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INTRODUCTION

The initial impetus was given to vestibular investi-
gation in 1825 when Flourens (14) first demonstrated that
the entire internal ear was not solely auditory in function
as previously supposed. By disturbing the semicircular
canals, certain signs of cerebellar excitation could be
elicited suggesting a functional relationship between the
ear and the cerebellum., The demonstration of this relation-
shiv has subsequently resulted in an imposing volume of
experimental papers,

The vestibular nuclel were classically divided into
four major components; the superior (nucleus of Becterew),
lateral (nucleus of Deiter), medial (nucleus of Schwalbe),
and inferior (descending) nucleus by Fuse (14)., Brodal and
Pompeiano ( 3 ) have described subdivisions and additional
small cell groups in close proximity to the four major
vestibular nuclei. Cajal ( 5) felt that the interstitial
nucleus situated among the fibers of the vestibular nerve
was an aberrant part of the lateral vestibular nucleus.

Larsell (23) has shown that the flocculo-nodular lobe
of the cerebellum is intimately related to the vestibular
apparatus. Althougch Lorente de N8 (24) had not observed
primary vestibular fibers wpassing to the cerebellum, these

fibers have been described by Cajal ( 5) in Golgi material
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and by Larsell (21) and Whitlock (40) using silver impreg-
nated material, In Marchi voreparations, primary vestibular
fibers projecting to the flocculus, nodulus, and the
fastigial nucleus have been described by Ingvar (18) in the
cat, Dow (10) in the rat and cat, and Whitlock (L0} in
birds. Dow (10) also made the further observation that
there existed a homolateral projection to the uvula.

Studies of secondary vestibulo-cerebellar fibers
employing normal silver impregnated material in the opossum,
bat, and man by Larsell (21, 22, 23), in reptiles by Westen
(39), and in birds by Whitlock (40) have shown the areas
of termination to be the same ag those of primary vestibular
fibers, Larsell (21) working with the opossum was of the
opinion that the superior and lateral vestibular nuclei are
the major sources of secondary vestibular fibers, whereas
Vores and Hoerr (36) working with the same animal indicate
that the inferior and medial vestibular nuclei are the
origins of these fibers. Brodal, Pompeiano, and Walberg (4 )
using kittens, made lesions involving the entire vermis of
the cerebellum and both fastizial nuclei. They found no
retrograde changes in the superior or lateral vestibular
nueclel although changes were present in the medial and
inferior vestibular nuclei. Carpenter, Bard and Allineg ( my
worked on adult cats and came to the same conclusions,.

It has been well extablished for several decades that
the fastigial nucleus projects upon the vestibular nuclei.

Allen (1), Basmussen (28), and other investigators using



the Marchi method had noted the bilaterality of the
fastigial efferenta, The efferent projections of the
fastieial nucleus reach the vestibular nuclei via the
fastigio-bulbar fibers in the juxtarestiform body homo-
laterally and be means of the uncinate fasciculus (hook
bundle of Russell) contralaterally. Cohen, Sprague, and
Chambers ( 9) ugsing silver impregnation techniques to show
terminal degeneration and Jansen and Jansen (20) enpleoying
the modified Gudden method to follow retrograde degeneration
concluded that the fasticio-bulbar fibers were derived
largely from the rostral half of the fastigial nucleus,
while the uncinate fasciculus fibers were derived predomi-
nantly from the cells of the caudal half of the fasticial
nucleus, Althouch no conclusive evidence of the presence
of an afferent component to the westibular nuclei from the
interpositus or dentate nuclel has been offered, Cohen,
Sorague, and Chambers ( 9) have indicated that the homo-
lateral vestibular and reticular nuclei receive a small
projection from the interpositus and dentate nuclei.
Neuroanatomists have known for many years that a ma jor
part of the "vestibular system" consisted of cerebellar
components (30, 8 )., The majority of investisators feel
that the cerebellum influences the vestibular nuclei by
two distinect means; the cortico-vestibular fibers which are
axones of Purkinge cells, and fastigio-vestibular fibers
which arise from the deevr cerebellar nucleus, Probst (25)

suggested in 1902 that corticofugal fibers of the cerebellar
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cortex pass to the lateral vestibular nucleus, although
Clarke and Horsley (8 ) felt that all fibers leaving the
cerebellum by way of the peduncles have their origin in one
or the other of the deep cerebellar nuclei. With the
exception of the studies by Dow (10, 11) on the efferent
connections of the flocculo-nodular lobe, most authors have
focused their sttention on the efferent cortical projections
to the deep cerebellar nuclei and have largely ignored the
terminations in the vestibular nuclei. Relyinz on the
Marchi method in the rat, cat, and monkey, Dow concluded
that fibers from the nodulus project to all vestibular
nucleil, while efferent floccular fibers terminate in the
superior vestibular nucleus and the dorsal leteral aspect
of the lateral vestibular nucleus. The publications of
Allen ( 1), Rasmussen (28), Jansen and Brodal (19), and
Bager (12) all indicate that such fibers emanating from the
entire vermis and flocculus exist,

In Golgi material, Lorente de N& (25) and Scheibel and
Scheibel (31) found the vestibular nueclei to project upon
the reticular formation. Following lesions of the ves-
tibular Nuclei in cats, Szentlgothai ( 34) was able to
discern by means of the silver impregnation method degen-
erating fibers which terminate on cells in the reticular

formation, chiefly homolateral in the pons and contralateral

in the mesencephalon.



MATERTAL AND METHODS

The brains of forty-four healthy adult cats were
investigated. Operations were done employing aseptic
conditions under lizht intraperitoneal pentobarbital
anesthesia, Both electrocoagulative and clean surgical
lesions were placed sterotaxically. Lesions were unilat-
eral or bilateral and involved the following areas:
cerebellar cortex, fastigial nucleus, interfasticial area,
interpositus nuecleus, brachium conjunctivum, uncinate
fasciculus, juxtarestiform body, and vestibular nuclei.

‘The post-ovrerative period allowed for degeneration
to ocecur varied between four and nine days except in one
instance when the post-operative period was twenty days.
The cats were sacrificed with a lethal dose of intra-
peritoneal pentobarbital immediately followed by thoracotomy
and pulsatile transcardiac perfusion with 1.5 liters of
15 per cent formalin throush a Turner verfusion machine.
The brains were then removed and immersed in 15 per cent
formalin for a minimum period of four weeks.

3locks of tissue cut in the coronal plane were
dehydrated and embedded in paraffin, Serial sections,
twenty microns thick, were cut with a rotatory microtome.

Bvery fifth or tenth section was mounted and stained with
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the Stotler intensified Brotargoiamethod ( 33) and addition-
ally in some instances with the Nissl method employing
cresyl fast violet. Prior to employing the Stotler method,
mounted sections were treated with potassium vermanganate
to potentiate the stainine of both normal and degenerated
element or were treated with potassium dichromate to en-
hance the staining guality of the degenerated elements
while supressing the normal elements,.

The silver impregnation method was excellent for
demonstration of neuronal elements including normal and
degenerated axones and boutons. Retrograde deseneration
was characterized by chromatolysis, eccentric or absent
nuclei, and a swollen homogeneous hyaline-like cytoplasm,
Degenerated axones were swollen, fragmented, and abnormally
argyrophilic and the degenerated preterminal and terminal
fibers avpeared as argyrophilic, finely granular stippled
lines, Degenerated boutons avneared as black swollen dots
or rings terminatineg on cells or their processes,

The Nissl stained material was originally employved to
differentiate types of cells and to delineate nuclear
boundaries as well as minor subdivisions of nuclei on a
cytoarchitectonic basis. An additional use of the Nissl
method was for observing retrograde changes in the neuron
goma, which were characterized by eccentrically placed
nuclei, swollen cytoplasm, and loss or alteration of Nissl
substance.

While the presence of retrograde changes in a cell was
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indicative of injury to its axone, the converse was not
necessarily true; i.e. it was possible for an axone to be
sectioned without resultant retrograde changes, This was
especially true of certain resistant nuclear groups and may
have been due to sustainine collaterals. Dark shrunken
cells were interpreted as being the result of changeg in
osmolarity either in the agonal state, from functional
effects or fixations artifact and were not accepted as

evidence of retrograde degeneration (15),



RESULTS

In each cat, the position and extent of the lesion
and degeneration are illustrated by superimposition on
representative sections of Weigert stained preparations.
Cat 431X Bilateral lesion: four day degeneration.

The lesion and resulting degeneration are summarized
in Figure 1, The lesion extends horizontally through
approximately the anterior half of the vermian cerebellar
cortex, The deep cerebellar nuclei are not involved in
the lesion,

Bilaterally, fine degenerating fibers appear chiefly
in the lateral vestibular nuclei (Fig, 22), while the
superior, medial, and inferior vestibular nuclei receive
fewer fibers (Figs. 23, 24, 25). No large degenerating
fibers are observed in the vestibular nuclei. In the
anferior vermian cerebellar cortex there is a loss of
many Purkinge cells and sore of the Purkinze cells show
chromatolytic changes, The fine cortico-vestibular
projections exhibit degeneratine fibers as well a2s a loss
of fibers as they vass to the brain stem predominantly in
the rostral-lateral area of the fastigial nucleus (Fig, 20,
21) and then disverse diffusely throuzh the juxtarestiform

body as the fibers avproach the vestibular nuclei, Although



many fine degeneratine fibers are nresent in close
relationshin primarily with the processes of the larger
vestibular cells, no degenerating terminal boutons are
demonstrable., A varying degree of degeneration of fine
fibers in the vegtibular nuclei is also seen in cats THZY,
360, T9X, 353, 354, T7, and 297. Wo retrograde changes
are seen in any of the vestibular nuclei.

The fastigial and interpositus nuclei contain many
degenerating terminals, but exhibit no retrograde
degeneration.

No degenerating fibers are observed leaving the
cerebellum via the brachium conjunctivum, The interstitial
nucleus of the vestibular nerve, medial longitudinal
fasciculus, and reticular formation contain no degeneration,
Cat T1Z2Y Unilateral lesion; five day degeneration.

The lesion and resulting degeneration are summarized
in Figure 2. The anterior and vposterior limits of the
lesion are the brachium conjunctivum and cerebellar cortex
respectively. Between these areas the fastigial nucleus,
interpositus nucleus, inferior cerebellar peduncle, dorsal
third of the superior vestibular nucleus, and the uncinate
fasciculus are included in the lesion.

Degenerating fibers are found in all vestibular nuclei
homolateral to the lesion., Both large and fine degenerating
fibers are present in the lateral, superior, and inferior
vestibular nuclei, A fine argyrophilic debris is seen

e

in the medial vestibular nucleus., From the area of the



Figure 1

A series of eignt photographs illustrating
reprecentative sections of cat 431X. The
extent of the lesion is shown in A, B, C,

D, B, P, and G, Note bilateral degeneration
in all vestibular nuclei except the inter-
stitial nucleus of the vestibular nerve,
Crosg hatching revressnts lesicns. Stinpling

rewrecsents deceneration,
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lesion occupied by the fastigial and interpositus nuclei,
large degenerating fastigin-bulbar and intervosito-bulbhar
fibers can be followed serially to the superior vestibular
nucleus., Degeneration of the fastimio-bulbar tract with
no degeneration of the interposito-bulbar tract is seen
in cats 353, 354, and 352, Degeneration of the inter-
posito-bulbar tract without accompanyine degeneration of
the fastigio-bulbar tract nccurs in cat 340, Degeneration
of both tracts concomitantly is oresent in cats 2T, TeX,
and. 297,

The large degeneratine fibers of the uncinate
fasciculus which terminate in the ventral part of the
lateral vestibular micleus and the rostral nart of the

inferior vestibular nucleus can be traced serially in a
superior and cenhalad direction as it courses just lateral
to the vestibular nuclel to reach the area of the lesion
at the level of the brachium conjunctivum. Degeneration

of the uncinate fascicnlns homolateral to the lesion ig

lso seen in cats 360, T9X, T7, and 297,

0

The fine degenerating fibers which occur in all
homolateral vestibular nuclei are similar to the type of
degeneratine fihers geen following lesions of the vermian
cerebellar cortex as ir cat 431X (Fig. 1), and may be due
to interruption of the cortico-vestibular fibers as they
nass throuch the area of the deep cerebellar nuclei. A
similar interrupntion of cortico-vestibular fibers resulting

In degeneration of fine fibers in the vestibular nuclei



to varying degrees is present in cat 431X, 360, T9X, 353,
354, T7, and 297.

That wvestibulo-cerebellar fibers have been interrupted
by the lesion is indicated by the presence of marked
chromatolysis in the inferior vestibular nucleus., Retro-
crade degeneration following a2 lesion incorporating the
vestibulo-cerebellar fibers is seen in the lateral and
inflerior vestibular nuclei in cat 297 and in the lateral
vestibular nucleus in cat T9X. No retrograde changes are
seen 1in the superior or medial vestibular nuclei,

On the contralateral side the larze degenerating
fibers can be followed serially from the interfastigial
area where the uncinate fasciculus is dispersed widely to
the superior cerebellar peduncle where it occupies its
position as a discrete bundle of fibers just dorsal to
the brachium conjunctivum, In Figure 13 the uncinate
fasciculus shows degeneration and a loss of fibers as it
occupies this position. The uncinate fasciculus is
closely applied to the dorsal convexity of the brachium
conjunctivum and from its lateral margin courses obliquely
in a ventral and caudal direction along the lateral aspect
of the vestibular nuclei, The large degenerating fibers
of the uncinate fasclculus then sweep medially to terminate
in the ventral portion of the lateral vestibular nucleus
and the rostral part of the inferior vestibular nueleus
(Fig., 14). Degeneration of the uncinate fasciculus contra-

lateral to the side of the lesion also seen in cat T9X
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and 352, No dereneration is obhserved in the SdpETiaT,
medial, dorsal oart of the lateral, and caudal part of

the inferior vestibular nuclel, No retrograde degeneration
1= noted in the contralateral vestibular nuclei.

The larze degenerating fibers of the brachium
conjunctivum can be traced throuzh the decussation of the
brachium conjunctivum from the superior cerebellar vneduncle
to the contralateral red nucleus. At this level a few
larse degenerating fibers of the hrachium conjunctivum
turn dorsally to enter the oculomotor nuclesi of the
contralateral side (Fig. 15). The degeneratine fibers
of the brachium conjunctivum can also be traced to the
contralateral red nucleus in cats 360, T9X, and TTe biit
in only cat 360 can degenerating fibers be found in the
oculonotor nuclei,

An isthrms of cells between the lateral vestibular
nucleus and the interstitial nucleus of the vestibular
herve serves to make these two nuclear groups continuous
(Fig. 16).

No changes are evident in the interstitial nucleus
of the wvestibular nerve, medial longitudinal fasciculus,
or the reticular formation bilaterally,

Cat 360 Unilateral lesion; nine day degeneration,

The lesion and resulting degeneration are summarized

in Figure 3, The lesion (Fiz. 17) includes a small needle

tract through the posterior cerebellar cortex, the inter-

vositus nucleus, the brachium conjunctivum, and the



Figure 2

A series of eight vhotographs illustrating
representative sections of cat T12Y., The
extent of the lesion is shown in A, B, C,
D, B, F, and G, Note degeneration in the
vestibular nuclei bilaterally (A-F), in the
homolateral superior vestibular nucleus
(G), and in the contralateral red nucleus

and oculomotor nuclei (H).
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uncinate fasciculus,

The degeneration in the vestibular nucleil is limited
to the homolateral side, where a minimal amount of fine
argvroohilic debris is present in a2ll vestibular nuclei.
The large degenerating fibers are found in the superior
vestibular nucleus, dorso-lateral part of the lateral
vestibular nucleus, ventral vart of the lateral vestibular
nucleus, and rostral part of the inferior vestibular
nucleus. From the area of the lesion occupied by the
interpositus nucleus, large degenerating interposito-
bulbar fibers can be traced to the dorso-lateral part of
the lateral vestibular nucleus. The dorso-medial portion
of the lateral vestibular nucleus is free of degeneration
of large fibers, however there 1is marked degeneration in
the dorso-lateral aspect of the lateral vestibular nucleus
(Fig, 18). 1In cats 353, 354, and 352 the fastisio-bulbar
tract 1s degenerated and the interposito-bulbar fibers
are intact, In these cases the dorso-medial part of the
lateral vestibular nucleus shows degenerating terminals
and the dorso-lateral vart of the lateral vestibular
nucleus contains no degeneratine terminal flbers. The
fasticial nucleus and fastigio-bulbar tract in this case
are spared by the lesion and are free of degeneration.

The large degenerating fibers of fthe uncinate
fasciculus which terminate in the ventral part of the
lateral vestibular nucléus and the rostral part of the

inferior vestibular nucleus can be followed serially in a
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superior and cephalad direction as it courses Jjust lateral
to the vestibular nuclel to reach the area of the lesion
at the level of the brachium conjunctivum,

The vresence of fine degenerating fibers isg chiefly
limited to the lateral vestibular nucleus and is similar
to the type of degeneratinsg fibers seen following lesions
of the vermisn cerebellar cortex as in cat 431X (Fig, 1).
The lesion apparently does not disrupt as many cortico-
vegstibular fibers as they pass the area of the deep
cerebellar nuclel as do lesions which extend more medially
into the fasticial nucleus (Figs. 20, 21). The relatively
long veriod allowed for degeneration to occur may also be
a factor accountin~e for the sparseness of fine degeneratine
fibers because the fine terminal degeneration is cleared
more ravidly than the coarse degenerating fibers. No
retrograde degereration is noted in the vestibular nuclei
of sither side,

The degenerating fibers of the brachium conjunctivum
can be followed Throurh the decussation of the brachium
conjunctivum from the lesion in the superior cerebellar
peduncle to the contralateral red nucleus, Although
continuity of degenerating fibers from the brachium
conjunctivum is not demonstrable, degeneratinzg fibers anvear
ir the contralateral oculomotor nuclei (Fig., 19),

No alterastion of normal cytoasrchitecture iz seen in
the interstitial nucleus of the vestibular nerve, reticular

formation, edial longitudinel fasciculus of elther side,



Figure 3

.2

A series of eight nhotogravhs illustrating
representative sections of cat 360. The extent
of the lesion is shown in A, B, C, D, E, F,

and G, Note degeneration in the homolateral
vestibular nuclei (A-G) and contralateral red

nucleus and occulomotor nuclei (H).
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Cat T9X Unilateral lesion; nine day deceneration,

The lesion and resulting degeneration are summarized
in Pigure 4, The lesion was made through the nosterior
cerebellar vermis and involves the fastigial nucleus,
interpositus nuclevs, uncinate fasciculus, and brachivm
con junctivum,

Homolaterally, both large and fine degenerating fibers
are present in the lateral (Fig. 11), superior, and inferior
vestibular nuclei, whereas only fine degenerating fibers
occur in the medial vestibular nuclevs (Fig, 12). The
course of the large degenerating fastigio-bulbar and
interposito-bulbar fibers can be traced serially throush
the juxtarestiform body from the area of the fastirial
and interpositus nuclei involved in the lesion to the
superior vestibular nucleus and the dorsal nart of the
lateral vestibular mucleus., A similar pattern of degener-
ation obtains in cats T12Y, T9X, and 297,

The large degeneratine fibers in the ventral part
of the lateral vestibular nucleus and the rostral part of
the inferior vestibular nucleus can be followed in a
superior and cephalad direction along the lateral side of
the vestibular nuclei to the area of the lesion. These
fibers have the same pattern of distribution as the fibers
of the uncinate fasciculus of the contralateral side.

The fine degzenerating fibers found in all homolateral
vestibular nuclei are similar to the tyvpe of degenerating

fibers seen following lesions of the vermian cerebellar
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cortex as in cat 431X (Fig, 1), and may be due to inter-
ruption of the cortico-vestibular fibers as they pass
throush the area of the deep cerebellar nuclei, A varying
degree of degeneration of fine fibers in the vestibular
nucleli following interruption of the cortico-vestibular
fibers is seen in cats T12Y, 360, T9X, 353, 354, T7, and
297.

Some of the axones of the vestibulo-cerebellar tract
which originate in the lateral vestibular nucleus are
included in the lesion and the lateral vestibular nucleus
(Fig. 10) exhibits the resultant chromatolysis, Retrograde
degeneration resultine from a lesion involvine the vestibulo-
cerebellar fibers is seen in both the lateral and inferior
vestibulay nmelel in cats TI2Y awd 297. The guperior,
medial, and inferior vestibular nuclei do not show retro-
grade changes,

On the contralateral side large degenerating fibers
can be followed serizlly from the interfastigial ares
where the uncinafe fasciculus is dispersed widely to the
superior cerebellar peduncle where it occupies its position
as a discrete bundle of fibers just dorsal to the brachium
conjunctivum., The uncinate fasciculus is applied closely
to the dorsal convexity of the brachium conjunctivum and
from its lateral margin courses obliouely in a wventral
and caudal direction alons the lateral aspect of the ves-
tibular ruclei, The larse degenerating fibers of the uncinate

fasciculus then sweep medially to terminate in the ventral

n
o
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nortion of the laterasl veatibular nucleus and the rostral
part of the inferior vestibular nucleus, Degeneration
of the uncinate fasciculus contralateral to the lesion
is alco present in cats TI2Y and 352, No degeneration
is observed in the suverior, medial, dorsal vart of the
lateral, and cavdal half of the inferior vestibular nueclei,
No retrograde dezeneration is seen in the contralateral
vegtibular nucledl,

The degeneratine fibers of the brachium conjunctivum
on the =side of the lesion can be traced to the contra-
lateral red nucleus,

No degenerative changes are observed in the irter-
gtitlial nvcleus of the vestibular nerve, reticular formation,
medial lonzitudinal fasciculus, or oculomotor nuclei of
either side,

Cat 353 and 35k 1inilateral lesion; eicht and six day

degeneration respectively,.

The lesion andl resultine desereration of these two
cats are summarized in Figure 5 and are sufficiently
gimilar to he cownsidered together. A small needle tract
throush the posterior cersbellar corterx and the juxta-
restiform body are involved in the lesion (Fig. 26).

The degeneration is limited to the homolateral
vestibular nuclei., Iarge as well as fine degeneratine
fibers occur in the superior (Fiz., 27) and dorso-medial

nortion of the lateral vestibular nucleus (Fig. 28),

The dorso-lateral part of the lateral vestibular nucleus



Pigure 4

A series of eight photogravhs illustratine
representative sections of cat T9X, The
extent of the lesion is shown in A, B, C,

D, B, F, and G, Note degeneration in the
vestibular nuclei bilaterally (A-F), in

the homolateral superior vegtibular nucleus
(G), and in the contralateral red nucleus (H).
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le free of deseneration in contrast to the abundant
degeneration oresent in the dorso-medial part of the
lateral vestibular nucleuvs (Fig., 23), The interpositus
nucleus and the internosito-bulbar fibers are apared by
the Tesion. When the internosito-bulbar fibers are
degenerated and the fastigio-bulbar fibers spared of de-
ceneration as in cat 360, the dorso-medial rart of the
lateral vestibular miclens is free of degeneration and

the dorso-lateral part of the lateral vestibular contains
numerous deseneratine terminal fibers., The uncinate
fasciculus is not involved in the lesion and consequently
no large degeneratine fibers can be seen in the ventral
rart of the lateral vestibular nucleus or in the inferior
vestibular nucleus, ‘A few fine degeneratine fibers are
also seen in the medial vestibular nucleus, but not in the
inferior vestibular nucleus. The nresence of fine
degenerating fibers is chiefly limited to the dorso-medial
vart of the lateral vestibuler nucleus and the medial
vestibular nucleus, These degeneratine fibers are similar
to the tyne of degeneratin~ fibers seen following legions
of fthe vermian cerebellar cortex as described in cat 431X
(Fig. 1) and may be due to the interrupntion of the cortino-
vestibular fibers as they vpass through the Juxtarestiform
body. No retrosrade chances are noted in the vestihular
ruclei, Degeneration of the “retraction ball type” is
seen in the lateral vestibular nucleus near the lesion

(Fig. 29) 2and is similar to the “retraction ball type® of

Fd
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degeneration which occurs when avones of the Purkinge cells
are interrupted in the cerehellum (Fie, 30),

No terminal degencration is geen in the fasti~ial
niclei, No changes are noted in the medial longitudinal
fasciculnus, adjacent reticular formation, or interstitial
nucleus of the vestibular nerve,

Cat 352 Unilateral lesion; six day degeneration,

The lesion and resulting degeneration are summarized
in Pigure 6. The lesion is small, well localized in the
fastizlal nucleus, and extends Just to the rostral pole
of the fastigial nucleus (Fig. 31).

Degenerating fibers of the fasticio-bulbar tract
predominantly of the large type are noted originating
from the area of the fastizial nucleus involved in the
lesion and traversing the juxtarestiform body to terminate
in the homolateral superior vestibular nucleus and the
dorso-medial part of the lateral vestibular nucleus
(Fig. 32). The dorso-lateral portion of the lateral
vestibular nucleus shows no terminal degeneration, The
homolateral medial, inferior, and ventral part of the
lateral vestibular nuclei show no degeneration. No

retrograde degeneration is noted in the homolateral

vestibular nuclei,

¢t

On the contralateral side the large degenerating
fiberg can be followed from the area of the lesion involv—
inz the fasticial nucleus where the uncinate fasciculus

crosses the midline as widely dispersed fibers, to the



Figure 5

A series of eight photographs illustrating
representative sections of cat 353 and 354,
The extent of the lesion is shown in C, D,
B, and F, Note de@eneratlon in the homo—
lateral vestibular nuclei (A-G).
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superior cerebellar neduncle where it occupies its vosition
as a discrete bundle of fihbers just dorsal to the brachium
conjunctivum., The uncinate fasciculus is closely applied
to the dorsal convexity of the brachium conjunctivum and
ffom its lateral margin courses obliquely in a ventral
and caudal direction along the lateral aspect of the
vestibular nuclei, The large degenerating fibers of
the uncinate fasciculus than sweep medially to terminate
in the ventral part of the lateral wvestibular nucleus
and the rostral part of the inferior vestibular nucleus
(Fig. 33). Degeneration of the uncinate fasciculus
contralateral to the side of the lesion is also observed
in cats T12Y and T9X. No degeneration is observed in the
asuperior , medial, dorsal part of the lateral, and caudsl
part of the inferior vestibular nuclei. No retrograde
degeneration 1s noted in the contralateral vestibular
nuclei,

No degeneration is observed in the medial longitudinal
fasciculus, reticular formation, or interstitial nucleus
of the vestibular nerve,

Cat T7 Unilateral lesion; eight day degeneration,

The lesion and resulting degeneration are summarized
in Figure 7. The following structures are involved in the
lesions a needle tract in the posterior cerebellar cortex,
Juxtarestiform bhody, dorsal part of the superior vestibular
nucleus, ventral part of the interpositus nucleus, brachium

conjunctivum, and uncinate fasciculus.



Figure 6

A series of eight photographs illustratirg
representative sections of cat 352, The
extent of the lesion is shown in A, B, C,
and D. Note deseneration in the vestibular
nuclei (A-G).
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Homolaterally, large and fine degenerating fibers
and terminal houtons are seen in the superior, lateral
(Figs. 34, 35), and inferior vestibular nuclei. A moderate
amount of argyrophilic debris is vresent in the medial
and inferior vestibular nuclei. The course of the large
degenerating fibers can be followed from the superior
vestibular nucleus and the dorsal vpart of the lateral
vestibular nucleus dorsally to the lesion., The larce
decrenerating fibers of the uncinate fasciculug in the
ventral part of the lateral vestibular nmicleus and the
rostral nart of the inferior vestibular nucleus can be
followed serially in a superior and cenhalad direction
alonz the lateral aspect of the vestibular nuclei to the
area of the lesion at the level of the brachium conjuncti-
vum,

The fine degeneratine fibers found in all vestibular
nuclel are similar to the type of degeneratine fibers
seen followin~ lesions of the vermian cerebellar cortex
as in cat 431X (Figz. 1) and may be due to the lesion involv-
ine the cortico-vestibular fibers just dorsal to the
vaestibular nuclei., WNo retrograde de@enefation is seen in
the vestibular nuclei of this cat,

Tha westibular nueclei of the contralateral side annear
free of degenerative chances.

The contralateral medial 1ongitudinallfaeoioulus show
2 few degeneratinge fibers, The larre Adegenerating fibers

of the brachivm conjunctivum can be traced throush the



28
decussation of the brachium conjunctivum from the lesion
in the sunerior cerebellar peduncle to the contralsteral
red nuecleus, No degeneratine fikers of the brachium
conjunctivum or medial lonzitudinal fasciculus are seen to
enter the oculomotor nuclei in this case.

No degeneration is exhibited by the reticular formation
nor the interstitial nucleus of the vestibular nerve.

Cat 297 Unilateral lesion; six day degeneration,

The lesion and resultine degenerstion are summarized
in Figure 8, The lesion involves the posterior cerebellar
cortex, interpositus nveleus, Juxtarestiform body, uncinate
fascicnlus, and corticon-vestibular fikers,

Degenerating fibers occur in all vestibular nuclei
homolateral to the lesion. Both large and fire degeneratinco
fibers are seen in the lateral, superior, and inferior
vestibular nueclei, The medial vestibular nucleus contains
a fine argvrophilic debris. From the area of the vertically
placed lezion throusgh the interpositus nucleus, larve
degeneratineg fastixio-bulbar and intervosito-bulbar fibers
can be traced serially to the superior vestibular nucleus
and the dorsal vart of the lateral vestibular nucleus, The
large degenerating fibers of the uncinate fasciculus which
terminate in the ventral nart of the lateral vestibular

nucleuvs and the rostral vart of the inferior vestibular

1,

nucleus can be traced cerially in a sunerior and cephalad
direction as 1t runs just laterzal to the wvestibular nuclei

to reach and swince over the dorsal convexity of the brachium



Moure 7

A geries of eight vhotographs illustrating
representative sections of cat T7. The
extent of the lesion is shown in B, C, D,
B, F, and G, Note degeneration in the
homolateral vestibular nuclei (A-G), and
contralateral red nucleus (H),
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conjunctivum to gain the area of the lesion.

The fine demeneratine fibers which oeccur in 211l homo-
lateral vestibular nuclei are cimilar to the type of
degenerating fibers =een following lesion of the vermian
cerebellar cortex as in cat 421X (Fig, 1) and may be due
to involvement of the cortico-vestibular fibers as they
pass throurh the lateral fasticial area (Fizs, 20, 2L).

That fibers of the vestibulo-cerebellar tract have
been interrupted by the lesion is indicated by the presence

of marked chromatolysis in the lateral vestibnla ar nucleus

(Figa, 3A, 38) and inferior vestibular nucleus (Fige, 37,
38). Chromatolytic cellular changes following a lesion

incorporatine the vestibulo-cerebellar nrojections are
also seen in the lateral and inferior vestibular niclel in
cat T12Y and in only the lateral vestibular nucleus in

cat T9X, The lateral extent of the chromatolytic cells

in the vestibnlar nuelei is shown in Figure 39,

The contralateral vestibular nuclei are entirely
free of deseneration.

Retrograde degeneration of the cells in the contra-
latéral Festigial nucleus followine section of the uncinate
fasciculus is manifested by the alteration of Nissl cub-
stance (Fig, 40), The cells of the fastieial nucleus
which demonstrate this retrograde chanre are diffusely
scattered throushout the entire extent of the nucleus.
Retrograde dece eneration is limited princinally to the rostral

half of the fastigisl nucleus on the homolateral side.



No changes are noted in the wedia)l
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longitudinal

iy

L

fasciculus, adjacent reticular formation
nucleus of the vestibular nerve,

, and interstitial
study i=

dlagrammatic vartial summary of the results of this

shown in Figure 9,



Figure 8

A series of eight photographs illustrating
representative sections of cat 297. The
extent of the lesion is shown in 4, B, C,
D, B, P, and G, Note the degeneration in
the homolateral vestibular nuclei (A-G).
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Ficure 9

A echematic diagram revresenting a vartial
summary of the vestibular and cerebellar
interconnections in the cat, Unbroken lines
represent large fibers and broken lines
represent fine fibers.

TARLE OF ARBREVIATIONS

D Dentate nucleus

F  ™occulus

FA Fastigial nucleus

I Inferior vestibular nucleus
IN Interpositus nucleus

I. Iateral vestibular nucleus
M Medial vestibular nucleus

N Nodulus

WY

Juperior vestibular nucleus

[
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DI3CU3ISION

Cortico-Vestibular Connections

Clarke and Horsley (8 ) eoncluded from their ana-
tomical investications in 1905 that axones of the
cerebellar cortex make synavtic cornnections with one or
another of the deep cerebellar rnuclei and that none of
the axones of the cerehellar cortex leave the cerebellum,

However, the later experimental works of Allen M

Bender (2 ), Rasmussen (28), Dow (10, 11), Jansen and
Brodal (19), and Rager (12) have chown that the vermis and

Flocecvlus project direct fibere to the vestibular nuclei,
It 1s the concensus amonc most investirators in this fielqd
that the cortico-vestibulsr fibare rass to the hrainstem
via the inferior cerebellar peduncle, and with the excepntion
of the flocculus no cortico-vestibular fibers arize from
the cerebellar hemievheres,

From studyine Marchi preparations of the Fuinea »nig,
Allen (1) revorted that all of the efferent cevebellar
cortex fibers are distributed to the deep cerebellar nuclei
except for a few fibers from the vermis which pass medial
to the restiform body to reach the lateral vestihular
nucleus in what was desisnated as the "inner cerebellar

funiculi®, Cerebellar cortex fibers were also found to
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pags to the dor=el reticular formation. A few fibers as
well were said to pass to the medial longitudinal fasciculus.

Employine the Marchi method in cats, Rasmussen (28)
noted that the vermis discharged many fibers into the
fastisial nuclevs and some fibers into the vestibular
miclei. Cerehellar cortical lesions caused no degeneration
in the brachium conjunctivum,

Walberg and Jansen (37) and Brodal, Pompeiano, and
Halberg (4 ) noted that a considerably larger contribution
of cortico-vestibular fibers are derived from the anterior
lobe than is derived from the posterior lobe. The cortico-
vestibular fibers were found to be homolatersl vrojections
which terminate in the dorsal half of the lateral vestibular
nucleus., In the inferior vestibular nucleus the heaviest
concentration of degenerating terminals was found in the
rostral portion., In the ventral half of the lateral
vestibular nucleus no degenerating fibers were found. In
the superior vestibular nucleus = few rericellular arbori-
zations of fine degenerating fibers were observed on some
cells. These authors reported that the cortico-vestibular
fibers terminate on 21l types of cells, but the majority
make contact with the large cells, egspeclally their den-
drites. WNo degenerating fibers were seen in the medial
vestibular nucleus, interstitial nucleus of the vestibular
nerve, brachium conjunctivum, or reticular formation.

Some of the cortico-vestibular fibers were thought

to be bilateral projections by Esger (12) who reporited
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that following unilateral vermal cerebellar cortex lesions,
bilateral degeneration apvreared in the fastigial ruclei
and lateral vestibular nuclei. When lesions involved the
varavermal cortex, degeneratine fibers avpeared in the
intervositus nueclens throushout ite rostral-candal extent
and also in the lateral vestibular nucleus of the same
side. Degeneration of fibers was gald to nccur in the
dentate nucleus and in the homolateral lateral vestibular
nucleus following lesions in the lateral cerebellar cortex.
Eager also found that vermal cerebellar cortex lesions of
the anterlior lobe resulted in degenerating terminals in
the anterior part of the fastigial nueclei, hut that vermal
lesions of the posterior lobe resnlted in terminal degener-
ation throuchout the fastigial nucleus. The vermis of the
anterior lobe anpeared to contribute = much larger quantity
of cortico-vestibular» fibers than the vermis of the
posterior lobe (12, 37, &),

The present experimentsl studies indicate that
cortico-vestihvlar fibers exist (Figs. 22,723, 24, 25}
and that thece fibers are actually axones of the Purkinge
cells of the cerebellum, Cajal (6 ) observed that decener-

ation of the perinheral stump of Purkinee axones suffering

from travmatic degeneration become varicogs, B8hd 5t a

t

he lesion, ends in a "retraction

variable distance from

ball", That the free balls resulting from autonomy of the
nortion that is decenerated traumatically are nreserveqd

for many days near the lesion wea alse reporfed by Cajal.
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In cat 354 the lesinn was located near the dorsal portion
of the lateral vestibular nucleus resulting in the form-
ation of prominent "retraction ball type® of degeneration
(Fiz. 29), This indicated that axones of Purkinege cells
are present in the vestibular nuelei. The "retraction
hall type"™ of degeneration was typically found near tesions
in the cerebellum and was easily observed bhecause of the
numerous Purkinge axones present in the cerebellum as in
cat 383 (Fig. 30).

In cat 431X followine a lesion in the anterior vermal
cerebellar cortex, the majoritv of deceneratine fibers
passing to the fastigial nucleus and the brainstem were
seen occunylneg a region in the rostro-lateral part of the
fastizial nucleus (Figs. 20, 21), Because all cerebellar
cortex lesions were placed bilaterally in this study, the
homolateralarity or bilateralarity of the cortico-vestibular
fibers.could not be determined.

Because of the fine caliber of the cortico-vestibular
nrojections, they were thought to be part of a collateral
system of the Purkinee axones.

Only fine degenerating fibers were found in all
vestibnular meclei, but the vast majority were restricted
to terminations in all parts of the lateral vestibular
nucleus (Figs, 22, 23, 24, 25), Althoush numerous fine
degeneratine fibers could he found in close relationshin
to the larger vestibular cells and especlally their pro-

cesses, no degenerating terminal boutons could be
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demongstrated, The inability to demonstrate degenerating
boutons may be due to their relatively small size as
compared to terminal boutons of larger fibers,

Degenerating fibers were not found in the brachium
conjunctivum, medial longitudinal faseiculus, reticular

formation, or interstitial nucleus of the vestibular nerve,.

Fastigio-Bulbar Connections

It has been established for = considerable length
of Time by Russell (30) and other investirators (1, 28)
that the fasticial nucleus gives rise to the homolstersl
fastigio~bulbsr tract which runs throuech the juxtarest-
iform body to the vestibular nuclei,

Cohen, Sprasue, and Chambers (9), and Walbere,
Pompeiano, Brodal, and Jansen (38) using the silver
impregnation technique to show terminal degeneration and
Jansen and Jansen (20) employins the modified Gudden
method to follow retrosrade degeneration concluded that
the fasticio-bulbar fibers were derived largely from the
rostral half of the fastigial nueleus.

The areas of terminaticw of the fe=tigio-bulhar
Tibers have been studied by Thomas, Kaufmpan, Snracne,
and Chambers (35) 1nsing the silver imoresnation method,
They found that the fasticio-bulbar fibers terminate in

the superior vestibular nuelens and dorso-medial nart of

0]

the lateral vestibular nuesleus.
Walberg, Pompeiano, Brodal, and Jansen (33) found

the terminations of the fastigio-bulbar fibers to he
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restricted to certain regions within each of the four
vestibular nuclei; the superior vestibular nucleus, the
dorso-medial vart of the lateral vestibular nueclevs, the
medial vestibular nucleus except for its ventral strip,
and the inferior vestibular nuclens except for its
ventro-lateral recion,

Carnenter (29) was of the opinion that the fastipial

nuclel project hilateral efferent fibers to the labyrinthe

By

nd that homolateral fastisial efferent fibers nassing
in the juxtarestiform body are distributed chiefly to the
lateral and inferior vestibular nuclei,

Recause the cortico-vestibular fibers pasgs through
and in close proxinity to the antero-lateral part of
the fastigial nucleus (Figs., 20, 21) and are inevitably
injured in lesions of the fantigial =2nd intervositus
nuclel, interpretation of the nresent studies were made
difficult, Although the nressnce of fine fibers arising
from the deep cerebellar nuclei and passing to the veastib-
ular nueclei could not he rvled out, larse degeneratine
fibers as well as fine degenersting fibers were always
present when the lesion involved the deep cerebellar
niclel or their tracts (Figs. 18, 27, 34), Only fine
degenerating fibers were seen in the vestibular nuclei
followine anterior vermal cerebellar cortex lesions,

In ecat 297 the majority of chromatolytic cells in
the fastigial nucleus homeolateral to 2 lesion interruntine

the fastizio-bulbar tract were found in the anterior
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vart of the nucleus indicating that the fastigio-bulbar
tract arises larce from the arterior part of the fastirial
nucleus,

In cat 352 a small well localized lesion was placed
in the fastigial nucleus (Fig. 31) and in cats 353
(Fig. 26) and 354 small lesions were placed in the juxta-
restiform body. Larce degenerating fibers of the fasticio-
bulbar tract were found to terminate in these cases in
the superior vestibular nuecleus and the dorso-medial part
of the lateral vestibular nuecleus. No degeneration was
noted in the interstitial nucleus of the vestibular nerve

or in the vestibular nerve itself,

Uncinate Fasciculus Connections

Allen (1) and Rasmussen (23), emnlovine Marchi nren-
arations, have shown that the ma jority of the uncinate
fasciculus fibers oricrinate from the caudal part of the
fastigial nucleus, In exneriments using the modified
method of Gudden to detect retrograde cellular changes,
Jansen and Jansen (20) felt that the uncinate fasciculus

riminates primarily from cells in the caudal two-thirds

9}

of the fastigial nucleus and decussates in the cerebellum
to Joln the contralatersl sunerior cerebellar neduncle,
The observations of Cohen, Chambers, and Sprasue (9 )
concurred with that of Jansen and Jansen.

Basmussen (28) and Cohen, Chambers, and Sprazue (9 )
were of the oninion that the uncinate faseciculus terminates

largely either in the vestibuler nuclei or in the
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reticular formation of the mnons ard the unper half of
the myelencevhalon, According to Carpenter (29) bilateral
fastizial efferent fibers runring irn the uncinate fascin-
ulus project to all vestibular nuclei and to the PATE.—
median area of the nontine and medullary reticular
formation,

Thomas, XKaufman, 3nrague, and Chambers (35) studied
efferent nrojections of the fastisial nuclei ngine the
silver imoprezhatiocn technique in the cat snd found that
total contralateral fastigial nucleus lesions d4id not
cause terminal degeneration in the suvperior vestibular
nucleus and the dorso-medial nart of the lateral vestibuler
noeleus, They found terminel desenerztion loncated nre-
domirantly ventro-laterelly in the lateral vestibular
nuclevs 2nd in the inferior vestibular nucleus, The
observations of Walbere, Pomneiano, Brodal, and Jansen
(32) also working with silver impresnated bpreparations
of the cat followine total contralsteral fastirial
miclevs ablation differed markedly. They revorted the
presence of terminal degenerstion in the sunerior vestib-
ular ruecleus, in the ventral vart of the lateral vestih-
ular nmucleus, in the ventrsl most strip of the medisl
vestibular rucleus, and in the lateral 4Malf of the
inferior vestibular nuelens as well as a2long its ventrsal
2trin, No terminal depeneration was observed in the
interstitisl rusleus of the vestibuler nerve, The

terminal fibers of the uncinate fasciculus vwere also
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felt to be nresert in the nucleus parasolitarius, nucleus
praencositus hyno~lossi, nucleus intercalatus, and the
micleus of Holler,

In this study it was noted that followine transection
or electrocazgulative lesions involvine fihers emanating
from the deen cerebellar nuclei, a considerable number
of neuronesof the deep cerebellar nuclei retained their
normal appearance in both Nissl stained and silver
impresnated sections, This relative resistance to retro-
grade degenerative changes as compared to other nuclear
groups such as the vestibular nuclei is undoubtedly due
to various factors. One of these factors may be the
bresence of sustainins collaterals, Janszen and Jansen (20)
seewed to favor the hypothesis that some of the neurons
in the cerebellar nuclei are intrinsic cerebellsr elements,

A lesion involving the uncinate fasciculusz in cat 297
shows retrosrade dereneration in the contralateral
fastizial nuclens (Fie, 40), The degenerative chances
in the cells are diffusely scattered throughout the rogtral-
candal extent of the fasticial nucleus irdieating that the
uncinate fasciculus takes oricin from all narts of the
fastieial nucleus, although the fasticio~bulbar trect
arises predominantly from the rostral vortion of the same
nucleus,

After decussating in the cerebellum the uncinate
fascliculus passes dorsal to the contralateral brachium

conjunctivum., (Fig, 13),
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The uncinate fasciculus enters the vestibular nuclei
from the lateral aspect and eweeps medially to terminate
enproximately in the ventral half of the lateral vestibular
nucleus and in the rostral part of the inferior vestibular
micleus (Figs., 14, 33).

The uncinate fasciculus was not noted to terminate
in any areas other than those mentioned above, No fine
degenerating fibers were present in the veatibular nuclei
contralateral to the lesion,

Lesions of the fastigial nucleus in the cat resulted
in a disorder Ef equilibrium, in which the cat circled to
the side of the lesion, Its homoletersal limbs were abducted
and exhihited extensor hypertonus, and its contralateral
limbs were adducted and exhibited flexor hypertonus,

The demonstration that the contralateral uncinate
fasciculus projects to the ventral part of the latersl and
rostral part of the inferior vestibular nuclel while the
homolateral fastiecio-bulbsr snd interposito-bulbar tracts
project to the dorsal part of the lateral and superior
vestibular nuclei mayv be functionally correlated with a

somatotopic arrangement of flexor and extensor activity

within the vestibular ruclei,

Interrosito-Bulbar Connections

Althcvgh conclusive evidence that fibers fron the
interpositus and dentate nuclei project on to the vestibular

nuclei has not been obtained in previons exoverimentation,



Cohen, Chambers, and Sprague (9 ) uging the gilver

impregnatinn technique evidently felt thst such fibers

g

existed. Evidence of ocjections to the vestibular nuclei

-
3

were sald to be found followine homolaters] ablation of
various narts of the intervositus =znd dentate nuclel,
From their naner it car not be determined whether the
degeneration obssrved actually resulted from damage *to
fibers cominy from other cerebellar areas.

The stvdy of the intevnosito-bulbar fihers was made
d1fficult by the bpresence of inevitable damace to certico-
vestibular fibers, According to Dow (10) in the cat,
degenerating fibers fromn a lesion in the floceulus arch
above 2nd between the mogterinr fibers of the restiform
body and end in the lateral nart of the lateral vestihular
nucleve, In cat 360 the restiform body is snared and the
lesion is fairly well localized in the interpositus nucleus
(Fig. 17). The lesion is placed too dorsally to disruvt
the floccvlo-vestibular projections and yet large decener-
ating fibers are seen to stresnm ventrally from the ares
of the lesiom in the interpositus ruclevs to the superior
vestibular nuecleug and the dorso-lateral nart of the lateral
vestibular nuclsaus (Fiz, 1R).

The dorso-lateral nart of the latersl vestibular
nucleus is free of large degenerating terminal fibers
following lesions of the fastizial nucleus (Fig, %1}, oTr
from lesions of the medial part of the Juxtarestiforn body

involving the fastirio-bulbar fibers (Fig. 26)., 1In these
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tases numerous degenerating terminal fibers are seen in

the dorso-medial nart of the latewrsl vestibular nucleus,
In summary the interposito-bulbar fibers take orizin

from the homolateral interpositus nuecleus and termirate

in the =uperior vestibular mmeleus and the dorsal lateral

nvart of the lateral vestibular nuelens,

Topoaraphy of Cerebello-Vestibular Projections: = Summary

A diagram of the cerehello-vestibular projections is
presented in Figure 0,

The cortico-vestitmlar fibers originate from the
flocculo-nodular lobe and the vermsl cerebellar cortex of
the anterior lobe. These fibers terminate as fine fibers
in the suverior, lateral, medial, and inferior vestibular
nuclei, he vast majority of cortico-vestibular fibers
terminate in the lateral vestibular nucleus.

The fastisio-bulbar fibhers arise predominantly from
the rostral nart of the homolateral fastisial nuecleus and
traverse the medial part of the Juxtarestiform body to
terminate in the suvperior vestibular nucleus and the
dorso-medial part of the lateral vestibular nucleus,

The uncinate fasciculus takes origin equally from the
rostro-caudal extent of the fastizial nuclevs and terminates
contralaterally in the ventral rart of the lateral vestibu-
lar nucleus and the rostral portion of the inferior
vestibular nucleus,

The interposito-bulbar fibers arise from the inter-

vositus nucleus, traverse the lateral nart of the
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Juxtareatiform body, and termirate in the homolsateral
suverior vestibuler nuclevs end the dorso-lateral nart
of the lateral vestitular nuelens,

Thus it wonld anrear that the superior and the doreal
portion of the lsteral weastitnlar nnueclei receive homn.
latevrel projections from the interpositus and fasticial
nouelel in addition to the direct cerehellar cortical
projections, while the vertral nortion of the lateral and
the rostral portion of the inferior micleus recelive g
contralateral nrojection from the fastisial nueleus by
way of the uncinate fasciculus in addition to their cortical
afferents, The homolateral projections from the fasticrial
and interpositus nuclei differ in projecting to the medial
and lateral areas of the dorasal part of the lateral

vestibular nucleus respectively,.

Vegtibulo-Cerebellar Connections

Althoueh nrimary vestibulsr fibers nassing to the
cerebellum were not observed by Lorente de N& (24) in
Golel prevarations of the mouse, Cajal (5) also using
Golgl material has described such fibers. The observation
of thege fibers have heen confirmed by Larsell (21) and
Whitlock (40) usine silver imprecnsted material. In
experimental studiass emplovine the Marchi method, primary
vestihulsr fibers nrojectine to the flocculus, nodulus,
and the fastizial nucleus have been describred by Inzvar
(18) in the cat, Dow (10) in the vot and cat, and Whitloelk

(L0) in birds,



lyy

In this study no lesions were made in the vestibular
nerve, however in lesions involvine the vestibular nucleus

body (Cat 353, 351L) no terrinel decenera.

or inviarestiform L3 as
tion was noted irn the fasticisl nuclei.

Secondaxry vestibulo-cerebellar fihers have heen
studiaed in normsl silver impregrated material be lLarsell
(21, 22, 7) in the opossum, bat, and man, by Westen (39)
in reptiles, and by “Mitlockz (40) in birds, These investi-
gators have shown the areas of termination of fiber
paszine from the vestibular nucleil to the cerebellum *c
be the same as those ziven ahove for the primary vestibulo-
cerebellar fibers,

Larsell (21) workine with the onoaaum felt that the
superior and lateral vestibular nuclei were the ma jor
sources of secondary vestitulo-cerehellar fibkers, whersas

Voris and Hoerr (356) workine with the same animal indicated

that the inferior and medial vestibular nuclel were the

O”

eTs Rrodal, Pompeiano, and Walbers

oricing of these fi
(&) usino kittens and . Carventer, Berd, and Alling (7 )
workine on adult cats concluded that the nuclei of origin

of secondary vestibulo-csrehbellar fibers were the medial

i

and inferior vestibular nucle

Evidence in the vresert gtudy voints to the lateral
and inferior vestibular rnuclel a« beine the sources of
vestibulo-cerebellar fibers, Chromatolytic cells arneared
in the lateral and inferior vestibular nmieclei followine

cerebellar lesions in cat T12Y and 297 (Pigs. 236, 37, 38)
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and in the lateral vestibular nucleus in cat X (Fieg, 10).
No vestibulo-cerebellar fihers were obserwed to
terminate in the fasticisl nuclei, however vestibnlo-
cerebellar fiters were not followed to their areas of

termination in the cerehellar cortex in the »nresent study.

Brachivm Conjunctivum Afferents ta the Oculomotor Miclei

Allen (1) observed in Marchi prevarations of the
aninea pig that o2 number of brachinem conjunctivum fibers
branch off dnrsally to enter the oculomotor nuclei, These
fibers were =aid to enter the oculomotor nuclei from
behind and from the gide. The observation was made v
Rasmussen (28) usine the Marchi method in +the cat that
the hrachinm conjunctivum termirates to a glight extent
in the region of the oculomotor nuclei and ad jacent
reticuvlar formation,

Cohen, Chamters, and 3pracue (9 ) workine with the
silver imnrepnation method. reported that no efferent fibers
from the cerebellar nuclei of the cat terminate on the
somatic motor cells of the brainstem or sninal cord,

The brachium conjunctivum was« involved in many lesions
in this study., In cat TI2Y a few large fibers of the
derensratine brachivm coniunctivum anneared to turn dorsally
at the level of the red nuclens to enter the contralateral
oculomotor nuelei from helow (Fir. 15). The medisl longi-
tudinal fascicnlus was free of dezeneratine fibers.

Mthoueh a continuity of degeneratine fibers from the
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brachium conjunctivum was not demonstrable in eat 360,

a few degereratine fihers were seen in the conbralateral
oculomotor nuclel (Fiz, 19), The medisl loneitudinal
fascicvlus was free of degeneration,

Althoush a few fibere of the bhrachium conjunctivun
may terminate in the oculomotor miclet, the deceneration
did not occur consistently in this study, Following
legions of the brachium conjunctivum, degenerating fibers
in the oculomotor nuclei were found to be absent more
often than they were present., From the evidence of the

L.

material enalyzed in thege exneriments, the exicstence

of thesge fibere iz «till a conjectural matter,

wid o
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SUMMARY AND CONCLUSIIONS

The interconnections of the vestibular nuclei and
cerebellum have been studied in the cat brain by the
experimental method. Lesions were produced in various
rezions of the cerebellum, vestibular nuclei, and their
assoclated tracts, Followine a survival period of four
to twenty days, the animals were sacrificed and sections?’
prevared by the intensified protargol and Nissl methods.

Analysis of the histolosic breparations yielded the

followin~ results

>0

1. The majority of cortico-vestibular fibers orisinate
from the Purkince cells of the vermal cerebellar cortex
of the anterior lobe, These fibers nasg throush or in
close proximity to the rostro-lateral vart of the fasticial
nucleus and then disperse dAiffusely throush the Juxtaresti-
form body to terminate as fine fibers in the guperioer,
lateral, medial, and inferior vestibular nuclel, The vast
ma jority of cortico-vestibular fibers terminate in the
lateral vestibular nucleus. The fibers end predominantly
in relationshio teo the larze vestibular cells, expecially

thelr procesges, WNo cortico-vestibular Tibers are found

03]

in the hrachium conjunctiviam, medial lonsitudinal fasciculus,
reticular formation, or interstitial nucleus of the vestibular

nerve,
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2. The fastizio-bulbar fibers arise predominantly
from the rostral nart of the homolateral fastisgial nucleus
and traverse the medial part of the Juxtarestiform body
to terminate in the superior vestibular nucleus and the
dorso-medial part of the lateral vestibuler nuecleus,

3. The uncinate fasciculus takes orizin equally from
the rostro-caudal extent of the fastigial nucleus, and
decuseates in the cerebellum to reach the sunerior
cerebellar peduncle vwhere it occupies & position as a
dlscrete bundle of fibers just dorsal to the brachium
conjunctivum, The uncinate fasciculus is closely applied
to the dorsal convexity of the brachium conjunctivum, and
from i1ts lateral margin courses obliquely in a wventral and
caudal direction alone the lsteral asvect of the vestibular
nuclei, The large fibers of the uncinate fasciculus turn
medially to terminate in the ventral vart of the lateral
vestibular nucleus and the rostral vortion of the inferior
vestibular nucleus. There are no fine fibers runnine with
the uncinate faszciculvs., No fibers of the uncinate
fasciculns were found to terminate in the guperior vesgtibular
nucleus, medial vestibular nucleus, reticular formation,
interstitial nucleus of the vestibular nerve, nucleus
narasolitariuvus, nucleus praevnositus hypno~rlossi, nucleus
intercalatus, or nucleus of Roller.

4, The interposito-bulbar Tibers arise from the
internositus mnuclevs, traverse the lateral psrt of the

jnxtarestiform hody, and terminate in the homolatersl
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superlior vestibular nucleus and the dorso-lateral nart
of the lateral vestihular nucleus,

5. The lateral and inferior vestibular ruclai sre
the sources of the vesztibulo-cerebellar nrojections, Mo
primary o¥ secondary vastibulo-cerehellar fiters terminate
within the fastizial nuclei,

&, The interstitial nucleus of the vestibular
nerve 1s connected to the main vestibular nuclear mass
by an isthmus of cells, and receives no fiber nrojections

from the cerebellim,
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PLATH T

Figore 10

Cat T9X, Photomicrorranh of the lateral
vestibular rnucleus, Wote chromatolytic

cellg, Ni=el stain, 100X,

Ficure 11

Cat T9X, FPhotomicrozraph of = cell in
the latersl vestibuler nucleus, Note

heavy deceneration of Terminal hontons
on the soma and dendrifte, Intensified

nrotarcol astain, 430X,
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PLATE 11

Bilovre 12

Cat T9¥X, Photomicroosravh of the medial
vastibular nucleus, MNote fine degenera-
tirg areyrovhilic debris, Inhkensified
nrotareol stein, 120X,

Fleure 173

Cat TI2Y, Photericrosranh »nf the uncinate
fasciecnlus, Note log= of fibers 2nd the
larre decenerating fibers, Intensified
protarsol stain., 430X,
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PLATE TTIT

Figure 14

Cat TlzY, Photomicrogranh of the ventro-
lateral part of the lateral vestibular
nucleus (L) and the dorsal asvect of the
inferior vestibular nucleus (I). “ote the
large degenerating fibers of the uncinate
faszciculus, Intensified protargol stain.

L30%,

Figure 15

Cat T12Y, Photomicrograph of the oculo-
motor nucleus., Note the large depeneratine
fiber, Intensified nrotargol stain. L30X,
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PLATE IV

Rienre 16

Cat T12Y. Photomicrogransh of the intergti-
tial nveleus of the veshibular nerve (1)
and lateral vestitular nucleuns (L), Note
the igthmus of cells (C) connecting the

two nuelear grouvs, Intensified protargol
stain., 35%¢. '

Floure 17

Cat 360. Photoricroeraph illustratine

the mosition of the lesion., MNote fourth
ventricle and vestibuler nuclei. Intensi-
fied nrotarsol stain. 35%.
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Fieure 18

bat 360, Photomicrosranh of a cell in
the dorqo-lateral mortion of the lateral
vestibular nuclens, YNote degenerating
fibters in the ares, Intensified nrotargol

F‘T’a,:ll’l. }4'30'\{.

Figure 19

Cat 360, Photomicrogranh of oculomotor
nucleus, Wote derenerating fiber.
Intengified protargol stain. 9704,
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PLATE VI
Fipure 20

Cat 431X, Photomicrocranh of the medial
deer cerebellsr rnuclei. Fote that thers
iz no lossg of fiters in the medial part
of the fastisial nucleus (¥), whereas the
antero-lateral part of the fastizilal
nmcleus (L) shows a loss of fibers,
Intensified nrotarcol stain. 35X,

Cat 431X, Photomicrozrsvh of the fastici=al
ricleus shown in Fierure 20, Hote there is
no loss of fibers in the medial vart of

the faghtirial nucleus (¥), wherezas the
antero-lateral nart of the fastisial nucleus
(L) shows a2 loss of fibers. Intengified

nrotarcsol ztalir, 100X,
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PLATH WIT
Fienre 22

Cat 431X, Photomirrosranh of the lateral
vestibular nuclevs, bHote the abundant fine
dezeneratine fibers, Intensified protargol
atain. 970X,

H'i o3

~
\D
™)

W)

Cat 47 WX Photomicrocraph of the superior
vestibular nucleus, MNote the fine deren-

eratine fihers are not as ahundant s= in
the lateral vestibular nucleus (W1M. 22 )
Intensified mrotareel stain, 970V,
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PLATE VIII

Fioure 24

Cat 421Y., Photomicrosravh of the inferior
vestibular nucleuns, Uobte degeneratine
fibers are not as abundant as in the
lateral vestibtnlar nuecleus (Fig. 22).
Intensified nrotarsol stain. 970X,

Pionre 25

Cat W31V, Photomisrozraph of the medial
vestibular nuclens, HNote degenerating
fikers are feow in corvarison with the
lateral vastibhular ncleus (Fies, 2?2).
Intensified »rotarcol stain, 970¥%.
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PLATE TIX

Figure 264

Cat 353. Photomicrosranrh showine the
extent of the lesion in the jnrta-
restiform hody., Wote lateral vestibular
micleus. Intensified protarsol stain,

35%.

Figute 27

Cat 253, Photomicrograph of the medial
nart of the lateral wvestibular nucleus,
Note the large and fine degenerating
fibers, Intensified nrotarsol <tair.

970X.
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PLATE X
Fieure 28

Cat 353. Photomicroxzraph of the dorso-
medial onart of the laterzl vestibular
nuclevs, Note swollen argyronhilic
decenerating tervinal bonton (7).
Intensified »nrotargol stain., 430%.

Figure 29

Cat 354, Photomicroeranh showing the
legion near the dorsal wnortion of the
lateral vestibular rnucleu=s. lMote
*retraction hall tyne™ of degeneration
(T) is similar to that in Figure 30.

£ B

Intengified protarcol stain., 100X,
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Flaure 30

Cat 3R8., Photomicrorranh near the lesion
in the cerebellum, Note "retraction hall
tyne® of deceneration (T) of Purkince
axones is ginllar to that in Figure 29,
Intensified protargol stain. 430X,

Figure 31

Cat 352, Photomicrograph of the lesion
irn the fastigial nucleus. Intensified
vrotarcol stain., 35¥.
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Pigure 32

Cat 352. Photomicrozraph of large
dezenerating fibers in the dorso-medial
part of the lateral vestibular nucleus,
Intensified protarsol stain. 970X,

Pigvre 33

Cat 352, Photomicrosraph of the dorsal
part of the inferior vestibular nucleus.
Note degeneratirg fibers, Intensified
nrotarsol stain, 100X,
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PLATE XIITY

Cat T7. Photomicrogranh of the lateral
vestibular nucleus, Note fine and large
degenerating fibers, Intensified orofargol
stain. 970X,

Bigure 35.

Cat T7., Photonicrogranh of the dorsal nart
of the lateral vestibular nucleus, Note
the degenerating fibers and boutons.
Intensified nrotarcol stain. 430X,
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PLATE XIV

Figure 36

Cat 297, Photomlicrozraph of the latersl
vestibular nucleus. Note chrowatolytic
cells, Intensified protargol stain.

100X,

Figure 37

Cat 297, PFPhotomicroocranh of the inferior
vestibular nucleus. Note chromateolytic
cells (C)., Intensified orotarzol stain.
100X,
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Figure 138

Cat 297. Photomicrograph of the ventr il
nart of the lateral ve"+1 hular nuclenas (L)
and the dorssl »Hart of the iafcrlo“
vestibular nucleus (I), HNote chromatolytic
cells, Nissl stain. 100X,

Ficure 39

Cat 297, Photomicrozravh of the vestibular
nuclel., Note the lateral extent of chronato-
lytic cells (X). Intensified protargol

stain., 35%.
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Figure 40

Cat 297, Photomicrozraph of the anterior
part of the fasti~ial nucleus, Note
alteration of Wisgsl =zubstance (N), Nissl
stain., 430X,
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