
VJ'. A Co~ztl*ibl~tion to tlie Stl6dy oJ Dcscclzcling Dcganalntions in tltc Brain a7zd 
S'7inal (3bl*rl, ci<~~cl of the Seat oJ Origin clrbcl Pntl~s of CYonductio?~ of the Pita i.12 
Ab,qintl~c IJj~il c11,vj. 

r 1 LZII~Y i.n.vcs.tigt~ti.olr was unclo~talrctl a t  tho suggcsti.011 of P1-of'essor HO~SLEY, in orclei* 
,to tlotol:mino ,tl.ro  eat of 0rigi.n of tllc fits in abaiatho cpilopfiy nilcl t o  fiilcl out what 
sharo t11.o motor cortex or: o,(;llor portion of tho cerebs:~l herni.sl:)l~oro, ,tlie 11nsal gnnglia, 
car.elncl.l.uln., or tho contrcs in ,tho ~xrodullu a i d  spinal corcl, might t;~lre in tlie procluc- 
tion. of t11.o fit. 

For t h i s  1)uq)osa numerous 1csion.s wcro xnudo bob11 ill tho br;l,ia and apiilnl corcl of 
,th.o cat, ancl u1)sinl;ho ac1:rsziniatored innmodia.tely &or, or :rfter tho lnpso of clays 01: 

wcalcs, Tho reaul,(;s of tho absiixtb.~ sti.mulntion were recoril.oc1 by tho gl:a,phic 
nn o.tl.~.a tl. 

Tho kllowing is tlio list of lesiolls :-a 

I . Lbxnovr~l of IL coi~iplolo coYobral lloliiisphcro 
in 4U cals. 

2, R<crnovt~l ol motor nroa oaly, <I cnls. 
3, 1)ivirlion ol c r u ~  oorobri in 2 cats. 
4. Itolnovl~X of e lo110 of corobollum in 12 c:~ta. 
5 ,  I-ro~nisoclio~~ of spinal cord in 4 cnts. 

I 1, .ficniolre c i J s ~  tul~L~11.  ~ b ~ ~ i l ~ ~ r d t l  zuuw 1101 b * q l  

olive ,/by nlzy Zeny l l~  I![ l ir~ze,  

I . 1)1locoi[i~g o1)0~*1~tioli~. 
8. 12ou~ovel of bol,ll ocrobrd l~omiu]~l~oros. 
3, Rtolnovr~l of cclobcll~un. 
4. Iloatovnl ol' one corobi~nl Iloini~pbc~~e nllrl 

ol11)oiLo Iobo oE coi+cbollurn, &c,, &c. 

5 ,  Ztomovnl or oilo homisphoro and ilivisioil of 
o l~po~i to  lla11' of t11o ~ p i ~ l a l  cord, 

2 r 29,d. 95. 
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The large amount and variety of material arising from these experiinunts f~~riiiliul~etl 
the basis of an anatomical investigation, by the MarcJ~i rnethocl, of inor0 cspeaially 
the centrifugal paths in the brain and cord. 

In  order to enable a clearer comparison to be Inado between tho .va-rioua roeulte 
obtained by the experiinental and anatolnicel methods, the paper ia clivided into-- 

I, The anatoinical changes. 
11. Behaviour if the ai~ilimal during life. 

a ion. 111. Results of absinthe excit 1:' 
IV. Conclusions. 

MiC1'0~copic Tec1znique.-The tissues were hardened for about ten days i n  Miillor's 
fluid, and then thin slices transferred to Marchi's solution of osmic acid i n  Mlil lc~. '~ 
fluid. In  this solution the slices remailled for a fortilight o r  longer, great cnro beiiig 
taken to prevent the loss of %lie oslnic acid by evaporation, and to 9-enezo i t  ~11013, it 
became weak. The slices.dic1 not exceed the & in. in thicleness. 1.1; wna f o ~ ~ n d  tllnt 
the osmic acid pelletrated better tvl~en the tissues had been tlloroughly hardsnecl in 
MiiUer's fluid, very good results even being obtained after one year's hardening. 

After the action of the osmic acid, the slices were dehydrntecl and e~beclcled in 
collodioll and cut under alcohol. The sections were clarified in  xylol-phenol ailcl 
mouilted in Canada balsam. My experience has shown that  inere time (up t o  two 
years) has not had any serious solveilt action upon the myelin which has reacted witb 
the osmic acid, but the latter appears to slowly diffuse from the  rest of the nerve tissuo, 
tho sharply differeatial anatomical outlines of the recently-mountecl section becoming 
so011 lost. These differences will be readily appreciated in the  ~ ~ h o t o g ~ ~ ~ p l ~ s .  

TI2.6 J l a ~ c h i  Reaction.-I have observed commellciilg signs of the blsclc reactioa a s  
early as the 4th clay in the vicinity of the wound. 011 the 5th day thoro is a 1il;Llo 
extension, ancl t#lIis increases to the 10th day, when the clegenerative reaction is 
extensive. From the 14th day onwards, to weeks, or two or three months, I hnvo not 
observed in the cat ally marked extension of the degeneration, 

Numerous objections have been raised against the Marchi inethocl, chiefly on tlro 
ground that it staills too much, the reaction attacking t h s  healthy nerve-fibre~. 13112; 
a long, straight, healthy, darkly-stained nerve-fibre, if present, can be readily d i ~ -  
tiilguished from the varicose and brolceil up, blzlck, degenerated fibre ; I have found 
the former very rare in my preparations. It is said that  some nerve tracts ancl iiorvu 
soots nlay normally give the black reaction, but this I cannot coafirm in  tho cat. 
When, in the cord, a hemisection is made, only the tracts upon the salm side, and n, 
few fibres upon the opposite side, degenerate ; yet I have seen cases where, aftor t l~e 
operation, there has been considerable change upon the opposite side ; but in these 
cases the cause could be readily demonstrated in the complete tra~1matic myelitis nt  
the  sealt of lesion. In many of MARCHI'S own cases, which have been characterisocl 
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1)y most mr~rlrocl, witle spro:arl ollango in v:l,iions diroctioas, I tliililr that  a similni: 
ea1)~en;~tioil iKiuHt bc ~0llfi1.t. It is 1)o~~iblo  tha t  the fibre8 react moro readily ill Homo 
;~nil-rl:J~ tIl:ul ia otl ler~,  bu-t, of this wr: will Lo able to  judge better aAer inore extended 
ol)~c.!rvn.liun. In m y  own prepnr:~tions .tlm accuracy of tllis beauti.fl11 mel;llorl of 
tlotnousti:nLi~~g t:logol~ort~.Ln p:vt,lls 1:ests upoil tho foI.lowiug data :--I. Thero is no traco 
of rot~otion I normid cxtr' cords, or i,a c o ~ d s  before tho fo~lrtli clay after the lesion. 
I llrivo vorilied t h i ~  i,n nuknorouH cases. 2. Tllo degonerdion is strictly limited to 
tlcfiili-LC aa~oko~nisr~d groups of fibres, 3. I n  tho cnso o:f bilateral t r ~ ~ c t s ,  the clc+geae- 
rntioi~ ia confinocl to 0110 tmct in tho cam of uniln,ternl lesion. 4, Tlie mstrkecl 
nuifo~~niby of t;'I.lc~ ~ 'o~~d. t f i  obh~i1lod i,n each grou~:) of sxperirnol.lls. 

' I . .  Z X o  J)r,qotac!vc~sdol~s I ? ~ s ~ ~ l l i ~ ~ y , f i ~ o m  1 7 ~  It~71101rd o f '  r r ( ~ ~ i ~ l 1 7 ~ ~ 9 ~ e  '171 1,i'~c Cat. 

111 t ~ l l  Ll~irLy-livo cascs woi90 cxnmi~~ocl, tho matorial boiug ihrnisl~ocl by al imds 
rvliit:ll lint1 livo~l, for varying pcriod~, fi:0111 two d n y ~  to t l l~eo  montlls aRer tllo 
ol)c)~l~~lio~k, 

o x  (?~sc?~*nlion.-Unth tho u sud  l~rcc:~~~tioizs o r  coi11~?le2;0 nnrcstllesin 
nut1 I L H C ~ . ) H ~ ~ ,  LL C I ~ ~ ~ H ~ ( ~ L ) L ~ L L ~ ~ ~ O  11oi~tio11 of tho l(:.f2* 1101ni~1)110iu W:LR 1:tid 111~1'0, Af'tcr t11e 
lLt'l '0~b of ooaillg, *Lhs (IWI!IL was .hlooly ~ I C ~ H C C ~ ,  L L I ~ C ~  a bluut poinhutl bistoury pausccl 
1'i)rwl~rcl ~ ) ~ L w o L ! I )  1110 I ~ U I Y L ~ R ~ ~ I C L ' O U  to tl10 C L ' O I I ~ C L ~ .  Lono ; tlio 1r11ifo was tlicll carried 
l)i~c!ltw;~lv lrj, L ) i L U H i  I lg v~rtic:~lly Lllro~~fill corpuH c:~llo~uin :~ucl voi~i;riolc ; closo to tho 
I;on1ol1jul~ tlro Irllilil IVLLH o i ~ l ~ i ~ d  o~Zjw:~i:cI~ clivi.~lilig t l ~ o  crun cc?rel)lli f lu~h  with iho 
louLoz*iutn, Tlio 1~0irii~1111ero W ~ L U  .1;11011 I ' L ) ~ ~ O V O C ~  :~11d bloo(1i11g L L ~ Y U M ~ O C ~  Ly cotton 
U~IOIII$W, 1 9 i l l ~ ~ ~ c l  011t of vory hot sLoi.ili~ctl watc3r, oy irorrnl~l ~alinc,  111 otller cases, 
r\,ntl wi Ll l ,  po~ l i l y )~ ,  Lot tor sucooas, t11o 1lomisl)l~ero wuu rcnlovccl izi soveral pieces, ueo 
l)ciirg irrt~clo of Lllo ~scaop a ~ l d  M C ~ H H O ~  ' f j ~  i '~~cilit;at~ hLo c~irnl)lt+to 1'01novn1 o f  tho ljruin- 
ui~l)r~t~~llac, Tho bloo~l,ing is son~oLr'mos Y O Z * ~  g~*ont. 'J.'llc ~~rruuilcl is closccl by catgut 
or ~ i l l r  ligatr~rcs, &lid pi:otoctoil by bortuic acid., woocl wool, 11,11(.7. co111)dion. I11 tlte first 
b~vo cawn ~ ~ ~ * L i f i ~ i i ~ l  1'~)~l)iriltiolL 1i~id LO 110 ~OHOI*( ;OCS L o .  

Al)firL 1,)1'0111 l l ~ o  wr~slljng ol' t l ~ o  skin wit;ll corrosive ~ul)l in~ato,  iio ~~~itisol)tics were 
u~ratl, rolialloo w:m 1)l:~cocl on  u(;~riliuo~l. WD,(;OT or st t l i~~o M O ~ L I ~ ~ ~ U ~ Z .  Expoi*ionc~ det~rly 
p~vcl ln~ot l  filllowoil t;llr~I; LI:ILCC\H of ca~l)olic ncid L L ~ I ~ ) ~ . ~ O L I  to  t110 iiltorior ol' t11c sk~111. 
refirulb~cl in irriti~tisn nncl tho (lerztli (sf tlla ni~irn n,l. 
Xf ally signs of prcssnro W C ~ U  rnnlliforjb tho w o m d  wnB ol~oliccl LL~ICI t11e caviLy wttc;l~ed 

out wit11, wun11 borr~cjc nckl. 
ICx:~ltli~ ~nhion of ,the l~raill :~1Lor dsu.l;h, or :LSLCL' 11t~rtlcl1i l~g,  ~l10117(!~1 txlat tlio divi~ioll 

W ~ L H  I I I O M ~ ~ L ~ ,  01' vory I~UI ' IY  BO ; Ijll~~b .L;IIo cn~~dt~.t ,e  UI I~I  l~'rl.Licl11~~~' T I I L C ~ C ~ I B  awl tho ol)tic 
tl~rl,latr~a~, wiLh hllo oxcopLioil, ill somo cases, ol,' i ts  nlo,~t ~ O B ( ; C T ~ O Y  p r t ,  wroro ~*etnovocl; 
Ll~riZ; LZlu ol)tic I,I':LCL I V ~ H  ilieiclod, Ad110rii1g t o  tho cut  R I Z I ~ ~ L C C !  01' t110 rigllb Ilen~i- 
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The posterior i~icisioll through tlne crus cerebri amounted to a henziseclion of  the 
mese.~~cepha20~~ in, the 7,egiolz of the cory07~a pz~crd7ige1~zinu, aqz~educt of  Sylvius, and 
thiq-cl 9Lerve.s. The lesion in tlle majority of cases -penetrated exteraally a little lower 
than the level of exit of the third nerves, but as the latter are situotecl very nlesially 
they usrially escaped illjury. In one case the results of the lesion were foulld as low 
as the colnmencement of the ascellding root of the V'th nerve. The iilcisioil usually 
pasmed between the ailterior and posterior corpus quadrigeininuin, then extellclecl into 
the aqueduct beneath, and passed forwarcls aucl outwaxcls tln-ough the teginentum 

Fig. 1. 

Tpnnsverse section passing through anterior coFpora qnaclrigemina ancl MYYNEIW'S ~ l c ~ ~ s s a t i o i ~ .  J', lowci* 
end of mouild made by the heuzisection through the mesencepl~nlon on thc loft sic10 ; il, clogouorato 
and atrophiecl pyramid (left) ; B, FOR~L'S decnssating fibrcs conlinellci~ig to f o r ~ n  tlio latornl 
columuny tract; 0,  C', MEYNERT'S decussaling fibres commencing to Forni tllc nnt,oro-lntcral 
columnar fibres; U ,  clegeneyate posterior longitudillal bundla fibres (antorior columllar Etbros) ; 
B, degenerate desceudiag root of Vth ; G, Lemniscns; El, ant. corp. qnarl, 

(osnally avoiding the third nerve), through the onter port of the red il~~cleus, tlle 
outer part or whole of the fillet, and the outer part of the crusta, T l~e  line of incisioi> 
also penetrated obliquely down~ards as well as o~ltwards. The origin of tllc descend- 
ing root of ihe Vth iu the grey matter in the side of the aqueduct wafi invnrii~bly 
iiljjored. l'hese points will be rendered clear by the figures. 

&!esencephdon,* imme~iiately below the level of the I I I rd  nerve (fig, 1). Tho 

* I n  the following snatomical clescriptions of the sections, tlio terns anljorior and posterior correspond 
to v o ~ t r a l  and clorsal respectively, wliilsb thc terms saperior aiicl inferior rofcr to an nppor (cephalic) aud 
lower (oaudd) level. 
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sectioil was made from a cat which lived thirteen clays. Cornparing the crusta oil both 
sidcs, the contrnsl; is rna~kecl. The degeiiert~te crustn is colnposed entirely of degeilerate 
rlervc fibres stainecl black by the osinic acicl ; it is flatteilecl and atrophied, and this 
atrophy exte11d.s to the subjncent substantia nigra and, in fact, slightly to the whole 
of tho tegr~ientum of that  siclo, In the opposite crilsta there is not one degenerate 
fibre. There is 110 degeileratioi~ of the fillet, nor, indeed, inarked atrophy. The 
wound is fieell to exteiid towards the grey matter of the aqueduct of Sylvius 
,2113 to i.nvolve the position of t l ~ e  comineilcelnelit of the  de~scencliilg root of the Vth 
v (3') From about the same region conspicuously degenerate fibres arch round 
the grey ~rlntter, to cross the rap116 t o  the opposite sicle, where some turn clowilriii the 
raphb in the position of (C"), whilst others, derived finom more anterior decussstillg 
fibres, ox.Lonc1 forwards ancl outwards and come to cz positioil (B), behind the inner 
I~order of thc ilorinnl crusta nrlcl close to the mesial ancl clorsal aspect of the leinniscua. 
'J'hese anberior decussating fibres will have in their course passed to the niesial and 
ventral asl~ecl; of tho recl i~ucletzs, or eve11 partly through the anterior part of tlio 
nucleus : ~ n ~ l  of tile ~~lperiov cerebellar pod~ulcle whiclz ruils down frorn it. I11 fact, 
the fibres ul:' I.,otll ti1acts must co~isiderably intelming1.c. This is rendered clearer by 
co~nl~ar i~on.  wit11 cases in which, owing to the removal of one lobe of the ceg*ebsllwrr~, 
tho aupc~ior cerebellar peduncle has degeneratecl upwards to the recl i~ucleus. 

Tho fil~ros which, having decnssated aa above nild crossed the nliclclle line to the 
01q)osiil;o s i ~ l ~ ) ,  1.1:ive turned down in the raph6 (ticfis MagmJc), in tho poaition of C', fig. 1, 
thnl; is iateri~al to and slightly be1ii.ud the recl n~~cluus, aiid in  Jront of the p0steriol.l 
Zvr~!;.it.~rc2:in~Z bu~zdla, I: will, fir the purlloso of cloarrless, call tlio a n t ~ ~ ~ o  lateral 
(:ult~r~~nur* $ b r ~ s ,  wl,lilst the fibre8 B, jig. I,, which aro Inore anterior . z~d  latoraj, I 
~vill  tsrm tllo lateg*nl colz~~n~~tsr*$b~es, Thus two groups of fibres have decussated a t  
this lovol fi:om iliu left or injurecl side. 

Occasionnlly ,tho presoilce of a v c ~ y  fezu clegoneratod fibres on the right side may be 
demonstrated, -ptls~ing round the aquocluct to turn clowil in the rap116 of the opposite 
~icle, as ~iiitoro-lateral c o l ~ ~ ~ r i l ~ n r  fibres of the 1.efb aide. Their number appears t o  

depend en.l;i.rely up011 the exterlt of the lesioll l~osteriol.ly into the roof of the acluednct. 
Altllougl~ fig, :I. shows that  on tho loft side the decussating fibres appem to  arise in 

n focus which coincides with tl.is  commencement of tho c10,rcending root: of the Vth, 
yet  an  examintltion of mal~y sectiolla will sl1ow tha t  somo of the fibres ~ r i , ~ i h a t o  
:hrther out ill tho tegrnentum. 

111 tllo roof of tlio aqueduct thero is a considerable number of degenenlte cornmi-, 
H L I ~ R ~  fibres; they appear to terinillatcl in the  posterior qundrigeminal body of tho 
soulid side. Owing, however, tAo their very short length and close proximity to tho 
womld, tho di,rection of the cleganorntioiz ca~lnot be deterlninccl in these seatiolls (see 
l.ater), 

Coinpiwing the p o s t e ~ i o ~  Zolzgitudinal bundles, it will be seen that there ie a well- 
dofirlot1 g~u,up of srrli~ll cb~!ye?~c?~c~te fibres iu tho posterior lo l~~i tnd ind  bonille of ,Lhe 
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left side (side of lesiou). As seen iin fig. 1, the fibres are close t o  tlne midclle line s11d 

the grey matter of the floor of tlle aqueduct ; they woulcl lie, tllerefore, at  a slightly 
higher level, in close relationship with the nucleus of the IIIvd uerve. Tho presonoo 
of these degenerated fibres is one of tlle most constaint phei~oineina in tbis series of 
ablation experiments; aind iL does not appear to depeind upon the exteilsion of l;he 
wound t o  the middle line at  the level of the IIIrd nerve. 

Upper Border of Pons.-Descending from the preceding level, a very dhort dis- 
tance, t o  the upper border of the pons, at  the level c1epicted in figs. 2 a i ~ d  3, it; is 

Transverse section passing through the nppor (cephalic) border of pons and tlic pos tcr io~~ colbporn clnail- 
rigeminn. A, B, a, D, 3, Z', a, ae in fig. 1 ; J, dcgenol~do cornmissu~~al libl-orj in [,]lo-rc~oC oC L l ~ o  
aqueduct ; I, euperior cerebellar decussation. 

seen that the pyramids have approached one another, each lemniucus apl~carii~g in 
consequence to have passed slightly outwards and bacl~wards. Tho il~asial portion oll 
the tegmantum is oocul~ied by the decussatioi1 of the superior cereLella~ padm~cllus, 
fig. 2, and between these decussnting fibres aind the dorsal aspact of l;ho pyrnrniA1 
fibres lie the collection of the lateral oolumnar$bres upon the right ~iclo. At a vory 
slightly lower level, fig. 3, the clecussatioin of the pecluncles having Leeii cornl)leted, 
the  lateral longitudinal fibres have a slightly more lateral sibut~ttion, bc.ilcat11 t h o  
fillet, from which they are quite distinct. 

The antero-lateml columnar fibres on the right nide are well ueen along the  rnplld, 
extending from the anterior border of t l ~ e  posterior longitudind bnndlo, s l i g l ~ t l ~  iuto 
the  superior cerebellar peduncle. The majority of tho degenerate hhms nru innu~c~d 
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close in frolit of the po~terior longit~zdinal bundle; but sct~ttered fibrea extend 
forwards for about one-half to two-thirds the length of the raphd, figs. 2 and 3. 
Upon the left sicle is the clegonerate py~amicl begillliiilg to  break up into separnto 
l)~~ndles. The degeiierate fibres in the dorsal part of the postc~io~ Z~ngit~din~~Z bundle 
sro woll scc1-1, also more anteriorly a few scattered fibres in the anterior col~zmnar 
group. At  a  lightly lower level Borne of the degenerate fibres in the posterior longi- 
tuclinal bundle have inovad forwards. Upon the same side the degenerate descendi~zg 
root of the y i 7 ~  is coi~s~jc~~ous,  figs. 2 and 3. A few clegenerate fibres may bo enconilterod 
upon the Icft Bide in tho positioil of the lateral longituclinal iibres. They are very 
onell coznpletely nbsaiit, but; in two caseR they lmve bee11 as conspicuous as thoso on 

TI'LLIIHVOI~HO ~uuLiu11 t l l r~~lgl l  upper ((1011hr~lio) mnl*gin of pons n,11i1 cl~udnl oxtromiLioe of ~ I ~ F J I ; ,  corp. quad. 
A, I?, 0, D, 27, a, as bofo~lo; .ll; eupoi,ior oc~~obollai~ pod~ulclo. 

,tho riglx(; Bide,' Tb,e variation dopeilcls entirely upon tho exteilsioil of the wound 
~nssially and clowi~wards i.11 the region of t11e rnefiiencephnlon. If' the wound is 
extansiva and ponot;ra.I;es low clown., then both the lnte185~1 columnar fibres and niltero- 
lateral colulnizar fibres of tho ].eft, Bide are iizterrupted in their course ancl, in con- 
secluenco, clegenonbte, 

Apa't from the groups of clegaaerato fibres closcribecl nbove, it i s  extrcmety rlar*e to 
cncoeb?z%c?- scattcvod clqeno~atcz f ibres. 

Pons a% .Lc:vel of V'th Nerve,-The 13yrni:ni.d~ have, a t  tllis levol, broken up into 
b~lnclles, snrl. these on t11e 1e:ft  ids are c0rnplete1.y~ clegunerate, whilst 011. the rig111; 
there are 110 clogellcrate fibres. 

Tlzo rn0s.b poaliorior of tho clegeneruto a.ntorfo-lateral columnar  fibre^ o f  the r igh~ 
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sicle have moved slightly forwards, al~cl the same is the case with the c~eg.one1Y~t.o 
fibres in the posteTior longit&al bulzdle and the two or three scattered clegenerato 

fibres in front of them, This moving forward of the fibres is very character- 

istic illto the corcl, but the relative position of the two groups of fi.bres 
is constaut-t~lose 011 the right side (anterior colurnilar fibres) are cdzcnys inore in 

advance of those on the left sicle (posterior longitnclinnl fibres). 
On both sides the descending root of the Vth nerve can be clearly see11 as it passes 

out from the lateral angle of the floor of the fourth veiltricle to gain the anterior ar~cl 
inner part of the rest of the Yth nerve, fig. 4, E. I n  its co~~r se  the root descencls~ 
loops downwards, coining into contact with the VIIth nerve, and then ascends 
slightly to its exit. Depending upon the direction of the seclion, the degenerate 
fibres ma.y be seen issuing in a bundle, or, owing to the looping, the root may l)e cut 
twice, viz., a s  it is clescencling and ascending. There are no degellerate fibres in the 
opposite Vth. 

It wozrZtJ seem tlzel~efore that tlte clegenerate descrmcli~y jbves of tluj Vtll, swccp ozit, 
without a junction into the motor rloot, just as the ascending :fibres of the Vth smeop 
in from the sensory root and degenerate dozonzua~ds in the ascellcling root. 

But not all the fibres in the descending trunk of the Vth are a t  the lower levels 
degenerate ; there is an accession of new fibres from the grey matter a t  lower 1.evels. 

The lateral columncw Jibyes on the right sicle are recogilieecl as n well. marked 
degenerate grollp, situated just in front of the motor root of the Vth. They have 
thus assumed a 1nore dorsal position, as compared with higher levels, hut the cliango 
is graclual and the difference of position not very great; from this level to the lntorc~l 
column of the cord, their relative position remains the same. 

In the same position on the left side, two or three scattered fibres or a woll rnni~kcc'l 
bundle may be fonnd, depending, as above stated, upon the extent of t l la  Icsion. 

Level of VIItlb aud VIIIth Ne~ves. Fig. 4.-At this level the thick VIIth narvo 
is readily recognized passing outwards from the grey matter of the floor of tllo fc)~~rl;h 
ventricle, the VIIIth nerve is close behind separated by the conspicuons sncl just 
entering ascending root of the Vtll. The commenceinei~t of the olive, of the ~zuclous 
lateralis, and of the substantia gelatinosa may be observecl. 

The antej.io~ columnal~ Jibres and the yoste~io~ longitudinal bundle liave much tho 
same position. 

The latela1 columnar Jibyes lie near the point of exit of the VIIth nerve, tho l i ~ t t e ~ ~  
nerve passing thro~lgll them posteriorly, fig. 4 ; they are also traversed Ly trapazoid 
fibres. They lie just in front of the descending root of the Vth and of the substantja 
gelatinosa on the inner sicle of this ; in fiont and sligl~tly towarcls the middle lirie is 
the commencing nucleus latepalis. At E, the descending root of the Vth har l i o t ~ d ~  
all passed.o~~t, below this level i t  is not seen. 

Thrmruugh the Medulla.--The pyramids lie close together, the clegeilerate slightly 

atrophied oile coiltrasting well with its fellow. The antero-lateral columnar and 
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~~osterior loi~gitudinal fibres, fig. 1, Plate 3, stancl out well, the  former in advance of 
the latter. It will be readily seen froin the  figure that  the relative number of 
clegeilerate fibres in the posterior longitudillal bundle is very small. The anterior 
col~unnai* libiles do not encroach upon the intesolivnry layer of fibres, 

Fig. 4, 

Tralluvorso sodion through t l~o  lowo~s (csndltl) cnd of tho pons. 11, B, U, 11, nu beforo; E, oxit o.t tlia 
clotlconcling root of tlio Vth ;  0, olivo. 

Soctiol~ t l u ~ ~ n g 1 ~  tllo lowm~ (cr~nclul) ei~d of tho modulla, fro111 a, cnl; in whicll u hoillisoction WnB ~nndo in 
tlzo lowor corvicn;l s l~i~lnl  col,cl. A ,  pyxanmirl. ; B, awn, of tlio lnloral columlinr hundlo in front 0.l: tho 
Bub-goletinosa and to t l ~ o  in~ido of tho corobollal~ t ~ n c t s  ; V, asccncling. root of tlio Vth ; V.0, dorsnl 
and vontml co~~obollar tracts ; B.0, clogo~iorato nsca~~ding Bbros from tho postorio~. column. 

The lateral colunznar $Z;q*es hc~ve the snrne position in front of the substantia 
.gelatiiloaa. a.1-1d behind the nucleus lateralis (reticularis). Compared with a section 
lnacla vcry nearly at  the same level, fig. 5, a i d  representii~g an ctsceq~dilzg degeneq-a- 
tion, following upon he~nistlctioll of the cord in the cwvic~~l  region, it will be seen 
( i ~ ~ l ~ l i ~ ~ i v c l y  t1uL tlm area q j '  the lateiul m l z t ~ ~ ~ ~ a ~  $ZN*CS is not eno~~o(lo1lecZ ~11011 l o  

MDUUOXU V,-13. 2 U 



cL7by cstellt by ccit]~e7q the lateral 07. u n t c ~ i o ?  c a ~ ~ ~ 1 ) ~ l l w ~  hsciclu; tlio iibrcs-of tho 1iiLtrr 
tracts are separs,ted for tile most part by the riocluon lstert~lis :~ntl a ~lifi11.b bnclcwnl*rl 

projectio~~ Boln i t  ( 2  nocleue of lateral cerobollar tract). 
Level o f  Decwsation of Pyrc;cn~ids.--At tlli~ lovol :L rccl~~ctioll in nlsct& I I ~ H  L ; L ~ c ( : ~ I .  

place. 
This is owillg to tlie disnppea~lnce ol' gray iimttcr ; t l ~ r :  ~lscloi of tlio o o l u r u n ~  of 

GOLL ailcl BURDACII a1'0 inero 111~oje~ti0118, tho r3~1b~t:~Ilti:~ g01:~tii108;~ iu l '~d~tc(!t~.  ' r ) l 1 ~  

1arg.o nucleue Interalis lilas iionr+ly conq)lott!ly gono, 1)uillfi ~ ( I W  ~~~)t*t?eoii tot l  :\N t11(& 
l u t e ~ a l  col*nu of tho a l z t c r io~  1 1 0 1 ~ ~ ,  wllich 11:~s L c g u ~  to appoay LLL blii~ lovol, 'L'lltr 

nucleus lateralis, tl~ereroru, clocs no t rcprcsei~t Lllo iullcrior honi, ~vliicll is fttn~ r!tl 

inclepei~clentlg. 
With the cli~al~ponranco of tho iluc1011s lator:eli,u, :1,nt1 of t 1 ~  sm;~llcr collc?c:tio14 ol' 

grey mattel: which intly ropresont tllc nuclo~~u of tlio 1i~tcraJ ~1~r01)oll:~r L Y ; L C ~ ,  1,110 

lnte~al ailcl anterior colurilils of tho cortl ulto fi)nnotl, ~ultl oooul,y Lllo :ugOiL crxt,c:~ltlillg 
from tile mbstantis gala ti nos:^, ;\l*oulzcl 1110 li~tor:~l, nul;ouior, ant1 i l l l l ( 3 ~  : ~ H ~ ) ( ? c L ; H  of tl10 
nntelior horn, to tlze azltel~ior coizimi~surc. Tlioi*o I I ~ H  L)(!OLI LL g~+o:~t :~cl(litio~l white 
fibres, ancl the rolative poaitione of' tho doge~lorato l u t c ! ~ ~ l l  r~ntl c ~ ~ ~ t ( ~ ~ * i o i *  col~llnl~ur~ i ~ l l i l  

pos te~ ior  lolzgitzidi~znl fibres show tliis vory ~trikiugly. 
111 the right sicle, tlic dogelierlnto I ( ~ t e l ~ n l  colunz~zn?* fibrotj I L Y ~  ficoil oxi~d;ly i r i  Lllo 

posi~ion they hacl higher up, namely, in fibout of .tlm snbstantia gola t inss~~ ; olr Lllcrir 
outer side are tho fibres of the lalerul cerol7ellar tract, 

The cintelior columnu~*$br~es on tile riglit siclo uro sooil in Lllo alitoilio~ col~xmll c lu~o 
UJI to the pyramiclnl fibres, fig. 3, Plt~te 3, 6ccnl)yil~g tho :~ntci*ior pol*ticlll of' Lllo 
nuteriol. column nlld e x i e ~ ~ d i l ~ g  slightly into tlio autoro-lntcrnl oolnrnu. l'lloy 11i~vts 
inuch tlle mine positioll they 11:~cl 1iigIic1~ up, fig. I, I'lt~tc? 3 ;  I~u t ,  owil~g Otr 1110 
chu~lge of positioil o l  tlle l)yrizinicl,r, in~tcatl 01' lyilig I~oliillcl tlii! I:~Ltcr, tlloy lit* I I O \ V  

on their outer aspect, i11 contact 1vitl1 tllom. Ou I,lrc lol't ~ i d o  Ll~c c / tyc! /~or~c~t~l  , / i l ~ / ~ c ~ s  
o f  the poi tn ior  lo~zgit?bdi?illal b t~?~dZe ~ L I ~ U  iLIM i (.(;i~(Ii l,y : : I  1 i 11 LI I(: i b ~ j  t(~~,ioi* 
coluinn, inore 130et~i~iol*, a~ usual, than tlic! clug:.cilcu*aLc: fil~rcl~ on tliu oj q)osi L ( 1  "i'lc!, 1 ~ ~ 1 ,  
like tllem close up to  the l3ymmicl. 

The py~a fn ic l s  having smile dcol7ly illto t lio tinLorior ~~iedial l  li~rju~w Lo ;L 1 ) o i l  1 l, r:l( r1.i~ i 11 
r 1 front of the centl-a1 cailul (jig; 3, Pluto 3), co~nmollco to  tlocun~uko, J 110 d(~go~li!r:~i,(* 

r 1 ~yrall~iclal fibres of thc loft ~ i d o  aro conslric~;louu, .I ht!y 1~1.o Hoou to CI'OHH ill 111111(11(+5 

the anterior couau, ailcl to occzg~?j cn. p o ~ i t i o r ~  vevy (:ZOSL'LIJ 2)0st~?'iO7' 10  thc~ c/~yri~l,c;/~sf(! 
Ec~te~c~l  colz~m~iarljibl-es, this position Lciilg t~llowed By tllo at(;ouu:~(;io~~ ol' Lli(9 HIIIJH!,ILI~ ( , i l l  

gclatinosa, ht little lowc3r lave1 tho compl.ato c~ucusfl;~tiol~ rn&y ol)uorvt!d, 110111! I!]).' 

the $bfaes being appallently I$ behind i , ~  the a ? ~ t e l ~ i o r  ~:ol  u ~ m ,  but ct Ji:u c ~ ? ~ i t r :  v*u~ur d 
to the cl~ossed 2~ac t  of t  the sct~lze sidc, 

There are, therefore, on tho ~ i y h ~  sitb, in 1,110 spizin1 col*d- 
1. The ci+ossecl pyramidal tract. 
2. The latorill lo~igitocli~inal Gbroa ill lbont, a id  yi~rLly ulixit~g will, thutrl. 
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3. Ilho antaro-lutoral l o i ~ g i t ~ ~ l i i ~ t d  fibres. 
(911 t h o  !P/% sitlo- 
1.. A f o ~ v  ~ ) Y I * ~ L I L ~ ~ C [ L L Z  f i l ) r ~ ~  ill t110 Int(?rfil l ~ y r * : ~ ~ ~ ~ i ( l d  ttl'ncfj (diroci; 111,tor~l ~ Y L ~ I L I T ~ ~ ~ ~ L ~  

GI*LLO~). 
2. rl'l~o 111,koiv11 lougi011(li~1~\~1 fil.)~b(bu, IVIIOII t1mfl0 11:~vo boou iujtwo(l 011 t11:1,k s i c l ~ ~  fifl 

i!xl )Z:~i~iu(l ill Ollu (,ox.l;, 
3, 'I'llo lil)rt!~ 0/1 1110 po~to~iol*  1o13gi,2;utliilal Irr~iiclla, 
'J'11(\1'0 111~0 110 clivoeeL; nntcjrjor l)yn\,lrlitlu,1 I;l1nc1u. 
Wo ILILVI,  11ow 1jrt~oocl ( l i~~oct  I~X)V(~H f~+orn $11~1 I . o Y ( ~  o f  tllc 110~torior 002'11(9~'3 ( l ~ ~ ~ t ~ l r i -  

g o l t ~ i ~ ~ t ~  ilkti) L I L O  f ~ ~ ~ b o ~ * i o ~ :  a 1 ~ 1  l~~,Lt?l*:~l. C O ~ L I I ~ L ~ H  of' bllt3 c o ~ ~ l . ,  tul(1 1vt1 I ~ ~ L V O  j~~ubifiod tlio 
I o 1 I I I  I o I I o r  f i .  WO ~ N L V C  liko~v ~ H O  H ~ ~ C I W ~  Lllnh 
~ ~ I ) I + ( ? H  ol' L11o l~ )n~ ; ; c r l~ io l ;  lo~giLl~tlill:~l I J I I ~ I ( ~ ~ c ~  D ~ H O  C ~ C H C O ~ ~ ~  li'o~n tllo HRL~ZC? lcvol into t l i ~  
:~nL(it+ior L:O~NILIIL.  

I 1  I 11~1 ~ ~ I L L I I I I L ~  punHrLgo Sorwartl a/' the :~1ltc~io1* C Q Z I I I ~ ~ I ~ I I , ~  l i l ~ r e ~  un wsll ew tho G ~ I * O A  
01' Ll~h ~,)o~boriolt l o ~ l g i t l ~ ( l i ~ ~ ; ~ l  1)111\(llo will IHLVO l)i:o~i i~otxvl, i ~ ~ ~ l i c t ~ t i ~ ~ . g ,  bl~c~~+ofim..~ t11at 
I i t  1 :  o c o g  t o  1 L L L  h n  bllo hvcl  01' tllo ( l o ~ u ~ ~ a b i o ~ ~  i~ 
r1,1)1 ~l*u:~c:l1crc1 lilii:a~ I'~lcro;wo ~*apitlly, :~n( l  , j l x ~ L  I)olo-w i,l~o ( ~ ( : u L x H H I L L ~ ( I ~ ~  tllo t~utorior L L I I ~ ~  

I I I t i  ~ l l  c 3.1; i~ D ~ H O  t ; ~  110 OI)HO~TU[X L11:~li 110t 1~11 Ll10 
i i l ) r ~ ~ ~  of' LIio l)o~[,iwiol- IollgiLltdiilt~l 1)1111('110, 1 1 0 ~  of tllo ~ I , I ~ ( ; U I + ~ U ~ *  nlicl 11~Lo~nl colunlnr~r 
F I ~ H ~ ~ U I ~ H ,  I L L  o v t ~  *lll~o lligl~o~t, lovol~, L\I*O clog~~~lor:vLtt, 

~JC!TII;GI~, / ) O P ~ S U L ~  i~1,(1 i';~~;t~d)tr,/# ~?o/~~J,.---.AS~!(+~~ LIN! ] ) y ~ ~ ~ , l t l i ( l ~  ~I:LVC lcrb L I I O  t ~ l l t ~ r i ~ ~  
( ! O ~ I I I ~ I I H ,  Ll1t! (1ogo1)ixi~Lij 1~1iOo1:ior ( : O ~ I L L H I ~ ~ L ~  i1,11(1 ] ~ o ~ L c ~ l * i o ~ ~  I o ~ ~ g i L ~ l t I i ~ ~ i l  l i l ~ ~ c w  ~ t t ~ ~ i r l  
l)oI(ll,y O I I ~ ,  t~11c1 ~~1ig111, hr9 i~t>atIily I t ~ i ~ i ; i ~ l c ~ ~ i i  Li)y (1irocb l~y~*:~~r l i~ l i \ l ,  i ibre~ ; i tidt:txl, 1 
L I i i ~ l  I I r AN 0110 C ~ O H ~ Q ~ L C ~ H  bI10 C:UL'V~~:LLL rogiou, I.)otl~, M C ~ N  Q C  
liljrcw I,orltl Lo nlvvo tlwrry fro111 'L110 ~ L ~ ~ I O F  o d p  of I;llc) t1,11tori0~ ~oIu11111 ; l l~ i~l  i~ C~.LIO to 
ti1u irr~orL,iorl, ol' IKJW l i l ) ~ ~ ~ ,  EL u i r ~ u t n u b ~ ~ l ~ c ~  wllicl t i u  w0r111,y YLO(;B in colznoctior~ ~ v i  Lll 
tlla cl~~tt,r(,iol~ of' -Illrr no-c~allotl tli~louh 14ynuni~lul ,li~:nc:t. IJol,l~ ~ t t k  ol' t i l ) rc~ U L  tho ~~11110 

L i t r ~ t )  ~ I - O W  1 ~ ~ s ~  ~1,1lc1 II ;L~TO ( l t ~ , s ~ ~ ~ ? ~ ) ~ ~ ( + t ; / ~ c j ( l  ijt, lilt; tq)j)(:gi (lors(c/ ov l u ~ ( ! r  ~:074~~icrd ?+tjt~io~t, 
111 t l ~ o  ~ ) O H ( ; O ~ ~ ~ O I *  1iorLi.0~1, of 1110 I~~t(:r:ll colillnu, bllo ~1111,1'1~c:(;ori~ti0 uirlt~I1 (l(:gol~(~rt~to 

l i l ~ v c w  ,,I' Lllrr arolj~c~tl 1~yrlunitl:d brr\,otu u1~3 ~:ou,(lily c l i ~ ~ i ~ ~ g , r t ~ i ~ l l t x l  ; in fro11 b OE t110111 i~ IL 

brirst.lg~~lnr u,ll(~:\, ol' i ~ l r z n l ~  Largcn* (log,rltilo~~t,(;~ lil)rt?u-- l,lro l t & l ~ ~ ~ * ( i %  collttln?t(t~ , b l )~*o~ ,  Tile 
hwo bogobl~cjl: firl~rt~ ~1 1)yr:~~tii('L~I-~111~~)otI L L T O : ~  OF dogo~~o~~~bl ic i i~  ((ig. 4, l'ltitcj : l ) ,  whicl~ 
mo~L OI.IHC?~:VO~N woul(1 11oltl to Iso tyl~iwll of , b 1 ~ :  crouwtil L~.cic:L, Yct, u~ tvt: l ~ r ~ v o  ~ o o r ~ ,  
t ; l ~  a ~ ~ : i , g i ~ l  t ~ f  lllo Lwo j~ Y O I ' ~  (1i~L;illct. Ill fix. 5 ,  L ' l i ~ h ?  ; I ,  wllicl~ l*c!p~~(~uc~r~t~ Llio 2 r ; j L  
uit'lo, I I , I ~ ( ~  W I L O ~ B  Ll l c ~ ~ o   if^ 110 ~IU~OIIOIILLU 1 1yru11 lid, 1111 1; (1 C?K~!I i[)l*l~,te Ii~tcrf~1 su lu rnn :~  
Iilwon, tv11ic!l1 wo ooi~l(l, ro[~,clil,y LULW 1'roltl Lll[> ~ I ~ G H ~ L I C : O ~ I ~ I ~ L ~ O I ~ ,  l{110 r l i l I i o ~ + ~ ~ ~ L i t ~ b i ~ ) ~ ~  of LI~o 
(,wc) (!l'iI,t:l,~ i~ VIYY (11011,1*, 1)0L11. ILH r o g t ~ ~ ( 1 ~  bol)o~~riq~ll,y 111 111, 1110 nizu of tlla lil )WN, St 
will Irc! Hnc!ll LIio t:nr:ol)ollntl t~.iual;u aro nol; cn~croacl\c!(l ul)or~ Lo rtwly oxtent--ir paiul; 
wllic;l~ i~ l i~~*t,Ilu~* orllplit~~ize(1. by co1r1p~~t~iboli wit11 2111 ~ I , H C O I ~ ( I ~ I I ~  ( logo~zt)~*t~bio~~ i l l  t11o 
rogiorz i r \  ( j~~o~I~ io l l .  'llllt) I:I~LoT:LL C O ~ ~ ~ I O ~ ~ L I J . ~  ~ I ' I L C ~  ~LII(.I 1110 Ilil~tl(~l* l)t~rL 01) tllcj t~llt~orio~! 
c ~ ! ~ ~ o I ~ o l l ~ ~ i ~  O ~ I I L C L  ii~irly I L C C I I Y I L L , ~ ~ ~  o11blj11o 11, ~ligl1 Lly L)i 1oL)otl IU!OLL o c c ~ ~ ~ ~ i ~ ~ ~ ~  1)y IJCJLIL 

2 lr 2 
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descending tracts. Traced towards the lambar region, both sets of fibres diminish, 
but the lateral colui~lnar thin out first. 

We have stated that on the normal or right side, in the mesencephalon, pons and 
medulla there were no degenerate fibres in the pyra~nidal tract; and this seems also 
to obtain in cases after the tract has decussated in the cord. But I have seen a fezo 
fibres of the degenerated pyramid decussating over to their own side to run clown ill 
the lateral pyramid of that side. I again a t  first ~ ~ s e d  this observation to explain Lho 
presence of the degenerate lateral col~xmna~ fibres on the left side, in apparently tile 
position of the crossed pyramidal tract. We will return to these points in the 
general disc~xssion. 

The Degenerations Resultinqfiom Removal of t l~e Motor Area i n  the Cat. 

The material furnished by four cats which had recovered well after tho above- 
named operation f~~rnished the basis of this investigation. 

Description of Operation.-With the same precautions as in the preceding ex 
periments, the anterior portion of the braill was removed with bistoury ancl scoop, so 
as to ellsure the completo removal of the motor zone. 

Anatomical C1~anges.-Reserving the paths of clegeneratioll in the brain for n 
subsequent chapter, a section through the mesencephalon at  the level of the posterior 
corpora quadrigemina, showed striking degeneration and slight atrophy of the crusta, 
in fact, the same as in the case of the removal of the hemisphere, Tl~ere toere, apart 
fionz tl~e crustcl and a fezo Jibres in the roof of the aqueduct, no otl~er signs of 
de,qeneration. The IIIrd nerves, the desce~lding root of the Vt l~ ,  the anterior and 
lateral columnar fibres, and the posterior longituclinal bu~idles were absolutely intact. 

Fig. 2, Plate 3, represents a section through the ~nedz~lla, and the only clege~le~ato 
fibres present were those in the pyramid ; the comparison with the hemisphere cats i~ 
striking, fig. 1, Plate 3. 

In  the cer&cal cord there are no degenerate fibres in the anterior columns. I n  the 
lateral column the round bundle formed by the small degenerate fibres of the crossecl 
pyramidal tract, fig. 6, Plate 3, are well seen, but there are no scattered large 
fibres belonging to the lateral columnar system. 

The contrast thorefore between removal of s whole hemisphere ancl the  anherior 
motor part only, is complete, and argues strongly for the accuracy of the results. 

The degeneration ill the crossed pyramidal tract can be followed into the lumbar 
region, 

Tl~e Degenerations Resulting from Hemisection o j  the Cervical Spinal Cord. 

The spinal cords of four cats were investigated. 
The hemisectiou was made on the right side, in the usual and wit11 the greatest 
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care. I f  this is not done, coinplete traas\7erse m;yeli.tis occurs, wit11 the productioi~ of 
very many anomalous p a t l ~  of degeaeration, The 11einisecti.011 was made a short 
clistance below the clecusaation, Wlleiz a section. is examiilocl through the cervical 
cord a sliort ~listail.ce below tile lesion, i t  is seen that  the lesion is coilfined to one 
side. 1 3 1  t110 clege~ne~ate half the changes are ,wall kilowil to differ from those 
obtnini.ng in lssions of the motor area. Tlze oo~rlparisolis are, l~oweve~ ,  most important, 
T11e r-shaped degeneration in tile anterior coluinll is very not,iceable, i t  tapers away 
nntero-lntornl.ly, but along tho inner hnl.P' of the anterior col.nmn i t  forrns a distinct 
tract, a tract, moreover, wliich, wit1zou.t any staiuing reaction, mkay be readily 
rccogi~izecl by t11o size of its fibres. The figures sl.zow that a  ina all area t~loilg the 
inner margin of tho anterior coliunn remains free from degeneration, whilst a t  
lower levols the cleganerate fibres rocede still further from the  ineclian fissure and a t  
the snrno time rspiclly dirninisl~, 1: have as yet had no evidence to show that there 
aro ascollclilzg fibres dong the  inae~: margins of the anterior columns, as clescribed by 
SEIE.RBIN(A.TON nnd MOTIC; but I have not oxa~nined t11e point partic~~larly, as i t  is 
oat~i.do the scopo of the present work. 

Nuxt t o  kilo antoro-la.tera,l tract clogonoration, the mosl; striIriilg degeileratioil is ill 
tho region of .I;llc erossocl pyrumicltal tract. Tho degeneration  at this spot has the 
21ywni(.ZaZ or b,ilobsd chnractel~ wllicll wt~s  clescribecl abovo after the reillow~l of one 

r l  11ei:ni~ph.cjrc. 1,ha lrloro r'oml.cled posterior portion coilsists not only of the small fibres 
cl~aro,ctorisbic of t l ~ o  pyr'amicl, but also of largoi: ones ; the al~torioi- portion is made up 
of .bhe lsrgcr ~f ibr~s .  11.1 t1.10 lowor clorsnl rcgi.oii, fig. 3G, the pyramiclul area is actudly 
so1:)aratod in.bo Gwo p i ~ r t ~ ,  orio a po~.Lorior roui~ded portion, ancl the other a more 
scattored marginal pni*t. Froin our previous lclzowlodge ws  mag be perhaps right in 
saying that tlls rouaded pos,l;ori,oxi part corre~poucls in the  li~aiiz to the croasecl 
pyramidal tract, but also contains otlior large fibres wllich have oizterecl i t ;  whil.st 
the ai~kerior, rnnrgillal scattorecl :li brea rel~rosei,~t latol-a1 col~unaar fibres. In addition 
t;o ,the lnlgor tracts, there are numerous clegen.erate fibres scattered tlzrouglzout tlze 
lateral ni~cl nntoro-lateral columns. Corn13ai~sd wit11 an ascendi~ig clegeneration, i.t 
will be seen that, with the excoption of Q~o-vvan~' tract, ,thore i.s not in~xcl~ inter- 
mingling of libro,.i. 

C l o s ~  to the ~etxb of tho 11emisocti.otz inany degonorate fibreg may be observed 
, lers in tlze crossi.ng over to tho opposite &lo, some passing t1iroug.h the grey matter, o.ll 

anterior commissuz~o, Corresponding to tlr.is 1: have obaervad ineiiy clegenerate fibres 
in tlze anteri.011 co1~11nn close to tlie, gray matter of tlze anterior horn, a t  n short 
distance bel,ow the  eat of losioiz ; nt still ].owor  level^ fibres may be seen in the lr~teral 
column. !The scnttorecl clegol~erato fibres are larger, nnd it  sc.:ems very unlikely t l ~ a t  
nny of t11.em nre derived from t11o clogenornto p;y~:ami.tlt~l tract of the opposite side, 
t l ~ n t  is, t l ~ t ~ t  they tvre '( ro-crossecl " f i b r t~ .  
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Tile Degelzerntions resulting f i n 1  Remov(x1 of cb Lateral Lobe of the Cerebcllu~e. 

These degenerations I have not thoroughly examined, as my collei~gue, Dr. RUSSELL, 
is engaged upon this task. But I can state that  what I have found so far in the cat 

agrees with our present anat.omica1 knowledge, and does not coincide wit11 the exteu- 
sive changes described and figured by MARCHI. 

I have always obtained clegeueration of the superior cerebellar peduncle. 
In  the same cats there was ~ z o  degeqzeration i n  the posterior lonqit?bdinal bundle, in 

the antero-bote~*al colunzncc~$b~es 07. in the lc~teral colu~n~za~$bres. 

The Degenerations ~es,u.lt ilzg from Division of the Orus Cerebri. 

In the two cats, wllose symptoms are clescribecl f ~ ~ r t l ~ e r  on, and which were kept 
alive for 5 weeks, the degenerative changes were precisely similar to those seen in the  
hemisphere cats. The wound was shwply differei~tiat~ed nncl strictly bilateral ; in ' 
both cases there was complete degeneration of the crusts on the sicle of the lesion. 
The other degenerations were as follows :- 

On same side- 
1. Descending root of Vth. 
2. Posterior longitudinal bundle, mesial aspect of (not complete), 

On opposite side- 
1. Antero-lateral columnar bundle. 
2. Lateral columnar bundle. 

The usual tracts were traced into the cord; there were traces of n direct lateral 
pyramidal tract ; the crossed pyramidal tract eilclecl about the micl-lumbar region. 

Tl~e Degene~ations found in the Bmin after (1) Renzovcd qf One I$enzi,spl~cre, 
(2) Removal of the Ante~lior Po~tion oythe Baain, (3) Division of the C9*76s Cercb9.i. 

. Removal of One Hemisp1zere.-The chief deganeration was limited to the co~pus 
cullosu~n, the degeneration extending its whole length, but more markecl anteriorly 
just in front of its centre, and again posteriorly near the ~plenium. 

With a view of ascertaining in what directi.on the callosal fibres tunled, sectioi~fi 
were made in an antero-posterior vertical direction, ia il lateral vertical clii~ection, and 
from side to side. 'It was found that the degenerate fibres radiated for the   no st part 
npwards, anteriorly, and straight across, but none could be t~aced into the inteancbl 
capsule to turjz down into the c~usta, The fibres of the posteriol- comnzisszbre, as 
already mentioned, were degenerate, so also the coumissursl fibres in the pineal 
body-a tract of fibres described by D A R K ~ C H E W ~ T ~ ~ H .  The optic tract on the lefi 
side was usually injured, and showed in consequence widesprearl degenerations. The 
anterior commissure was not degenerate, 
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Rernoval of Ante~ior A~ew of Bv4airz.-The clegeaeration in the corpus ca l l oau~~~  
cull be very well seen ; it  is most marked anteriorly, and again near the posterior 
extremity. No fibres whatever turn down into the interilal capsule to reach the  
crusta. 

111 vertical transverse sectioiis i t  was not easy to follotv the mdiating clegenernte 
callosal fibres ; the anterior median group appeared to pass out anteriorly, but  what 
becomes of the inore posterior fibres I aln unable a t  present to say. 

T11ere was akrophy of tho subccxllosal layer of MURATOFF 011 the side of the lesion, 
but, contr,zry to MURATOFF, I only observed a few scattered degenerate fibres in it. 

A very large area of the internal capsule, in  vertical transverse sections, showed 
dogoneration, the lowermost portion, ailcl groups of nerve-fibres on its iilner aspect, 
however, coi~l;aii~ed no clegenerate iibres. Sliglltly behind the level of the  optic 
chi.nsma, in siinilarly macle sections, degenerate fibres were traced from the capsule 
entoriug ,the thalamus, where they collected and gro~~pocl tl~emselves around the  
lower a i d  inner aspect of the vei~tral lateral geniculate body, In more posteriorly- 
mac1.e sections they have passecl forward beneath the pulvinai-; then, wit11 the  
clisppea~ance of the geniculate bodies aucl pulv.inar, the .fibres came to the surface as 
a wel.1-marked group, immediately external t o  the  coinrnenciilg anterior corpus quaclri- 
geminurn ; they are not connected with the other fibres a t  this level, which are going 
to the posterior coinmissure. In  sections through tho ailterior corpora quadrigemina, 
the degenerate fibres are seen to enter the base of tlie. corpu,g of the side of the  
lesion ; and it woulcl seom probable that some iibres terminate here. Other fibres, 
l~owever, keep on tlieir oblique course, ancl cross ovei* superficially in the roof of tlie 
squeclact to the opposite side, where they may possibly terminate in either of tho 
collpora qnaclrigemiun. If the above observatiolls should always tun1 out constant, 
and tlley have done so in the two cases examined, it woulcl show that the anterior 
third o:f the brain, a i d  possibly of this, the motor region, was in comlnullicatioll with 
both hnlvea of the importnnt qusclrigeminal region. 

Those are not, however, the only fibres observed from the  capsule which pass to the 
cl~~~drigemiilal mgion ; fibres call bo tracecl in successive ~lections back to the  quadri- 
aei~~inal region, whicll are being given off from the degenerslte fibres in the llornlal 
capsule in their course to form the crusta. One well-msrlred bundle passes from the 
upper ullcl ii~curved extremity of the pyramid just before the crusta is formed, t o  
tho roof of the aclueduct, and lower down isolated fibres coil~e off froin the corro- 
spending extremity of the crusta (outer and. upper extremity) and curve round to t h e  
~~uadrigeminal regioii ; tllese latter fibres a~:o figured by MUIU.TO~.  

Discussion of the Praceding Afzatomical Facts macl of the Liter.atus*e ~.c.lati?~g t o  them. 

In  the l~~~ececlil~g ptlges we have ti~acecl from the  vicinity of the corpora quadri- 
(relnilla, cort$ll defiilite groups of degenerate nerve fibres, viz., the cZescc,r~dislg ~ o o l  
b 
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of the Vth fibres in the posterio~ losgitudilzol brindle, and fibres which we named 
nnte~*ior and late~al  columilar fibres. In the grey inatter of the floor of the  

aqueduct are the iull~ortailt nuclei of the IIIrd nerves, and furtller out i11 the 
tegmentum the large red nuclei. From the superior corpora quadrigemina fibres are 
said to pass to the cortex and optic tract.' The region is tlrus the meeting point of 
fibres related to the cord, cortex, cerebellum, the olives, the optic, and certain other 
very important nerves. 

Postey-ior Lollgitll&nal Bun,dle.--In EDINGER'S~ words : " Das tiefe Mark ist sill 
pl~ylogenetisch sehr altes System. Es fehlt selbst in den eiufachst gobauten 
Gehimell niederer Wirbelthiere nicht, uild umgiebt sich bei diesen, wie a,uch boiin 
hIenschen, ausserordentlich friihzeitig mit Markscl~eiclen." 

At the ninth month, according to the same authority, the fibres of the posterior 
loi~gitudinal buadle,i and those of the fasciculus retroflexus, are meclnllatecl. DAI~JC- 
SCHEWITSCH$ showed that in the 28 celltiins. long h t u s  the ventral portion of ihe 
posterior commissure is already mecl~~llated, and maintains that  fibres arch Srom this 
portion of the commissure around the grey matter of the aqueduct and coine illto 
relationship with the upper oculomotor ilucleus and the posterior longitudii~al builcllc. 
Both EDINGER and DARKSCEEWITSCH state that the posterior longiiudinal bundlo 
receives large accessions of fibres froin the posterior conlmissuro and the oc~uloniotor 
nucleus, and that other fibres have an origin higher up in the brain. Froin the 
change in position of the .clegenerate fibres ia the same bunclle a t  lower levels, as 
described in the preceding pages, it is most probable that new fibres are baing 
contillually added to this system, SPITZKA,~~ as the result of a lesion in the  left 
cerebral peduncle in tho cat, describes atrophy of the left posterior longitudinal 
bundle, and associates i t  with the attropl~y of the left anterior corpus quadrigemirnun 
which was present. He combats the view that the posterior longitudinal bulidle hi~s 
an origin in the lei~tic~dar nucleus or in the cortex, as MEYNERT, alicl to a certain 
extent, WERNICKE assert; and in additional support of this he briiigs forward liis 
well-known observations of the large size i11 reptiles where the anterior corpora, 
quadrigemina are large. He furtller states that in atrophy, limited to tho herni- 
sphere, there is no change in tho bundle. According to FOREL the postorior 
longitudinal bundle is very small in the mole ; GUDDEN, 011 the other hancl, states 
that although in the same animal the nuclei of tile IIIrd nervos are atroplried, 
yet the posterior longitudinal bundle is of fair size. 

* Neurolog. Centrdblatt,' 1885. 
t BDINGER, ' Nervose Centralorgauo.' Leipzig, 1892. 
$ EDINGER states that the fibres are meriullated between GLh and 7th ~nonLlzs, but that tlloy aq.0 q~ot 

all medullated at sante time. 
5 DARKBCHEW~TSCH, "Ueber die hintere Co~llmissur cles Gehins," 'Nonrolog. Clent~aalblatt,' 1885. 
11 SPITZKA, "Degenerations resulting from lesions of the tlzdamus and ~laighbonring palot of tllo 

carebyd peduncle in oat," ' Ncu~*olog. Centralblatt,' 1885 ; also "Architoct~u.~ auci Mocllul~ism of tllo 
Blain." ' Chicago J o u l ~ ~ ,  of Nerve and Mental Diseases,' 2579. 
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SPITZKA (1.0.) makes tho remark 1;hat tho 1,ostorior l o~~g i t~ id i l~a l  b~l~lclle conllecta 
the higher cen-bres in the aateri.or corpom cy~~ndl~igominn with tlla nuclei of the  
movernellt~s of the eyes, ancl those of bho turning of tho hond ; F~~crrs~c+,  that  i t  is a 
connectioll both betweon tlso IITrd, IV.l;h, :zncl VI.bh ilerves, nilcl j:)crhnps other 
nerves. Onrnns~n,r~sn;k conclncles " tha t  t11e l~ostorior 1ongittldiu:~l bullcllos consist 
for tho ,nost p:wt of H ~ O T ' ~  fibre# connacti.~lf: .f;og,retllol: tlle motor n ~ ~ c l c i  wliicli follow 
olle a~>other from the upinal cord up to tho brain." 

BRTJOE~ figur'os tho tmct of various d i l~ le i~~ions  a t  cliflo11c3r~t Io,vols and do8crib0~1 
fibres outering it from tho opposite ~ i d e  of tho m~116, Nurncl*ous craiiitil nerves, 
:~ccordi.i~g to Otho S~LLIIG autllority, g i . ~ ~  or receive fillro~ holu it. 

BE(!IWJCREW:]: describes .bhe lsrqjcctioll into tlia " ixui.c~r nron " of the fu'on-ilatio 
reticulilr'is (FL:I~C:IXBIG.) of the :~iite!rior columnar ground bnncllo, aicl of' 1:)clrt of tho 
lateral colurnn:~ gro~111cl b~lllcllo, and flays .thi:ht tho former confi;titutes tho pnstorios 
longituclinrrl buncllo; they, hovrrovar, oizd a.t some 1.ittlo clistanco nbovc! tLe. rnodulIz~ and 
tlioir place is talren by oc~do-motor fibrox. 

Revio~vi~lg tho Siterat~~ro npon corbic~xl ex.liirl~ntion, .(;hero is no irloutio~l of clcgonc,- 
ratioin or atxaophy of bl~o ~)os,bel:i.or lol~.gitudiutd l~.,nnt?llo, nl.ltl n1)nl.t horn SIIITZKA'B 
observation (Lo.)  of iLa atropl~y ill r . ~  ~ 2 1 , ~  of lauior~ of .(;lie qu:~cl~:i,gorrlit~t.rl aroa, 1 Ilnva 
not beer1 :~bl,e t o  f i t~ , t l  any OXPO~~,I~~JII.L:LI ~:Cfi)roll~o to it. !I?~~DPo i~ lik~wiacj vory littlo 
recor(led :from tho side of plvtlulogy. In  al.sos of l:~ovon~c?pl,i:~ly  it^ prcfienca is 
normal. J'n~r.own~sr.o$ ~cectwds a C:LH~ Of ~l~g,rl)i~0~:~itio~1 110b1~ I X I I I ~ ~ C M  ill uliltl ; but; 
Iro does not a p p o ~ ~ ~  t o  1.mvo trncacl tlrorn vory oolnl~l(>trrl,y. IIo u t i u t e ~  t h i ~ t  thoy rllily 
con,i;ain short iibros wlliob hilid tlla vuri,ous cont~:ea, and long ones, ucnAory, wlricl~ show 
an ascending clegos.erntion. Bi~:l.nlly M.~xtwrn after ex.ti~~pnlion of 0110 lialf of tlia 
cerebellum, appeara t o  obtain wideuproad clege~~oration of tho poatnrior lo~~giturlinnl 
bundle both sibovo a i d  below the lasion. This ~ure ly  cannot i~rlply L~ILL$ a11 t l k~  li1)19es 
of tho poxterior longituclinil bc~ndlo ara clorivsd froin tho cel:uljollmn, f011 tlloru i~ no 
anatomical support foi: st1ch n 1)elieK 

I n  LL-c cht tlio fibraa wllicl~ Ji)rnm the p0~101~ior longit~~(li,rlal I J I I K ~ ~ ~ O  l)eg$ to gmap 
tlicmselves a, sllort cl i~. t~~~.loo ~tbove the  lovol of .I;110 rcmt of tho oculo-mo,bor tr.urve, blsh 
alLhongh bounded poaturi,ol*S;y 1)y t l l  u groy mat;tcr of tlsu i~rl~~adnot., oxbmn:zlly i t  woultl 
bo impossibld to soparato tl.lcm from otl,ulrr ~ c M c c I , I . ! ~ ~ I ~ ~  l i l ~ . ' ~ ! ~  i.11 t1,10 c ~ c ' ~ ~ ( : I I I : L ~ :  ,fOllm:Lti;iQ1l 
of the ttg11lsnl;unl a t  t l i i ~  level.. At a f i b i l l  sliglltly higl~or lovol,, thsk i~ i~ml lod i~vb~l~  
veiitral to tho posterior corn~r,li.ssuru iui(1. pinoi~l. y portion of wh:ii: h epparcnlly 
tlie hscioulos retrofloxu~ occlrpios tllo ~ p ; ~ c o  in f,rorrt arid t u  tlru ool;aklo of tho grc+y 

" OIIIRH'I'I~IINRK, ' Tll0 Aiudonly 1110 0011t17&1 NOCVO~IH OPRIULH,' t~'f l .  IIlltlt, 1890. 
f- Unrron, ' Illustmtionfi oC l , l~o  hi1 ill r~~lil I litit1 Ijl~tbil~,' I1:(li11., I H!)2. 
$ B~ro~r~r~ucvv, " UoZlor dio Lo,tigafn~orziigo ilo~ 3'ormr~Lio-val;ict~11~11*i~ tlztrrlt~ l l a ,  ollongulro o l  lrnnli~.'' 

' Nou~olog. Ccnli~llbl~lt,' 1885, 
§ JA~COWYNICO, " Zllr .]"*&go Zbor d o n  13nn dofl h i l ~ t i ( ~ i ~ ~ ~  I;iilig~biit\ilol~ ( f a ~ ( * i r ! n l ~ r n  longiludinnli~ 

l)~~.lorior) ." nor. ' No~~~-o log ,  Conl,r~n,ll)lrcli8,' 18HS. 
MDCCCIXCV.---'13, 2 s 



matter of the aqueduct, the fibres of what will be the posterior longitudinal bmldle 
lying dorsal to them. This brings the longitrtdinal fibres therefore very cclss to the 
posterior cornmissore, but it is very diffic~tlt to see hour the fibres of tlle laincr, which 
are transverse, call suddenly turn anti become longituclinal. I callllot prove to myself 

t-hat the fibres of the posterior commissure, which are constalltly clegerlerate in my 
preparation a110 the degenerate fibres which I have shown to be present in tlie 
posterior longitndil~al bundle. DARKSCHEWIT~CE* on the other hand, however., tries 
to show that fibres of the ventral portion of the comrnissure do turn sl~arply into 
the upper ocnlo-motor rlucleus and into the space between tho fascicul~ts retroflexus 
and red nucleus and the grey matter of the aqueduct to beco~ne longitucliilnl fibres. 
At  this region in horizont.al sections, one can see in my prepamtions, clegeneratc~ 
fibres (which certainly, I admit, migl~t be derived froin tlle degenerake fibres of the 
posterior commissure), pass caudally into t l ~ e  positioil of the posterior longitudi~lal 
bundle. I am, however, much more illclinecl to tlie belief that tlie degeileri~te fibres 
in the posterior longit~tclii~al bundle arise on the saine side from tlie i~ucleus of the 
posterior longitudinal bundles (EDINGER, fig. 69)' whicll may be regarded as the 
highest portion of'the anterioi: sylvian grey matter. I n  trailsverse sections, just; 
below the fasciculus retroflexus, but still above the root of tlie IIIrd nerve, tlie same 
degenerate fibres can be seen, cut obliquely, next to the grey inatter of the aqued~tct, 
passing frorn the position of the upper oc~ilo-motor ilucleus down near the anterior 
extrelnity of the grey matter. These appearaiices therefore correspoild in a ]:emark- 
able degree with the figure 1 of the human fcetus in DARKSCHEWITSCH'S paper ; but 
the degenerate fibres are, after all, only a few, and they appear, in their course just 
described, to insinuate theinselves between the gre,y matter of t,he aclnednct ancl the 
larger bocly of ilormal fibres, uthich lie dorsal and exte~nal  to the fasciculns lBe.f;ro- 
flexus (see above), atld appear to go to form t l ~ e  niaiu mass of' the posterior 
longitudinal bundle. Wllat the origin of these undegenerate fibres inay be I cannot 
state definitely ; there is much in favour of the view that  they arise f'1~0111 or in tlu! 
neighbonrhoocl of the above-mentioned nucleus. 

At the level of the root of the IIIrd nerve, the degellerate fibres colvle iato c lo~e  - 
contact with the large oc~~lomotor llucleus and with the fibres issuing from i t  ; just 
below the root,, they are readily seen grouped together, occupyii~g tho lnosii posterior 
position of the fibrus in the bundle, viz., agaiilst the grey matter. 

' Since the IIIrd uerve was so frequently clegenerate in the hemisphere cats, on the 
side of the lesion, I at one time thougl~t, that possibly the degenerate fibres in t11e 
lITrcl nerve might turn down and form the degeuernte fibres in the posterior 
lo~lgitudinal bundle, or that the latter might arise froin the oculo-motor nucleus. 
This cannot be their source, for as just mentioned degenerate fibres aye encountered 
a t  higher levels. Nor is there evidence to sbow that  any of the descending fibres, 

- 

* D A R K S C ~ E W I T ~ ~ C ~ .  "Sinige Bemerliungen iibor Prcseryel-le~$ ip cler hilztel-on Commissur clop Gobinls," 
' Peurolog. CenC~.dl~lat,tt,' 186G, 
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from t;he posterior comrnissure, run  out; into t h e  I I I rd  nerve. Ta sun1 up, tlie 
pomible sources of the de,qene~ccto Jib?'ci which presented ~themsolvc?~ to  ilia are : 

:L, Tlle higl~est  pori;ioxi of the  aylviaa grey iuntte~: ( t l ~ e  nucleus of t h e  l~osterior 
loi~gitudinnl bundle) ; 2, t h e  l?osterior coinrnissul*u; 3, the superior :mcl the i.nft,rior 
oculo-motor nuclei ; 4, the oculo-motor nerve ; 5, the  -t;llnli~mus ; Ci, tlie ii~terllnl c:~l~sule. 
Tlle first; sppea1.s tho llioro proLczble viow. Eviclc1ic.e therefore t e i ~ d s  to show, 
owing to tlle few fibres wl~icli, are clegonern.te, t l i t~ t  fibres of t;hu posterior longi- 
tucliilal builclle are mixecl at thifi higlr loval ; but  I am not so suro thab the  Luiicllo 
receives a large ndditioil of fibres from tlie ~ ~ a ~ c l o u s  of the  IIIrd nerve, as  usuztlly 
stated. Fillally it may bo observed in this pl:tce, .that DA~.s~s~~I~wY~s:L ' I . I :  sl3eulrs of 
the. fibres ns asce~lclirig illto the  ]?os.torior cor~lmissuz'o, whilst iny iibre,ri clegc~zcwlte 
downwarcls. 

Jus t  below tho levol o:f the I I ' I J :~  nerve, fig. I ,  ao,b o11l.y is tho groul-, of clegelle~.nte 
fibres well-rni~rkecl, but itlso i;bo wllols yosteri,or I(angi.tudiut~1 l~nndlo, Tliey nro 
bounrled in front; by 't;l1o clogolierato decass:~tilzg fibres. 

Althougl~ t11o dogene~*ato fibres an11 apj,arexl.tly be trncod flvm the level of tlio 
posterior commi.ssure to tho cervical rejiioll, i t  i .~  1)0s~ibl0 tli:~t some I I ~ c o ~ Y ~ ~  connected 
with ilia nuclei of the  difYerant ner-vos, bu t  t,l.le instlrod oiiiployed f~irnif;lies no proof 
of it. 

It is wortlly of iioto t11.t.t t ~ s  tho  poatorinu 1urlgit;ndinnl Lui~dlo orlters tlis antel-ior 
colornil of tho cor~l, ~ / L C  ( I C Y J P ~ ~ ~ L I L B  $ b ~ ~ , . a  oocul)y tlloic U B U ~  intonla1 posiliou ; ~ v o  
may t11oro:foro assumo tlinl; .Llle o.tho~: f ibro~ of tlsu I ~ u ~ l d l o  rue tl~oso occupying .tllc 
zo~ze next .the grey m:xl;tar, l a  t l i~ COI'CI, afto~:' I~emi.socti.oiis, i t  i~ .tile internal fibres 
which clogel:le~nLa clowil :for long  distance^, w l i i l ~ t  thoso in tlia ZOI I .~ ,  ncxt the  
grey mnttar, are s1.1out fibres, It is vory lilcc)ly, ,I;lic>reforlo, .tl~rti; tllo s:~mo p1:ocesB is 
continued upwarcl~, a13.d t h a t  our c1egei1er:~i;~ fil.)ro~ n r ~  l~o i~ io logo~~s  t o  1011g i.nterl~u~:~citzl 
fibres, wbilst tho non-clegenera,ta ones con~esl~ond t o  ~ l i o ~ t  ibros. The sirnilnrity is 
certainly striking, both A*om t11o point of vi.ow of ~)o~iti .oii ,  Of directiol~ of cloga~era- 
.tion, and of uon.-decu~sxLion. 

The A~ztero-l~ttc,)~eI C;'ulu~r~na~~ %i'ib~~c~,s,--'l'lio c1ogcjner:~to fib14o~ wllich arc! go clcnl*ly 
geen in fig. 1, Plate 3, ]:):hssing filoin nbonb tile 1)o~iti.on of' bI10 d ~ ~ c ~ n c ~ i l l g  1300t 0.1! tho 
Vth nud crossi,ug the  rap116 immedii~toly ill l'roilb of tllu postarior lui~gitudinal bundle, 
represent the fountnin-lilro clecussntion of N::~I.YNIc~.L:I:, 'r110 at~tilo fiL1-GB a1w well soel,i 
in fig. 7'8 of E D I N U U ~ ' ~  " Vorloeungoil," 1802, iixtornnl .Lo tllo fa'n,~ci.culnfi, retroiloxus, 
ancl red-nucleus, but'tlnoy w o  supl~osod t o  clld soon in. lzorvo cells ill t l l i ~  position. 
Accorcliilg Go t h e  salno s~1t1:ior~il;;y tlle fibres are strong1.y mnrlr.ad i11 fisllos arid b i ~ c l ~ .  

Zn fig. I, they ~o rclljrcsonl;ecl :xt t~ l m l  juut bolow tho exit of II1:rtl nclrvew, 
and ~iicounterecl in  .transverse aectioils from tllc! lov6l of the IIXrct norves t o  n 
sliort clistanco below. , In eagittnl ioction .they appou,': to ax.t;o~:,~d : ~ o I . Y ~  tlllj level of tho 
hinclor piwt d tho ailtelterior corpus quirrlrigon~iriurrl t o  bwnocttltll tl,lo poatcrio~: corpus. 

It k exceedingly ddiiiictllt t o  rnlilro ai~~oluto1.y suro of t l~e i r  origiu. I t ~ r n  unabln, NO 

2 x 2  
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fm, to trace them clefillitely to either the posterior commissure or the colnmissural 
fibres bellilld these in the roof of the aquecluct. The impl~ession is rather given that 

they sprillg from the lateral area of the grey matter of the aqueduct, from indeed the 
area closely related to the descending root of the Vth, from the cells in which 
MEYNEIZT believed they originated, and from which circuinstance he named them 
" Quintus-str~n~e." Illstead of the fibres ending in nerve cells in the inter-red-nuclear 
region, we have reilclered it clear that they pass down through the pons and medulla 
into the corcl, and that they form iiz their course an exceedingly cl~aracteristic group, 
in front of the posterior longitudinal bundle. 

Above the nucleus centralis inferior I can find no special reference to these fibres ; 
little attention has been given apparently to the higher regions of the reticular 
fo'orination whic11 lies between the post loilgitudind buildle and the fillet ; fibres have 
been described clecussating in it  and becoming longituclinal, but long fibres, unless 
iilcleed they are described arid included in either the posterior longitudinal bundle or 
fillet, have not, in so far as I am aware, been discussed. A glance a t  the figures in 
Plate 3 will show that these anterior columnar fibres are not included in l;he 
lemniscus as the latter is usually figured and understood. I11 the lesion through the 
crus, the lemniscns will have beell often divided, but there is no descending degenera- 
tion in it, whilst the anterior columnar fibres are markedly degenerate. Lower 
down, however, in the ineclulla for example, fibres of tbe anterior column are described 
mixing with the jllterolivary fillet. Thus, in tracing the upward contin~zation of 
antero-lateral columils of the corcl, the anterior is said to be represented by the 
posterior longitudinal bundle, whilst fibres derived from the lateral tract occupy the 
position in front of the latter and behind the commencing fillet (OBERSTEINEIE), that  
is that the antero-lateral tracts (exclucling the ascendiilg tracts) inove inwards to a 
mesial position. BECHTBREW,* in a paper upon the coilstitution of the reticular 
formation in the medulla and pons, based upon the study of the 25 to 28 centiins. 
long fcetus, concludes that all the fibres of the anterior col~unnar. grountl bundle as 
well as the anterior portion of the lateral columnar grouild bundle, pass into the inrlor 
a'orea of the formatio reticularis. He states that a t  the level of the inicldle of tlle 
lower olive, the medial raphe fibres are grouped into two bundles; the dorsal group are 
the posterior longitudinal bundles, and are composed exclusively of the upward 
projection of the anterior columnar ground bundle ; the ventral bundle wllich exteilcls 
to the interolivary layer, and which is less compact, is composed of' fibres of the lateral 
columnar ground bundle. Traced higher, the fibres of the anterior group end in tlle 
nucleus centralis of ROLLER. He, however, states that fibres, anterior and external 
t o  the posterior longitudinal bundle, ancl which perhaps arise from tile anterior 
colulzlnar ground bundle, call be traced still higher to the reticular llucleus in t,he 
ponb together with fibres correspoilding to anterior columnar ground bundle fibre~t, 

* BECHTBREW, "Ueber die Langfaserziige der Formatio reticularis medullm obloagatm et ponbis," 
Nenrol. Centzalblatt,' 1885. 
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but which have beell brolren in the central nucleus ; a little higher up, nt the level of the 
nucleus centralis superior, all tlje fibres in front of tlie posterior longituclini~l bundle, 
which might correspoild to the anterior columi~er ground bundle, have disnppea~ed. 
Accordiilg t o  my showing, in tlie cat fibres of the nntero lntoral ooluinn of tho cord, 
can be traced wi.thout interruptioa t o  MEPNXRT'S decussating fibres. Traced into the 
cord, as mentioiled .in the preceding pages, the  oolumiiar films paudn to  the nllt.erior 
column and into t11e area in front of the niiterior conlu. They lie in froat of t l ~ e  
fibres derived from tile posterior longitudinal buildle ancl extencl ro~ulcl tlze hoyll; 
they correspond, tllerefore, t o  autero-lateral. fibres. It will thus be Been t1mt the 
results obtained by the Marclli method, as regarcls the  upward projection of tlie 
anterior coluinn (posterior longitudinel buadle fibres) a i d  of the :inter0 lateral coiurnil 
coincide with the  tencl~i i~g of elnbryology and anatomy, They simply extend the 
latter, by showiiig that  in the  cat at  least uidx-oken fibre8 may be traced horn the 
quadrigemiaal region to  .$ l~e cord. They show tllst tlie clegenurtlte fibres i11 the 
posterior loagitudinal buildle colltiilue on tho sttllle ~ i d e  ns the lesion, wl~ilst the 
antero-lateral columnar fibres situatecl on tlzo oppostte side have ci*ossecl over in 
MEYNEI~T'S decussation. 

[Since wri.ting tlie above, I have reecl a paper by Hnr, :~* froin F ~ x o ~ s ~ a ' s  
Laboratory. His descriptioil of the  origiii ailcl c1esl;iny of May~z~rt r ' s  fibres ilenrly 
accords wit11 m.ine. 1% describes MEYNEHT'S fib11es origiiiating ill the ripper corpus 
quadrigeininum, ailcl crossing over ill Lhe fo~~ntn in  clocussatioii to talzo part in the fon-ntl- 
tion of the antero lateral co l~~mn.  Ta the cat they are very coilsl~icuona on the ventral 
aspect of. the posterior longitudinal bunclles; but in man, owing t o  tlio dovolopinent 
of the superior cerebellar decussation, are pasliccl to on; side. Tho fibres are the axis 
cylirider processes of tlis multiloolar gci~glia cells, which are chiefly sibuatod in the 
middle aild deep portion of the  grey matter of tJlie upper corp~~s .  Some of the fibres 
he describes, giving collaterals to the oculo-1no.tor nuclous on the same sido, tho11 
crossiilg and giving collaterals t o  tlle ol~posite nucleus of tlle ab~izccc?ras. I-Ie s-i;stc.,s 
that, as the posterior longituclinal bunclle is contiliued into ,tho antorior columll of tho 
cord, it is probable that  fibres coiniilg froin the ganglion cells of tho corpus inny 
extend iato the cord, ailcl surinises a further u~liori of the  abovo-moationecl nuclei 
with the centres ill 4110 upper oervicnl cord for the i;urnj.ng of tho Loud (coinpare 
SPITZTU). 

I-Ie describes fibre8 originating ill the roc1 ~~uc l eus  whiol-1 pass clowii to form the 
lateral column. T11ese are the  fi.braa which correspond, in &I1 probability, to  my 
1.ateral colulnilar fibres, and whiclz my evidence sl~ows a rb s  from colls ill the grey 
matter, more ventrally placed than the cells giving ori.gin ,Lo the fibres of the nntero- 
lateral columns ; , buk, like t he  former, they decussste.] 

A greit deal has been written upon the dogenorationa i f  tho fillet?--soma olaervers 

* HNLD, 'Archiv fiir Anntoniio u, Phyeiolugio,' 1892. 
.t. MAIIAIN, ' Aycl1iv fiir Psychint.,' vol. 25 ; R~OII'T, ' Joui'111~1 of P l~y~ iu logy , '  vo1. 15) NO, 6, 
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maintaining that the degeneratioil is descending, an equal number that i t  is ascending. 
It is possible that some of the instances of descending degeneration may be explsilled 
by the presence of the antero-lateral columnar fibres. SCIXRADER* deficribes, in a case 

in which there was a large lesion in the left crus, descending degeneration of the left 
median fillet and of external dorso-lateral fibres (arouad olive). He described the 

fibres ending in the nuclei of the posterior col~un~ls of the opposite side and in the 
cwte~~o late/~al colzunn of the snine side. MONAKOW,.I~ in a case in the new-born cat, in 
which the polls was damaged in reinoval of a portion of the llemisphere, describes 
descendiag clegeneration in the inter-olivnry fillet. MAMHI also figures complete 
clescending degeneration of the fillet, a i d  of the fibres in t,he ral1h6 a i d  ~osterior 
loilgitudillal bundle, and traces the degeneration into the ante1-o-lateral, tract ; we 

havo before commeilted upon the significance of this wide-spreacl degeneration. 
~ . O S E L : ~  especially lays stress upon a descending atrophy of tho " cortical " fillet, 
wllich crosses t o  the grey nuclei of t l ~ e  posterior columns. My own observations 
lead me to believe that there is no descencling degeneration of the fillet. 

The Latel-a1 Colunznar Piby-es.-This system of' fibres is closely related to the 
precediilg ; they commence i11 the quadrigeminal region, close in f ~ o n t  of the origin of 
antero-lateral columnar fibres, ancl are derived from inore ventrally clecussating fibres. 
111 their course downwards, they sepal.ate from the antero latersl columilar fibres aiid 
take up a lateral positioil and pass into the lateral column of the corcl. As in the 
case of the preceding fibres,' they have been described by various observers under 
different names, and have beell included in t l ~ e  fillet or tl~e,cerebellar kact. 

They appear t o  be derivecl from fibres which pass froin the sicle of the lesioi~ more 
veutral to MEYNERT'S fibres, t,o the opposite side, fig. 1. 

It seems probable that these decussatii~g fibres therefore coincide 'wit11 FOREL'S 
decussation. The evidence seems in Savoilr of their being MEYNJGRT'S fibres, but i t  is 
possible that more deeply situate cyur-zdrigeminal fibres may tnlrc purt i s  tlieir 
formation. MEYNERT! described a group of fibises which could be tracecl into thc 
pons, where they occupied a position between the facial n~zcleus ,zld the ascending 
root of the Yth, and were bounded laterally by the corpus trapezoidium. Mo~nrrowll 
later described the same fibres in the cat, and termed the group the c~lre~qlwnt laleva1 
colzlt~~nar bundle, .He  Bays that it runs iuto the cord ventral t o  the ascendirig i300t 

of the Yth and takes up a position lateral and peripheral t o  the posterior corntl. 
Higher up the tract lies between the olive and the outgoing facial, in the poeiEioll of 

* ~ ~ C I I R A D B R ,  'Ein Grosshi~~nschenlrclhercl mib ~ecunclii~on Degouc1*at. cler Pyrnrniclo in Ea~~bu , '  I. D,, 
Halle, 1884, Ref. ' Nourolog. Contrdtlblait,' 1885. 

t MONAICOW, " Neue exper. Beitrage zur Anatomic der Sclrleife,'' ' Ncurolog, Conti~alblatt,' 1885. 
$ HOSZL, "Ein weiterer Beibpag zur Lelire vom Verla~~f der Rindcnschloifo," ' Arclziv I. Psych,,' 

vol. 35, Bsfl; 1, 1893. 
5 METNERT, ' Archiv fiir Paychiati~ie,' 1884, fig. 52, 
11 ~~IONAICOW, loc. cit, 
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N in fig. 123 of OBSTBINER'S last edition of his " Nervous Anatomy," a position whicl~ 
exactly accorcls with that  figured and described by me in the preceding pages. Still 
hig13er, i t  is describecl as entering the filletl, sncl OBER~TEINE~ makes the rernarlr that 
the tract may be identical with the  large fibres of the veiltral portion of the direct 
cerebellar tract clescribed by LOEWZNTHAL, which do not, enter the corpus restiforme, 
bllt pass up tllrougl~ the corpus trapezoidium, between the roots of the VIth and 
VIItl.1 nerves, to near the quadrig.emin.a.l region, where i t  coines in contact with the 
fillet ancl the superior cerebellar peduncle and then turns rouild ancl enters the 
cerebellum. The same authority states that, accordii~g to MONAICOW, it is 
that the aberrant bulldle goes over in FOREL'S decussation ai,ncl ollcls in the sub- 
thalalnic 1.egioi1 of the opposite side. BRUCE describes a 1.ateral med~~llary tract, 
lying in front of tile direct cerebellar whicll contaiils GI.owx~rt's tract, but is larger ; 
Ilc desci:ibes i t  terminating in the lateral nren OF the medulla, ancl "by a special 
bundle wbich crosses tile corpus trapezoi.cliurn, immediately external, to tho emerging 
]?art of the root; of the hciad nerve, cz~d enters the lateral fillet." B~GHTEREW* 
describes in the fmtus, the hiilder part of tlle lateral colulnnar gro~uld bundle passing 
up into the pons in f~*ont of the  lateral cerebellay tract. R e  describes the " seiten- 
strnngrest" encling i11 the nucl.eus lateralis ; he would not, however, clelly thern 
contiiluillg unbroken ns far as tho inesencephaloil and cerebrum and emphasifies the 
fact. I-Ie says, for instance, that  the lateral dorsal system of tho formatio, situated 
clorsal do the nucleus latertllis and .Lo tlic inner siclo of tlm ascencling root of the Vth, 
may be tracecl upwarcls i11 the m o ~ t  extcnlnl p:~~:t of the formatio, lying a t  the lower 
portion of the pons, external to, and behiud the a.ucleus of the VIIth, ill the middle 
of the polls to the iilller siclo of tho motor nucleus of the Yth, and still higher up on 
the coilvoxity of thesuperior cerebellar peduacle ; hero the decnssati.on causes their 
wid* separe,tion, but in the oerebral peduncle thay lie again external and behind the 
red lluclei~s and. inay then pass perhnps into the FLEOHBIG'R " I - Iaubenst rablui~~ 
The snine observer lnentions in  ailother pa,l)er that the " coatrale Hc~ubenbal~n " was 
figured by STILLING: in the polls and describecl as tlle upwtvcl coiltilluatioil of tllo 
lnt'er a1 column. 

The reset~rches of LOB WEN THAT,'^' are af special interest from tho point of view of the 
lateral columnar fibres. In nil inauguxsd, diseel*tntion, pub1 idled in 1 8 8 5, upon the 
" DDBg6n6rntions seconcl~~ires de la lnoello dpinibre, consdcutivos aux lesions expdri- 
inentales mddullnires et corticales," inado in Scn~rcs's laboratory, from the dogs 
operatecl on by SCHIBP, he nol;icecl the ],resence of large aon-degenerate fibres in the 
degenerate crossed pyramidal tract  in dogs after lesion of the cortex, whilst i.n 
homisections in the cervical region t11ei:e werc numerous large non-degenerate fibres in 

* BIDCIITUBEIT, " UG~)CP oillo bi8110~' unbslcanuto Vurbinclung clor gi108san Olivcli mi(; dem Grostll~irn," 
' Nournlog. Uoatralbli~ht,' 1885. (ROB, ia ' Nonyolog. ConCl~dbl~tt,' 1 E86,) 

t Lorcwn~~trut, " lin, rfgion pyrnmidnla clo In, aap~ula  intorno cho~  lo chicn ot la cons1;itution clu cordon 
n;rlt6ao-lnl;6~al clo 18 moollo," Roy. M6c1, do la, S Y ~ R R O  lto~n&~ldo,' 18813, 
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the ventral aspect of the degenerate pyramidal tract. They occupied the field between 
the pyramidal tract and the lateral cerebellar tmct, and he looked upon them as a 
special system of long fibres, and designated thein as the outer zone of the lateral 
column. 

In 1886 he extended his observations* upon the dog, and observes that  in spite of 
the removal of the motor area the large fibres between the pyrainid ancl cerebellar 
tract and those in front of the pyramid and extending marginally are not afi'ected. 
He tries to S ~ G W  that there exists in the crossed pyramidal tract fibres which are not 
cortical, that these are most marked in the cervical region, but could be traced to the 
l~urlbar ; he calls thein the "systbme intermddiaire." They can be tracecl upwards 
with cert,ctinty into the ineclullcz outside the formatio-reticulttris of DEITERS, but they 
take no share in the pyranlidal decussation. On the other hancl they have nothing 
to do with the direct pyrainidal tract. H e  adds that  he has not called them 
(' coinmiss~~rnl" fibres, as LANGLZY made him state (but this is not the case), but tllat 
t.hey might be called the "anterior marginal bundle." I n  a third paper? up011 llemi- 
section of the posterior part of the mednlla of the lritten, a t  the level of the decus 
sation, he mentions especially below the le~ion the atrophy of large fibres upon the 
ventral and external aspect of the pyramid, and which he believes do not belong to 
the pyrc~inid. In another paper the same conclusions are dram~n. Lastly, it  may be 
mentioned that he elsewherei describes ascending degeneration of the lateral cerebellar 
tract, which, in front of the substantia gelatinosa of the ascending Vth, divides into 
two, a dorsal aucl a ventral part, the former passes into the corpus restiforme, the 
ventral portion, which he assumes is the same as the aberrant lateral columnar 
tract of MENAXOW, passes upwards to the i~eiglibourhoocl of the origin of the Vt11, 
and still further, lying close to the margin of the pons, to near the posterior corpora 
q~adrigemina, where it  turns round the superior cerebellar peduncle. 

LANGLEY in his "Recent Observations on Degeneration of Nerve Tracts in the 
Spinal Cord," ' 13rai11,' 33, makes: the remark that Boucr~rnnn$ had in 1 8 G G  noticed in 
man that the descending degeneration in the lateral colulnll wau greater after injury 
to the medulla, than after injury higher up, and that the medullary fibres wkre 
situated in the lateral borcler of the pyramidal tract ; he cs~lled them i;be " iiljres 
commissurales an tkieureu longues." LANGLEY, in discussing the qoustion, agrees 
with SHERRINGTON that the cortical pyramidal tract is smaller than that given by 
F ~ ~ c ~ r s r c ,  and proposes the name of desce~zding m e d z ~ l l c ~ ~ y  tra.ct for tbe other  fibre^ 
found degenerate in the region of the pyramidal tract after lesiolla of the medulla. 

LOEWINTHAL, " Atroplliev scconclai~es clu corclon post6rionr," 'I..ccneil Zoologiqne Suis~o,' 1886. 
t HNRZEN et LOEWINTHAL, '( Troiv CBS de lesion rn6dullairo du nivean do joiiction clo Irt moolle 6pinibro 

e t  du bulbe rachidien," ' Archiv. do Physiologic,' vol. 1, s6ric 3. 
$ LOEWENTHAL, " D6g6nkratiops seconclaires ascendantes dans le bulbe rachiclion, dnns lo pont, et  clrtnn 

1'6tage superieur de I'isthme," ' Rev. Mkd. de la Suisse Romande,' 1886, 
$ BOUCRARD, ( Archiv. -g611. de MOcl.,' 1886, 
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To sum up, i t  inczy be stated that the existence of fibres, following the course 
illdicated above, is not negntivecl by any anatolllicnl fact. It has been shown that 
jusi; afi in bhe case of the inner fibres of the posterior longitudinal bundle, and the 
antero-lateral coltunnar fibres, there existr a group OF unbroken fibres which ext,e~ld 
from the quadrigeminal region into the lateral column of the corcl. It llas been 
showi. tha t  these fibres undergo a desceuding degei~e~ation, aild Ghat they in~iat not 
be coi~foui~decl k i t h  the fibres of the cerebellar tract, to  tho inner side of whicl~ they 
lie. The fibres may be tracecl to the upper lumbar region, but they very greatJy 
diinirlish as they descend. It will be observed that the fibres are very large, and 
contrast, with the smaller fibres of tlle crossecl pyramidal trach. The. Jibres cwe ~aot  
of c o ~ t i c o l  origilial and i J ~ a ~ e f o r e  tJ~ey cannot sxj&lrtin ~Jba coses oJ bilnte,-a1 clegenera- 
t ion  of tJ~,e c ~ o s s c d  p?/~anoidal  t rac ts  follozuing zrnilateral cor-tical lesio~ts, They are 
essentially non-pyramidal, differing as stated by their lsosition and size. Thoy are 
probably the representatives in the inetlulla, pons, and mesencepl-don of the large 
desceading extra-pyramicld fibres found in tlie lateral colulnns of the cord, standing 
in the same relatioilsllip t o  these as do t he  fibres in the posterior longitudinal 
bundle and rap116 to the anterior and nntero-lateral columns. It is possible that in 
the cat and the dog this higller " internuncial " or segmental system is more marlred 
tllall ill the  monkey or i t1  man, just as in the latter exa~nples, the pyrainidal system 
is far inore extellsive than i11 the foiwer. 

Y'hs P y r a m i d a l  Y'?ucts.-The fibres of one pyramid alone are fouucl degenerate 
after reinoval of the wholo motor area, or tile wllole hemisphere ; 110 fibres therefore 
13assbby the  corpuH callosnm, as has beell siiggested by I~AMILTON,~~ into tbc opposite 
pymmicl. At the decussatiol~ the fibres ci*oss to the opposite side, and no direct 
pyramidal tract is left behind. A few fibres of the pyramid at  the lower level of the 
decussation il~stoacl of crossii-rg to the opposite side may curve round in the form of a 
small bundle to elltor the crossecl pyrainidal tract of its own side. Corre~poncling 
with this fact, a very few degener~tte fibres may be observed in the crossed pyramidal 
tract 011 tlie sallle ~licle us the leaion. 

LANGLJZY,~ ill summing up the  vfiriou~ ~ b s e i ' v ~ ~ ~ o ~ s  up011 desceiiding clegenerc~tiol~,~, 
dates  that; in ao case appsrenbly dicl i~nilateral lwain injury c:msa degenerntion uF ille 
opposite pyramid, dthough, in the oorcl, both crossecl t~lacta might be degenerate. 
Since then little eviclence has boeil brought forward to ~ 1 1 0 ~  that the opposite 
pyramid may degenerate after unill~teral cortical injury. HAMILTON, Zoc. cz't., believes 
that fibres inay enter the opposite pyratnicl by way of the corpua callosnin, and 
~ ~ C E T ~ P B R ~  appears to  have held s similar view. In 1:eviowing the numeroas 
obse~vations which have bee11 made upon t he  cle~cending degei~e~ation following 

* HAMILTON, 'Roy. Boc. Proo,,' 1884, 
t L ~ N Q L ~ Y ,  " Rocoiit Obaorvntiona on Dagonoinlion of Norvo Trncts i n  tlio flpintd COFC~," 'Brain,' 33, 
$ SO1rXbl~rc,  ' QUAIN'S An~~tomy, '  VUI, 3, 1803, 

WI)CUOXOV,--J.3. 2 I' 



experimental extirpat,ioll of the motor cortex, it  will be foullcl that the lnajority of 
observers describe a slight .amount of degeileration in the crossed pyramidal tract of 
the same sicle, yet no degeneration higher up of the corresponding pyralnid (pyramid 
of opposite side). These results are based upon the cat, dog, slid moilkey ; fu r t l~e~ .  
on it  will be seen tllat in man there is strong evidence of bilateral, degeueration in the 
corcl, following unilateral cortical ii~j ury. 

F R A N ~ O I ~  FRANR, and P11rn~s:F described in tlle dog bilateral degeneration of the 
crossed pyramidal tracts after lesion of the motor area. 

Montrt similarly observed slight degelleration on the saiz~e side ill the dog. 
BINSWANGER and MOELI~ fourid in MUNK'S dogs, in which the arm area had alone 

beell removed, degeneration of tlie crossed tract only, 
a 1011 ZIEI-IEN! exauliiied three dogs, two and a half to three inolltl~s after the extiilp t' 

of the fore-foot area a i d  "ntcckefi" area, and fo~ound degeneration likewise limited to 
the crossed tract. He therefore agrees with the last-mentionecl observers, in opposi- 
tion to those ~ 7 1 1 0  insliiltaiil that there is bilateral clegeneration of the crossed trac1;s 
after uililateral ii~jnries. We may inelltion that the expla.nation of these divergent 
views is now fiildiilg its solution in EL worlr by I)r, MELLUS which will shortly appear 
from the laboratory, 

SEIERRINGTON~II who has largely worked upon the clesceadiag degenerations, maintaiils 
h t  not ollly ill uilileteral lesio~ls of the cortex, but also in hemisections of the cord, 
there is some degenert~tioa of the crossed tract upon the same side, his explailatiolz 
of this, by supposiilg there is a re-crossing of pyramidal fibres, is that now usually 
accepted. As regards hemisectioiz of the cord of the cat, I have not observed ally 
c1egenel:ate fibres in the opposite crossed pyramidal tract. 

M o ~ r y  states that in a heinisectioi~ of the spinal cord of two monkeys, he was not 
able to satisfy himself of the existence of re-crossed fibres, 

HOMEN,*" on the other band, describes a condition similar to that of XEIERRTNGTON 
after hemisection. 

 TOOTH,^^ in a hemisectioil of the chorcl of the monkey, found below the lesioil 0111~ 

a few degenerate fibres in the cerebellar tract of the oppositc side, 

"RAN~OIS %'RANK, i~nd P r~ns s  (see ' Prog. M6d.,' 1880), 
J- M o s ~ r ,  ' Arcl~iv f .  Peychintrie,' 14, 1883, and 'Neurolog, Cenhralbhht,' 1883. 
1 BINSWANG~R and ~~!!OELI, " Zur $rage &r XecuncliCren Dogenoration," ' Neurolog. Clentralbli~tt,' 1883. 
§ ZIEHEN, " Secuudiire Degeneration nach Extirpation rnotori~chc~ Rindonregionon," ' A~,ohiv f. 

Psych,,' vol. 11, 1687. 
(1 SHERRINGTON, "On Scconcla~~y and Tertiary Degencration~~ in tho Spinal Cords of tho Dog," 

'Journal of Phy~iologg,' vol. 6, " On Nerve Tracts Degenerating Secondarily to liasions of tlie Cortex 
Cerel~~i." Iclent, vol. 10. 

 MOT^, '' On Hemis~.ction of the SpinaI CorcL in Monkeys," ' Phil. Tmn~. , '  1892. 
*# H0318N, " Contribution exp61.imeutalc 21, le Pathologie, et h l1Anatomie pntl~ologique cla la moellc 

Qpinihre," 1885. 
tt TOOTH, " Sccoild~tl'y l3ego11eration of tho Spi~ial Cord)" 1860. 
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SO&IAFER* early showed that  unilateral cortical injury in the lnollkey migllt be 
followed by slight dogelleratioil in  the crossed tract of i;he same side-especially whcll 
the marginal convol~~tioil was injured ; and later his assistant, FRAN~E,.~. coniirlllecl the 
bilaterality, 

LOEWBNTHAL,:~ in the case of SCHIFP'S dogs, found bilateral degeneration. 
One gathers also from the  papers of MARCHI, and MARCHI and ALGE~II, that there is 

slight degeneration in tho crossecl taract of the same side after unilt~teral cortical injury. 
TOOTH (I.(:.) found in the  mollkey very slight degelleratioil in the crossed tract of 

the same sicle. 
SA.NDMBYER$ found sligllt degeneration of the crosst?d tract on the asme sicle as the 

lcsion in dogs with unilateral motor cortical injuries ; he used the methocl of M.~ncar. 
MAX H~pz l l  demollstrated bilateral pyramidal deguneration after the removal of the 

inotor area in the monkey. 
SUEIIPF,B in a recent paper on reinoval of the motor area in youilg dogs, observed 

some atrophy upon the same side as the lesion. 
M u n a ~ o s s * ~ ~  has, still more recently, using the Marclli method, describecl the usual 

bilateral degeileratioll in the corcl follo~ving unilateral ir~jury t o  the cortex of the clog. 
FIe clescribes a t  the decussatiou the  passage of degenerate iihros into the crossed t r t~ct  
of the same aide as the lesion. There is, therefore, a bifilrcntioil of the pyramidal tract 
a t  the dscussation. In the precedillg pages I have describbcl n, si~nilar hifurcation, 
taking place in the cat, and Dr. MOTT bas also observed the same. A t  the present 
momeilt Dr. MELT~US is engaged in the P~thological IJaboratory of University College 
in accurately inapping out the  extent of tlm bifi~rcation in mor~keys in wl~ic l~  clefiilite 
portioils of the motor cortex have been removed. His results, co~~pled with those 
of the previous obsei-vera niid with my own in the C R ~ ,  will go very ft~r towards lsroviilg 
with certaiuty that  al~pareutly all the iibrus il l  the crossecl pyranlidal tract on the 
same side as the in,j~iry are due to the B~zzlrcation of the degenerate pyramid at the 
clecussstion. 

I n  the cat, the alnount ol' clegel~e~ation in the cros~ecl tract of tho same sicle as the 

'# I'SCIILPP~~,, J o ~ ~ r n a l  ol Pl~ysiology,' vol. 4!, 1883. 
'1' ~ ' R A N C E ,  " On the  Doflcencling Uegenorcdiions wl~ich follow Lesions of tho Gyrus Mu-ginnlis &nil 

Gyr~ ts  Poimicatns in Monlcey," ' Phil. Tyen~., '  1889. 
$ LOPWPNT~IAI;, '' DOB d6gQr16ratioil~~ ~ocoiiclnii~c~ do In, moo110 Opi~lihro cons6cutives nux l6sions 

oxpQisim~ntalos m0clullaillos 0.l; corl;icnlas," I.D., 1885, ancl ?of. in ' Nourolog. Centmlblktt,' 18813. 
5 SANDNEYE~?, "Xocundibo I)cgoaorniioii llnoll nxiirpotion ~noLorisclior Contlqe clcs Hl~ndcs," 

'Neurolog. Clcntr~lblntt,' 1801, 
11 MAX HERZ, ' Neurolog, Con$:nllslatt,' 1892, p, 192, 
T i  ~ U E I B P ,  " Uobei- ~ ~ c ~ ~ i ~ c l i i l - o  Degeiler~tiorl dcs Py aniniilo~lsoitonuL~~angcs boi Runclon," ' CeriCrt~1blaf;C f ,  

Phy~iologio,' April, 1803. 
** MU&A'I!OFF, " f l o c ~ ~ ~ . c I i i i ~ ~  Dogonoratio~i nncli Zor~ tBi*u~~g  do~rnotorisoh011 Rphnro clos Oehirns in TOP- 

bindnng mit; dor 3'i~nge von rlor Loc~~l i~n t ion  ilor Ui.rnfi~ncti.oncn," ' A.i?chiv :I, Anat, u. P h y ~ . , '  1893, 
Heft 3 11nd 4, 
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lesion is exceedingly slight, notwithstailding that the whole hemisphere has been 
removed. This coinbicles with the small bundle of fibres which does not cross a t  the 
clecussation but curves round into the lateral column of its side. On account of their 
sparseness it is diEcult to demonstrate these fibres a t  the bifurcation, unless a complete 
series of sections is made through the decuasation ; and altl~ough I have only recogilized 
them in three or four examples, yet I feel sure that a more thorough sxamii~ation of 
the decussation would reveal their presence in all cases. Their comparative fewiless 
in the cat is well worthy of note. 

I at first thought that the solution of the recrossed fibres of SEIERRINGTON would be 
found in the direct lateral columnar fibres described in the preceding pages. This I 
have now shown is not coinpletely the case, seeing that they do not come from the 
cortex, ancl that they can be readily distinguisl~ed by their size from tll: pyramidal 
fibres, figs. 4 and 5, Plate 3, Their explanation in cases of cortical losioilg is probably 
tlie one now brought forward, 

Our knowledge of bilateral clegeneratioil in mail after unilat.era1 cortical injury is 
not thorough. Following upon FLECHBIQ'S papers upon the precise mapping out of 
the pyramidal paths, PIT RE^^^ brought forward several cases of bilateral lateral 
sclerosis :titer ~ulilateral cortical injury, and, since these, this variation has been 
often encounterecl, But there is no illforination to say upon what the absence or 
presence of the degenerate fibres on the same sicle as the injury depends, or whether 
the latter bear any relation to the presence or absence of a direct pyrainidal tract, 
MANNKOPF~ has carefully described a, case in which sudden heruiplegia was followed by 
complete recovery of the legs and partial of the arm. Death sl~ort~ly afterwards 
occurred, the left arm being cedematous, Part of the right rnotor area was affected. 
There was degeneration of the left crossed pyramidal tract, but none in the right 
anterior or lateral tracts. Other similar cases have been recordecl. 

The Birect Pyramidal T'7-acts.-We have seen that  there is no direct anterior 
pyramidal tract in the cat, although in those cases in which the fibres in the posterior 
longitudinal bundle and in the antero-lateral columnar tract are degenerate, an 
appearance of direct pyramidal fibres is siinulated. There is no direct pyramidal 
tract in tlie dog (SHEBRINGTON and numerous other observers), There appears to be 
no direct allterior pyramidal tract in the inoakey. I have assurecl myself from 
normal sections that there is no direct pyramidal tract. in this aliilnal compsr~lble 

to the Cact usually described in man. Similarly a direct pyramidal tract llas not 
been found after inotor cortical ixtirption. Needless to my, a unilate1.al lesion 
ill the ~ e d u l l a  or cord, which passes througll the upward continuation of tho anterior 
cduinn or through this col~lmn in the cord, will give rise to a descellding clegener a t' 1011 

* PIT RE^, " Les sclkrosee l~ilat6~nles cle In moello 6pinikre cons60ntivcs h dcfi lbeion~ unilnt6rdcs 
cln cervertu," 'Archives cle Phy~iologie,' 1884. 

t M~NNKOPB, "Beiti7ag zur Lehre von der Locnlisation dor Gchirnl~mnlrl~oitan, von dclq ~ocnnrl5ra1-r 
Degeneration, kc.," ' Zeitscllll'ft. f ,  klin. Med,,' 1884. 
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in the anterior column occupying tho position of n direct pyramidal. tract, but this 
degeneration has no relat,ionship to the pyramidal. system. Nevertheless, even in 
these animals the two systems have beell confounded, aiid neurologists have spoken of 
a direct pyramidal t,ract in  the dog. In man the couf~~sion is much greater, observers 
stating that the direct pyramiclal tracb may be followed to the luinbar region, beca~~se 
they have seen, after injury of the spii~a~l cord, a degenerate anterior colurnn. I11 
man, since the tiale of LUDWIG T W R ~ K ,  and in spite of the beautiful monograpl~ of 
FLECHSIG, 8, great deal of uncertaiilty exists coi~cerning these tracts. Thus let it be 
pointed out that,  whilst FLECEISIG states that  an anterior and lateral tract Inil,y be 
demoasLrated anatomically in 75 per cent, of all cases, he a t  the same time brings forward 
nine cases of descending degsnevation in order to compare thein with the ailatolllical 
results, bnt in three out of the nine casos the  degenemtion was confinecl to tho crossed 
pyramidal tract, It has been assumed t ha t  the  direct pyrtimidal tract varies in m.an, 
soinetimes extending to the cervical. rogion, a t  other t,i~nes to t.110 dorsal, or even 
lumbar, regions. I f  sucli an nssulnptioil is true, ailcl it  is certaillly correct if 
FLECEIBIQ'B iilterpretation of his embryologicnl results is the  correct one, tllen it teilds 
to divest the direct pyrainidt~l of ally definite fi~nction, snch, for instaace, as thtbt 
surmised by I~UQHLINGS JACKSON. On the other hand, some observers believe that  
the direct pyramidal tract is clue to tarcly decussntion, In the cat and clog, as just 
stated, there certain1.y is no diivecl; pyramidal tract, a i d  in the monkey, although 
a few fibres may perhaps contiilue down in the anterior column o;fter the clecussation, 
there certainly is no clisect pyramidt~l tract compam4ble to that see11 in clegenerations 
in man, A.nd if one reviowe some of tho very ilulnerous cnsus of descencling degenera 
ti,ons, either secondar,y or primary, in man, one is greutly struck by the irregu1,zrities 
,of the anterior pyramidal tract ; in some cases it is present, in others absent; in 
some cases the degenerate tract is srnall, in otl~ers large, ancl pasping insensibly into 
the antero-lateral column. 

BLRUI-~SIG, WESTPI-IAL, KAI-ILER and PICK, STRUMPXLL, OPPINI~IM and others, in 
their descri.ptions of the simple czilcl combined " system " scleroses of the cord, siglial 
lluineroizs irregularities, indeecl, the  first-n:~med observer appears to clivid,e the sclerose 
illto syst einatic, asystomatic, and ini.xed, I n  these cases the pyramids above tho 

, clecmssation lnsy be normal, ~vhilst below, a lateral crossed tract or a lateral. ailcl 
anterior pymini.da1 t,racl;, or l?otB crossed. tracts, or both lateral ancl one anterior 
tract may be deg.ene~:ate. 

When the above facts are tnltoii into consideration, it will be ~ulderstoocl that the  
direct pyramidal tract in ma,n still  rants consiclei~able explan,ztion. It inight be 
tl~ought that the degenerate fibres in the  anterior columas, close up to the pyramids 
(fig. 3, Plate 3), ancl derived from the  posterior longitudinal buildle and raphd, might 
f~~i:nish solyne exjlanation, but; ,this cnnn,ot be th.e solution, as we have see11 that tho 
fi.bres in cluestion clo not come h o ~ n  tho cerubral heini,sphores, MURATOFF has made 
the suggestion a t  a roceut meeting of the Moscow Neurological Society, that the 



350 . pRoPEsSoR R. BOYUTZ ON THE DESCENDING DEGE!NERATIONS 

direct pyramidal tract in mail is represeilted in the lower animals by the fibres of 
the pyramid which curve round to the pyramidal tract of the same side. 

Topog~aphy ancl Con~zectio~zs of the P?/~arnidal T~uct.-In the hemisphere cats, 
the whole of the crusta is degenerate and atrophied, and in the cats with the rnotor 
mea removed, the degeneration is nearly as complete, a small portion of the inner- 
nlost part of the crusta remaining free. A t  the level of exit of the IIIrd nerves, 
ancl at a slightly higher level, a few degenerate fibres inay be seen passing directly 
backwards frorn the ext,ernal portion of the crusta to the region of the corporn, 
q~~adrige.mina; similar fibres have been observed by MURATOFF (loc. cit.). I a l ~ o  
agree with MURATOFF that a few fibres may be seen leaving the degenerate pyramid 
in the medulla at its inner and posterior angle, but there is no definite b~zridIe, and 
I have not been able to trace any of these fibres to nerve roots, nor, indeecl, a t  any 
level of the pyramidal tract have I seen such a connection, a connection, for instanca, 
between the pyramid and the clesceilcling root of the Vth or the nuclei of the Vth  
arlcl VIIth nerves. I11 the pons I have not been able to show degenerate fibres 
leaving the pyrainid to turn into the cerebellum. With these fibres which leave 
the pyrainid must be coupled those .from the crusta and internal capsule already 
described. As seen from the photographs, the crossed pyramidal tract haa a some- 
what round olitlille nizd is fairly compact. Compa~tecl with the monkey i t  is much 
less extensive. In configuration in the cervical region the pyramidal tract of the 
monkey differs markedly from the cat. Thus in a sectiori of the cervical cord of 
the monkey after removal of the motor cortex (SCHAFER and FRANCE'S case), a 
distinct patch of degenuratioll may be seen on the o z ~ l e ~  side of the lateral  cerebella^ 
tlnact, the latter thus dividiug the pyramidal tract, SHERRINGTON has dt*awil atteilt.iolz 
to this (' Journal of Physiology,' 1889 and 1893), as also FEANCE. Coinciding with 
this, MOTT ('Phil. Trans.,' 1892) describes the direct cerebellar tract leaving the 
pm*iphe~y in t.he upper cervical region. 

It is an old observation that the so-ca,lled pyramidal area is greater after a 
hemisection in the cord than after lesions of the cortex, This is due to the fact that 
descending fibres other tlmn those of the crossed pyramicld tract are cut across. A t  
the same time, it  appeays to me that the clegeneration ill the pyrainiclal tract proper 
is more intense after lze~nisection than after re~nov~zl of a hemisphere, 

17be Dege12e~c6tion i ~ b  tlbe C~an i a l  2CTe~ve Roots. 

Optic Ne~ve,--The optic tract of the ~ i g l ~ t  side is divided in reinoval of one cerebral 
hemisphei~e. Corresponding with this there appears to be complete blindness of the 
right eye, and slight curtailment of the field of vision of the left eye. I have reserved 
however for subsequent ir~vestigation the disputed point, whether in the cat there is 
complete decussation or slight b i f~~cat io l~ .  Ti1 GOLTZ'S clog, described by LINGLEY and 


































































