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DITRODUCTION

Although investigations of the cerebellum date back to the
middle of the 19th century, one of the foremost discoveries vas that
of Marchi (1) who first suggested thet the brachius conjunctivua had
its origio in the dentete nucleus and ise termination in the contya-
leteral red nucleus end thalams. PFarther studles by Rassell (2),
Thomas (3), Probst (zs), Van Gehuchtem {5, G), Lewandowsky {7},
Bechterev (8), Lua (9), and others agreed in the mejority with the
general course of this complex bundle,

¢ajal 10, 11) using e silver impregmation method described the

direct and crossed descending limbs of the brachium conjunctivum, in

addition to elucidebting vhe various components of the efferent cerxebellax

connections, Detalled and extensive lnvestigations followed by
Winkler (12), Clark end Horsley (13), Mussen (14), Allen (15),
Rasmussen (16), Fuse (17), Renson and Ingram (18), Hohman {19),
Sachs and Fincher (20) which sexved to explain ceriein elements of
the problem but provided considerable dissension in the literature.
More recently, Mettler and others (21, 22, 23, 24, 25, 26) have
exbaustedly studied the brachium conjunebivum end its descending
1l in the cat and monkey. Their work professes the existence of
an uncrossed escending liumb of the brachiwm, and furiber that the
descending route traverses the spinal cord to sacral segments,
Carpenter and Stevens (27), Ranson and Ingrem (18), McMasters (26),
have not concurred with these Tfindings. Rund {29) has demonstrated
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previcusly undescribed terminations of the brachium in the posterior
midiine thalamic regions in addition to tracing the descending com-
ponent to the infexior olivery commplex.

Jensen and Brodal (30) in their book on the cersbellum have
reviewed the literature on the cerebellar efferent gpxﬂcgections in
connection with their investigations of cerebello-fugal tracts using
the modified Gudden method.

Observations by Chambers and Spregus, et al (31), using the
Heuta~Ilaidlew technigue bave been concerned with the fastigloe
vestibular system end its relation to the brachium conjunctivum,
Hovever, no other workers have studled cerxebellar efferent systems
using silver preparations of experimentel material.

Thece apparent variations of opinion demonstrate that the total
picture of the structural relationships between the efferent path-
vays and the deep cerebellsr muclei has not been completed, Disagree-
ment exlsts in interpretation of practically all of these relation-
shlps. |

The purpose of this investigation wes to attempt to clarify
these matters by experimental methods using the intensified Pro-

targel sillver technigue.



MATERIAL AND METHODS

Healthy edult cats, weighing betweea 1.4 and 2.0 Kg. were
employed as the experimental snimal. Using intreperitoneal Newbu-
tal for emesthesia, electrococagulative lesions were made unilaterslly
with the Johmson-Krieg modification of the Horsley-Clark sterectaxic
ianstrument. ILeesions jacluded electro-coaguletion of the deep nucledi
of the cerebellum iavolving varied portions of nucleus interpcsitus
and lateralis, end mesencephalic electrocoagulation of the brechium
conjunctivun varied in dorsc-ventral position.

The period allowed for degeneration ranged from eight to thirty
days, depending cn the amount and type of neuronal reaction desired.
Following the a&ministration of & lethal dose of ﬂéﬁbﬂﬁa&s the
animels were immediately perfused with 15% Formelin ia order to
insure adequate fixation. The brains were imwersed im 15% Formelin
for ten days, dehydrated and embedded in paraffin. Rlocks were
serially sectioned at twenty microns, every tenth or twentieth section
mounted, and steined according to the intensified Protargol method
aéscfibaﬂ’by Stotler (32). A control series was done using mecepted
procedure for steiming with the Marchi method.

The courses of the pathways iavolved by the experimental
lesions were atudieﬂ by observablion of the slierations cccurving
primary to direct lesions of the trects and secondary to destr-
uction of their cells of crigin. Iy this method axones were seen

to degenerate in a typical fashion; first showing & pronocunced ergyrie



k.
as contrasted with the normal fibers when stained by the intensified
Protergol method. Animsls in which the period of survival exceeded ten
days the elteration consisted of loss of sxones end their pretermimal
brauches and terminal structures, snd thelr replacemeat by argyrophilic
degeneration products. These products consisted of short leagths of
beaded fibers and lerge end small grenules. In the animals with loager
terms of survival, many of the slenents involved im the degeneration
bave been removed and the observations contrasted the resultant fallout
of afferent neurocpil with that present in the corresponding acrmal
nucleayr areas. It was observed that different porticns of the pathways
seemed to (egenerste at different rates and that in generel, the more
distal elements disappeared first, mnd thet the fine fiber trects
seemed more resistant tham those consisting. of coarse slements.

In the evalustion of the smount of involvement present in tracts
such ez the brechium conjunctivum, recourse was had to percentage
figures, vhich were merely the subjective judgement of the ilnvestigator
s spplied for purely descriptive purposes.

Extent of lesions and resultent patterns of degeneration have
been plctured on a serles of stereotyped drawings of representative
sections of the cat brain.

The terminology of the "Nomina Anetomice” ae revised by the
Internationsl Anatomicel Nomenclature Commitiee in Paris in 1955 has

been used in thalemic nomencleture, im which the term ventrasl
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intermediate hes been substituted fur veatral lateral, making a
subdivision of the ventro-lsteral complex consist of ventrsl posterior,
ventral intermediate end ventral enterior muclei.

Hearly all studies previously mentioned {n the introduction have
relled oo the eccepted Welgert, Marchl end Nisel type prepavations
for analysis of their meterial. Cajal (11), in his investigations
of the nomal nervous system, has extensively qppi:&uﬂ the silver
technigues. Chenbers and Syrague ¢t al (31) have used the louta-
iaidiow siiver method. Glees and ie Gros Clavk (33), Brodal (3h),
aad Jtotler (32) have used silver mothods cn experimentel studies of
the optic, suditory and other mejor systems. The use of the silver
stedned preparations in this study was prompted by the superiority of
thls method for the simultaneous descnstration of degenereted axones,
fine proterminal fibers, and terminal endings.

mamarmesofmﬁnmmmcmuafmg
iovestigation, the histological analyeis of only eleven lesions will
be described to illustrate the resulta.



Se
ORGERVATIONS

Cat D15

The lesion in this case is located in the pontine tegmentim
snd includes the ventro-loteral third of the brachius conjunctivue.
It extends cawdally however to include a portion of the wmecinate
fasciculus, the vestibular root, & portion of the latemi vestibuler
nucleus, and the motor nucleus and descending trect of the trigeminal
nerve. At the level of the brachium conjunctivum, the lateral leme
alscus, the aucleus of lateral lemiscus, the rubro-spinal tract,
the latersl reticular mucleus, ead the tegnento~olivary bundle ere
elso iavolved. Socme fine gramulation of degeneretion is preseat in
the region of medien longitudinel fesciewlus. A amell emownt of
degenevatiocn is present in the inferior olive, presusahly due to
interruption of rubro~olivery homoloteral fibers. The descending
roct of the brachium conjunctivum 18 seen erossing over the inter-
pedamenlar aves and contrelatersl degeneration products are present
in the ventral leteral tegmental mucleus of Bechterew. Crenules arve
present in the regions of the crossed and umerossed vestibuloe |
mesencephalic tracts. The main decussation shows minimal changes in
the ventral one fourth, with dispersion throughout the magioeellular
portion of the red nucleus. Fibers seen rostral to the pre-rubral
field, howvever, are fev end course upwerdly to the ventyal pert of
the mueleus ventralis intermedius of the thalemus. Uncrossed

dentato~thalamic fibers are not seen, nor ave there any contributions
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from the weinate fapciculus to the thalams.
Cat Dol

The lesion in this case occuples the middle of the interpositus
nuelens with some sparing ia the candal dorssl portion of the nuclsus
and in the rostral vemtral portion. Nearly the entire dentate
mwcleus is destroyed along with dorsal and veatrel spino-cercheller
tracts end the meddal portion of the restiform body. The wacinate
faseienlus in this case is not markedly involved, nor is the direct
fagtiglo-hulbar tyact.

Degeneration in the brachiun consists of degeneration 1a the
middle and lateral vemtwal thirds. The emount of degeneration in
the dorsal one thind is small, spproximately 20-30%. The degencras
tion In the intermediate porticn is slightly more proncmeed
medially, but gemerally spproximates 60%. The most distal extremity
of the ventro-lateral brachimm shovs h0<50% degenerstion along with
the remainder of the lover third.

In examinstion of the decussation, the first fibers o decuse
sate (the slemder veatral porticn) show some gremulation on the |
contralateral side. This is asscciated with gramularity of the
ventral tegnental nucleus of Bechtevew. MHe graoularity is seen in
the ponto-tegnental area, superior centwelaucleus, nucleus nesen-
cephali profundus, iaferior olive, trapea&i'd 'b;ady, or III craniel
nerve muclei. The homolaierel vegions show no gramularity. The
ventral one half of the decussation is most severely ifmvolved with
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fivers from the dorsal part of the iatermediete one third of the
brachium decussating first after the small ventral decussation, emnd
foliowed by the more ventral portion of the brachiuvm. Ho discrete
decussating fibers are noted dorsally. No associated ebacrnaiities are
found in cranial nerves V or VII. Distridution in the red nucleus is
primarily in the large cell portion that appears posbero-laterally.
Ho terminations are found im the nucleus of Derkschewitsch, uucleus
of Cajel, the periagueductal gray, the periventricular gray, or
nucleus mesencepheli profundus. Degenerating gramules are seen in the
parvacelluler portion of the red pucleus more rostrally. The crossed
vestibulo-mesencephalic tract eppears to be imvolved.

No thelamic terminations sre preseat in the midiine auciei
\{c:ent:t‘*e medisn, parsfuscicular). The degemerating area lies lateral
to the hebemular-interpedunculor tract and flares outwerdly sad
uwardly through the fasciculus thsalemicus, aand ventrally through the
ventraiis posterior termimating in the ventralis intermedius. o
fibers enter the subthalamic body nor do they emter the globus
pallidus.

Cat D=2

Two extemsive lesions heve been mede in this case imvolviang
the ventral portions of the latersl snd interpositus nuclei. The
lesions begin directly over the roof of the fourth ventriclie and
extend both direetly and through vascular iafarction tc inciude the
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total neurcaal conposition of these nuclei. ‘The fastigial mucleus
ie not Iavolved. Wo neurons ere present im the ventro-lateral
extremity of the muecleus m-aem.m; Flbers of the homolateral
fastigio-bulbar tract mre partially destroyed slong with the imner
edge oaly of the umelnate fesciculus. Homolaterully, Deiters |
aucleus shows some fiiamptim and gramilarity, however, the cothep
vestibular puclel demonstrate no significent findinps. Tha origin
end patiniay of the descending root is well ﬂ.mumtedm‘uﬁ
slender band of fescicles lesving the ventro-latersl sngle of the
Mmmmammmmmymmmm.

A mopys rostral section shmra this ventrally srching pattern to
curve wwardly sad cross dorsal to the interpeduncular nu::.‘i.eul
and, following decussation, circle back veatrally. Freviously more
candal sections show gramulation slong this pathway in the veatral

nedisn reticular formetion. The descending oot terminetes in the
nucleus of Bechterew, but no other of the previocusly reported
terminations could be foumd. The brachium conjumctivim is iavolved
to the extent of epproximately T0% in both intermediste end ventral
thirds. The dorsal one third shows some sparing in the medien pore
tiom of this thivd and minimal degenerstion in the remaining area.
Decussation, arrangement, end distribution in the red nucleus is
sinilar to that fowsd in Cet D-b. The periagueductal gray end
periventricular grey svbstances aras negative for degemeratiom,
however, the mcrossed vestibulo-nesencephalic tract seems to have
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sone degsnerating type gramzlation. Thalamic terminations sre
similer to Cat Deli. To ascending wacrossed brachium is ncted nor
are comhections seen to the lemtiform muelei.
cat D-1h

The iavolvement is in the dersal two thirde of the mucleus
lateralis, the nucleus interpositus, and in & small degree the
lateral portion of the festiglal mucleus. A amall amount of
gparing has memad rostrally in the intermediste nucleus in its
ventral component. Also a very small vemtro-lateral portion of the
meleus lateralls has been spared rostrally. The fastisial nucleus
is neerly intact in {ts wost yostral extent. A few divect fastigloe
bulbar fibers ave imterrupted eloag with some degree of demage to
the restiforn body. A amell smount of gramlation mppears in the
lateral vestibular mucleus, end a fev fibers in the wmeinate
fescienlus sopear to be imvolved. Superior ond lateral vestibular
nucled are also involved to a rtnor degres on the homoleoteral side.
The trigeminal nerve auclei do mot show abmormalities.

More rostrally we find that the lesion bas extended ¢ imvolve
the dovaward redisting fibers of the braehium conjunctivum mnd pre-
sumably has interrupted them at the ares where these fibers congre-
gate before forming the brachium conjunctivim proper. Fallout in
the brachiwn is primerily in the dorso-lateral portion, snd especisl~
iy letersl in the intermediate ome thivd. Sowe gramilay material
is present in the vemtral ome third bubt it is certainly nct reusrigple.
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Fercentage~wise the dorsal and intermediate thirds have probedly
experienced between 65-85% fallout degeneration. Looking st the
brachium in a more rvostral mﬂe@gﬂes the impression that the
degeneration 1s more diffuse rostrally tham as previously deseribed
end that most areas without fibers are present in the medisl one
bhalf of the dorsal end intermediate thirds of the brachium with
some small amoumt of seattered degeneration in the veatro-lateral
portions, »

This series shows no apparent degeneration in the descending
root of the brechiwnm. Btarting at the decussation we find no de-
generation in the ponto-tegnental mucled, central reticulasr aucled,
nucleus of Dechterew, cranial nerves, or the inferior olive. The
mueled of Cajal, Davkschewitsch, the perdageductal grey, the
veriventricular gray, and mucleus mesencephali profindus ere simi-
laxrly free from degeneration.

The decussation shows fine gramilerity throughout end hence s
specific pattern of crossing is difficult to obtmin. However, 1t
is felt that a fev ventral fibers decussate first, Folloved by the
most dorsal part and subsequently the entire brachium. Ho ascende
ing homoleterel tract is seea vhich mey correspond to the so~called
uwierossed ascending brechiun conjuetivun of Coarrea and Mettlier.
Helther eve there sny spparent fascicles emmmating from the ime
cingte fasciculus and coursing o the thalams. The IIT crenial
perve does not eppear to be involved in degeneration either in the
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aucleus or degenerating fascicles in the aerve proper. Degeners-
tion ie present eround the magnocellular portion of the red nucleus
vith a general spread laterally psssing through the parvacellulsr
portion. Midline melei are negutive for degenerating terminations
a3 is the globus pallidus and subthelamie body. Plhers courss up-
wverdly through the fasciculus thelsmlous and go medisl toward the
exbernal medullary lemine end enter the ventyrelis lateralis of the
thalemus. o terminations are seen rostral to this.

Cat Del \

The lesion in this case was made in the basal coveballar
mwled aad involved the lgteral mucleus with slight sparing of that
aucleus veniro-laterally. This sparing ccemrred in the ventral
commigsural component between the leteral and interpositus aucleus.
The interpositus DrUper Vag spared in its most caudal) extent, but
the roatral portion was camletely destroyed with exception of those
cells deseribed previcusly in the commissure. The medial portion
of the restiform body was minimelly involved. There is 1iittle
demage 1a the region of the direct fastigio-bulbar or the imcinate
faseicuwlus. The fastiglel nucleus is aot significantly ifmvolved.
Examination of the vestibuler auclel falls to show degenerstion.
Creaial nerves V and VII are not javolved. The distributicn of
Gegensration~type gramules and azopnal fallout in the brachium proe
per iz spprowimately 60-70% in the middle third snd 30-40% in the
dorsal third. Although more fallout appears in the mediel portion
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of the intermediate third this pattern does not persist in the re-
balnder of the brechinm. The wentral thind, including the nerrow
vantro-lateral extremity fibers, shows minimel degemeration with
only 15«20% fiber fallout in its most dorsel reglon. No degenere
eting Mmtims of the descendiag root of the brachium are seea.
Comperison of cantrasting sides fails to reveal any difference ia
the median longitudinel fasciculus. No ascending ap descending
compoments, which mey have arisen from the uncinste fasciculus,
are seen. The organization in the decussation 1s in egreement
with that of other experivental eafwels in that the degenerating
gramilation i seattered primerily in the middie third of the eroge
slng with o miniwal emount of degeneration in the dorssl portion
of that decussation in the more caudal sections. The fine ventrale
1y erching fibers belfeved to be those which become the descending
root are free of axonal change. ‘The mucleus of Daxitachewitsch and
the micleus of Cajal are negative for degemeration, as is the
periventricular gray. No fibers are seen in the regica of the
vestibulo-uesencephalic tract. Gramilation within the red mueleus
is confined most exttensively to the ventral medial portian of
egaocelivularis, with diffusion spreading upwardly snd leterally.
Ihe third nerve mucleus and {ts fibers are fres Irom chenge. More
rostrally, products of degeneration are present in the parvacellular
porticn of the red mucleus. NMstribution rostrally follows the
cusiomery patitern, terminating vie the faseieulus thalamicus in the
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mcleus ventralis intermedine of the thelemus. o fibers are seen
o enber or pass through the ventralposterior nor doss eny comection
sppear with the globus pallidus or subthalamic body, Muclous pava~
faccloularis s free of degmeretion. b uncrossed homalsberal
degmnereticn is presaut in efther the veatealis intermelius msieus
or other mucled such as centre median, subthalamis mcleus of luyw,
or the lentiform nucled. '

St Db

he lesion in this case cccupdes the moot candal extent of the
igteralis is partiaily tuvoived but the laterel extremity is grosaly
intact. Ihe lesion hos partially iociuded the wmoinate faseiculus
of Russell, direct fastiglo-tulber fibers, the restifoew body, end
possibly the nost dorsal and rostral pert of the imteral vestibular
oucled (Dedtars). e fastigial mucleus is not involved.

The weckiun conjunctivun gipears $o be epurarbmmbtely 60«70%
degenerated in its ndddle coe thind, both laterwl and medisl con-
ponomts. Te dorsal one third 36 intact as is the vemtrel coe
third. o degmmeration is pwecent in esscciation with cyendal
nexve ¥V end VII, nor in fibers of the wncinate fesciculus. 5o de-
ganeration is present in the malens mesemcepbaii profindus, supe
rior central micleus (cemtral retioular mucleus), ponto-iegsmtal
mcieus, nor the ventral-tagoental mucleus of Bechterew. The ine
ferice olivery caplex is also free of degemerating fiders. The
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most dorgal portion of the homolateral medisn lcagitudinsl fasciculus
suggests very mindwel sxonal fallout. Degemerating fibers of the
brachiun gppear to be falrly equally distributed throughout the
dscussation, but sppear cmly after the large body of fibers of the
dorsal pari of the brechium has already crossed. The small ventral
camponent which erosses first is free of degemeration, therefors
the descending root is probably not degenersted. It eppesrs that
the decussation is camplete and that the droplets are confined
primaily to the central lateral portion of the red auclens amecag
the magnocalliular portion. No fibers sppesr to join the ITI
cranial nerve. No degenerstion eppesrs on the homolateral side
either directly in front of the red aucleus or rostraliy in the
thalmms. Thalamic projections ere similar to Cat B-13.
Gat De5

The lesion {nvolves the lateral ane hal? to two thirds of the
interpositus aucleus and the dorsal two thizds of the lotersl mue
cleus. The lesion does not include wmcinats faseiculus nor does
it include any of the redisting fibers of the direet fastigios
buibar trect as 1t courses down toward the vestibular mclet. Hgni~
ficantly the cells in the vemtro-lateral cas third of the mucleus
lateralis are not imvolved. As expected thsrefare, no degeneraticn
is seen in the previously deseribed course of the descemiing woot
of the brachium. The vestibuler muelei ave similarly wninvolved.
The brachiun itsel? is dagemerated primerily in the intewmsdiate
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one third gnd 2 fraction of the dorsal gcr*tion of the ventrsl third.
This degeneration is estimated ob approximately 60%. Dorso-medisl
cap and ventro-latersl angle ave iatact. No significant differences
occur in the red mucleuws with terminations appavently ccewrring ia
- the mgnwauular portion. Rurther, an even smaller gramzletion
pathwey appesrs somevhat diffusely in the upper lateral pervaceliuler
red aucleus. Epi-thalemic termineti.as ere not seen snd thalamic
rrojections also follov earlier descriptions. The ventral gicgatezm:f
is free of degemeration. Agein, no uncrossed escending component is
apperent in this series.
Cat Delf

Destruetion ia this enimal ineludes the eatirety of mucleus

lateralis and iaterpositus. Surrounding areas damaged either directly
or secondery te vasculsr iaterfeveace are: portion of the uacinste
fosciculus, direct fastiglo-bulbar fibers, superior end latera
vestibular nuelel, portionm of the restiform body, mucleus =md tract
of V eremisl nerve, and spino-cerebellar tracts. Associsted with the
primary lesion there appears to have besn pressure interference with the
fpsilateral dorsal columa of the medulls with subseguent degeneretion in
the mediel lemiscus. More rostrally electrocagulative changes involve
the entire brechiun conjunctivum and adjeolinlag vestibular gnd trigeminal
ereas. The median loagitudinel fasciculus shows bilateral scattered degenw

eration somawhat nore pronounced contralaterally. Uo fibers are seen
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terminating in the inferior olive, medial vestibuloespinal, or
reticuio-spinal trects cxtending to the lower meduila cr.é upper
cervical areas. Although typieal fine gramuler degeneratiom is -
present in the veabrel tegmentsl nucleus of Bechisrew no othey
descending yoot terminations ere seen. A few sceattered promules
ere seen elong the midiine in the region of the cegtral retlculer
meleus tut are probebly not signiflcant. The descending root as
it leaves the veniro-lateral portion of the brachium conjuactivm
and decussates over the interpedunculsr mueleus is yeadily dise
cegnible In this series.

Decussation takes place as was previously deseribed; the
small veuntyal porticn crossing first, followed by the dorsal third,
middle third end finally the upper portion of the ventral thiwd.
Both crossed and umerossed vestibulo-mesencephalic tracts are ine
volved, in addition to some gramilation in the cenitral tegmental
fasciculus and lateral to the perdageductal gray. It has been guge-
geated that the latter two petlweys may be associzted with the trie
gaminal nexrve. The nmucleus mesencephall profundus is free of de=
generaticn bilateralily.

In the reglon of the red mucleus the woye typical and heaviest
pramalation is present in the megnocellulsr portion but diffuses
ypward end laterally. Rurther, the postericr comdbssure shows some
degeneration along with & lesser degres of gramulstica in the
periagueductal grey mmd periveatricular gray. This evidénce of
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degeneratica, however, falls to fLupress this investigator as being
valid. To other epi-thalemic gramuistion is seem. Jome degeneration
is also seen im the IIY cranmisl nerve comtralateral to the involved
red aucleus. In addition to the arching pathway o the mcleus
ventralis intermedius, degenerated fascicles are found in the veatralis
posterior which are evidence of the iavolved projections from nucleus
gracills and cumeatus., No subthalemic or pallidal comaections are moted,
nor are there any uncrossel ascending pethways terminating in the
thalamic area.
Cat D01

The mucleus interpositus sad ibe nucleus lateralis are mearly

‘*so;hnuy destroyed ia this case. The Ffastigial aucleus is sppareatly |
not Involved; however, the medial projectioa of the interpositus
nuciens seems Yo be demaged. The ventro«lateral portion of the lateral
nucleus ies directly involved with no imtact cells seam. The direct
festiglo~bulber tract has been interrupted with essociated gramulation in
the homclateral vestibuler nucleus. The uncinmste fasciculus has been
parclially destroyed. The lesion extends forwerd end includes the area
betwesn the fourth veatricle and the restiform body (swperior vestibular
nuclel, sssociated while matte., and the couverging fibers of the brachium
copjuactivum. j} The brachium shows degemeration throughout 1te extent;
however, the greatest amount eppeexrs to be in the upper third. Some spering
cccurs medially in that segnent, bui less them bas been previously



18.
encountered. The intermediste snd ventral thirds are imvolved to
eppromcimately 60%. Termingl degemeration in the nucleus of
Bechterev is less tham previously encountered; slthough scme is
present. o other terminmations of the desceading root are seea.

The pattern of decussation sgain agrees with the previous chservetioas.
Distributicn in the red aucleus is 88 previously described with
meximun endings in the megnocellulsr portion. Thalamic terminations
include the aucleus ventralis intermedius and possibly some arching
fibers to the veatral postericr from the dorsal portion of the
fasciculus thelamicus. The subthalsmic nucleus does not receive eny
terminaticns. No ascending homolateral components are ssea.
Cat D-308

In this endmal the lesion includes nearly the total exteat of
ths mucleus interpositus with some sparing medially smd cephalad.
The more lateral lesion has included nesrly all of the mucleus
lateralis. The degenerstion extends rostrally and includes a portion
of the cerebeller vermis end the restiform body. The ventro-lateral
portica of the laterel mucleus is also iavolved, with vorticas of
the fastiglo-bulbar tract and the uncinate fesciculus. Degeneration
is present hoamolaterally in the superior eand lateral vestimular
nueclei. A small upper portion of the descending spinal root of
the trigeminal merve is also involved. The brechium conjunctivum
shove degeneration im all but the dorsel most tip. The upper
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and middie thirds are involved to approximately 55% while the ine
ferdor lateral extemt of the brachium 18 involved o approxinately
45%. Degensretion is present 4n the ventral tegmental micleus of |
Bechterew. As described in other animals no other terminations of
the descending root are seen. A small homolateral vestibuloe
mesancephalic component is degemerated. Degenerstion disteibuted
in the red mwcleus and at the taslamde terminations {ventral imterw
mediate mcleus) are as previcusly described.

Cat D-3 |

The lesion in this case is rather extensive, in that 1t in-
cludes portdons of interpositus snd lateralis, in adddtiom to
gpecific demage :!n the brlnh!.‘lm conjupetivum as It is formed at the
level of the V cranial nerve. The electrolytic lesiom in the inter-
prositus destroyed most of the mucleus, while the second lesion is
localized in the ventral lateral one fourth of the m\c;em lateralis.
More rostrally the lesion extends into the lower half of the mucleus
with sperdag of ths dorsal portioas (epprozimately 609 of the mi~
cleus mtiwt). The lesion extends forward amd inclwdes the inter-
mﬁaﬁﬁMmaﬁhMmaaﬁwm%ﬁgm-
The ventro-iateral portion of the brachium is desenerated in the
Bame gection. In examining pontine sections thmugh &:e brachivn
it ias shown that nearly the entire fibder hundle is damamed. Agein,
sane fibers may be spared 1a the dorsel cap, especially in the depgo=
umedian eren. The descending root appears to be iavolved by this
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lesion and degemerastion of exone terminals is present in the contra~
lateral nmucleus of Bechtersw. Ho other terminations are seen. The
fa&tigtal nuclei and the uncinate fasciculus are undaemaged, bul direct
fastigio~bulbar pathways ere probebly imterrupted, sccounting for
mindmal, greamlgtion ia the lsteral vestibular necleus on the homolateral
gide. The course of the brachium in the red aucleus and decussation
follow the paitern previously deseribed. Hpi-thelemic terminations
are ot seen end thalemie projections slso follow earlier descriptions.
The ventral posterior is free of degenevation. Agein, 1o unerossed

ascending component is wppavemt in this series.



Plgure 1. A serles of six drvawings made st representative levels.
Cat D-15. Drawving (D) shows the ares of the lesion
involving the ventral brachium conjumctivum (vertical
lines.) Drawings (E and F) show caudal extent of the
lesion and edjolnming degeneration (stipple). Drewinge
(2, B and C) show resulting degeneration in the decussa-
tion {(C), ved nucleus (B), and mucleus ventralis inter
medius of the thalsmus (A). HNote the involvement of
crosged descending linb of the brachium econjunctivum
pathway end terminstion (C and D). The crossed and
wcrossed vestibulo-mesencephalic tracts (C), fibers
in the median longitudinal fasciculus (D), and
vestibular nuclei and trigeminal nerve () are involved.
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Figure 2, A series of six drawings mede at representative levels.
Cat D-4. Drewing (F) shows the cerchellar muclear
lesions (vertical lines). The resulting degeneration
(stipple) is seen in drewings (A-E); noting that the
ventral two thiris of the brechium conjunctivum is
invoived (D) snd the ventral tegmental mucleus of
Bechterew is involved (D}, The crossed descending
liwb of the brachium conjunctivua pothvey end termination
is aleo involved (C and D)., Drawings (A-C) show thalamic
(A), rubral (B) and decussation degeneration (C).
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FPigare 3. A serdies of six drvawings mede at representative levels,
Cat D-2, Drawing {P) shows the cerebellar nuclear
lesions (vertical lines). The resulting degeneration
(stipple) 1s seen in the brachium conjunctivum (D-E),
the descending linb of the brachium conjunctivum (C-D),
and wnerossed vestibulo-mesencepbalic fibvers (C). Addi~
tiopal degeneration (A-E) is similar 4o Cat D-l.






Figure L. A series of six dravings made at representetive levels.
Cat D«14, Drawing (F) shows the cerebeliar nuclear
lesions (vertical lines) and Gegeneration in the howmo-
lateral vestibuler muciei (stipple). Drewings (D-E)
show degeneration primarily in the dorsal two thirds of
the brachiun conjunctivum. Drawings (A-C) show degenera-
tion in thelamic (A), red nucleus (B) and decussstion (C).






Flgure 5. A series of eix dvawings made at represchtative levels.
Cat D~13. Drawing (F) shows the cerebellar miclear
lesions (vertical lines). Resulting degemeration in

the brachium (E-F) is seen. Additional degenevetion
(A-C) is eimilar to that of cat D-1k.






Figure 6, A series of six drawings msde at representative levels.
Cat D-6, Drawing (F) shows the cerebeller muclear
lesion (vertical lines). The resulting degeneration
(stipple) is seen in the medial one third of the brechium
conjunctivum (D and E), vestibular nucleus {E), homo-
lateral median longitudinal Pasciculus (D), and the
uncrossed vestibulo~mesencephalic tract (C). Adaitional
degeneration (A-C) is simllar to cat D-1il,






Flgure 7. A series of six drewings nede at representative levels.

Cat D-5. Drewing (F) shows the cerebellar muclear leslon
(vertical lines), The resulting degeneration (atipple)
is seen in the middle ome third of the brachium conjuncti-~
vun (D and E) with asccompenying vascular encroachment of

the lesion (B). Additional degemerstion (A-C) is similar
'ﬁ@ B“‘&sn
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Figure C. A series of six drewvings made at reprecentative levels.
Cat D-i. Drawings (E and F) show the cerebellar miclesr
lesions (vertical lines) and associsted vasculay encrogche
ment. Important degeneration (stipple) is seen in the
crossed descending lisd of the brachium conjumctivun
pathway end termination gc and D). Inadvertant damege to
dorsel medullary area (F) is seen in additlon to the
involvement of the medial lemniscus (A-E). Further drawe-
ings (E and F} show involvement of the vestibular maclei "
medial and letersl vestibulo-spinal trscts and the nucleus
and tract of V craniel nerve. Drawing (C) illustrates
involvement of crossed and uncrossed vestibulo-
mesencephalic tracts, centrel tegmental fasciculus s and
periagueductal grey erea. Drawing (B) io addition to
rubral degeneration illustrates pseudo-degeneration in
the posterior comnissure, emd ipsilsterel III nerve. In
addition to ventral intermediste teruinetion in dyrawing
(A), involvement is seen in the ventrsl posterior nucleus.
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Flgure 9. A serles of gix drewings made at reprasentative levels.
Cat D-3. Draving (F) shows the cerebellar muclear
lesions (vertical lines) with assoclated direct brachial
involvement (E) and adjoining vesculer (broken lines)
encroachment. Drawing (D) shows nesr total imvolvement
of the brachium conjunctivum with scme sparing in the
dorsal most cap, plus degeneration of the ventral
tegmental mucleus of Bechterew. Additionsl degeneration
(A-C) is similar to Cat D-13; although slightly more
extensive in regard to the thalamic termination (A).
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Figure 10.

A series of six drawings made at representative levels.

Cat D~OL. Drawing (F) shows the cerebellar muclear

lesions (vertical lines) with associated direct brachial
involvement (E) end adjoining vasculsr encroachment.

Drewring (F) shows involvement (stipple) of the homolateral
vestibular mucleus. Drawing (A-D) are similar to cat D-3
with the exception that there is less involvement of the
ventral tegmental mucleus of Dechterew and that in sddition
& few arching fibers are seen in the ventrel posterior of the
thalspms (A).
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Figure 11,

A series of six drawings made at representative levels.
Cat D-308. Drawing (F) shows the cerebéller nuclear
lesions (vertical lines) with essocisted divect (stipple)
and vascular brachiel involvement (E). Drawings (D and
E) show degeneration in all but the dorsal most tip of
the brachium conjunctivum and involvement of the ventyal
tegmental nucleus of Bechterew. Additional degeneration
(A<C) is similar to Cat D-3.
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DISCUSSION

Cerebellar Nuclei

The configuration end terminology of the deep nuclel of the
cergbelium bas long been a subject of much consideration. Various
descriptions have been made of the homology involved between the
Inuaan brain and various experisent animels. Undoubtedly mﬁa nost
complete work has been deonme by Jansen aud Brodal (30), augmented
by Allen (15), Clark end Hoveley (13), Snider (35), end Tilney (36).

A}. Hucleus Fastigius

This nuclear complex bas been known also as the roof nuclei or
the medial nuclei in the various enimals, snd is generslly accepbed
2s “bemg concerned primrily with the vestibular system. Jansen and
Brodal {30) bave felt that cerebello~fugal fibers from the fastiglal
nucleus leave the cerebellum via the superior and inferior cerebellar
peduncles. Using retrograle anslysis, they found ipsilateral dentate
and intermsitu.é changes in addition to bilateral fastigial changes
alfter section of superior and inferior pedumcles. They felt Jjusti-
fied further to state that all the cereb&llar nuclei conbribute fibers
to the brachiuam conjunctivum. This was in agreement with Winkler (12)
and Resmussen {16). The above investigations have shown that only
{ibers originating in the festiglal puclei decussate in the cerebellum,

B). Muclsus Interpositus

Sadder {37) has shown that this nuclear group is homologous to the
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nucleus globosus and emboliformis in the primete. Although this
investipation has been entirely devoted to cats in vhich this
nucleus is fairly discrete, couparisons may be drewn beiween inter-
positus end its primate homologes. Commissural connections are
present between both nuclens lnterpositus and fastigius and between
interpositus and lateralis. Fuse (17) bas inferred that all
cerchellar nuclel except the dentate eon‘tribute‘ to the inferior
peduncle. Although Winkler (12) end Reasmussen (16) have been sim-
ilarly impressed, Allen (15) and Jansen and Jensen (30) have sup-
ported the concept thet no fibers .fmm the interpositus leave via
the inferior or middle peduncles. The mein contribution of the
interpositus is via the brachium conjunctivum with those fibers from
the lateral cerebellar nuclel.

€). Nucleus lateralis

In close associstion with the interpositus nucleus lies the
lateral nuclear gmuﬁ. This nucleus is homologous, (Jansen and Brodal
(30)) to the dentate nucleus of primates; in the humen developing
into an increasingly larger end more complex structure. Gans (33),
Demole (40), and others have described developmental and structural
components of this nucleus in the higher forms, but due to the
histclogical homogenelity in the ecat, we will consider 1t as & single
ayes. As was described above, the most sccepted viswpolnt is that

the Bulk of the fibers from the lateral oucleus exii from the cerebellum
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vie the brachium conmjunctivum. As with the interpositus, Jansen end
Jansen {38) have felt that few, 1f say, Tibers from the lateral
nucleus contribute to the inderior peduncle.

This investigation hes not been concerned with coytical dis-
» tributions to the verious cerebellar nuclel; however, the relstionship
suggested by Jansen end Brodel (30) showld be observed, They have
- stated thet there are three cortical zones: @& nmedian projecting to
the lmetigiel nucleus, an intermediate projecting to the nucleus
interpositus, and & lateral area associated with the nucleus laterelis.
Chanbers and Spregue (41) have found physiologic agreement with this
distribution in relabing the vermlan cortex with fastigial nuclel
and the paravermian cortex with' macleus interpositus.

The terminology used in the publication of Snider (37) on
the éee;g nuclei of the cat has been used ir; this inves*tigétian,
and his descriptions of the morphology and histology of the deep
puclel bave been correlated with the cbservations in the present
work.

Efferent Pathways

Most of the kpowm cercbellar efferent fibers are found in the
prachium conjunctivum along with fibers from the medulla that, &t
present, arve poorly understcod. The former portion of the brachium
conjunctivom, pars cerebellar (Jemsen and Brodel (30} ), is the pri-

pary concern of this investigation.
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Following the inltlal deseription of the distyibution of the
brachium by Marchi (1), Cajal (10) has stated that the demtate
mcleus was the mejor eite of origln of the brachium, and thet the
axones bifurceted, one lind embering the smpericr peduncle and ths
other descending down into the medulla of spinsl cord es the “via
descendente de Marchi". Clask and Horsley (13) have felt that no
fibers from the cersbellar cortex enteresd the mperior pedumcle,
videh was in complete disagreement with the findings of Thomas (3)
end Cajal (10). BSachs end FWincher {20} have deseribed fibers to
the besel ganglia end red mucleus, while the vork of Hohmen (19)
demonstrated that the only cerebellar cortical efferent was fram
the antericr vermiz to Delters mucleus. Iolwan has further shoun
that thers are no pons, midbrain, or spinal cord effereats frow
the cerebvellar cortex. This confusing guestion has been consldered
extensively hy Jansen and Brodal (30) who have claspified cerebellar
cortieal fugal fibers into long end short types. T loag fibers
pass beyond the cerebellar muclei snd terminate primarily in Deiters'
(lateral) vestibuler end Bechterew's (muperior) vestibular mucled.
The short cortico~fugal fibers project to the deep cerebellar melei
in the gemersl topogrephical memmer previocusly described. Neverths-
less, complete classification of these fibers is far from finished.

The esarliest study of the capoaition of the brachimm conjuncti-
vum was done by Bechterew (8) who eploysd myslogenetic enalysis of
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humen embryos. Bechiterew divided the brachium into four perts:
dorsal part emanating from the roof nmuclei end homolsteral vermisn
cortex pel, pell from globosus and emboliformus situsted in the
middle third of the lateral part, peIll from dembtate end adjoining
cortex ruming medial to pell, and the ventral portion, pelV, vhich
has been associated with the “sccessorische bindearnbundel” of
Probst (k) end reportedly sscended homolaterally to the red nucleus
and thalamms.

It is generally agreed that we owe the most extensive analysis
of the compositicon of the brachium conjumctivum to Winkler (12).
Although his work follows Bechterew rather elosely, important eddi-
tions were noted. Winkler found that the dorsal third of ths brach-
fun wvas composed of fibers from ouclel fastigius snd globosus end
from the jurta-restiform body. The middle third, lateral portioa
was derived from nucleus emboiiformms while the wedian portion of
the middle thivd vas formed by Lfibers from the dentate mucleus.
The lower third in this case is ccoupled by fibers from the vestibue
lar end sensory fifth mucleus end here presents the guestion as %o
whether thess fibers are truly within the limits of the boundaries
of the brechdun conjunctivim. Coamparisons of the vearious analysis
of the composition of the brachium conjunctivun lead one to belleve
that the lower thizd described above is not camonly ineluded.
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Parther work by Allen (15) and Missen (14) has shown thet few
fibers emanating from the medial nuclei enter the brachiwn conjunce
tivam, According to their findings the dorsal pert of the superior
peduncle is camposed largely of fibers from the dentate, vhile the
dorsal two~thinds is supplied by interpositus. Mbers from the
dentate eppesr to be lateral while the interpositus components ave
medial. Rend (29) in the maqu has felt that the veatral porticns
of thu; micleus interpositus - comisibute . fibers in the ventral
part of the brechium comjunctivum, wihdle the ventral end lateral por=-
tier}: are supplisd by the dentate nucleus. Carpentar snd Stevens
(27) 1n the monkey heve supported the aforementioned findings end
have demonstrated thet destruction of the ventral leteral portion of
the dentate muclesus leads to degemeration in the ventral lateral POE-
tion of the brechium, 'Ihay ms@ by saying thet the medial cere-
bellar mclel tend to oecupy wore dorsal snd medial avess of the
superior peduncie, vhile lateral end ventrsl fibers aere derived firom
the more lateral and vemtral p@rtiml of the deep cersbellar muclei.

Melasters (20), using Merehi technigue in the cat, bhas found that
the interpositus mucleus projects via the medial brechiun coajmetivum
and the latersl mucleus proper contributes fibers to the mid and ventrsl
two-thirds of the supericr pedmecle. The caudow-lateral portiocn of the
dentate seems to ascend veatro-laterally in the brechium, Although
lelasters has fomd fibers of the wicinate fasciculus infiltrating through
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the superior petumele he has dended fastigial efferent contribue
tions to the conjumctivel "erm®.

It is interesting to note that Carpenter and Stevens (27) have
noted no twlsting or crossing of fibers within the cerebellun amd
suggest an orderly errangement in the brachimm. This finding would
not be in keeping with the concepts professed by Winkler (12) end
Bachterew (8). -

In this study, cobservations ere in genersl agreement with the
vork of Carpenter emd Stevens (27). Lesions {eats De15, D=k, and
D-2) iavolving the ventro-lateral portion of the dentste lead to
degeneration in the ventro-lateral portion of the brachiun conjuncti-
vum. Degeneratica ia the middle third of the superior cerebellar
erm (cats D-1k, D=6, and D-5) seem to follow destruction of all the
dentate except the ventro-lateral portion and the lateral cme-half
to tuo—th:l.rd.u of the .‘mttrpodhu pucleus.

Whenever the festigiel micleus cr its projecticns are involved,
{cats D=, D=3, D=0L, D308, ead D-14) we sec various degeneration
in the dorsel cap of the brachium. |

Ko medio-lateral spacial canfigurstions in the brachium corre-
_ sponding to muclesr lesions are seen in this jovestizatiom.

In sumery, the lateral mucleor arens project vis the ventro-
lateral brechiwn end sre distributed dorso-nedially both ia relation
to nmuclel end tha superior cerebellar srm, with fastigial ca@omnté
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apparently cccupying the dorsal cap area.
Decussation

logically, further discussion would ¢oncern the smatomieal
relationships of the decussation of the brechiun (the commissure
of Wernekink). Thie midbrain crossing of the ecerebellar outflow
system should be cousidered in two sections: spaeial relations
of the decussation, end emmeration end discussion of pathways
radieting both candally snd rostrally. The erbitrary some differ-
entiation (Carrea and Mettler (£6)) of the brachiun seems of little
{mport here, both snatamiselly and functionally.,

A).  Specizl Relations

Alden {15), in 1924, has stated that most descriptions wp %o
that time dismissed the decussstion with the ecssertion that the
fibers c¢rossed to the contrelateral midbrain. Using humsn material,
Probst (4), hes foumd thet the matter was not as simple gs this
and reported that the decussation of the brachium was divided into
dorsal end ventrsl perts. Corpenter snd Stevens (27) have fell that
this deseription is in egresment with the srrangement found in the
Mem monkey where the ventral brachisl fibers appear to cross the
midline in & stradght course, while the fibers of the dorsal portion
curve ventyrally. Central pedunculer fibers wers found o cxoss ohligue-
1y at & higher level by these investigators. Ven Gelmchten (5) end
Allen (15) heve peintained that the ventral fibers of the decussetion
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are primarily cephalad; while the dorsal fibers gppear to crose
more caudally. Cajel (10) on using various animels, believed that
the more dorsal fibers cross first, while Rand (29) om the other
hand, states that the brachiuws decussates ventrally at first, then
proceeds medlo~cephalad., Further he has added that the dorsal
reglon crosses in a step like fashion as 1t procegeds cephalad; and
the central portion crosses last. His work has verified that the
superior peduncle is dispsrsed in its ventyal third but compact
dorsally.

Carrea and Mettler (2G), in their extensive study of the
decussation, although somevhat confusing verbally, have described
thusly: the arc of the dorsal median brachisl fibers as they pro-
ceed ventrally is greater than that of those fibers coursing in
the ventro-lgteral part of it. The decussation is an oblique one
with dorsal caudal fibers decusseting first and yostral ventral
fibers decussating last.

The fastigial component of the brachium must be mentioned here
in relstion to the guestion of camplete or incomplete decussation.
Allen (15), Mussen (19), Lewandowsky {7) end Ven Gebuchten (5) all
have mainteined that the fibers cross completely. Probst (&), hows
ever, has described fibers coursing in what is now descyribed as
the direct escending brechium conjunctivum (Casres and Mettler (26) ).
Noteble disagreement by Rand (29) ie exemplified in bis observullions
that the decussation is complete in confirmation of earlier workers.

Carpenter and Stevens (27) heve copcurred with this., Carres and
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Mettler (26), in support of Cajal (10), have found that there iz &
component from the fastiglal nucleus which decussates caudally and
dorsally, end hence, are the only fibers to give rise To the
descending limb and the uncrossed ascending component of the
brachium. Fioally, Jansen and Brodel (30) have mentioned that
this component may be sbaent when the fastiglel nucleus is left
undamged‘.- The sssociation of this fiber bundle wiith the ascending
limb of Carrea and Mettler will be discussed further in e later
section.

The present series suggests *thg:;i: decussation is ventral inl.
tially, followed by dorsal exching fibers which cross dorso-
ventrally as one proceeds cephalad until the dorsal portion of the
lower one third of brachium conjunctivum finally crosses. The most
ventral perts of the first portion of the decussation are believed
to represent the erﬁsseél descending limb of the brachiwm.

Although some early investigators bave been concerned with
the description of fibers prior to the decussation (Allen (15) ),
litile apparent interest bas prevailed and its importance seems
guestionsble. However, its memtion in this reviewis made for the
sake of completeness. The verious nuclear groups which have been
reported as being supplied by [ibers from the conjunctival arm
include pars lateralis, pers intermedius , pars dorsalis, end pars
ventralis of the mucleus mesencephalil profundus (Rand (29) )

iocated in the tegmentum of the midbrain., Allen (15) described,
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pricr to decussation, fibers which entered the doxsal and lateral
reticular formatilon. Present material has falled to reveal such
comnections, although the crossed and uncrossed vestibulo-
nesencephalic tracts are commonly involved. In addition to these
tracts, it is the opinlon of this author that the imconstent dise
tribution of degenerated fibers in the MLF was due primerily to
partial damege of the fastigio-vestibular systen.

A’i: this point, it seems necessary o state that the degenera-
tion of the spino-cerebellar tracts, the gracilis, cuneatus, V
nexrve nuclear damece, and the vestibulay ipvelvenent is alloweble
alace The Marchi control series had to be dope on & nearly complete
lesion of the brachium conjumctivum, The subseguent degemeration
{in central tegmentel fasciculus and periagueductel gray ares) in
the enimal (D-M) canmot be evaluated in the face of the other
lesions however, and we must rely on the more restrictive areas of
distribution.

B). Redieting fmhygs

In discussing the subsequent pathways the larger component will
be discussed first; the crossed ascending brachium,

Tirgt and foremost of the pathways diffusing from VWernekink's
conmissure is that portion commonly referred to as the crossed
ascending component of the brachium conjunctivum. Frobebly no pore
tlong of these tracts are more well known than this segment which

finds its way rostrally to the red nucleus and thalemus. Fractionsl
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representation of brachial endings in the red nucleus and their
proyorticmﬁa relation to ascending thalamic fibers bas long been
& matter of some dismta; Cajel (10) end Raasmussen (16) have suge
gested rubral ‘bmminﬁtmm while Probst (4) has felt that the main
body of fibers project to the thalerms. Mussen {14), end Aviens
Kappers, et al (42) in their guantitative analysis of the fiber
camzﬁibwcims to the nucleus ruber, have stated thet "generally one
balf of the fibers (in the superior cerecbellar am) in the cat or
monkey terminate in the magno-cellulay portion, one fourth in
parvecellulsris, and one fourth in the thalamus.” The work of
Jansen end Jansen (38) has supported the hypothesis that one third
of the fibers pass rostrally to the red nucleus. Two thirds of
these fibers ave derived from nucleus lateralis and one thizd
az':i,gm&wa equally from interpositus and fastigius. Cerpenter and
Stevens (27), in the m*m@ heve sgreed with the Tiber counts of
Mussen (3#) and Jensen and Jansen (38) in stating that fibers
originating m the dentate nucleus contribute primarily to the
diencephalic terminations. Rand (29), on the other hand, has found
fibers from the medial portion of the dentate ending in both por-
tions of the red mucleus. IHe has emphasized also that the fastigial
nucleus does not comtribute connections to either part of the red
mucleus. '

Carrea and Mettler (20) have found that the fibers lying dorso-

laterally in the red pucleus constitute the dorsal component of the
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brachiun, and intermediate components apparéntly go through the
central portion of the red nucleus in & pore diffuse manner. These
authors have implied further that ventral brachial components term-
ingte chiefly in the small cell portion of the nucleus ruber.

In this investigation all lesions lead to degenerated fascicles
in the ved pucleus. QGemerally the magnocellular portion showed fine
granulerity associated with teruipal degeneration; however, the
paxvacelinler portion was not free of changes. Also, the propoxtion
of axopes terminating in the nucleus ruber aye difficuli to deslg-
nate by this method, but certainly at least one half of the brachium
projects upward to dlencephalic terminations. Purther; no specific
distribution was noted in the red nuclgus corvesponding to cerebellar
puclear areas, although lesions involving the middle one third of the
brachivm conjunctivum are usually assoclated with predominate rubral
degeneration and some decrease in Wﬁ terminations.

The evalugtion here of the fibers passing through the nesen~
cepalon must include the possibility of fiber termination in the
IIT cranial nerve macleus. A great body of investigstors (Van
Gehuchten (6), Winkier (12), Allen (15), Rasmussen (16) and Clark
(43))ueve traced fibers to this site. Ranson and Ingram (18) end
Carpenter and Stevens (27} bave found no fibers to the III nerve
nucleus which, sccording to Jansen and Brodal (30), is probebly due

$0 vestricted lateral nucleus lesions, Indirect comnections via the
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the medien longitudinel fasciculus have been described however.

Rand (29) has described "terminations in the interstitial
nucleus of the medial longitudingl fasciculus, the mucleus of
Darkechewitsch, the micleus of the posterior camissure, the nucleus
parvocellularis agueductus annuli; the Edinger-Westphal nucleus
(candal portion), and the region of the dorsal longlindinal
fasciculus." In describing this distribution, Rand (27) féels that
most anatomists would agree that fasclcles from the mucleus lateralis
commonly heve & colincident dispersal with the fibers from the inter-
positus mucleus. Mehler, Vernier, and Neuts (b4) have described
comections with s. reticularis mesencephali, n. posterior comsissure
and pretectal rvegion, and others termimating in the central gray,
interstitial n. of Cajeld and Darkschewltsch.

In this study, most lesions were confined to the two lateral
nuclear areas in the cet, and hence no fiber teminations were noted
in the interstitial nucleus of Cajel and Darkschewitach, mucleil of
suy crenial nerves, pretectal region, cemtrael gray, or the reticular
mucleus of the mesencephalon, In cat D-M a fev fibers vwere noted
in the posterior commissure and IXI nerve but these are not deemed
significant since other aress such 8s the medial lemnisecus, and
trigeninel sscending pathways were involved beslides the brachium
conjunctivam,

Barly investigations of this system were simple in thelr explana-
tion of thalamic terminations. BSince that time however, many authors

have added concepts of end stations for the cercbellar efferent fibers
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throughout the thalsomms and sdjoining eareas. To mention only & few:
Probst (&) stated the termination to be in the ventrel nucleus,
Clarkz and Horsley (13) to the lateral thalamic macleus, Cajel (10) o
the anterior part of the ventyal mucleus, Sachs end Fincher (20} %o
the center medien nucleus, and Massen (14) to the arcuste nucleus.
Further, Ranson and Ingrem (10) found terminstions in the arcuate
nuclens and the pars externa of the ventyal macleus. Clark (43) hes
agreed with ercuate vermination and poimbs out that the arcuale
nuclieus in the cat is not directly homologous to the macagque nucleus,
and only the most caudal portion of the felime arcuate macleus is
hosmologous. Littls degeneration is found there by Ranson and Ingrem
{(18). Band (29) has described in addition to fiber endings in the
ventralis intermediug, fascicles distributing through centromedian
dorso-medial, and midline nuclel. Crouch and Thampson (29) inedvert-
ently destroyed the brachiws a@s;jmcmm end Tound, using Marchi
method, thalamic teminations only in the mucleus ventralis inter-
medius.

Dow (46) bas stated that difficulties concerned with the Pixing
of definite terminstions in the thalsmus is complicated by the
varieties in the nomenclature and the wide-vange of animals used.
Althoush some oxder as to thalamlc temminations ls diffieculs, the
major contributions should be considered sepavately. Jaunsen snd
Brodel (30) have stated that "comsidering the fen-lile course of the

broachiun conjunctivum within the thalamms, it is no wonder thet in
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the literature @ variety of thalemic miclel flgures as end stations
for fibers belonging to this system.” Allen (15) and Renson and
Ingren {18) bave described fibers passing to the subthalamic reglon
and possibly ending in the nucleus of Forel's Field Hi. Winkler (12)
and others have described fibexs t¢ the yeriveantricular gray and to
the medial thalemic mucleus. Allen (15) has been in egreement with
this and bas traced fibeys to the zone incerta, Rand (29) has
deacribed crossed apd uncrossed fibers to periventricular gray
throughout the lower brain sten and crossed and uncrossed fibers to
all paris of the nucleus mesencepbalus profundus.

Allen {15) has divided thalamic fibers into the dorsal brachium
conjunctivum vhich terminates in the mucleus "medialis thaleml” at
the same level as the thalamic teymination of {the medial lemniscus
in the mucleus latersalis thalani, The main bundle continues upward
to the ventral reticular formatlion, the subthelamic regiom, and the
zons incerta. Thence the fibem radiste through the ventral nucleus
end temminate in the isrger laterel portion of that nucleus.
Carpenter and Stevens (27) heve agreed with the more common interpreta-
tlon that thalsmic fibesrs course through the prervbral field, enter
the thalemic fesciculus; and terminete in the nucleus ventralis
intermedius of the thalamus. Thelr work suggests, hovever, that an
additlonal componant courses via the dorssel division of the snsa
Jenticularis to the globup pallidus and that these fibers are derived
principally from the vantm«la%efal portion of the brachium
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conjunctivum. This ares in tuwrm recelving from the ventyal
lateral dentete nueleusz. Other authors discussing subthalamilc
terminations (Allen (15) and Massen (1h) ) have described similar
pathways. Sache and Fincher (20) were fivst to state that cerve-
bellar fibers project to the basal ganglia. Cerebizoff (47) felt
that these subthelamic fibers come predominanily from the ventyo-
lateral portion of the brachium conjunctivum. Cearree and Mettler
{26} have confimmed these observations concerning globus pallidus
terminations vie the lenticular fesiculus. Folbtz and Matzke (48)
have described projecticns to the corpus strietum in the opossum.
Carpenter (49) bas steted thet lesions in the red nucleus provoked
pallidel degeneration. However, this type of conclusion seems un-
wvarranted in the face of more vecent work on rubrol-pallidsl cone-
agctions.

Carrea and Mettler (26} have also belleved that fibers of the
“anerossed ascending brachium copjunctivum® project to the globus
paliidus ipsilaterally but have denied specilic terminations In
the subthelamic nucleus. Rand (29) has seperated thalamic fibers
into four bundles. OF the two laryger components, ong courses W
the meiem intermedius while the other projects to the central
medlien end dorso-medisn nuclei, Clavk (43) has stated that these
fibers were fibers of passage on their way to the nucleus ventralis
lateralis. The other bundle passes through Hi and into the suclesus
ventralis lateralis. A sualler thixd group enters the dorsal midline
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ey, substantiating the postulation by Renson and Ingram (18) that
such terminetions exist, MNcllesters (28), in studylng the cat with
the Marchi method, has also described some inverlaminay thalamic
terminations. The relationship of these fibers o hypothelamic
centters ls certainly not clear. The fourth hundle ic abruptly
described as teminating in the zona incerts with no further distribu-
tion. |

Other investigators, Snider (50, 51) amd Coubs (52, 53), have
insorporated. electo-snatazical methods 4 descrdbing termingtions
of the brachium conjunctivum, Snider (50) bas recoxded impulses in
the nucleus ventralis posterior medialis and ventrelis posterior
lateralis following cerebellar cortical stimmlation. Sanider (51)
bas recorded responses in centrum mediemm, centralis medislus snd
occasionally centralis Jateralis following cerebellar cortical stimi-
lation, but states that these latencies are longer than thoss found
in the nucleus ventralis lateralis. His vork with Whiteside (54)
has demonstreted some short letency respouses in the “fen™ region
of the prerubral field but has failed % conclusively demonstrate
short latencies in the caudate or lentiforn nuclel.

Combs (53), using electro-stimulation to the culmen, Crus I,
and tuber vermis, explored the brain stenm between the red and
caudate niclei., Recordings in the "fanning area” of the prexubral
field vere nesr the habemulo-interpendunculer vract, The remaindey
of the impulses were from ventralis medialis end vent s lateralis.
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Only occasional ipsilaterel activity wes noted by that investigator,
In an earlier study Combe (52) had also recorded along the pathway
of the descending root c:f» the brachiusz conjunctivam in ad&itim w0
vmmbmhutimm in the medign Iongitudinal fescioulus,

lMehler, Vernier and Neuta (b4}, using primates end the Neuta-
Laidlav silver fechnique, have recently described multiple thalamic
temmdoations. These include, in addition to small intralaminer
fibers, a "conpect subthalamic component” coursing in Forel's Field
Hy and texminating in ZI, VPlg, Vip, VA and most densely in VL."

The work of this Investigator agrees with the classic descrip-
tlon of thalamic terminaticns in that the main Tiber dlstribution
vas in the nucleus ventralis intermedius. Lesions did not genevelly
involve the fastiglal mucleus end hence its representative dlstribue
tic:a in the thalamms camot be evalusted. :itl would not seem lnordi-
nant to state m@» the "minor fasecicles of the brachium conjunctivum”
(Jansen and Brodal (30) ) are primarily relmted to the fastigial
miclens. Thie would be in keeping with the lack of verminations
found in the following aress: :mulmami’ mucleus, interstitisl
nuclel of Cejal and Darkachewilsch, the peri-aqueductal gray, peri-
ventricular grey, perafeslcular mucleus, end the center median
macleus.

After leaving the ved nucleus, degenerated fasclcles course
through the prexubral Iield, zona incerte and subthelsmic ares to
enter the fasciculus thalamicus and terminate in the ventral
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intemediate nucleus. HSope Diber-bundles course more coaudel and
medial through the ventrsl postericr bhovever, thece flbers =zre not
congtant nor do they bave 8 specific relation to the cerebellax
lesion. Cat DM, uedng the Marchi technigue, shows degensretion in
the ventral posteriorvut this is secondary to an lnadvertent pressure
lesion of '“uhﬂ dorsal cojums and subsequent degenevation of the
wmedlal lemniscus, o particuler arrangement wes present in the
thalamus in reletion to partial lesions in the cerebellar muclei.
Ho terminations were geen in the globus pallidus {Carpentey and
Stevens {27), sud Carrea and Mettler (26)).

Inercaged Ascending Brachium Conjunctivunm

The previous discussicon concerning thalamic terningtions
immediately brings to mind the velations of the so-called "uncrossed
ascending brachivm conjunctivum” of Cerrea and Mettler (26). Thie
fiber bundle reportedly arises from the brachium conjunctivum nesr
its decussation end passes upvard in o region lateral to the central
gray w terninate in the ipsilateral arcuate nuclews. Jensen and
Brodal (30) put forth the explanation that the intermediate and
lateral nuclel of the cerebellum plus the contralateral fastiglal
mzcle’us' make up the brachium conjunctivam. The fasgtiglal componsnts
give rise to the wnclopte fasciculus eand the fibers in the dorsal
most cap of the brachium conjunctivum. Therefore the terms "ascend-
ing liwb of the uncinate fasciculus” (Rassussen (16)), fasciculus
mmmpa&lmcﬁlaris {(Thones (3)), “sccessorische Bindesrmbundel®



(Probst (4)), and finally the uncrossed ascending brachium
conmetivus (Carres and Mettler (26)) are probably equivalent.

Since this work has not involved the festiglal nucleus, nor have

the lesione of the cewxebellor muclel and brachimm extended to a point
wedlelly to include the upward coursing uncinate fascicles, Ve cal-~
not find disagreament with this explanation. Iesions ln the inter-
medinte end lateral nucled hoﬁe'mr ghov no houolatersl mesencephalic
or thalamic degeneration.

Allen (15) and Van Gehuchten (5) bave interpreted Probst's
accepehpy brochium es & portion of the £ifth nerve, Carpeater and
atevena {27) have believed the " shis uncrossed component is the
dorsal tri@miml trect and temuinates in the arcuate nuclsus of
the thalamis. AU enother point Carpenter further has stated that
bhase fibers terminate in cepter medisn nucleus. Although sone
saimals (D-308, D-15, snd DM) involved subtotally the trigeminal
arves, no ascending homolateral component was noved. McMpsters (28)
bas stated that fibers frum the uncinate fasciculus infiltrete the
prochins conjunctivum in its move dorsel portion and exbend up indo
the approximete reglon of the central iegmental fasciculus snd
furnish some fibers to the intralsminar miclel of the thalamus,

Little light can be shed on the "brachium conjunctivum pers
bulberis” (Jansen and Brodal (30)) in this work. Although some
direct and vascular damage was present in the reglon of the reported

noncerebellar fibers, few conclusions can be made. The vestibular
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correlation will be ecma:ldere& later.

As one conglders the possibility of the escending uncinate
components, Jensen and Brodal (30) suggest the interesting concept
that Cajal (10} in his initiel explenstions of the divect descending
brachivwe conjunctivum was in reality describing the descending com-
ponent of the uncinate fasciculus. The direct or dorsal descending
brechium conjunctivum seems to explain the incompetibility between
the vieve of Allen (15), Mussen (1%), and Gerebtzoff (47) who have
supported total decussation of the brachivm and Jansen aud Brodal
(30) and Carres and Mettler (26) who have found uncrossed components.
This investigation which, like Allen (15), Mussen {14), and Gerebtzoff
(b7}, bas failed to include the fastigial nucleus in the cerebellar
legions, can certainly find little disasgreement with this concept.
Jansen end Jansen (38) bave shown definitely that all fibers from
the fastigiel nucleus definitely cross in the cerebellum. Jansen snd
Brodal (30) conclude that this dirvect descending limb terminates in
the reticular formation of the medulla oblongate and gives off
collaterals to the motor nuclel of the V and VII cranial nerves.

Descending Root of the Brachium Conjunctivum

By way of introduction into the descending root of the brachium
which, in this work, occupies one of the most significant findings,
we should refer back to the primary work of Cajel {10) end his
initial description of this bundle. The “woie olivo-spinali

croisee” arose, aceording to Cajel (10), as the descending portion
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of the bifurcating axones of the brachium and spreads inferdorly
in the cord. Although Marchi (1) first moticed the descending
root, he had remexked that Cibers from the brachima conjunctivum
reach the anterclateral column of the spingl cowrd. Thomes (3),
Probst (&), Lewandowsky (7), Vex Gehuchten (6), and Iana (9) all
have described descending pathways of the brachiun to the medulls.
Probst (&) has suggested that the descending root leaves the main
brachium before the superior sam leaves the cerebellum, vhile VYom
Monakow (55) has found that descending fibers pass ceudally before
the decussation of Wernekink occurs. Van Gebuchten {(6), in addition
to demonstreating only crossed descending fibers has recoxded that
fibers, after crossing in the decussstion; bifurcate and the caudal
portions form the descending voot. Wallenberg (50) has thought thet
thege fibers are not formed at the decussations but ave a separate
bundle, which was confimmed by Allen (15). The latter suthor along
with Mussen {1h4), Resmussen (16), end Van Gebuchten (6) has stated
that the descending limb is campletely erossed. lMetiler and Zimmermen
(21) have described two portions of the crossed descending limb: &
small ventral portion, exiting from the brachimm conjunctivum, which
crosses the midline first and terminates in the ventral tegmental
nucleus of Bechterew, snd the other portion srising fyom the dorsal
cap of the brachium conjunctivum, sending rostrally an sacending
liob and then descending to terainate in the tepmental mucleus of

Gudden, the superior central mucleus, ventral tegmentel mucleus of
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Bechterew, the ponto-tegmental micleus, and finally to lie in the
ventral colum of the cord down o lumbar levels. Hettler, Oriole,
and Grundfest (23) have attempted to corrcborate this epinal course
using physiologicel methods, They show primerily o contralateral
patinay of rapld conducting fibers but failed to show gpecific
spinal comnections.

More recently, MeMasters (208), Foltz end Matzke (48) have des-
cribed the descending root in the cabt and cpossun respectively.
McMasters (20) has felt that the emall descending portions of the
brachiun takes its origin from the dentate mucleus end decussates
in the ventral midline below Vernekink's commisgure. Using the
Marchi method, he wes wnable to trace this pethvay capdal to the
lower medulla., Foltz and Mateke (48) were sble to trace these
{ibers to the upper cervical region in the opossum.

Other euthors, Ven (eluechten (5) and Reuson and Ingrem (18)
have traced descending yoot fibers only o the border of the pons,
vhile Allen (15), using the guines plg, hes reported fibers in the
retimidar formation of the pons sand medulla. Inferior olivayy con-
nections have been described by Iewandowsky (7) and Resmssen (16).
Cerpenter and Stevens (27) bave followed this tract to the upper
medulla end in ope case to the cervical cord in the Ruesus, and
bave stated thet the cervicel degeperation follows & dlscrete leslon
in the doreal third of the brechium conjunctivum. These authors
have described the descending root s taking ovigin primarily from
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the muclous interpositus and the dorsal part of the dentate, end
sending fibers to the median longltudingl fasciculus, superior
- central micleus, reticulo-begnental nucleus, and possibly the
inferior olive. Further; these workers heve described components
of the ventral third of the brachium comjunctivum {Juctarestiforn
body fibers, fibers of the latersl lemniscus, and irigeminel fibers)
vilch are not generally described sa part of that tundle., They have
however, steted that the ventral lateral portion of the dentate
macleus probebly gives rise to the ventral lateral thierd of the
brechium., These investigators support the relationship of the
cerebellar xuclei to the brechium conjunctivim but do not include
the other noncerebellar pathways. Carpenter and Stevens (27) also
heve divided the descending linb into the portion fran the inter-
pooitus mucleus descending in the spinal cord, while those Pram the
dentate nueleus terminste in the pons,medulia. Cne would question
bere the possible confusion between the spingl fibers and the more
clasaic vestibulo-gpinal tract. The origin of this ‘tx*act could be
Camaged by cerebellar fulgeration or secomdsrily by vascular inter-
ference.

 Gonfusicn cerveinly exists in relation to the olivary terming-
tions; howevey, this inmzsi;i@@&z‘ feels that vestibular and retlculer
vascwlar ischemia wikch so often accompanies these lesions in the
cerebellar roof may cause degeneration in the median extrapyramidal

group and hence may simulate these olivary temminetions (Rasmussen
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(16), lewendowsky (7), end Rnd (29)). Mehler, Vernier and Nauta (5k)
have traced the crossed descending brachium to The nucleus pepillio-
formis (nomenclature: Clszewski, 1952), abducens rootlets and the
oedien reticular aves. The discussion of Carres and Mettler (26) as
to the philogenetic development of the deecending root and its yela-
tion to the medisn longitudinal fasciculus, ITI, IV, and VI cranial
nerve nucled is interesting, bowever, this euthor cen give little
substantiation to these fixﬁi%s anatomically,

Allen (3.5) has egphasized that no portlons of the descending
linb terminate in the motor muclel of the cranial nerves, in conbtré-
dietion to the worlk of Cajal (10). These fiber terminstions move
logically may be related to the descending portion of the uncinste
Tesclenlus.

As has been mentiomed before, disagreement exlste concerning the
origin of the crossed desc:asmw limb and further s to ite position
in the superior mm a8 it proceeds from the cerebellun. Carres and
Mettler (26) have etated that the descending limb originates only
in the Gorsal medien two thinds of the brachlum comjunctivem
camml@tam and therefore spparently taking ;E.tsa origin from the
fastigial end imbermediate muclei. Rand (29), however, has described
& cephalo~caudal distribution pattern to the descending root and
states that the more dorsal camponemts of the brachiws {yom the
dorsel portions of nucleus interpositus and dentatus, end in the

pons. Also thet the ventral lateral portdon of the descending limb,



from the ventral lateral portions of the two cerebellar nuclel
extends down to medullary levels.

This work has attempted to more clearly describe the origin,
course and terminstions of the crossed descending limb of the brachium
conjunctivam. Both in‘amim&is with total lesions of the brachiom
conjunchivum and in endmels with restrictive destruction in the
venbral lateral portion of the brachium; degeneration 1s present
in the descending limb, It is felt that the sxones arigiﬁate
in the ventral lateral porticn of the dentate mucleus and lle in
the vential lateral portion of the brachiuwm conjunctivum, This
relavicnship would be in keeping wlth the work of Carres and
Mettler (26), Rand (2v), MeMasters (20) and Carpenter and Stevens
{27). However, in contradiction to these asuthors this work suggests
that these ventral lateral fibers course ventrally and medially just
prior to the decussation of Wernekink; cirycle beneath the retlcular
formation, and cross the midline caudal to the interpeduncle nucleus
{zee fig. 8). These fibers are entively crossed sud extend caudally
to terminate in the ventral itegmental nucleus of Bechberevw. No
termingstions are found in the nucleus of (Gudden, the superior
central nucleus, the ponto~tegmental nucleus, crenial nerve nuclel,
nor any portion of the inferioy olivary complex. IU is the conten-
tion of this suthor that this pathvay terminates at the level of
Bechterew's nucleus (ventrsl tegmental) and that no fibers pass
caudally into the gpinal cord. As was previcusly mentioned, ianvolves

ment of the descending portion of the uncinate fasciculus and/or
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dorsel medullary muclel (vestibular, reticular) may serve tc explain
the terminations described by other authors.

Fastigial Vestibular System

The pertinant relationships of this systen to the present work
bave been considered gbove. Iowever, a few further statements are
nécessam. Since the lesions heve included only partisl destruction
of both the uneinate fasciculua and the direct fastlgio-bulbar tract,
further postulations in this system would be unfounded. As might be
expected, destruction of portions of the direct fastiglo-bulbar
tract led to rather consistent change in the vestibular nuclei
(superior and lateral). Also important wes the damsge to the lateral
vestibulo-spinal tract in cat D-M. Nuclear connectlons and terming-
tions in this system, thersfore, cannot be determined by this work.

The work of Thomas, Kaufman, Spregue and Chsmbers (57) and others
(58) usmg the Hauta-laidlawv Uﬁuhﬂim substantiates the majority of
these findings in that thelir work with festiglal nucleus lesions has
led to the following obgervations. Both crossed end uncrossed uncinate
fasicles traverse in the dorysal portion of the brachium conjunctivum
and ascend through the meéemephalon bilaterally in the "so-called un-
crossed sscending limb of the brachiuwu.” They find, in sgreement with
Jansen and Brodal (30), that all decussation of the fastigio-bulbar
tracts occur in the cerebellun except that portion in the posterior com-
mlssure. Extensive degenerstion is found fyom the rostral thalamms through

the brain stem down to upper cervical segments of the spinal coxd, o
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degenerations are found in the cranisl miclei. Supramedullery de-
generation includes the following nuclear messes: BElinger-Westphal,
interstitial of Cajal and m&kschemtsch, posterior camilesurs, |
tegmental reticular formation, pretectal superior colliculus, Forel's
Field Hy, ventral posterior, (lateral and medlal) vemtral laverel,
subparifascicular, centralls loteral, centre mediian, reuniens, and
ventral anterior, These extensive degenerations following fastigial
lesions in adéitmn to the present work seem {0 regolve some of the
previcus confusion of the efferent cevebellar system. The conclusions
would cexrtainly suggest that at least m the cat the lateral and inter-
mediate nuclel amtitﬁte 8 more mstrictim systen i‘&m previously
described. The fastiglo-vestibular system therefcre occuples & uwore
separate entity.

The functional and physiclogical remifications of this problem are
certainly worthy of extensive work, This study, hovever, has been com-
cerned wibh the apatomlcal componants of the cerebellar efferent syoten,
and physiological considerations are beyond the scope of this investiga-

tion.
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The efferent projections of the cerebellus have been studied
in the cat bDrain using selective destruection of various portions of
the cercbellar auclel and brachiuw conjunctivium, lollowed by &
histological epalysis of the resulting degeneration. In a series of
cats, unilateral lesions were made in nucleus interpositus and
laterslis, snd the mesencephallc brachium comjunetivums Following
& survival period of eight o thirty days, the snimals were sacri-
ficed and histological sections vere prepeared by the intensified
Protargol and Marchi methods.

.&musia of the experimental meterial hes ylelded the following
information:

L+ Ieslons in the cercbellar muclel produce degeneraticns in
the brachium conjunctivum which bave & characteristic distribution.
The lateral nucleer aree projects to the ventro-lateral brachium
conjunctivum, the intermediste miclel sud medial porticn of the
lateral project tw the intermediste brechium conjuncetivum, vwhile
the more nedial nuclel occupy the dorsal brachiuwa conjuactivum.

2. Iesions producing various amounts of degeneration in {the
brachium conjunciivum demonstrale a specific reproducible pattern of
distribution in the decussaticn of Wernekink,

&8). The small ventral coumponent is first to cross the midline
decussating immedistely dorsal to the iaterpeduncular nucleus.

This is the element which iz indicated to be the descending limb of
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the brackium conjunctivum. b). The dorsal component decussates
next pessing in a dorso-ventrad divection. ¢). The most rostral
element of the decussation is mede up of the intermediate component
of the brechiuvm conjumctivum of which the ventral portion iz the
last vo cross the midline.

3. The crossed ascending limb of the brechium conjunctivum
foliowing decussabion distributes itseld to both the mesnocellulaxr
and pervecellular portions of the red nucleus, Although move termina-
tiong are seen in the mamocellulsy portion some degenersted endings
ere seen in the parvacellular area. The pathway courses upward
through the prerubral field, wmedial to the zona incerta, and
subthalamic nucleus to eater the fasciculus thalanicus end terminate
in the nucleus ventralils intemmedius of the thelarms, HNe other
thalanic terminations are seen nor do Cibers reach the globus
pallidus,

L., o degeneration in en uncrossed ascending linb of the
brachiun conjunctivun follows iubtermediate or leterel cerebellar
lesions.

5. No degeneration is noted in the interstitisl muecleus of
Cajal and Darkschewitsch, suclei of any creniel nerves, pre-tectel
region, central gray, or the reticular mucleus of the mesencephalon
following these cerebellar lesions,

6. To degeneration is seen in & dirvect or uncrossed descending

ligb of the brachium conjumeidivus following these lesicus.
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7. ILesions in the ventro-laoteral portion of the nucleus
lateralis produce degeneration in the ventro-lateral portion of the
brachiun conjunctivum, in the inttial ventral portlon of the
decugsation of ﬁeféekink, and terminal degeneration in the ventrsl
tegmental nucleus of Bechierew. This is taken to correspond with
the orligin and course of the crossed descending limb of the brachium
copjunetvivum. Destructlon of thiz pathway produces no terminal
degeneration in the superior central nucleus, ponto-tegmental pucleus,
cranlal nerve nuclel, or inferior olivery nucleus.

8. I lesions were made in the fastigial mucled in this

Invegtication.
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Ploure 12.

Figare 13.

PLATE I.

Cat D=5. Kectrocosgulative lesica in micleus
lateralis (KL) sod nucleus interpositus (RI).
Hote sparing of ventro-lateral portion of aucleus
laberalis (NL). Magnification 13 X. Intensified
Protargol stain.

w

Cat D-5. Crossesection through mesencephbalic
brachiun conjumetivum (BC). Note that this
distribution of degenernted Pibers i1s foumd in
aninsl with lasion pletured in Figure 12. Coampeare
with acrmal sppearsace in Plgure 1h4. Magnifica-
tion 75 X. Intemsified Protargol stain.
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PLATE IX.

Plgure b, Cat Dk, Fhotomdicrograph of the bistologicel
patiern of normal brachiwm conjumetivam. Note
- miforndty of nesve fibers. Magnificeblon 200 X.
Intensified Protorgol stsin.

Figmwe 15. Cat D-h. Photomlerogreph of the contralateral
brachiurz conjunctivae showing degeneration ia
the medisn and ventral thdrds. Mesgnification
150 X. Intensified Protorgol stain.
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Flgure 16.

PFiguare 17,

Figure 18,

PIATE ITI.

Cat D-4. Photomicrograph of the decussation of

- the brachium conjunctivum. Degenerstion is seen

in the most dorsal (DO) fibers. Ventral decus-
sation of crossed descending limb of the brachium
conjunctivum has already teken place.
Magnification 22 X. Intensified Protargol stsinm.

Cat D-k. Photomicrograph of the decussation of
the brachium comjunctivum cephalad to the section
shown in Figure 16. Degeneration is seen in the
medial (MD) fibers. Magnification 22 X.
Intensified Protargol stain,

Cat D-4. Photomicrograph of the decussation of
the brachimm conjunctivum cephalad to the section
shown in Figure 17. Degeneretion is seen in the
ventral (VI) fibers. Magnification 22 X.
Intensified Protergol stain.
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FPLATE IV.

Flgure 19, Caot De3. FPhotomdcrogreph of the histologleal
pattern of normel red mucleus (RNf). legnifica-
tdon 300 X {(wedium power). Inteasified Protargol
stain. :

Pigure 20, Cst Da3. Photomd of the iavolved contra~
lateral red mucleus (RN). Msgnification 300 X.
Intensified Protargol stadn.
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PLATE V.

Flgure 21. Cet Deb. Fhotomicrograph of the Mstological

patbern of normal red mucleus. liote preseace of
preterminal axons and terminals on cell bodies
end sdjecent neurcpil. DMNegndficaticm 500 X
(high power). Intensifled Protargel stain.

Cat D=, Fhotamicrograph of the iavolved comntxra-
Jateral rel mucleus. Hote absence of preterminal
afferents ‘o coll bodies. Mognification 500 X
(high power). Intensified Protargol stain.






FLATE VI.

Flgure 23. Cab Dw13. Fhobomderograph of the histologicel
pattern of degenerated nucleus ventyalis intermedius
(vi). Note the zxon fallout present throughout
the mcleus. Magnification 150 X (low power).
Intensified Protargel stain.

Pigure 2h. Cai Del3. Fhotomdicrograph of the histological
pattern of degenerated mucleus venizalis intere
meddus (VI). Note axom fallout with decrease in
terpinal fibers (DA). Magaification 500 X
(high power). Intensified Protargol stains.
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PLATE VII.

Flgure 25. OCat D}, Section through mesancephalic brachium
conjmetivan showing degeneration hwoughout ext=
tent of tract. This destruction resulted from
contralateral cercbellar nuelear lesions.
Magnification 13 . Marchi stain.

Pigure 26. Cat DeM. Section just caudal o mein decussation
of brechiun conjumetivun showing ventrally decuse
sating fibers of crossed descending liwd of
brachius cenjumetivum (CDL), Mognificationm 13 X.
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Filgure 27.

Plowre 28,

PLATE VIII.

Cat D=2, Fhotomicrogreph of the vewtral portion
of the decussation of the brachium conjuncetivusi.
Degeneration is seen in the erossed descending
1inb of the brachium coajunctivun (CDL) as it
courses over the interpedumeunler nucleus (IPH).
MogniPication 300 X. Intensified Protargoel stain.

Cat De2. FPhotomicrograph of the venltral portion
of the decussation of the brechivm coanjuetiviam.
Degeneration is seen in the crossed descending
1lind of the brachium conjumetivon (CDL). Magndifi-
caldon 300 X. Intensified Protargel stain.



L

28.

BN -

‘v(' I8 T




FLATE IX.

Hawre 29. Cat D-2. Fhotomierograph of the veatvo-lzteral
portion of the brechium comjunctivien (X) eorrelating
with degeneretion in the crossed descending liub
of the brachium conjumctivum seem ia Figures 27
and 28. Magnification 150 X. Intemsified Pro-
targol stain.
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PLATE X.

Plgwes 30. Cat D2, Fhotomlcrograph of histologlezl pattern
of normal venbral tegmental mucleus of Bechterew

(1B}, Magnification 300 X. Intensified Protargol
gtain,

Figiwe 31. Cat D=2, Photomicrogreph of desfferented countra-
lateral vantyel tegmental mucleus of Bechberew
(W8). Hote decrease in preterminal ead terminal
exons, shmmken appearancs of cell bodiss.
Magnificetion 300 X. Intensified Protergol stain.






PLATE XI.

Mgwe 32. Cab D«2. Photomlcrograph of histological patbern
of normal ventral tepgmental mucleus of Bechierev.
Hote presence of bumdles of iatact afferent axons
(14}, and nopmel preterminal fibers. Magnifica-
tion 300 X. Intensified Protergol stain.

Figare 33. Cat D=2, Photonderosraph of deefferented contrae
lateral ventral tegneatal mucleus of Dechrberew.
Hote sbsence of pretemdnel afferents to cell boddes,
and decrease im periceliular terminals (DPA),
associated with degeneration of afferent bhundlas
of descanding root (elumps) (DA). lMagaification
300 X. Intemsified Protargol.stain.
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Fig?.m 3&'&

Flgwe 35.

PLATE XIX.

Cat D=2. Fhotamierogreph of histological pattemm
of noprmal veantral tegmental nucieus of Bechiareyw.
Hote presence of intect efferent terminaticas (IA).
Magnification 500 X, Iabensified Protargol stain.

Cat De2, Fhotonjerogreph of degmmeratel contra-
lateral ventyal tegmental mucleus of Bechiswew.
Hote absence of preterinal afferents (DA), and
abundsnes of terminal gxon gramular dsbris.
Megaification 500 K. Intensified Frotargel stain.



35.

<% {0

T TR R T
. e b | 2 b ‘f L X .

i .&*‘i.‘ﬁx SR e 8
’ 1 Y ,ﬁ AR o, M

4

O W 0 /
o RN S aw] AN 0 TR A
Ry m**ﬂ' r\@ \ N1 . ) ’
M g IR R s - ‘ b ¥ "s"‘ W T W %

' 4
RS
Fo] \&';
L '
£
'/



PLATE XIII.

Pigwre 36. Cab D-2. FPhotonmicrograph of histologicel pattern
of normal veniral tegmental mucleus of Bechterew,
Hote intaet aeuropll and cell bodles. lagndfice-
o 500 X. Intensified Protaprgol stain.

Flgure 37. Cat D=2. FPhotomlcrograph of degenerated contra=
lateral ventral tegneatal mucleus of Bechierew.
Hote termionl exon gramular dcberdis, and shrumisen
appearance of cell bodies. Magalfication 500 X.
Intensifled Protargel staia.
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