appearance as well as by its histological
structure.

Fic, 1. Section of Mevnert, Inferior surface of the cerebellum.
(After a photograph.)

AM, anterior wall; B, medulla; Cv, hemispheres of the cerebellum;
Epa, anterior perforated space: Fe bundle of Feérré; Floe, flocculus; [,
insula; 1, fissure of the insula; Ja, anterior convolutions of the insula; fp,
posterior convolution of the insula; LF, frontal lobe; LT, temporal lobe;
Le, central lobe; Ldg, digastric lobe; Lgr, lobus gracilis.

This conception 1s however not only anatomical but physio-
logical as well ; there will be occasion to investigate whether there
are differences observed between the symptoms which are pro-
duced by the simple destruction of the cortex in animals and
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man, and those produced by the total destruction of the organ
(both cortex and central gray nuclei), between the phenomena
produced by the excitation of the cortex and of those which
follow the irritation of the central nuclei. To sum up, the cere-
bellar cortex 'is an organ and the central gray nuclei are other
organs; there exist relations, both anatomical and physiological,
between the two, but nevertheless they enjoy an independence
sufficiently marked to consider them as distinet organs.

The cerebellum is formed of a median or central part, the
vermis or median lobe, and of two lateral parts, the lateral lobes
or hemispheres.

Fic. 2. Section of Meynert. Superior surface of the cerebellum.

Lqa, anterior quadrilateral lobe; Lgp, posterior quadrilateral lobe;
Lshi, inferior semi-lunar lobe ; Lsls, superior semi-lunar lobe: NA, nucleus
amygdalus; F, foot of the peduncle; pl'L, falciform fold of Broca; Scf,
circumferential fissure of Vieq d’Azyr; Sil/, inferior fissure; Sma, ante-
rior marginal groove; Ssl/, superior fissure; Sta, anterior transverse
fissure; Feu, culmen; Fde, declive; Fsph, sphenoidal ventricle: XIF,
optic chasm,

The vermis in the animal series is the most constant part
of the cerebellum; it alone exists in the inferior vertebrates
(fishes, reptiles), and also in the great majority of birds. It
is only in the mammalia that the lateral lobes, rudimentary in
certain types of birds, compare in their development with the
vermis. Edinger, from the point of view of phylogenetic evolu-



4 THE FUNCTIONS OF THE CEREBELLUM

tion, joins the vermis and the flocculus under the name of paleo-
cerebellum ; the lateral lobes which appear later form the neo-
cerebellum,

In man the limits between the hemispheres and the vermis
on the superior surface are somewhat indistinct; this is not so
on the inferior surface, where the pyramids are clearly separated
from the hemispheres on each side by a deep groove. The supe-
rior surface of the vermis i1s called the superior vermis and the
inferior surface the inferior vermis,

[_ S :ac!r-;faféﬁ.ﬂ'??frlhcffw L
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Fic. 3. Photograph of a section of the pons and the cerebellum of man.
( Stained Wiegert-Pal.)

Cj, juxta-restiform body; Flp, posterior longitudinal bundle; fsme,
femi, arcuate fibers, external, internal; Nem, embolus; Ngl, globulus;
Nt nucleus fastigii; Oc, cerebellar olive; Pei, inferior cerebellar peduncle;
Pem, middle cerebellar peduncle; NI/, nucleus of sixth nerve; VI,
facial.

In animals they are respectively the posterior and anterior
vermis. A detailed description of the fissures and lobes does not
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come within the scope of this work. It is only necessary to re-
member that the cerebellum is divided by several deep fissures
into lobes: these are divided by less pronounced fissures into
lobules and these in their turn into lamellee. The fissures of the
vermis are less deep than of the lateral hemispheres, nevertheless
there is an apparent continuity between the lamelle of the cere-
bellar hemispheres and those of the vermis, so that each lobe com-
prised between two deep fissures may be considered as being
formed of a vermian and two hemispheric parts. This concep-
tion, however, is purely anatomical, for physiologically it seems
preferable not to confound the hemispheres and the vermis.

M. and Mme. Dejerine distinguish five primordial lobes in the
cerebellum of man: (1) superior lobe or lobe of the principal
mass of the vermis; (2) posterior lobe, or lobe of the transverse
lobule; (3) inferior lobe or lobe of the pyramid; (4) infero-in-
ternal lobe, or lobe of the uvula; (35) infero-anterior lobe or lobe
of the nodule.

Each of these lobes comprises a vermian and a hemispheric
portion. The superior lobe is divided into four secondary lobes,
The lobe of the lingula, central lobe, lobe of the culmen and
lobe of the declive. The lobe of the lingula is represented in
the vermis by the lingula and in the hemispheres by the frenule
of the lingula; in the same way the central lobe comprises the
central lobule and the alxe of the central lobule. The lobe of the
culmen, the culmen and the anterior portion of the quadrilateral
lobe ; the lobe of the declive represents the declivus and the poste-
rior portion of the quadrilateral lobe. ;

The posterior lobe is subdivided into the superior lobe of the
transverse lamellz (folium cacuminis in the vermis and superior
semilunar lobe in the hemispheres), and the lobe of the inferior
transverse lamellee (tuber valvulse in the vermis and the inferior
semilunar lobe and the lobus gracilis in the hemispheres), the in-
ferior lobe or lobe of the pyramid comprises the pyramid in the
vermis and the digastric lobe in the hemispheres.

The infero-internal lobe or the lobe of the uvula is formed
by the uvula in the vermis, and the tonsils in the hemispheres.

Finally the infero-anterior lobe or lobe of the nodule is
represented in the vermis by the nodule and in the hemispheres
by the flocculus.
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The figures 1 and 2 represent the superior and inferior sur-
faces of the cerebellum in man.

The nomenclature of the lobes and fissures is purely ana-
tomical. The theory of cerebellar localization, which is of very
recent date, does not up to the present repose upon a basis of
facts sufficiently demonstrable.

II. HistoLoGy OF THE CEREBELLUM

In the solution of a physiological problem of this order one
cannot omit a consideration of the structure of the cerebellum
and more particularly the knowledge that has been acquired of
the connections which unite the nerve elements or different
groups of cells one with another. The results obtained by stain-
ing with silver chromate by Golgi and Ramon y Cajal are of
primary importance from this viewpoint (Figs. 4 and 5).

Structure of the Corter—Each lobe of the cortex is divided
into lobules and lamellze. The whole histology of the cortex is
thus based upon that of a lamella. Each lamella 1s divided from
the surface to the interior into: (1) the molecular layer; (2) the
granular layer and (3) the white substance.

The molecular layer 1s occupied by star-shaped cells of two
kinds, large and small. The small cells, more superficial, have
the form and properties of the majority of multipolar cells. The
large cells for the most part lie deeper. The axis-cylinder of the
large star-shaped cells 1s derived from the body of the cell and
takes an antero-posterior direction; after a long course it ap-
proaches a Purkinje cell around which it arborizes and forms a
sort of basket or envelope (Kdolliker), but before this it gives off
at regular intervals collaterals which arborize in the same manner
around other Purkinje cells. Each star-shaped cell of the molec-
ular layer has thus, dependent upon it, a large number of Purkinje
cells. At the limits of the molecular layer and the granular layer
there are found a large number of the Purkinje cells: the largest
in size of the elements of the cortex, and considered from the
physiological point of view as playing the most active part.

The Purkinje cells are notable for their rich protoplasmic
expansions which run through the whole thickness of the molec-
ular layer. The body is voluminous and spherical or ovoid, it is
continuous with one or two large protoplasmic arborizations upon
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which all the others are implanted. These protoplasmic arboriza-
tions or dendrites are covered with thorny projections which are
perpendicularly inserted; they terminate freely. The axis cylin-
der is directed towards the interior, at first to the granular layer
and then to the white substance, it gives off one or two collaterals
which mount to the molecular laver where they end.

Fi6. 4. Semi-schematic transverse section of a cerebellar convolution in a
mammal. (After Ramon y Cajal.)

A, molecular zone; B, granular zone; C, zone of the white substance;
a, Purkinje cell, front view; b, small star-shaped cells of the molecular
layer; d, final descending arborizations which surround the cells of
Purkinje; e, star-shaped superhcial cells; f, large star-shaped cells of the
granular layver; g, granules with their ascending axis-cylinders bifurcated
at T; i, mossy fibers; j, neuroglia cell with branches; m, neurogha cell of
the granular layer; n, climbing fibers; o, ascending collaterals from the
axis-cylinders of the Purkinje cells.
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The Purkinje cells contain a number of large chromatic gran-
ules and are traversed by numerous neurofibrillz.

The granular layer is almost entirely composed of an agglom-
eration of small cellular elements of a spheroidal shape. Each
one possesses protoplasmic prolongations and an axis-cylinder
prolongation. The protoplasmic prolongations are few in num-
ber (three or four), thin, short, and terminate by a slight ar-
borization. The axis-cylinder mounts into the molecular laver
and divides in the form of a T, into two horizontal branches:
each of these runs through the molecular layer for a long distance

Fic. 5. Semi-schematic longitudinal section of a cerebellar convolution.
(After Ramon y Cajal.)
A, molecular layer; B, granular layer; C, layer of the white substance;
a, ascending axis-cylinders from the granules; ¢, bifurcation of this axis-
cylinder and the formation of a parallel fiber: d, Purkinje cell seen in
profile; e, granular terminal extremity of the parallel fibers; f, axis-
cyvhinders of the Purkinje cells.

and terminates freely, but they enter into contact along the whole
of their course with the terminations and protuberances of the
ramifications of the Purkinje cells. In the granular layer also
there are found some large star-shaped multipolar cells or cells of
type II of Golgi, the axis-cylinders of which arborize very freely
around the body of the cell and thus enclose in a sort of network
a very large number of the “ granules” or small cells of the
granular layer. The protoplasmic prolongations terminate either
in the granular layer or in the molecular layer.
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The sohite substance is formed by a mass of myelinated nerve
fibers which go in opposite directions; the fibers of one kind are
centrifugal and originate in the cerebellar cortex, and the others
are centripetal and terminate in the cortex. The centrifugal
fibers are derived entirely from the Purkinje cells which have
been described.

The centripetal fibers are of two kinds: the mossy fibers of
Cajal, and the climbing fibers. The mossy fibers of Cajal are so
called because they present nodular thickenings bristling with
short divergent expansions, which resemble the moss covering
trees. Theyv arborize in the granular layer and consequently
they enter into relations with the granules.

The climbing or creeping fibers ramify principally in the
molecular layver and attach themselves to the ascending arboriza-
tions of the Purkinje cells; they terminate in varicose and plexi-
form arborizations.

The centripetal or terminal fibers are fibers of association,
peduncular fibers, and fibers of projection. The peduncular fibers
originate in the middle and inferior cerebellar peduncles. It is
probable, if they exist at all, that fibers which originate in the
central gray nuclei are very few in number. Association fibers
unite the neighboring lobules and lamellae to one another.

The structure and the division of the neuroglia and the other
interstitial elements does not offer any interest in a purely physio-
logical study. On the other hand the light thrown by histological
examinations upon the morphology of the nervous elements and
their reciprocal relations i1s of some help in following the path
of excitations from the periphery to the cerebellum, and vice
versa.

The stimulus carried by a centripetal fiber is transmitted simul-
taneously to several Purkinje cells either directly (climbing fibers)
or indirectly by the intermediation of the granules or the star-
shaped cells of the molecular layer. Each Purkinje cell is in re-
lation with neighboring Purkinje cells by means of the recurrent
collaterals of the axis cylinders.

The association fibers establish functional relations between
the cellular elements of neighboring lobules and lamelle. Tt is
finally upon the Purkinje cells that all centripetal excitations
are concentrated; these elements in their turn are the only ones
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whose axis cylinders project themselves to the central gray nuclei
(fibers of projection). Justly, therefore, the Purkinje cell is -
considered the truly active element of the cerebellar cortex.

Thus organized the cerebellar cortex appears fitted to propa-
gate and reinforce impressions which come to it from the
periphery.

Structure of the Central Gray Nuclei—The cerebellar olive
and its accessory nuclei, 1. e., nucleus globosus and nucleus emboli-
formis, have the same structure. Three kinds of elements are
tound in them: numerous myelinated fibers, a large number of
cells and terminal arborizations. The cells are of medium size,
multipolar and elongated. From their bodies dendrites are given
off which arborize in dividing dichotomously and direct them-
selves externally. The axis cylinders, on the contrary, turn
towards the center or hilum of the cerebellar olive, i. e., towards
the superior cerebellar peduncle. Detween the cells there are
numbers of terminal arborizations dividing dichotomously several
times.

The cells of the nucleus fastigii, or nucleus of the tegmentum,
are, on the contrary, large multipolar vesiculated cells, analogous
to the cells of Bechterew’s and Deiters’ nuclei. The bodies are
large, the protoplasmic expansions few and slightly ramified,
thick and very long.

ITI. Tue CoNNECTIONS OF THE CEREBELLUM

The nerve fibers which run through the white substance of
the cerebellum belong to various systems. Some of them termi-
nate in the cerebellum: these are the afferent fibers; others orig-
inate in the cerebellum and terminate either within or without 1t:
these are the efferent fibers; or in another territory of the cere-
bellum at a point more or less remote from that of their origin,
on the same side or on the opposite side; these are the fibers of
projection or the fibers of association.

The connections of the cerebellum with the other centers are
made by means of three large bundles, or peduncles: the inferior
cerebellar peduncle, the middle cerebellar peduncle, and the supe-
rior cerebellar peduncle. What is the distribution of the efferent
and afferent fibers in these three systems of bundles; what are the
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origins of the afferent fibers, and what is the destination of the
efferent fibers? These are the problems which have been solved
in a great measure by the study of secondary degenerations fol-
lowing focal lesions in man, and by sections or experimental de-
structions in animals. The experimental method offers the valu-
able advantage of being able to change the location and extent of
the lesions, and it is by this rheans that the most precise informa-
tion concerning the origin and termination of the cerebellar bun-
dles has been acquired. :

The results obtained by a study of degenerations agree
with those obtained by histological methods, such as the method
of Cajal, by impregnation with silver chromate. IEmploying this
method in small mammals this author was able to follow the
cerebellar fibers to their origins and their terminations. DBut the
method is insufficient for systems of long fibers. These cannot be
traced save by studying secondary degenerations.

I. Afferent Fibers

The afferent fibers follow two paths in entering the cerebel-
lum, the inferior and median cerebellar peduncles. The inferior
cerebellar peduncle contains fibers of bulbar, medullary and
spinal origin; the middle cerebellar peduncle contains fibers of
pontine origin. In fact, the spinal cord is but a relay station
between the periphery of the sensory paths and the cerebellum,
the medulla oblongata, an intermediary between the mid-brain
and the cerebellum, and the pons is but a station between the
cerebral cortex and the cerebellum. This is what anatomy and
a study of secondary degenerations teaches.

The Inferior Cerebellar Peduncle or Restiform Body

This is formed of two parts: the spinal and the medullary.
The spinal part i1s represented by: (a) the direct cerebellar tract
and some fibers of the posterior cord; (b) the tract of Goll and
the tract of Burdach. The cerebellum receives besides these a
bundle of fibers which does not traverse the inferior cerebellar
peduncle ; these are the fibers from the tract of Gowers.

Spinal Part—(a) The direct cerebellar tract, first described
by Foville, and later by Flechsig, originates in man between the
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first lumbar segment and the twelfth dorsal. This limit 1s dis-
puted and it is carried higher by Schultze who indicates the
tenth dorsal segment, and by Kahler and Pick, who indicate the
ninth dorsal segment, whereas, Flechsig lowers it to between the
second and third lumbar segment. Long, Rothmann, as well as
Barbacci, Pellizzi and Flatau, admit that in the dog the lowest
fibers appear in the lumbo-sacral region. In the rabbit the exist-

Fic. 6. 5Section of the spinal cord of a fetus aged 8! months. Lower
dorsal regions. (Stained by the method of Pal.)

The pyramidal tract, crossed and direct, which is not yvet myelinated
shows in white, The fibers which take their origin in the column of
Clarke are directed outwards towards the periphery and constitute the
direct cerebellar tract. Ce¢, column of Clarke; ffd, fibers coming from the
column of Clarke and directed towards the periphery to form the direct
cerebellar tract; Pye, crossed pyramidal tract; Pvd, direct pyramidal tract.

ence of any such fibers was not found by Singer and Miinzer,
Sarbo, Miinzer and Wiener, and Bochenek. DBing suggests the
hvpothesis that the direct cerebellar tract commences at a more or
less high level in animals according to the greater or less develop-
ment or absence of the tail. Whatever the explanation may be
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it is possible that variations exist according to the species of
animals. The direct cerebellar tract occupies the most posterior
and external part of the lateral cord, limited within by the
crossed-pyramidal tract, and without by the sub-meningeal tissue,
the more posterior fibers adjoin the extremity of the posterior
horn ; the most anterior fibers enter almost into contact with the
posterior fibers of Gowers' tract. It increases in volume progres-
sively as one examines it at the higher levels of the dorsal
cord; it does not increase perceptibly above the first dorsal seg-
ment and keeps the same volume until it reaches the medulla. It
originates in the column of Clarke of the same side; this in its
turn extends from the first lumbar root to the first dorsal root.

The origin of the direct.cerebellar tract in the column of
Clarke is demonstrated: (1) by histological methods, especially
by the method of Cajal, where one can see the nerve fibers com-
ing from the column of Clarke traverse the lateral tract and

Fics. 7 to 11. Degenerations of the direct cerebellar tract and the
tract of Gowers after experimental section of the spinal cord in the
superior cervical region of the cat.

Fic. 7. Section of the spinal cord at the level of the first cervical root.
Cal, anterior-lateral segment; Fb, tract of Burdach; Fd, direct cere-
bellar tract; FG, tract of Gowers: Fg, tract of Goll.

engage in the direct cerebellar tract; (2) by pathological anat-
omy. When this tract is severed by a transverse section, or is
primarily degenerated in consequence of an hereditary disease,
the cells of the column of Clarke atrophy in the planes adjacent to
the lesion. In the case of unilateral lesions this atrophy occurs
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only on the same side, which proves that the fibers of the direct
cerebellar tract do not cross in the cord, and so come homolater-
ally from Clarke’s column. At the level of the medulla, the direct
cerebellar tract bends backwards and penetrates the restiform
body or inferior cerebellar peduncle, in which it occupies the cen-
tral part, and then ascends into the cerebellum and terminates in
the anterior portion of the cortex of the superior vermis (Auer-
bach, Bechterew, Patrick, Thomas, Pellizzi, Bruce, Lewandowsky,
Bing).

The fibers terminate some on the same side and others on
the opposite side after decussation (Figs. 7 to 10). The propor-
tion of the direct fibers to the crossed fibers is disputed. DPellizzi

Fi1G. 8. Section of the medulla at the level of the olives and the external
segment of the nucleus of Burdach.

Crst, restiform body; Fd, direct cerebellar tract; ffd, fibers of the
direct cerebellar tract, turning around the descending root of the fifth
pair to enter the restiform body; FG, tract of Gowers; Flp, posterior
longitudinal fasciculus; lo, latero-olivary ascending tract; NB, nucleus of
Burdach; NeB, external nucleus of the tract of Burdach: NG, nucleus of
the tract of Goll; NI, nucleus of the lateral tract; Oi, inferior olive; Py,
pyramid ; Fs, descending root of the fifth pair; X1/, hypoglossal nerve.

considers the decussation total, Mott says there is a partial
decussation. André-Thomas and Edinger consider that there is
a decussation of the majority of the fibers, whereas, v. Monakow
states that all of the fibers are direct. It seems established, how-
ever, that the majority of the fibers decussate and this opinion is
also maintained by Bing.

It is known on the other hand that the cells of Clarke’s column
are plunged in a network of nerve fibers, nourished by the fibers































































































































































































































































































































































































































































































































































































































































