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INTROLUCTION : Lo

The terminstions of the lracts of Flechsiy and CGower have been
studied histologically in the eat, dog, mankwy-aﬁd mmne. Thoese Lracts
have not besn previcusly truced im the white rat. This study seoms
desirable because of rssent work in which action potentisls were led
from the rat's sersbellum in response to exbtsrueeptive and §rﬁyriaaspm
tive stimuletion, Dew mnd Andersen(1942). These two modmlitics ef
sensation appeared to sstivate differsnt regilons of the cercbellum.
PFroprioasepbive stlmulatlon produced impwisg& of greatest amplitude in
the pyramis. Impulscs of lesser magnitude were found in the middle
iobe of the vermis and the hoemispheres bupt almost never lu the snterior
lobe. Stimulstien of tactile eﬁ&lﬂgs by moving the halr os the ratt's
back prodused impulses which were more widely secatbtered. lowever,
the lergest surlfece positive impulees coulé be picked up in the
culmen with fmpulses of lesser mngxitﬁﬁeriﬁ the pyramis and cooassione
ally in the lobulus simplex. Impuless led from other parts of the
cerebellum appeared at a greater latensy snd wore surface negative.

The eadlings of the dorsal and ventral spinccerebsllar pathwaye
have been studied here in erder %o sorrelets lhem with the lobes in
which the impulses produced by ghysiai@gié&i Btimalatéeﬁ @f proprius

ceplive and exteroeeptive endinge wers found,



REVIEW OF THE LITERATURE 2,

It is diffioult to review the literature regarding the sndings
of the spinoperebellsr pethways without including the closely allied
problema of the erigin of thess fibers in the cord and their pathmsy
through the cord, medulla and pons. In the exvellent reviews of
MacBalty and Horsley(1209) end Beok(1927) all of these problems were
covered. This review has been limited %o the reports cemseraing the
termlnations of these fiber tracts.

These two tracts in the lateral border of the ocord wers first
mﬁiq-d by Pourille(1844) in myelinization studies. ILater Bastiam
(1887) desoribed ascending degeneration in the anterolateral regiom
while studying e case of paraplegle and suggested thelr allerent
nature te the cersbellum. Gower(l880) desoribed this traect aise in
a case of parsplegia and suggested that it condueted pain Impulses
from the opposite side of the body. Flechsig(l876) studying
myelinization in the cord, described thie sswﬁing tract and
follewed it into the cerebellum. |

LBwenthal(1885) (as translated by Mott(1282))working on doge
severed the left latersl scolumn of the cord end found degemerating
fibers passing inte the medulle. The ventral %tract arched back
over the supericr cerebellsr poduncle amd the dorsal trsot passed
up the restiforme body imto the cerebelium. He did nmot traee these
fibers to their folisl termination.

Auoybach (1890) destroyed the dorsal part of one half of the
cord of dogs and found de onerated fibers in the direct cerebeller
and ventrolateral trascts of both sides. He traced the dorsel tract
to the dorsal pert of the superior vermis and the ventral trast to

the ventral part of the superior vermis.
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Bdinger (1800 ) who worked on fishes, repbiles and amphiblans,
game Lo the aﬁ conclusions az Merbsch from vonparative morpho-
logical date.

Pestut (1893) is ordinarily sredited with first dividiang the
leberal sscending fibers into the dorsal and venmtrel groups, De
suggested that they wore long sersbellar commections frem Clerks’'s
colmm,

Hobt (1862, 1898) sslectively seatloned the anterolateral tracts
both unilaterally and bilaterally in the momley. Es truced the dersal
fibers fron Clerke's column %o the dersal portlon of the superior
vermnis and the ventral fibers in thelr clirouitous roube srowd the
£1fth nerve to the ventral part of ths suparior vermis.

Tooth(1B92) confirmed Moth's report on the sourse aud endings
of the two traocts.

Grilnbeun( 1894 ) working on monkeys and csts followsd the two
paths mém the ecsrebellug and sssumed thet they went to the superiop
vormis as deseribed by Auerbach(1890).

ruce( 1808) reported his study of the degemeration that resulted
from & sarcometons tumor pressing on the human spinal cord. The dersal
tract was found to end em both sldes of the lcbulus cemtrulis, monticulus
{lobulue simplex), linguis, nodulus and the uwwule. Be fibers were foumd
in the osrsbellar hﬁispheraa The ventral tract wes traeed to the
homoiateral portion ef the lingula. This repert agreed very classly
with Patrick (1896).

VanGehuchten(1800-1901) in degemeration experiments traced the
dorasal ﬂhars into the posterior portion of the superior vermis and

the ventral flbers into the snterior portion of the superior vermis.
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Collier and Buszard(1908) reported the fisdings on traumatized
hwmen oords. They traced the dorsal fibers %o all perte of the
gorebellar cortex particularly ﬁu lower part of the latorsl lobes
and to the flosoulus. They found ventral fibers golsg shiefly te
the comtralaterasl superier vermis and to the hemisphsres.

Sohllifor and Bruce (1907) and A. K. Bruse(1910) traced degsnerated
fibers into the monkey cerebellum bub they were interested in the
origin of the fibers and did not resord their fgliul torminations.

Bing (1907) studying degeneration on dogs fellowsd the dorsal
tract lnto the anterior mé&riar part of the superior vermis und
the vemtral &rast inte ti:e anterior inferior part of the superior
vermis,

Maclialty snd Horsley(1808) working on momksys traced the dorsal
fibers to the oculmen, lobulus ocsmtralis, folium tuber, declive and
pyramis chiefly on the same side. They traced the ventral fibers
to the lobulus centralis, culmem and pyramis but nome to the lingula.
These fibers were distributed ipeilateral to contralateral in the
ratio of #41l.

Borrax(1918) working on dogs treced the dorsal fibers te the
posterior vermis, lobulus simplex end wedisl parts of the hemispheres.
Hs traced the venbral fibers tc the anterior verals only.

Ingvar(1518) studying degeneration em cate troced the vemtrsl
fibers to the lobulus eentralis and ouinm' fone amled posterlor
to the fissura primm. The dorsal truot ended in the mnierier lobe
and in the pyramis and wvela and & few in the jparaflocculus of

the posterior lobe.
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Beok(1927) working on sabts corroborated Ingvar‘s findings. Ia

| addition he oconcluded that the wentral trast was distributed chiefly
to the opposite side of the vermis while the dorsal fibers were
ﬁistribut-i mainly on the sume side of the vermis lateral to the
midline.

Fase (1933) confirmed the previous work of Begk.

Brodal and Jansem(lysl) studying the degeneration followling
alprdotony in a human reported fibers ending in the anterior lobe,
pyramis, uvula and & few in the lobulue simplex. They did not
distinguish betwesn the sadings of the two tracts.

Crindfest snd Campbell(1942]) spplied slestrical methods o the
study of the dorsal traet in the cat. From stimulstion of looalized
pointes on the cord thsy recerded lmpulsss ohiefly ipsilateral in
the culmen ané lobulus cenirelis bub none were found in the pesterier
lobs or the hemdspheres.

in intermediate cersbeller tramet has been recorded by Pellizai

(1898) Rothman(180%), MsoRelty and Horsley (1908) A. N. Bruce (1810}, Beck
\1827). It is diffioult howsver to ceparate this from the dorsal or

ventral traots.



HATERIAL AND HETHOD3 v ’ g,

Degenoration experiments were suscessfully performed on eight
white rets. The animals were snmssthetized with nembutsl 0.1 es of
6% solusion per Kg. body wnig#t. iz appropriets midline iucision
was made, the spinous processes and laminee of one or Ltwoe vertsbrae
removed and the durs opensd. With a fine booked wire lesions were
made either at the lower cerviecal, the upper thoracie or the lomesr
thorasic segments of the cord. The lesions ranged from destruction
ef the lateral fhuigulus to complete hemisection of the cerd. It
wag not possible 4o localies the lesion to the dorssl or ventral
treet in any one ealimal, After 14 days the animals were killed with
an excess of other. The cord end brain wers removed and fixed and
stained eosording to ¥archi methed, Allen (1919), The brain stem,
coerebellum and selected portions of the cord, !h#rﬂlﬁhﬁ lesion was
placed, were sectioned at 80 microns and mounted,

In eddition to these olght animmls one serebellum was berrowed
from Dr. Robert Dow's mmterial. While studying the vestibuler fibers
in the white rat Dow(1936) acsidentally seotiensd the veatral traoct
&8s 1%t passed over the brachium conjunctivum without imeclving the dorsal
tract. v ‘

Serial drmwings of four biains are presented. Threes of those
treine, ssotioned in three difforent planes (horisontal, trensverse
and sagitial) are from my own properetions. The fourth, borrowed
from Dr. Dow's materiel, was cut sagitbeily end may be compared with
my own sagittal serles. ty contrast the differences betwsen the dog-
eneration resulting from a lesion of both dorsal and v@nﬁrai tracta

aud of the wentral trect alone.



BELULTS To

The typleal course of the fibers in the cord, brala stem and
cerebellar peduncles hms been conlirmed, The two tracts lie im
eloge proximity im the cord but seperate et the lower snd of the
medulla. The dorsal trect swings posteriorly to enter the corebsllus
through the restiforms body (Figs. &, B, ¥, N, ¥, ¥, ¥}. The ventrel
traet asosnds through the pons. Huperior to the Fifth uerve it bends
éari&ily over the superior cersbellar peduncle to pass dorsemedially
inte the care%aiiun Just latoral to the lingule {¥igs. B, iu D% F
J, M, ¥, w, X).

The lesion imvolving only the vemtral tract was made through the
Juztarestifome body just befors the venitral tract bends dorsomediall y
into the cerebellum. (Figs. B, C/. Just beyend this point the
ventral treet recelves a small group of fibers from the dersal tract
which is inseparably dlstributed with the vemiral tract (Figs. ¥, o).

The wentral truct bends sharply to the midline o be distributed
to ali parts of the anterlior lobe {lobulus centralis, culmen and
lingula)} and to the pyramis of the posterior lobe (Figs. 5, 6, X, 0,
P, ¥V, B)e A fow fibers may be seon to enter the mosi centrel part
of the lobulus slamplex (Fig. H). The ventral troot ends chiefiy
noar the midline of the vermis. {(Pigs. 0, 8. ).

Az ths dorsal trect bends dorsomed®ilyin the cercbellum its
fibers bucome less compact (Figs. O, P). Its medial ribers pass
scross the mid-line end aré ingspareble f{rom those of the ventral
traoct (Pigs. N, @, ¥, Q)+ The leterally placed fiburs of the dorsal
brect pese to the pyramis and medial parts of the lobulus perssmedianus
and %o the lebulus simplex on the same side (Figs. o, P, 4, X, ).

A fow fibsrs sppear to enber the most centrel part of the uwvula (Fig. K)o
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The very fine depemerstion in the medulus and uwwula (Figs. €,
G, B, IYis n r;auit of damage to the vestibulo-cersbellsr Pibers
and oan be distinguished from the ccerser degeneration of the sping~
cersballier tructs. Mhere only the latter traets are cut no degensration

can be seen in the nedulus and wvulas (Fige. I, J, &, L)s



DISCHSEICN P

Among all of the cunflicting evidence recordsd in the liters-
ture the work of Maclinlty mnd Borsley(1908) of Ingver (1518) and of
Beak (1927), seems to find acoeptance 5;« sonkemporary suthorities,
(Rappers, Huber and Crosby,1¥36; iarsell, 937, 1942; *ulton and
Do, 19373 Ransen,l089g &m,iﬁiéé‘}. They ell sonelude thet the ventrel
spinceercheilar tract passes mt«rinfiy around the fifth nerve and
over the Lrachium sonjunctivum to be distributed to the midline of
the anterior lobe only. The doresl tract is seld to be distriluted
to the anterior lobe, the lobulus simplex, the pyrasis and wvula end the
lobulus paramedisnus. They all syres that no splucvserebellar fibers
pass o the flessulonodular lobe, the hemisgherss, the paraflocculus or
bubor vermis.

Grimdfest and Crapbelil(1942) in thelr sisctrophysiclogic
exporixeats siimulated the énlratl troot in the cat end found these
inpulesa confined wholly o the anterior lobe,chieflynear the midline and
howclateral. They state that their findings are in keeping with
the histolegieal fladings of Ingvar and Beck. Thelr fiadimgs would
agree woll with the endings of the ventral spincoersbellar tract
rather than the dorsel.

Witk the saceptien of Woti's paper(1882) there is ne report in
wilah & single spinoversbeilar tract wes unileterelly ssobioned and
Ate degomerstlon traced te 1ts Folial termination. Orisbaum (824)

4o Bruse (1808, Collier and Buzzard (1909, Meclalty and Norsley (1608,
Horrax (1528), Iogvar (1518), beek (92Y), Wrodel snd Jupsen (1941) all
studied the degeneration Lo the cersbellum from both the dorsal and

ventral spinocerebteller trecte. Mme sho is familisr with the techaical
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‘ &ot#ils ean understand the 4iffiouliy of sectloning selectively
anly ome tract.

Schlifer and 3. No Brues (1907)and 4. ¥, Drace (1510) wﬁra evidently
able %o sactia# these tracts selectively in ths monkey but they were
interested in studyling their erigin by chromotolyslis rabher than their
terminetion my Marshl staining. .

The findings in this report on the fc;iai teruinaticus of the
dorsal tract im the rat would agree with the generally scospted views
on this subjeot.

The above {indiags on the faiiaﬁ terminatione of the funtrai
troot are in agreement likswise excspt that there ls definite evidence
in the rat that 2 few fibers of the ventral spinccerebellar tract
terminste in the pyremis.

This work indlestes thst the ohief differemce Letween the cerebellar
distribubion of the dorsal and veantral spinoserebellar {ibers is im the
rolation of their endings to the ,jgsagitiel Plemes The veutral fibers
are distributed in a narrow band st the midline while the majority of
the dorssl fibers are distributed %o the lsteranl perte of the versis.
Both tracts dend Pibers Uo the limgula, lobulus centralis, culmen,
lobulus simplex, pyremis and uwvela. ¥The dorsal tract alone goes %o
the lebulus parsmsdisnus.

Thers are & Pow fibers in the rat which seem to sorrespend teo
the intermediete esrebellar tract in the cat and wmonkey as reported
by previous worksre. Nothing mew cam be sald regarding their course
ather than that they seem to be iﬁsépgrably distributed withk the

ventral tract.



SUMNARY 1i,
s

1. This experiment was underteken to determine by meanc of tiwe
larchi technic the follal distribution of %ie undings of the dorssl
and ventral spinoeerebellar trscts in the white rat.

2. Im all, nino specimens were studied. sight of these enimals
had both truets oubt om one or both sides of the cord. One hed enly
the veutrsl tract sectioned on cws side.

do The two tracts {ollowed the course deseribed as typleal in
other animals through the upper cord snd the medulla into the corge
belium,

4s The dorsal tract tarmimnt&d.in all partz of the anterior
iobe (culmen, lobulus cemtralis, lingula), in the 1@5&1&@}2i&?19£ ot
the middle lobe end in the pyramis of the posterier labés A few
fibers ended in ths rost medisl parts of tho lobulus paranedianug and
the uvula. Nono went to any sthor parss of the vermis, to the parse
floceulus, to the flocculus or %o the homisphoeres. The fibers wore ‘
distributed ipsileteraflyto contralatersByin the proportien of J:1 on
elther side of tlw midline of the vermie.

9. The ventrsl trect was found to ve distriluted to the suterier
lobe {(culmen, lobulus centrelis, linguls) sad the pyranis of the
posterior lobs. There were & few degonerated fibers in the mest
sentral part of the lobulus simplex. Neo degeneratead fibers were
found in aﬂ§ 9thtF vaerts of the vermis, in the parafiovculus,
flesenlus or the haﬁiap&areﬁ@ The libers were fowmd in groatest
nusbers acar the widline,

8. There were some fibers in the rat which might correspond to

the intermediste flbers described by other workers. In the eord these
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fibers are indistiangulshable from sither tract but in the medulls at
the peint where the ventral tract bends dorselly ever the brachium
senjunctivwe there is a small group of the fibers from the dorsal
trast which Jolus 1% %o be distributed indistingnishably with §t.

7. There appears te be no corrslstion Letween the sersbellar
endinge of thees twoe {iber tracts and ledular dietribullon ef lmpulses

following propriccsphive and extercceptive stimulation.
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ABRBVIATIONS UBEL IR FICURES

bre. conj., brachiuvm conjunctivum

brs pe, brachium pontls

gojsrs, corpus Jjuxbarestiforms

Coe, choreid plezus

Ce¥e, corpus restiforme

doBoot., dersal spinocersbellar trach
deB.t.fs, dorsel spinccerviellar fibers
fis. ppd., fissure prepyranidalis

fise pr., fissurs prima

flec., flecoulus

inf. ool., inferior colliculus

1. #., lobulus aneiformis

l. eent., lobulus aentralie

1. sul., icbulus oulmenatis

lops med., lobulus parsmediapus

i, simp., lobulus simplex

ling., llinguia

lo. ant., lobus snberior

lo. med., lobus medius (Ingver)

n. Viil, mepustiv nerve

nod., nodulus

nu. dend., suocleus denbtalus

ne. fest., nueleus fastigil

nue int., nucleus interpositus

B V., nacleus of the trigeminel nerve
pyre, pyramis

re¥e8p., sploml roet of the trigeminal nerve
8.¥.fs, Becondary vestibulo-cerebelliar fibere
uv., uvale

ToBoets, ventral spinceerebellar tract
vohe, fourth vontricle



FLATE I ‘ 18.

Thie plate shows comparable sagittal secltions of twe ret ssre-
bellay one (no. 33, fige. &, By C) in which only the venbral trast
was oub amd the ether {mo. 7, figs. B, W, ¥} in which both the dorssl

and veatral trast had been sut. (%l12.8)

Figs. A ané De-plane through the restiforme body. HNote the comp-
lote absence of degenorated fibers in the dorsal tract in A. There
is a amall area of the dorsal fibere in D that ere not stained but e

study of othsr serial seotions shows the continuity of these fibers,

Figs. B and B--plane through the Jurbarestiforme body. Hote the

tral track in B fust bhefore it enters the serebellism,

in E nots the degenerated fibers In the lateral pleves of the vermis.

Theee {ibsrez ars from the dorsel treck.

Figs. ¢ ond Pe-planms through the wmedial part of the justarsshie
forme body. HNHote the most inferior part ef the leslen in 0. The
fine degensration in the uvuls and nodulus in € is due to section of
the vestibular fibera. Note the absence of thess degenerated fibers
in P






PLATE 1X 18
T S AT AR SO T *

This is @ continuation of Flate I. (x12.5)

Figs. ¢ and J-eparsmedisn plane. Hote the fibvers of the ventral
tract in ¢, and the sbsence of degensrated fibers in the anterier
lobe, lobulus simplex and pyramis. In J note the heavy cencentration

of the dorsal fibers in the same purts of the vernis.

Plgss U and Re-mldesagittal plane. Ia I note the ventral traci
fibers fanning osut to the lebulus centralis, culmen and pyramis. A
fow can be seen entsring the wost proximel part of the lobulus
slmplex., In K note the Tibers frem the dorsal and ventrul tracis
femning out indistinguishably %¢ sll paris of the anterior lobe,
the lobulus simplex and the pyramis with s few enbtering the most

proximel pert of the uwuls.

Pige. I and l--plape through the contralaterzl juxtarestiforme
bedy. In I unote thet the only degeneration ie Time vestibuler
fiburs in the nodulus snd the secondery vestibuler t$ract. Iz L

note the moderats amount of depeneration dues to the decusseted
£ '

dorsal tract fibers.






PLATE 11X 20a
These are horlzontel soctions tuken through rat cerebellusm no.
2 in whieh the dorsal emd veatral tracts had been out on the left
side in the cord. Baoh seobtiom startiag at thes level of the eight

nerve shows & higher dorsel plane. {z18.8)

Fige M. Hote the complete separatlion of the dorsal and ventral
tracts. 7The dorssl tract is passing up the restiforme body and the
ventral trect is psssing dorsal over ths brachlum eonjunstivum. It
is at this level that the ventrul tract mwas cut in ret 33 (ses Figs.

B, Gole

Fige M. JNote the few fibergs from the dorssl tract that are

Joining with the ventral trust.

Fige Mo Hote that the ventral tract bends sharply in & medial

direction fo enter the cercbellum just Lateral to the lingula,

: Fif;e

h@;ﬁ

s In this disgrem the ventral tract slong with the most
medial pert of the dersal tract have pessed to and aorces the midlime

e be distributed to the lobulus centralis.






PLATE IV 2ls

Thie iz & continuation of Plebe [il.

Pigs Qs lNote the dogenerated fibers in lobulus centralis and

sows passing towards the posterior lobe.

Pigo Re JHote the degenerated fibers in the lobulus centralis,
culmen, lobulus simplex and the most proximml perts of the lobulus

paramsdlanus.

3

Fig. 8. Hots the degeneration in the culmen, lobulus simplex

and the pyramis.

Fige To Hote the small aumber of degenerated fibers in the

sulmen and lobulus simples.
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PLATE ¥ 22,
These ars dlegrams taken tramsversley through rat serebellun
nee 8. Both the dorsal and ventral traets were cub on ihe right

side in the cord. (x18.6)

Plgs Uo The dorsal tract can be seen swinging posterior te enter

the restiforme body.

Fige ¥ This disgram shows the dorsal tract passing up the rest-

iforme body and fanming cut across the midiine of the eerebellum.

¥ig. W This diegram, enterier %o V, shows the vemtral trach
entering the midline of the serebsllum to mingle indistinguishably

with the dorsal irasct.

Fige ¥. This diagram shows the ventrel tract as it bends
anteriorly ever the brachium conjumctivum befers entering the

eerebsllumse
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