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1.
IKTRODUCTION

Recent trends in anatowical and physiological research have demonse
trated a keen interest on the part of many workers in establishing the
pessibility of thra existence of an efferent group of nerve fibers leading
to the neurowepithelium of the internsl ear (Rasmussen{l); Calambos(2);
Fernandes’ 3)). Other afferent systeme have alsc been investissted with
the purpcse of demonstrating efferent commections to a speciflic receptor.
Ade:fa‘) has demonstrated central efferenta in the olfactory bulb, Grmitig}
recently revealed the presence of central efferents to the retinal neuro-
epithelium, and *&hé existence of gamma efferents to the neuro-musculsr
spindle has been demonstrated by a large group of investigators including
Granit and Xsada(6); xurfier, Hunt and Quillian(?) and Leksei1(8),

In the widespread pre-ocoupation with the classical afferent pathway
between the endworgan epithelium and ite central comnectlons, the numerous
anatomical reports of a parallel efferent system have curiously received
little attention. This descending efferent pathway has been followed,
particularly, in the auditive system from the receptive cortex to the
cochlear end organ. Observations by Held(”, m:al(w) 2 ﬁnjerim(u) »
Horgsn(la), lﬂ.sal‘m), Chniahi(mz’ and P&pet(w) have pointed to the sxistence
of pathwsys from the cortex to the medial geniculate body. Ades{16) nas
deseribed connections from the cortex to the inferior colliculus, lateral
lemniscus and trapesoid body. ne1d(?) defined connections from the inferior
colliculus to the latersl lemniscus and from the superior olive to the
cochlear nu¢lei and cochlea., Hore recently, the discovery of the olivo-
cochlear bundle by Ramaaanclﬁl?#wilgj in connection with his work on the



2.
olivary peduncle has pointed toward the existence of an efferent fiber
bundle running with the cochlear divilioﬁ of the eighth nerve. Further
study of efferent projections to the organ of Corti has been, and is being
done, by Fernandes(3), Pertmenn, Portmann, and Portmann(20s21522), fnese
gtudies, becanse of their implicastions, should arcuse considerable interest
among anatomists and physiologists, but many of the observations deserve
further confirmation.

Bhortly after the turn of the century many detailed descriptions of
the neurcanatomy of the internal ear were made available, The aiferent
nerve fibers from the organ of Corti with their cells of origin in the spirai
ganglion and the afferent fibers from the vestibuler neuro-epithelium
with their cells of origin in Scarpats ganglion were meticulously deacribed
by caja1{23), Retwiua(Z), Kolmer(25), and Po13ak(26), These authors have
also described the existence of fine fibers withirn the elements of the
vestibular neuro-epithelium, These fine fibers were unifornly considered
as part of the afferent system,

No substantial information has, as yet, been offered which might
elucidate the extent of distribution, or funetion of these fine fibers,

Nor has it been shown where the cells of origin for these fibers might be
losated. The purpose of this investization was to aitempt to do so by the
experimental method,



3.
MATERIAL AND WETHOD

To extablish a normal control, the internal ears of a series of four-
teen cats and two anqua wore studied, The monkeys were in;&ndud in order
to eliminate the possibility that the observations might be confined to
the peculiarity of a single species.

The cats were healthy young adult animals weighing between l.i and 2.0
kf«s Ilethal doses of intraperitoneal Nembutal were administered and in
each case immediate intracardlac perfusion with 15% formalin was carried
outs The petrous portion of the temporal bone was then separated from the
sphenoid and ocelpital bones, The tympanic, squamous and mastoid portions
of the temporal bones were also chipped away leaving & neuro-osseous unit
containing the cochlear and labyrinthine end organs with their respective
nerves., The internal ears, thus separated from each side of the skull,
vere immersed in 15% formalin for an additional period of at least 7 days.

Pourteen to twentyeone days were required for decaleification of the internal
ears and was accomplished with the use of & solution conteining 107 formie
acid in 157 formalin, After decalcification the internal ears were de-
hydrated, imbedded in paraffin blocks, sectioned at 15 u,, mounted
serially, and stained according to the intensified Protargol technicque
described by Stotler(27), The sections were extensively studied under
oil immersion with particular emphasig on the vestibular neuro-epithelium
represented in the eristae of the ampullae of the three semiwcircular
canals and in the maculae of the saccule and utricle,

Healthy young cats of the sawe weight and age group as the normal
controls were also employed as the experimental animal., Using intreperitoneal

Nembutal for anesthesia, the following manual lesions were made with a small
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slender knifes (1) unilateral section of the eighth nerve in a series of
eight cate; (2) median sagittal section in the fleoor of the fourth ventricle
in the region of the faclal genu in & eseriea‘ of five cats, Additional
electrocoagulative lesions in the tegmentum were made with the use of the
Horsely-Clarke stereotaxic ingtrument.

An appropriate period, varying from tem to tweaty-one days, depending
upon the type and amount of nouronal reaction desired, was allowed for
dageneratim. The enimals were sacrificed and prepared according to the
same technigque employed in the study of the n@rﬂl preparations,

Studies previcusly mentioned in the introduction have relied on the
accepted Weigert, Marchi, and Nissl type prepsrations for analysis of
their material. The use of the silver staining techniques has been ex~
tensively epplied by Ca;}nl(m'i:” in his investigations of the norwsl
nervous system and by (lees and Le Gros Clarkl 33), Bm&al(”), Stotler(30)
and Nauta(31) 35 experimental studies of the optis, mditéry, and other
major fiber systems. The use of the silver stained preparations in this
study was prompted Ly the acknowledged superiority of this method for the
demongtration of axonal, fine fiber, and terminal ending degeneration,



OBSERVATIONS

The description of the normal anatomy of the vestibular muéo-—ep:l—
thelium has been drgwn from cbservations upon the entire series of normal
cats and wonkeys., The end organs of the experimental animals have been
studied in detail sud the histelogios) analysis of the resnlts of six
typical lés:ions will be described to iiluatmu the results af this invos-
tigation, - |

Study of the normal silver stained preparations revealed the presence
of fine unmyelinated fibers as well as the usually damri.’md- coarse fibers.
In accordance with calssic descriptions offered by ﬂajal(m) and Kolmer( 35),
the coarse fibers were observed as the peripheral processes of bipelar cells
situated in Sc%arpn's ganglion, These heavily myelinated fibers had an
average diameter of 4 to 5 u, and were seen to end in ealyw-like structures
enbracing the lower fiveesixths of the hair cells. The central processes
af the céarae :t‘ibem were also heavily myelinated with an average diameter
of lbm,xt.S to 6 u,, Characteristically, the peripheral processes of ithe
bipolar cells lose their myelin sheaths immediately before passing through
the basement mewbrane of the veatibular neum»epithelim. The majority
of the fibers appear tc end on e single hair cell, but in some instances
they may divide te supply two or three cells. In th:ié instance the division
oecurs near the basement membrane at the point of loss of the myelin sheath,

The fine fibers were obperved as undulating unmyelinated fibers whose
thickness averaged sbout 1 to 1.5 u.. These fibers are enveloped in & thin
neurolemna and the muclei of the neurclemmal cells may be seen spaced along
the course of the fibers as they run a parallel course to the coarse fibers

and in some instances spiral about them, After penetrating the basement
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mevbrane these fine fibers bend at near-right angles giving off collaterals
uiiich join the peripheral processes of other fine fibere in forming a
plexus at the base of the hair cells. At no time were the constituents
of this plexus scen to penetrate beyond the lower onsesixth of the hair
cells. Fine {ibers were i‘uuné to be present in sll portions of the veste
ibular nerve both proximal snd distal to the ganglion of Scarpa, They
undulated parallel to the coarse fibers and were particularly prominent
in Scarpa's ganglion, in the cristae of the ampullse of the throe semie
circular canals and in the maculse of the saceule and utricle, Mig. 1 & 2.
In the histological study of the }s:ilf{ver stained preparations, early
primary degeneration of the efferents appeare& as swollen, dsrkly staining,
grossly fragmented fibers, In those preparations with inereaging length of
survival period the degeneration appeared as faint linear aggregations of
argyrophilic debris lying ulnzzg the course of the persisting meurcolemmal
sheath, In those of longest survival, only the neurglemmal sheath could
be followed faintly,

Cat 85, Manual lesion; 20 day degeneration,

This lesion cuupié?;e.lr severed the seventh and eighth nerves on the
left side leaving a slight amount of hemorrhage manifested by the presence
of a smell emount of organized antemortem thrombus,

Ro degeneration could be detected in the cochlear division of the
eighth nerve, The intraganglionic spiral bundle of the cochlea remained
intact. No loss of ganglion cells occourred in the ganglion of Scarpa or
in the spiral ganglion. Since the seventh nerve had been sectioned as well
as the eighth, its degenersted fibers could be followed in the facial canal
running through the petrous bone. Coarse fibers to the vestibular and



Figure 1, The double immervation of the vestibular neurc-epithelium,
Drawing {A) is a schematie representation of the double
innervation of the vestibular end organ, The wavy line
within all branches of the vestibular divigion of the eighth
nerve {a) represents the efferent fiber system demonstrated
in this investigation,

{a) Vestibular division of the eighth nerve,

(b) Cochlear division of the eighth nerve,

{a) Oort'e vestibulo-cochlenr ensstamosis,

(d) Ramus inferior,

(@) Ramus superior,

{f) Ampulla of the anterior semi~circular canal,
(g) Ampulla of the lateral semi-cirecular canal,
(h) Saccus endolymphaticus,

(i} Common orus, :

{(3) Ampulla of the posterior semiecireular eansl,
{k) gtrﬁ.@l@:

{1) Saccule,

{n) Maculse of the utricle snd saceule,

{n) Ductus cochlearis,

{e) Cochlear nerve.

Drawing (B) shows the typical appearance of @ section of the
erista of an smpulla of 8 semi-ciroular canal, 7The fine and
coarse fibers course toward the neuro-epitbelium in parallel.
Coarse {ibers end in calyzelike formations sbout the haiy celis
while fine fibers remify in an extensive plexus beneath the
hair cells. Drawing (C) shows the typical sppearance of the
macular epithelium seen in the saccule and utricle. The
morphology is similar to that found in the cristae.
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Figure 2,

Two drewings made from representative sections of the mecula of
the sacoule (A) and the crista of an ampulia of a semi-circe
ular canal (B), Note the fine fibers (FF) coursing parallel
to the coarse fibers (CF), The coarse fibers ewbrace the lower
Pivewsixths of the hair cells (HC) in & calym-like formation

as the fine fibers ramify in an extensive plexus (P) beneath
the hair cells.
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cochlear neuro-epithelium remasined normal in appearance ss in the normal
contrel,

There eppeared to be & loss of fine fibers within the vestibular
nerve which could be followed peripherally to the cristae of the ampullas
of the three seml-circular canals and to the maculae of the utricle and
saceule. Ho intact fine fibers were found supplylng the neurceopithelium
of the eristae or maculase of the vestibular end-organ and their original
course could be traced as fine argyrophilic debris lying along persistent
neurolemmal sheaths.

The internal ear of the right slde was unharmed and was identical to
the control preparations in every way (Plate VII,, Figs. 16 and 17).

Cat 832, Nenual lesion; 13 day degeneration,

The destructive lesion In this animal was identical to that in Cat 88,

The coarse fibers to the cochlear and vestibular neurc-epithelium
appeared unaliered, No fiber loss could be detected in the cochlear diw-
igion of the eighth nerve or in the intraganglionic spiral bundle, Term=
inal fibers ending on the intermal and externmal hair cells of the organ
of Cortl were intact,

Active primary degensration of the fine fibers could be detected in
the cristae of the ampullas of the three semi-circular canals and in the
maculae of the saccule and utricle. Linear aggregations of argyrophilic
debris within remmant neurolemmal sheaths marked the former existence of
fine fibers., The degenerating fine fibers could be detected both proximal
and distel to Scarpa’s ganglion as well as within the ganglion itself,

The internal ear of the right side was unharmed and was identical te

the control preparations.
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Cat ¥S, Namal lesiony 13 day degeneration.

This lesion was & sagittal section through the floor of the fourth
ventricle at the level of the genu of the facial nerve, It was placed
slightly %o the left of the medlan raphe and invelved the {fibers of the
seventh nerve, This peramedian sagittal section had an antero-posterior
extent of 3 mm, and extended 2,5 mm, rostral and caudal to the area marked
by the facial gemu, Degenerstion could be seen bllaterally in the breine
stem as the crossing fibers in the median raphe had been cut,

Examination of sections from preparations of the right and left inte
ernal ears revealed the degeneration of fine fibers cccuring bilaterally,
Active primary degeneratlion was visualised in both right and left ears and
was gpecifically found in the vestibular end-organs. These changes were
gimiler to those found in Cat 882, exeept that the single central lesion
ceused a {iber loss to ocour in both right ami left internal ears.

The coarse fibers to the vestibular end-oygans and the cochlear
apparatus did not underge any detectable morphologic change.

On the left side the degeneration of the facial nerve could be seen
within the petrous bone and persistent fibers whose cell bodies lay in
the geniculate ganglion could be identified, The seventh nerve wae intact
on the right side. (See Plata VIiI., Figs, 18 & 19 and Plate IX., Fig. 20)

Cat ¥T, Electrocoagulation lesion; 15 day degeneration.

This lesion wes placed slightly to the left of the median raphe
invelving the rostromedial portion of the abducens mucleus and some of
the egressing {ibers which form the genu of the facial nerve, The lesion
was discreel having s diameter of only 2.5 mm,, Degeneration of fibezs

crossing in the median raphe extended noticeably to the right of the raphe.



1

The left internsl ear exhibited a loss of fine fibers noted promi-
nently in the eristae and the maculse of the vestibular end-organ,
Apgyrophille debris within remmant neurolemmal sheath cells indicated the
previous existence of line fibers., Vestibular coarse fibers and the
cochlear apparatus remained intact.

The internal ear of the right side appeared gimilar to the left except
that & few fine Ffibers remsined intact due to the location and limited
extent of the lesion, {See Plate IX,, Fig. 21)

Cat Tp23lL, Electrocoagulation lesion; 15 day degeneration.

The Horselye(Clarke stereotaxic instrument was employed to place this
lesion in the rostral portion of the left lateral pontine and medullary
tegmentun, Coordinate settings of posterior 2, 3 end l were used., Parts
of the vestibular nuclei and adjacent reticular formation were involved.

This resulted in the partial degeneration of fine {ibers ccouring
bilaterally. Coarse {ibers to the vestibular neuroe-epithelium and cochiea
remained intact as did the intraganglionic spiral bundle. {See Plate X.,
Fig. 22)

Cat Tp8210, Eleetrocosgulation lesiony 15 day degeneration,

This lesicon wes made by setting the coordinates of a Horsely-Clarke
stereotaxic iﬁsﬁmenﬂs at posterior 0, 9 and 10 which resulted in the
destruction of an arsa in the caudal portion of the left lateral pontine
and medullary tegmentum involving the vestibular nuclei and the adjacent
reticular formation,

Fine fiber losgses ecould be detected as argyrophilic debris distributed
along faintly persisting neurclemmal sheathﬁ-., These fiber losses ocowrred
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bilaterally, but were not complete as z flew intact fine fibers could be
be detected, However, the loss of fine fibers was more complete in this

caudal lesion than it was in Cet Tp23k. (See Plate X., Fig. 23)
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DISCUSSION

The presence of fine fibers as a component of the imervation of
areas of the vestibular neum-épithe:lim has been indicated by the work
of i)ajal(%), Retz&uaizm » K@lmr{gf")g and é?ol.jlk(gé) « Their obeservations
did not indicate whether the presence of fine fibers was & constant cocurw
rence in all areas of the vestibular end organ; and the polsrity of the
fibers was generally conceded to be afferent as related to the central
nervous system,

Observations of serial sections of the internal ear and vestibular
nerve have ghown that a dual innervetion consisting of fine and coarse
components exists within the three crigtae of the ampullas of the semi-
eireular canals and the maculse of the ssccule and utricle, The fine
fibers could be treced withinm the vestibular nerve both proximal and dis-
tal to Scarpa's ganglion from the brain stem to the neuro-epithelium of
the endeorian,

The examination of individual ganglion c¢elle reweals that the perie
pheral processes of the bipelar cells of Scarpa's ganglion are of slightly
smaller diameter (L0 -~ L5 u.) than the central processes which have a
diameter range of 5.0 = 6.0 u.. However, the diameter of the fine fibers
falls inte a distinetly lower category with a range of 1.0 » 1.5 n., The
liklihood of the {ine fibers teking origin from the cells of Scarpa's gange
lien is precluded by the uniform morphology of thess cells,

Observations of all areas of the end-organ show a consigtent dual
innervation w:ﬁ:%,zam:; deviation of the normel population of coarse and fine
fibers in any specific area of the neuro-epithelium, The coarse {ibers

are seen to end upon from one to thres hadr cells with the usual mode
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belng to one alons, The type of termination is a calyx-like formation
which engulfs the lower five-sixthe of the cell, This arrangement
consbtitutes a very specific point to point relationship between these
components of the nerve and the receptor. On the other hand, the fine
fibers form & plexus within the neuro-epithelium of the end-organ which
parallels the epithelial surface and lies at the level of the bases of
the hair cells. Its terminations upon the hair cells are in the form of
 varicosities and free endings., The individusl fine fibers of the plexus
extend for considerable distences so that large mumbers of cells are
innervated by a single fiber and each cell is related to numercus {ine
fibers. This is in distinction to the parallel gystem in which the mode
is the termination of one coarse fiber upen & single receptor cell.

The small areas of contact of the fine fibers contrast etrongly with the
enveloping character of the calym-like formations of & large fiber
terminal,

The observations of normal material have revealed two contresting
types of immervation to the hair cells; one very epecific and one of &
diffuse, generalized character, The fact that the fine fibers could be
folloved as far as the brain-stem indicated that their cells of origin
might be found there rather than in Scarpa's ganglion, The experimental
lesions performed in this investigation were directed toward the objective
of locating the cells of origin which supply the fine fibers to the end
organ eplithelium,

One series of eight cate gpustained unilateral lesions in which the
elghth nerve was severed proximal to Scarpa's ganglion., Following
survival periods of varying lenths of time, depending upon the degree
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of axonal reaction desired, it was noted that degeneration of the fine
fibers took place distal t¢ the lesion in every case, On the other hand,
the coarse fibers distal to the lesion showed no morphologic deviation
from the vontrol preparations. Thie indicated that the fine fibers which
innervate all areas of the vesiibular neuro~epithelium have their cells
of origin within the brain stem and have an efferent relationship to the
central nervous systen,

To further clarify the location of the cells which supply fine uhe
myelinated fine fibers to the vestibular end-organ, shallow longitudinal
sections were made in the floor of the fourth ventricle in a series of
five cats., This resulted in bilateral degeneration of fine fibers in-
nervating the vestibular end organ, Degenerative changes of thess fine
fibers could be traced from the central portion of the westibuler nerve
to ites terminations in the end organ, Areas of chrometolysis were noted
in the vestibular muclei. This would seem to indicate that the origin
of the cells supplying fine fibers to the vestibular end organ are 1looe
ated either in the vestibular muclear group of the opposite side or in
the adjacent reticular formation. Electrocoagulative lesions made in
the midline of the tegmentum resulted in similar degenerations of fine
fibers occurring bilaterally. The rostro-caudal extent of single lesions
of this variety was not asg great ae the manual sagittal sections and as
was expecied, fine fibers leading toward the nsuroeepithelium occasionally
escaped injury,

Unilateral elestrocoagulative lesions made in the tegmentum resulted
in partial losses of fime fibers occurring bilaterally, These lesions

were made in an area of the pontine and medullary tegmentum extending
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from the inferior colliculus to the obex, The observation that partial
destruction of fine fibers occurred following lesions which were made
over & wide area of the brain stem serves to indicste that 2 nuclear
group of mnsi&erﬁble rostro-caudal representation in the tegmentum
mist be the site where the cells supplying fine fibers to the endeorgan
are locateds

Although the exact location of the cells supplying fine fibers to
the vestibulsr neurc-epithelium is not conclusively known, ihe origin
from the contralateral brain stem and the peripheral distribution of
fine fibers within the neurowepithelium of the vestibular end organ has
been demonstrated in this investipation. Chromatolytic changes which
occur in the cells of the vestibular nuclel of the opposite side following
unilateral section of the eighth nerve suggest that this might be the
location of the cells of origin of the fine Pibers, However, the reaction
may be from overactivity of the cells of the intact side. Another poBe
gibility 1s the adjscent reticular formation,

‘Hedizn sagittel section and median tegmental electrocoagulative
lesions (Cate M3 and NT) were placed in such & way that the olivo-cochlear
bundle deseribed by Rasmussen(121718,19) wug involved, It was not pos
gible to detect fiber loss within the cochlear division of the eighth nerve,
Fernandes(3) has traced the olivo-cochlesr bundle through the vestibular
neyve and deseribes it crossing in Jort's vestibulo-cochlear ansstamosis
to be eventually represented as the intragenglionic¢ spiral bundle which
teruinates on the hair cells of the organ of Cortl. The intraganglionic
gpiral bundle did not degenerate in preparations obtained from animals who
had sustained lesions of the so ealled olivowcochlear bundle which erosses
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the medlan raphe in the region of the facial gemu,

The presence of an efferent bundle to the cochlea was not subsiantiated
in thie investigation, It was not the purpose of this investigation to
prove or disprove its existense, but findings have pointed ito the more
striking efferent innervation of the wvestibular division of the internal
ecar, The possibility that a parallel system of efferent fibers to the
cochlear epithelium may exist ie of course intriguing, but was without
gonfirmation in our observations.

Flourens(32) has been credited wi.th the initial physiological investe
igations on the semiecircular canals, His studies involved selective
degtruction of individual semimgireular cenals in the pigeon followed by
careful recording of the disturbed stales of muscle tone. His findings
touched off @ spark of interest that has given us some extremely detailled
knowledge of labyrinthine function, MHach{33) and Breuer(34s3536) yresented
their theories which proposed that the flow of endolymph in the semi-
ecireular canals deforms the cupola with its underlying halr cells resulting
in nerve lmpulses being transmitted to secondary oonnectiens in the brain
sten, Bwald(37) described the semiecircular cansls as the seat of tonte
function of the labyrinth, later, especially under the influence of
Magnus and de xlai:}nwa) s the otolith &pparamas cane to be regarded as
the main source of labyrinthine tone. However, & number of workers,
(uaxwe11(39)5 Torente de #o(U0)y Tait and uchariy{ileb?) ang rowe-etoin(83)y
have furnished conclusive evidence that the semi-circulsr canals have an
important share in the influence which the labyrinth exercises on suscle
tong. Sﬁainhausen’a(w) photographic recordings, which were shown at

the sixteenth International Congress of Physiology at Z#irich in 1938,
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conclusively showed the pendulous swinging of the cupcla in cbedience to
the flow of endolymph. rose(ls) (1936) abt.nixieﬁ escillopraphic records
of single fiber discharges from the eighth nerve of a frog, but did not
analyse them guantitatively. During the same yaé.r, Lowenstein and Semd(hé)
made their first attempt to obtain oscillographic records from the nerve
branch to the horisontal ampulla of the dogfish, These authors obtained
evidence that the ampulls discharges impulses spontansously when at rest,
and that this discharge is augmented during ipsilateral rotation and
diminished during contralateral rotation, They staled that their records
gave only an additive picture of asynchronous aci;ivity in the w!mlé nerve
branch and that their results were necessarily no more than qualitative, |
In 1940 Lowenstein and Elnd(hﬁ obtained osalllographic records of single
fiber action potentials in the ray (Raja clavata). They were able to
quantitatively analyse the *resting discharge” obtained from a single
fiber preparation of an imlaté.d labyrinth, Large potentials were c¢learly
dem'.m& from the activity of e single umit. Thelr records showed a Spon=-
taneous frequency of discharge from the stationary labyrinth which was
augmented by ipsilateral rotation and diminished by contralateral rotation.
They explained that the fundamental property of this "resting discharge®
is to maintain & permanent state of excitation which gives rise to a
persistent; spontansous rhythm, the origin of which must remain, for the
present, & matter of conjecture, The essential fact is that the rhythmical
excitation is there when no deforming force operates on the cupols.

In addition to these large potentials, their records showed a backs
ground of smaller potentials whose frequency of discherge did not vary with

angular scceleration. At no time were they able to note that the background
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discharges would vary while the large potentials would remain stationary
during angular acceleration. This finding led them to explain that the
ampulla, in addition to its principal immervation, is supplied with fibers
of relatively small diemeter which are not concerned with respomse to
totation and whose function remains unkmown,

The fine fiber system postulated by the preceding authors would
apparently lie in an afferent relationship to the brain stem as its
activity could be observed in an isolated preparation., The results of
the present investigation provide adequate anatomical demonstration of a
dual system of nerve fibers in the vestibular neuro-epithelium, The fact
that isolated labyrinthine preparstions ylelded evidence of a spontancous
rhyt.binieity on the part of the resting cupola does not preclude the pos-
sibllity of central modification of an excitatory state maintained in the
labyrinthine neuro-epithelium, The probable origin of these efferent
fibers from the contralateral vestibular nuclei or tegmental reticular
formation opens the possibility that the activity of one end orzan might
secondarily affect the other following relay through multiple synaptic
connections in the Lrain stem., Central modification of vestibular end
organ activity and an extensive bilateral representation of the vestibular

system are sug’ested by the results of this investigation,
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SUHMARY AND CONCLUSIONS

The study of serial sections of the internal ear of the cat and monkey
revealed the presence of a syst.ém of fine fibers in addition to the better
known coarse fibers innervating the vestibular neuro-epithelium. A series
of normal preparations were studied Lo determine the extent of distributien
of these fine fibers within the neurceepithelium of the intact vestibular
apperatug,

. The present series of experiments was undertaken to &ifferentiam the
point of origin of the fine fiber system, i.e. central or peripheral. In |
one series of cats the eighth nerve was sectioned proximal to Scarpa‘s
ganglion and in snother series a midwsagittal section was made in the floor
of the fourth ventricle, Additional unilateral electrocoagulative lesions
were made in the pontine and medullary tegmentum extending from the inferior
colliculus to the obex invelving portions of the vestibular muelei and the
adjacent reticular formation. After survival periods of ten to twenty=one
days, the animals were sacrificed and serial sectione of the internal ears
were prepared uging the intensified Protargol technique,

Bectiaﬁing of the eighth nerve resulted in 't,he. degeneretion of these |
fine fibers in all aress where they had been previously observed indicating
their central origin, Midesagittal section in the floor of the fourth
ventricle resulted in identical changes occurring bilaterally indicating an
origin from the contrelateral brain stem. Unilateral tegmental electro-
coagulative lesions resulted in bilateral partial degeneration of these
fine fibers which ocourred primarily in the contralateral vestibular end-

orgen, Partial degeneration which ocourred in the ipsilateral end-organ
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wmas interproted as ariging from lesions involving the crossed efferent
fibers. Acotive primary degeneration was observed in preparations where the
survival time was relatively short. The coarse i‘iber; also geen in the
normal pmpamt.ion remain unchanged ag thelr cells of arigin are situated
in Scarpats ganglion,

Analysis of the normal and experimental material has yielded the
f@lluwing informations

l. The vestibular neuro-epithelium has been shown to have a double
innervetion which is characteristic of all areas of the end=organ,

2. A group of large myelinated fibers originate from Scarpa's ganglion
and terminate in a ealym~like formation sbout one or more hair aells; These
fibers lie in an afferent relationship to the central nervous system.

3+ A fine ummyelinated fiber group originates from the contralaterasl
brain stem and terminates in an extensive plexus at the base of the hair
cells, These fibers lie in an efferent relationship to the central nervous
gyatem,

he The partisl degeneration which occurred following tegmental electrom
cosgulative lesions suggeste that the possible locus of the cells supply~
ing finé fibers to the vestibular neurc-epithelium is in the contralateral

vestibular nuclei or the adjacent reticular formation,
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Figure 3,

FPLATE I.

A crossection of the oschlear nerve of a cab, HNote
the remarkable uniformity of nerve fiber ealibey,
{low power)

Figure L.

Figurs S.

A ecrossection of the westibular division of the
eighth nerve in a norwal cat showing some bipolar

celle in Scarpa's ganglion and a variety in nerve
fiber caliber, (low power)

A higher power view of & crossection of the branch
of the superior division of the vestibular nerve
leading toward the crista of the ampulls of the
latersl semiwcircular canal, DNote that two sises
of fivers predominate; fine fibers (FF) and coarse
fibers (C??.






PLATE I1.

Pigure 6, This is 3 section through the erista of the ampulla
of the posterior semi~circular canal of a normal cat
showing the presence of fine fibers (FF) and coarse
fibers (CF) running in parallel toward the vestibular
neuro-epithelium (VN), (low power magnification)

Figure 7, This is & highepower magnification of the seme section
ghown in the previous figure, HNote the fine (¥F) end

coarse fibers (CF) in parallel.
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PIATE III.

Flgure 8, A highepower photomicrograph of & section through
the macula of the saccule in a normal cat showing
a coarse (CF) and fine fiber (¥F) coursing toward
the neuro-epithelium (VN),

Plgure 9. A high-power magnification of é section through the
erista of the ampulla of the latersl semiwcircular
canal showing & fine fiber (FF) rumning parallel to

the plane of the neuro-epithelium (VM) just below
the hair cells (HC),
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PLATE 1V,

Figure 10, A photomicrograph of the erista of the ampulla

Figure 1l.

of the lateral semiecircular canal showing &
coarac fiber {(CF) with ite calyx-like formation
{GX) embracing the hair cell (HC) and a fine
fiber (¥F) beside it.

Thig photomicrograph of a section through the
macula of the ntricle of & normsl cat shows &
portion of the plexus (P) formed by the fine
fibers at the base of the hair cells,
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PIATE V.,

Figure 12, A photomicrograph of a section through the macula
of the utricle in @ normsl monkey showing fine (FF)
end coarse fibers (CF),.

Figure 13. The macula of the sacounle in & normal monkey showing
fine (FF) and coarse fibers (CF).






PLATE VI,

Figure 1li. The crista of the ampulla of the anterior semie v
glrculsr canal of & normel monkey showing fine (FF)

and coarse fibers (CF)., Note the fine fiber plexus
(P} just bensath the hair cells (HC),.

Figure 15, The crista of the ampulla of the lateral semi.

ciroular canal of & normal monkey showing fine (FF)
and coarse fibers {CF),
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PLATE VII,

Mgure 16, Cst §S., 4 photomierograph of & section through the
erigta of the ampulla of the latersl seml-circular
cangl in a cat following sectioning of the eighth
nerve. fote that five fibers are sbsent and that
coarse fibers (CF) retain their normel morphology.

Figure 17. 4 high power view of the same pection showm in
: Figure 16, Note the absence of fine fibers in
the presence of intact coarse fibers (CF),
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PIATE VIII,

Flgure 18, Cat M3, This is s section through the erista of the
ampulla of the posterior semi-circular canal taken
from the left internal esr, This animal sustained
a madian pagittal section in the floor of the fourth
ventricle, Fine fibers are absent wheras coarse
fibers (CF) are intaet,

Figure 15, Cat MBS, This is & section of a erista of the ampulla
of the lateral semi=circular canal tsken from the
right internel ear of the same animal shown in the
previous figure, This crista also shows the absence
of fine fibers as does the previous figure. Coarse
fibers (CF) are intact.



33.




PIATE IX,

Figure 20, OCat M8, This is a photomierogreph of & section
through the macula of the saccule of the left
internal ear taken fyom the same animal shown in
the previous two figures. Note the ebsence of
fine fibers with the presence of unharmed coarse
fibers {CF). Hote the cilia (C) projecting from
the hair cells, .

Figure 21, Gat ET, An electrocoagulative lesion in the {loor
pf the fourth ventricle {FV) showing the extension
of degensration sccross the medien rephe (MR) to the
opposite side, Note the abducens nucleus (AN) and
the genu of the seventh merve (G7).






PLATE X,

Pigare 22, Cat Tp23h, This is & low power view of a section
through the crista of the anterior semi-ciroular

canal, Note that the coarse fibers {CF) are intaset
in the presence of a mariced veduction of fine [ibers.

Figors 23, Cat Tp8910. A low power view of a section through
the criste of the ampullae of the lateral semis
circular canal showing intact coarse fibers (CF)
with @ distinet reduction in the number of [ine
fivers (FP).
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