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CHAPTER I

INTRODUCTION.

T h i s  t h e s i s  i s  c o n c e rn e d  w i t h  t h e  o r i g i n ,  

c o u r s e  and t e r m i n a t i o n  o f  t h e  s p i n o - c e r e b e l l a r  

f i b r e s  i n  man. I n  a d d i t i o n  t o  t h i s  s t u d y ,  which 

fo rm s th e  m a jo r  p a r t  o f  th e  t h e s i s ,  two r e l e v a n t  

s u b s i d i a r y  p i e c e s  o f  work a r e  i n c l u d e d .  These a r e :  

( a )  C e r t a i n  o r i g i n a l  o b s e r v a t i o n s  on d e g e n e r a t i o n  

i n  t h e  c e n t r a l  n e rv o u s  s y s te m ,  and on t h e i r  

d e m o n s t r a t i o n ,  i n  p a r t i c u l a r  by th e  Marchi method;  

and (b)  P r e s e n t a t i o n  o f  a s im p le  method o f  c h a r t i n g  

th e  c e r e b e l l u m .

The s t u d i e s  r e p o r t e d  h e r e  were made i n  the  

N e u r o l o g i c a l  U n i t  o f  t h e  M e d ica l  R e s e a r c h  C o u n c i l ,  

N a t i o n a l ,  H o s p i t a l  f o r  N ervous  D i s e a s e s ,  Queen S g u a re ,  

London W.C.1 , They r e p r e s e n t  one p a r t  o f  an 

i n v e s t i g a t i o n  i n t o  t h e  f u n c t i o n a l  anatomy o f  the  

human s p i n a l  c o rd .

The i n v e s t i g a t i o n  was d e s i g n e d  so a s  to  

make u se  o f  th e  o p e r a t i o n  o f  v e n t r o - l a t e r a l  cordotom y,  

p e r fo rm ed  f o r  t h e  r e l i e f  o f  p a i n .  P a t i e n t s  w i th  

i n c u r a b l e  c a n c e r ,  n o t  i n v o l v i n g  th e  s p i n a l  c o rd ,  

g i v i n g  r i s e  t o  i n t r a c t a b l e  p a i n ,  and w i th  an



e x p e c t a t i o n  o f  l i m i t e d  s u r v i v a l ,  have  the  p a i n -  

r e l i e v i n g  o p e r a t i o n  o f  v e n t r o - l a t e r a l  cordotomy.

I n  most  c a s e s  t h e  o p e r a t i o n  i s  pe rfo rm ed  by Mr.

Wylie  McKissock. D e t a i l e d  c l i n i c a l  o b s e r v a t i o n s  a r e  

made b e f o r e  and a f t e r  t h e  o p e r a t i o n  by Dr. P.W. Na than .  

A f t e r  d e a t h ,  h i s t o l o g i c a l  s t u d i e s  o f  th e  b r a i n ,  

s p i n a l  co rd  and p e r i p h e r a l  n e r v e s  a r e  made by th e  

w r i t e r .  T h i s  m a t e r i a l  i s  p a r t i c u l a r l y  s u i t a b l e  

f o r  s t u d y i n g  th e  d e g e n e r a t i o n  i n  t r a c t s ,  r e s u l t i n g  

from l i m i t e d  l e s i o n s .  I n  e v e r y  c a s e  p a r t  o f  t h e  

c e r e b e l l a r  t r a c t s  a r e  c u t  a t  o p e r a t i o n ,  f o r  i t  i s  

i m p o s s i b l e  t o  d i v i d e  t h e  s p in o - th a l a .m ic  f i b r e s  

a s s o c i a t e d  w i t h  th e  m o d a l i t y  o f  p a i n ,  w i t h o u t  

damaging t h e  s p i n o - c e r e b e l l a r  f i b r e s  a l s o .

When one t r a c e s  t h e  h i s t o r y  o f  th e  a c q u i s i t i o n  

o f  knowledge o f  t h e  anatomy o f  t h e  c e n t r a l  n e rv o u s  

sy s te m ,  one n o t e s  t h a t  t h e  f i r s t  o b s e r v a t i o n s  were 

made on human p a t h o l o g i c a l  m a t e r i a l ,  and t o  a l e s s e r  

e x t e n t ,  on no rm a l  human m a t e r i a l  and embryos.  To 

add to  t h i s  p i c t u r e  w o rk e rs  u n d e r t o o k  e x p e r i m e n t a l  

and e m b r y o l o g ic a l  i n v e s t i g a t i o n s  on l a b o r a t o r y  

a n im a l s .  I t  was i m p l i e d  t h a t  t h e s e  - i n v e s t i g a t i o n s  

sh o u ld  s e r v e  a s  models  t o  gu ide  l a t e r  s t u d i e s  on 

man. B u t ,  a s  w i l l  be s e e n  from t h e  r e v i e w ^ o f  t h e



l i t e r a t u r e  g iv e n  h e r e ,  t h e s e  l a t e r  i n v e s t i g a t i o n s  

have  r a r e l y  b een  c a r r i e d  o u t .  I n s t e a d ,  i t  h a s  

t a c i t l y  been  assumed t h a t  t h e  f i n d i n g s  from l a b o r a t o r y  

a n im a l s  a r e  f u l l y  a p p l i c a b l e  t o  man. T h i s  a s su m p t io n  

may o r  may n o t  be j u s t i f i e d .  I n  any c a s e ,  a s  

d o c t o r s  we a r e  a l l  i n t e r e s t e d  f i n a l l y  i n  man. Hence 

i t  i s  p a r t i c u l a r l y  th e  anatomy o f  man which r e q u i r e s  

i n v e s t i g a t i o n .

A l th o u g h  i t  i s  a lm o s t  e i g h t y  y e a r s  s i n c e  

th e  s p i n o - c e r e b e l l a r  t r a c t s  were f i r s t  d e s c r i b e d  

t h e r e  s t i l l  r em a in  l a r g e  gaps  i n  o u r  knowledge o f  

th e  t r a c t s .  The o b j e c t  o f  t h i s  i n v e s t i g a t i o n ,  

which forms th e  m a t e r i a l  o f  t h i s  t h e s i s ,  h a s  b een  

t o  work ou t  th e  anatomy o f  t h e  s p i n o - c e r e b e l l a r  

f i b r e s  i n  man.



CHAPTER I I

HISTORICAL REVIEW.

P r e l i m i n a r y  n o t e  on t e r m i n o l o g y .

The n o m e n c la tu r e  o f  t h e  l o n g  a s c e n d i n g  

t r a c t s  o f  t h e  l a t e r a l  columns i s  c o n fu s e d ;  o f t e n  

th e  same te rm  i s  u s e d  by d i f f e r e n t  w o rk e r s  t o  

d e s i g n a t e  d i f f e r e n t  t r a c t s .  The te rm  "Gower sv 

t r a c t ’* i s v a r y i n g l y  a p p l i e d  t o  t h e  s p i n o - t h a l a m i c  

t r a c t  o n ly ,  t o  th e  v e n t r a l  s p i n o - c e r e b e l l a r  t r a c t  

o n l y ,  b o th  o f  t h e s e  t o g e t h e r  o r  t o  t h e  whole complex 

o f  a s c e n d i n g  t r a c t s  i n  t h e venfero - l a t e r a l  q u a d r a n t .  

The s p i n o - c e r e b e l l a r  t r a c t s  a r e  r e s p e c t i v e l y  te rm ed 

th e  d i r e c t  and i n d i r e c t ,  u n c r o s s e d  and c r o s s e d ,  

p o s t e r o - l a t e r a l  and a n t e r o - l a t e r a l ,  P l e c h s i g ’ s 

and Gowers’ , o r  d o r s a l  and v e n t r a l  t r a c t s .  I n  

t h i s  t h e s i s ,  f o r  t h e  sake  o f  c l a r i t y ,  th e  te rm s  

’’d o r s a l  s p i n o - c e r e b e l l a r  t r a c t ” , ’’v e n t r a l  s p i n o 

c e r e b e l l a r  t r a c t ” and ’’s p i n o - t h a l a m i c  t r a c t ” w i l l  be 

u s e d  whenever  p o s s i b l e ,  and t h e y  w i l l  be s u b s t i t u t e d  

f o r  t h e  t e r m in o l o g y  employed by th e  a u t h o r  q uo ted  

where t h i s  i s  n e c e s s a r y .

The n u c l e u s  d o r s a l i s ,  o r  d o r s a l  n u c l e u s  o f  

the  s p i n a l  co rd  i s  so commonly known as  ’’C l a r k e ’ s



column” , and th e  co gnom ina l  t e r m in o l o g y  i s  so f r e e  

f rom ambiguous a p p l i c a t i o n  i n  t h i s  c a s e ,  t h a t  

e i t h e r  t e r m  w i l l  be u s e d .

The e a r l i e s t  r e c o g n i t i o n  o f  t h e  e x i s t e n c e  

o f  a  t r a c t  i n  t h e  l a t e r a l  column o f  t h e  s p i n a l  

c o rd  was by F o v i l l e ;  i n  1844- he d i s t i n g u i s h e d  a 

p e r i p h e r a l  t r a c t  on a c c o u n t  o f  i t s  m y e l i n a t i o n  a t  

an  e a r l i e r  s t a g e  t h a n  t h e  a d j a c e n t  t r a c t s .

A few y e a r s  l a t e r  C l a r k e  (1851* 1859? 1865.) 

p u b l i s h e d  h i s  o b s e r v a t i o n s  on c e r t a i n  c e l l s  i n  th e  

c o r d s  o f  a s e r i e s  o f  lo w er  a n i m a l s ,  and o f  man.

He d e s c r i b e d  a column o f  v e s i c u l a r  c e l l s  a t  th e  

b a se  o f  t h e  d o r s a l  h o r n ,  e x t e n d i n g  th r o u g h o u t  th e  

l e n g t h  o f  th e  c o r d .  He th o u g h t  t h e s e  c e l l s  had 

some i n t r i n s i c  r e l a t i o n  w i t h  t h e  d o r s a l  r o o t s  

w i t h o u t  f o rm in g  any a p p a r e n t  c o n n e c t i o n  w i t h  them, 

and t h a t  t h e y  had p r o c e s s e s ,  some o f  which e x te n d e d  

i n t o  th e  l a t e r a l  co lum ns.  I n  h i s  l a t e r  p a p e r s  

C la r k e  a c c e p t e d  th e  view o f  S t i l l i n g  (1859) t h a t  

some s c a t t e r e d  c e l l s  i n  t h e  s i t u a t i o n  o f  t h i s  

column, i n  t h e  c e r v i c a l  and s a c r a l  r e g i o n s ,  might  

i n  f a c t  form s e p a r a t e  n u c l e i ;  t h e s e  a r e  u s u a l l y  

c a l l e d  t h e  ’’c e r v i c a l ” and ’’s a c r a l ” n u c l e i  o f  

S t i l l i n g .  I n  1853 T u rck ,  e x am in ing  u n s t a i n e d



s e c t i o n s  o f  m a t e r i a l  f rom a c a s e  o f  c o m p re s s io n  

o f  t h e  s p i n a l  c o r d ,  d e s c r i b e d  t h e  c o n t i n u a t i o n  o f  

one c e n t r i p e t a l  p a t h  from t h e  l a t e r a l  column th r o u g h  

t h e  r e s t i f o r m  body i n t o  t h e  c e r e b e l l u m .  Bottchard 

( 1 8 66) and B a s t i a n  (1867) made s i m i l a r  o b s e r v a t i o n s  

i n  c a s e s  o f  l e s i o n s  o f  t h e  s p i n a l  c o r d .  F l e c h s i g  

( 1 8 7 6 ) ,  f rom m y e l i n a t i o n  s t u d i e s  on f o e t a l  c o r d s ,  

deduced  a c o n n e c t i o n  b e tw een  t h e  c e l l s  o f  C l a r k e ’ s 

column and an a s c e n d i n g  t r a c t  i n  t h e  d o r s o - l a t e r a l  

p a r t  o f  t h e  c o r d ,  which  he t r a c e d  i n t o  t h e  r e s t i f o r m  

body and hence  i n t o  t h e  c e r e b e l l u m .  T h i s  t r a c t  

m y e l i n a t e d  b e f o r e  n e i g h b o u r i n g  t r a c t s .  He o b se rv e d  

t h a t  i t  had  two r a t h e r  d i s t i n c t  p a r t s  i n  t h e  c o rd .  

T h i s  d o r s o - l a t e r a l l y  s i t u a t e d  s p i n o - c e r e b e l l a r  

t r a c t  h a s ,  a l t h o u g h  he was n o t  t h e  f i r s t  t o  o b se rv e  

i t ,  a lw ays  bo rn e  h i s  name.

W es tp h a l  ( 188 0) p u b l i s h e d  an a c c o u n t  o f  a 

c a se  o f  c o rd  d e g e n e r a t i o n  f o l l o w i n g  in v o lv e m e n t  o f  

t h e  u p p e r  t h o r a c i c  segm ents  i n  tum our .  He t r a c e d  

d e g e n e r a t i n g  f i b r e s  i n t o  t h e  r e s t i f o r m  body ,  and 

a l s o  n o t e d  a second  s m a l l  bu n d le  be tw een  t h e  o l i v e  

and t h e  d e s c e n d in g  r o o t  o f  th e  f i f t h  c r a n i a l  n e r v e .  

A l l  t h e s e  d e g e n e r a t i n g  f i b r e s  were r e f e r r e d  t o  a s  

s p i n o - c e r e b e l l a r .



A b i g  advance  i n  knowledge o f  t h e  l o n g  

a s c e n d i n g  t r a c t s  i n  th e  c o r d  was made by Lowentha l  

(1884 ,  1 8 8 5 ) ,  w o rk in g  on t h e  dog. A f t e r  making 

s p i n a l  l e s i o n s  he t r a c e d  two a s c e n d i n g  b u n d l e s  

c r a n i a l l y .  He d e s c r i b e d  t h i s  s p i n o - c e r e b e l l a r  

sys tem  a s  e x t e n d i n g  from t h e  v e n t r a l  e x t r e m i t y  o f  

th e  s u b s t a n t i a  g e l a t i n o s a  t o  t h e  l e v e l  o f  t h e  v e n t r o 

l a t e r a l  n u c l e u s .  One p a r t ,  th e  d o r s a l ,  he found  

moved d o r s a l l y  i n  t h e  m e d u l l a  t o  t a k e  p a r t  i n  t h e  

f o r m a t i o n  o f  t h e  r e s t i f o r m  body;  i t  e v e n t u a l l y  

t e r m i n a t e d  i n  t h e  s u p e r i o r  v e r m i s .  The o t h e r  

p a r t ,  which L ow en tha l  r e f e r r e d  t o  a s  th e  v e n t r a l  

p o r t i o n  o f  th e  c e r e b e l l a r  t r a c t ,  l a y  on t h e  v e n t r o 

l a t e r a l  p e r i p h e r y  o f  t h e  m e d u l l a .  He d e s c r i b e d  

i t s  c o u r s e  i n  th e  l a t e r a l  p a r t  o f  t h e  p o n s ,  l y i n g  

d o r s o - m e d i a l  t o  t h e  f i b r e s  o f  t h e  b ra c h iu m  p o n t i s ,  

and v e n t r a l  t o  t h e  f i f t h  n e rv e  n u c l e u s ,  and t h e n  

d o r s o - l a t e r a l  t o  t h e  i n f e r i o r  c o l l i c u l u s .  I n  th e  

r e g i o n  o f  t h e  b ra c h iu m  c o n ju n c t iv u m  th e  t r a c t  made 

a h a l f  c i r c l e ,  l y i n g  d o r s a l  and l a t e r a l  t o  t h e  

b rac h iu m .  T h is  r e l a t i o n s h i p  was m a i n t a i n e d  a s  

th e  b rac h iu m  e n t e r e d  t h e  c e r e b e l lu m .  The 

t e r m i n a t i o n  of  t h e  t r a c t  was n o t  d e t e r m i n e d .  When 

th e  l e s i o n  i n  t h e  co rd  was c o n f i n e d  t o  t h e  d o r s a l



h a l f  o f  t h e  l a t e r a l  co lumn, t h e r e  were d e g e n e r a t i n g  

f i b r e s  i n  th e  r e s t i f o r m  body o n ly .

von Monakow (1883)  p ro d u ce d  f u r t h e r  e v id e n c e  

f o r  t h e  e x i s t e n c e  o f  a l o n g  a s c e n d i n g  t r a c t  i n  the  

v e n t r o - l a t e r a l  column. He made l e s i o n s  i n  the  

c o r d s  o f  n ew -born  r a b b i t s  and examined them s i x  

months l a t e r ;  t h e  d e g e n e r a t e d  t r a c t s  were t h e n  

a t r o p h i e d .  He f o l lo w e d  th e  d o r s a l  q? i n o - c e r e b e l l a r  

t r a c t  i n t o  th e  r e s t i f o r m  body and a second  t r a c t  up 

t o  t h e  l e v e l  o f  t h e  f a c i a l  n u c l e u s .  von B e c h te r e v  

( 1885A,1885B)made a s i g n i f i c a n t  c o n t r i b u t i o n ,  from 

h i s  s t u d i e s  on m y e l i n a t i o n ,  f rom h i s  o b s e r v a t i o n s  

on d e g e n e r a t i o n  i n  r a b b i t s  and dogs a f t e r  

e x p e r i m e n t a l  l e s i o n s ,  and on man a f t e r  p a t h o l o g i c a l  

l e s i o n s .  He r e c o g n i s e d  t h e  e x i s t e n c e  o f  t h r e e  

a s c e n d i n g  b u n d l e s  i n  t h e  l a t e r a l  column. He 

i d e n t i f i e d  one o f  t h e s e  a s  th e  d o r s a l  s p i n o - c e r e b e l l a r  

t r a c t ,  a n o t h e r  p e r i p h e r a l  b u n d le  l y i n g  v e n t r a l  t o  

t h i s  t r a c t  was i d e n t i f i e d  a s  d i s t i n c t  f rom a t h i r d ,  

more m e d ia l  b u n d le .  He found  t h a t  many o f  th e  

f i b r e s  o f  t h e s e  v e n t r a l  b u n d l e s  ended i n  th e  

f o r m a t i o  r e t i c u l a r i s ;  he c o u ld  n o t  t r a c e  th e  

r e m a in in g  f i b r e s  h i g h e r  t h a n  th e  po ns .

Up t o  1875 t h e r e  was u n c e r t a i n t y  a s  t o



w h e th e r  t h e  f i b r e s  a s s o c i a t e d  w i t h  t h e  m o d a l i t y  

o f  p a i n  t r a v e l  i n  t h e  w h i t e  o r  th e  g r e y  s u b s t a n c e .  

A most  i m p o r t a n t  c o n t r i b u t i o n  t o  knowledge came 

f rom  W o r o b h i l o f f , who, i n  18 7 5 ? r e p o r t e d  t h e  

r e s u l t s  o f  h i s  e x p e r i m e n t s  on a l a r g e  s e r i e s  o f  

r a b b i t s .  He made a v a r i e t y  o f  c a r e f u l l y  

c o n t r o l l e d  l e s i o n s  i n  th e  s p i n a l  c o r d ,  and 

o b s e rv e d  th e  a l t e r e d  r e a c t i o n s  to  s t i m u l i .  He 

c o n c lu d ed  t h a t  s e n s o r y  f i b r e s  r a n  i n  t h e  l a t e r a l  

column, b e i n g  most a b u n d an t  i n  t h e  m idd le  t h i r d ,  

and  t h a t  most  o f  t h e  f i b r e s  a r e  i n  th e  l a t e r a l  

column o f  t h e  s i d e  o p p o s i t e  t o  t h e  p a r t  o f  th e  

body s t i m u l a t e d .  He p o i n t e d  o u t  t h a t  some o f  th e  

s t i m u l i  he u se d  would u n d o u b t e d l y  be p a i n f u l  i n
ne>t

man, a l t h o u g h  i n  t h e  r a b b i t  one c o u l d *p ro v e  t h a t  

t h e y  c a u s e d  p a i n .  O t t  and Sm ith  ( 18 79 )> 

em ploy ing  ¥ o r o s | i i l o f f f s t e c h n i q u e ,  made a s e r i e s  

o f  l e s i o n s  i n  t h e  c o r d s  o f  d o g s ,  and t e s t e d  t h e  

s e n s o r y  and m otor  f u n c t i o n s .  They c o n c lu d e d  

t h a t  s e n s o r y  and m otor  f i b r e s  i n  t h e  c e r v i c a l  c o rd  

l a y  e x c l u s i v e l y  i n  t h e  l a t e r a l  co lumns.

I n  1877 Gowers r e a d  a most i m p o r t a n t  

p a p e r  r e p o r t i n g  h i s  f i n d i n g s  i n  t h e  c a se  o f  a 

P a r s e e  s t u d e n t ,  who f i r e d  a b u l l e t  t h r o u g h  h i s
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mouth,  t h u s  c a u s i n g  an i n j u r y  o f  t h e  s p i n a l  co rd  

be tw een  th e  f i r s t  and second  c e r v i c a l  segm en ts .

The s e n s i b i l i t y  t o  p a i n  was v e r y  d i s t i n c t l y  

d i m i n i s h e d  on t h e  s i d e  o p p o s i t e  t h e  l e s i o n ’, w h e reas  

t a c t i l e  s e n s i b i l i t y  was r e t a i n e d .  The co rd  showed 

a l i m i t e d  l e s i o n  i n  t h e  v e n t r a l  p a r t  o f  t h e  l a t e r a l  

column o p p o s i t e  t h e  s i d e  o f  t h e  a n a l g e s i a .  From 

t h i s  c a s e  G-owers deduced t h a t  i n  man f i b r e s  

a s s o c i a t e d  w i t h  t h e  m o d a l i t y  o f  p a i n  ru n  i n  th e  

v e n t r o - l a t e r a l  column o f  t h e  c o r d .

I n  1880 and 1886 Gowers p ro d u ce d  f u r t h e r  

e v id e n c e  f o r  th e  e x i s t e n c e  o f  an a s c e n d i n g  t r a c t  

a s s o c i a t e d  w i t h  th e  m o d a l i t y  o f  p a i n  i n  th e  v e n t r o 

l a t e r a l  column o f  man. He d e s c r i b e d  t h i s  t r a c t  a s  

e x t e n d i n g  a c r o s s  t h e  l a t e r a l  column a b o u t  two t h i r d s  

o f  t h e  d i s t a n c e  from t h e  s u r f a c e  t o  t h e  i n t e r m e d i a t e  

g r e y  s u b s t a n c e ,  from t h e  a n g le  b e tw ee n  th e  p y ra m id a l  

and d i r e c t  c e r e b e l l a r  t r a c t s  a lm o s t  t o  t h e  a n t e r i o r  

m edian  f i s s u r e .

By 1885 t h e n ,  we s e e t h a t  t h r e e  lo n g  

a s c e n d i n g  t r a c t s  had  b e e n  d e s c r i b e d  i n  th e  l a t e r a l  

column; and one o f  t h e s e  -  th e  d o r s a l  s p i n o 

c e r e b e l l a r  t r a c t  -  had b een  c l e a r l y  s e p a r a t e d  from 

th e  o t h e r s .



The t r a c t  which Gowers had d e s c r i b e d  v/as 

a d e e p l y  l y i n g  t r a c t  s u b s e r v i n g  th e  m o d a l i t y  o f  

p a i n .  We a r e  now i n  a p o s i t i o n  t o  con c lu d e  t h a t  

t h i s  i s  t h e  s p i n o - t h a l a m i c  t r a c t .  The c l e a r  

s e p a r a t i o n  o f  t h r e e  t r a c t s ,  d o r s a l  and v e n t r a l  

s p i n o - c e r e b e l l a r  t r a c t s  and s p i n o - t h a l a m i c  t r a c t s ,  

was n o t  a lw ay s  c l e a r  t o  t h e  o r i g i n a l  w o r k e r s ,  n o r  

t o  t h e i r  c o n t e m p o r a r i e s .  The c o n f u s i o n  i n  th e  

l i t e r a t u r e  l i n g e r s  on to d a y ;  t h i s  i s  due t o  th e  

fa i  l u r e  t o  d i s t i n g u i s h  t h e s e  t h r e e  t r a c t s ,  and to  

C o n t i n e n t a l  w orke rs^  naming a s c e n d i n g  t r a c t s  i n  th e  

v e n t r o - l a t e r a l  column, Gowers’ t r a c t .  I t  i s  

u n f o r t u n a t e  t h a t  t h e  name o f  Gowers’ t r a c t  i s  s t i l l  

u s e d ,  a s  i t  i s  r a r e l y  made c l e a r  which a s c e n d i n g  

t r a c t  i s  m ean t ,  and i t  i s  t o  be n o t e d  t h a t  i t  i s  

n o t  o f t e n  u s e d  as  a name f o r  th e  s p i n o - t h a l a m i c  

t r a c t ,  t h e  t r a c t  which Gowers a c t u a l l y  d e s c r i b e d .

The n e x t  w orke r  who made b a s i c  c o n t r i b u t i o n s  

t o  knowledge o f  t h e  c o u r s e  and t e r m i n a t i o n  o f  th e  

l o n g  a s c e n d i n g  t r a c t s  i n  t h e  l a t e r a l  column Y/as 

Mott ( 18 8 8 , 1890,  1892, 1 8 95)* From h i s  Y o r k  on 

th e  monkey, he was l e d  t o  b e l i e v e  t h a t  th e  d o r s a l  

s p i n o - c e r e b e l l a r  t r a c t  d id  n o t  r e a c h  th e  s u r f a c e  o f  

t h e  c o rd  u n t i l  a b o u t  t h e  s e v e n t h  t h o r a c i c  segment.



I n  a f u r t h e r  s e r i e s  o f  e x p e r i m e n t s  he mapped ou t  

a s c e n d i n g  d e g e n e r a t i o n  i n  monkeys a f t e r  c o rd  

l e s i o n s .  I n  t h e  l a t e r a l  columns he r e c o g n i s e d  

two a s c e n d i n g  s p i n o - c e r e b e l l a r  s y s te m s ,  f o r  which 

he s u g g e s t e d  t h e  names d o r s a l  and v e n t r a l  a s c e n d i n g  

c e r e b e l l a r  t r a c t s .  He s t a t e d  i n  h i s  p a p e r s  t h a t  

he had  d i v i d e d  o n ly  t h e  v e n t r o - l a t e r a l  p a r t  o f  th e  

c o rd  on one s i d e ,  b u t  i t  i s  n o t  c l e a r  f rom h i s  a c c o u n t  

i f  he  e v e r  found  d e g e n e r a t i o n  c o n f i n e d  t o  t h e  

v e n t r a l  t r a c t .  The d o r s a l  t r a c t  he t r a c e d  t o  th e  

d o r s a l  p o r t i o n  o f  th e  s u p e r i o r  v e r m i s ,  and th e  

v e n t r a l  t r a c t  to  t h e  v e n t r a l  p o r t i o n  o f  th e  s u p e r i o r  

v e rm is .  A few f i b r e s  o f  t h e  v e n t r a l  t r a c t  were 

t r a c e d  t o  t h e  a n t e r i o r  q u a d r i g e m i n a l  body o f  the  

same s i d e .  Mott  th o u g h t  t h a t  t h e  o r i g i n  o f  th e  

d o r s a l  t r a c t  was C l a r k e ’ s column c e l l s ,  and o f  th e  

v e n t r a l  t r a c t ,  m ed iu m -s ize d ,  i n t e r m e d i o - l a t e r a l  

and s o l i t a r y  c e l l s  o f  t h e  d o r s a l  h o r n .  He d i d  n o t  

d e s c r i b e  t h e  d e t a i l e d  d i s t r i b u t i o n  o f  t h e s e  c e l l s ,  

and may have  i n c l u d e d  a l l  t h e  l a r g e r  d o r s a l  and 

i n t e r m e d i a t e  c e l l s .  Mott d e n ie d  t h a t  f i b r e s  o f  

th e  v e n t r a l  column were a s s o c i a t e d  w i th  p a i n ,  as  

he c o n s i d e r e d  t h a t  com ple te  d i v i s i o n  o f  t h e  t r a c t  

d i d  n o t  p roduce  a n a l g e s i a .
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E d in g e r  (1889)? w ork ing  m o s t ly  on f i s h  and a m p h ib ia ,  

had d e t e r m i n e d  t h a t  some f i b r e s  which he th o u g h t  

were c o n c e rn e d  m a in ly  w i t h  s e n s a t i o n ,  e n t e r  t h e  

c o rd  i n  t h e  d o r s a l  r o o t ,  and syn ap se  w i t h  c e l l s  i n  

t h e  d o r s a l  h o r n .  F i b r e s  f rom t h e s e  c e l l s  t h e n  

c r o s s  and a s c e n d  i n  t h e  v e n t r o - l a t e r a l  column, some 

g o in g  a s  h i g h  a s  t h e  t h a l a m u s .  E d i n g e r  found  t h a t  

few f i b r e s  e n t e r e d  t h e  g re y  m a t t e r  a t  t h e  l e v e l  o f  

t h e i r  e n t r a n c e  i n t o  t h e  c o rd ,  and t h a t  most o f  them 

d i d  so a t  some d i s t a n c e  more c r a n i a l l y .  Mott 

c o n f i rm e d  some o f  E d i n g e r 1s o b s e r v a t i o n s .  He c u t  

th e  d o r s a l  r o o t s  o f  th e  lo w er  lum bar  segm ents  i n  

two monkeys and a month l a t e r  examined t h e i r  c o r d s ;  

from t h i s  m a t e r i a l  he c o n c lu d e d  t h a t  f i b r e s  f rom t h e s e  

r o o t s  p a s s e d  i n t o  C l a r k e ’ s column a s  h i g h  a s  th e  

s e v e n t h  t h o r a c i c  segm ent .  L a t e r ,  i n  1897? M a r g u l i e s  

r e p e a t e d  t h e  e x p e r im e n t  and came t o  t h e  same 

c o n c l u s i o n .

G a s k e l l  ( 18 8 6 ) had  s u g g e s t e d ,  w i t h o u t  c l e a r  

e v i d e n c e ,  t h a t  f i n e  e f f e r e n t  f i b r e s  t o  th e  v i s c e r a  

a r o s e  from C l a r k e ’ s column c e l l s .  Mott  r e f u t e d  

t h i s  s u g g e s t i o n ,  and c o n f i rm ed  t h a t  th e  upward 

p r o l o n g a t i o n  o f  t h e s e  c e l l s  formed th e  s p i n o 

c e r e b e l l a r  t r a c t .  Mott  had  a l s o  made most



i m p o r t a n t  o b s e r v a t i o n s  on t h e  c o m p a r a t iv e  

d i s t r i b u t i o n  o f  c e l l s  i n  C l a r k e ’ s column i n  t h r e e  

s p e c i e s ,  man, monkey and dog ( 1 888 ) .  He showed 

t h a t  t h e  column i s  b e t t e r  d e v e lo p e d  i n  t h e  u p p e r  

d o r s a l  r e g i o n  i n  t h e  dog and monkey t h a n  i n  man. 

T h i s  i m p o r t a n t  f i n d i n g  does  n o t  seem t o  have been  

a d e q u a t e l y  c o n s i d e r e d  by l a t e r  w o r k e r s ,  a s  t h i s  

and s i m i l a r  v a r i a t i o n s  i n  d i f f e r e n t  s p e c i e s  r e n d e r  

o b s e r v a t i o n s  made on one an im a l  n o t  g e n e r a l l y  

a p p l i c a b l e .  Mott  a l s o  showed t h a t  from th e  

e i g h t h  t h o r a c i c  t o  t h e  second  lum bar  segment i n  

man C l a r k e ’ s column i s  w e l l  d e v e lo p e d .  In h i g h e r  

and lo w er  segments  t h e r e  a r e  few c e l l s ,  o r  none a t  

a l l .  Ample e v id e n c e  t h a t  t h e  d o r s a l  s p i n o 

c e r e b e l l a r  t r a c t  a r o s e  f rom th e  c e l l s  o f  C l a r k e ’ s 

column had  been  p ro d u ce d  by a number o f  w o r k e r s ,  

b u t  up t o  t h i s  t im e  no i r r e f u t a b l e  e v id e n c e  f o r  

t h e  c e l l s  o f  o r i g i n  o f  th e  v e n t r a l  s p i n o - c e r e b e l l a r  

t r a c t  had been  p ro d u c e d .  S i n g e r ,  in  188? 

s u g g e s t e d  t h a t  t h e  v e n t r a l  s p i n o - c e r e b e l l a r  t r a c t  

a ro s e  f r o m . c e l l s  o f  th e  v e n t r a l  h o r n ,  lb r  he found 

t h a t  a f t e r  c o m p re s s io n  o f  th e  a o r t a  f o r  v a r y i n g  

t im e s  i n  do gs ,  v e n t r a l  h o r n  c e l l s  d i s a p p e a r e d ,  and 

t h e r e  was a l s o  d e g e n e r a t i o n  o f  t h e  v e n t r a l  s p i n o -



c e r e b e l l a r  t r a c t s .

Most w o rk e rs  c o n s i d e r e d  t h e  d o r s a l  and 

v e n t r a l  f i b r e s  t o  form two d i s t i n c t  t r a c t s .

Hadden and: S h e r r i n g t o n ,  i n  18 8 9 , a p p e a re d  t o  h o ld  

t h e  v iew t h a t  t h e  d o r s a l  and v e n t r a l  f i b r e s  a r e  p a r t  

o f  one and t h e  same sy s te m .  They s t u d i e d  a c a se  o f  

lo c o m o to r  a t a x y ,  and c o n c lu d e d  t h a t  th e  v e n t r a l  

s p i n o - c e r e b e l l a r  t r a c t  p a s s e d  t o  t h e  c e r e b e l l u m  v i a  

t h e  r e s t i f o r m  body ,  h a v in g  th e  same c o u r s e  i n  th e  

m ed u l la  a s  t h e  d o r s a l  s p i n o - c e r e b e l l a r  t r a c t .  But 

i n  t h e  f o l l o w i n g  y e a r  ( 1 8 9 0 ) ,  S h e r r i n g t o n  p ro du ced  

e v id e n c e  which a p p e a r s  t o  c o n t r a d i c t  t h i s  v iew ,  and 

made no comment on th e  c o n t r a d i c t i o n .  He w ro te :

" I n  f u l l y  grown dogs ,  i n  th e  monkey, and t o  a l e s s  

e x t e n t ,  i n  th e  Human a d u l t ,  a s m a l l  septum, more 

marked t h a n  any o f  th e  n e i g h b o u r i n g ,  p r o j e c t s  i n t o  

th e  l a t e r a l  column a t  th e  l e v e l  o f  t h e  v e n t r a l  

e x t r e m i t y  o f  th e  a r e a  o f  t h e  c r o s s e d  p y ra m id a l  t r a c t .  

That  t h e  septum i s  o f  r e a l  m o r p h o lo g i c a l  s i g n i f i c a n c e  

I  b e l i e v e  from th e  f a c t  t h a t  i t  d i v i d e s  from one 

a n o t h e r  two masses  o f  n e rv e  f i b r e s  which o f f e r  a 

s t r o n g  c o n t r a s t  i n  t h e i r  a p p e a r a n c e .  On th e  d o r s a l  

a s p e c t  o f  t h e  septum l i e  c o a r s e  f i b r e s  o f  f a i r l y  

e q u a b le  s i z e  ( c e r e b e l l a r ) ,  on th e  v e n t r a l  a x i t s  an



a d m ix tu re  composed l a r g e l y  o f  f i n e  f i b r e s  ( a s c e n d i n g  

v e n t r o - l a t e r a l ) . . . . "  He a l s o  n o t e d  t h a t  i n  the  

monkey t h e r e  was a p o r t i o n  o f  th e  p y r a m id a l  t r a c t  

which l a y  l a t e r a l  t o  t h e  d o r s o - s p i n o c e r e b e l l a r  t r a c t ,  

a lo n g  t h e  s u r f a c e  o f  th e  l a t e r a l  column. Ho o t h e r  

w o rk e r  h a s  c o n f i rm e d  t h i s  l a s t  o b s e r v a t i o n ,  a l t h o u g h  

S h e r r i n g t o n  had a l r e a d y  o b s e r v e d  i t  i n  1889* I n  

1895,  d e s c r i b i n g  th e  p a t t e r n  o f  a s c e n d i n g  d e g e n e r a t i o n  

i n  t h e  monkey, S h e r r i n g t o n  o b s e rv e d  t h a t  th e  l o n g e s t  

f i b r e s  t e n d e d  t o  be p e r i p h e r a l  i n  b o t h  t h e  d o r s o 

l a t e r a l  and th e  v e n t r o - l a t e r a l  co lumns.  L a t e r ,  

w i th  L a s l e t t  ( 1903 )* k-e d e m o n s t r a t e d  t h i s  l a t e r o -  

m e d ia l  l a m i n a t i o n  i n  t h e  d o r s a l  s p i n o - c e r e b e l l a r  

t r a c t  i n  dogs .

A number o f  w o rk e r s  r e c o r d e d  t h e i r  f i n d i n g s  

i n  t r a c i n g  d e g e n e r a t i o n  i n  th e  l a t e r a l  a s c e n d i n g  

t r a c t s  t o  v a r y i n g  l e v e l s .  T oo th  (1 885,  1 887> 1889) 

t r a c e d  a d e g e n e r a t i n g  v e n t r a l  t r a c t  t o  t h e  low er  

m e d u l l a ,  i n  man, and l a t e r  (1 8 9 2 ) ,  he f o l lo w e d  th e  

d o r s a l  and v e n t r a l  t r a c t s  t o  th e  r e s t i f o r m  body and 

t o  th e  u p p e r  p o n s ,  i n  monkeys. T e s t u t  (1899) 

t r a c e d  th e  two t r a c t s  i n t o  th e  v e rm is  s u p e r i o r  i n  

man; Bruns ( 1899)> I *1 a maft w i t h  a t r a u m a t i c  l e s i o n  

o f  t h e  c o r d ,  t r a c e d  th e  d o r s a l  and v e n t r a l  t r a c t s
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in t h e  c o r d ,  and P a t r i c k  (1895) f o l l o w e d  th e  

d e g e n e r a t i o n  i n  t h i s  same c ase  t o  t h e  r e s t i f o r m  

body and t o  th e  l e v e l  o f  th e  b ra c h iu m  c o n ju n c t iv u m .

At t h i s  l e v e l  he fou n d  d e g e n e r a t i o n  i n  t h e  l a t e r a l  

l e m n i s c u s  and i n  th e  a n g le  be tw een  th e  l a t e r a l  

l e m n i s c u s  and th e  b ra c h iu m  c o n ju n c t iv u m .  S c h a f f e r  

(1895.),  i n  a p a t i e n t  w i th  a lum bar  l e s i o n ,  found  

d e g e n e r a t i n g  f i b r e s  i n  t h e  v e n t r a l  column, b u t  on ly  

a s  h i g h  a s  th e  second  c e r v i c a l  segm ent .

Auerbach  ( 1 8 9 0 ) ,  a f t e r  d e s t r o y i n g  th e  .ic-'v.l 

p o c t e r i e -g p a r t  o f  one h a l f  o f  t h e  c o rd  i n  c a t s  and 

dog s ,  d e s c r i b e d  t h r e e  s p i n o - c e r e b e l l a r  t r a c t s .  The 

d o r s a l  t r a c t  ended i n  t h e  d o r s a l  p a r t  o f  t h e  s u p e r i o r  

v e r m i s ,  t h e  v e n t r a l  p a r t  i n  t h e  v e n t r a l  p a r t  o f  the  

s u p e r i o r  v e rm is ;  a t h i r d  s m a l l  t r a c t ,  which l a y  

be tw een  th e  d o r s a l  and v e n t r a l  t r a c t s  i n  th e  c o rd ,  

and c o n t i n u e d  w i th  t h e  v e n t r a l  t r a c t  up t o  t h e  l e v e l  

o f  th e  e x i t  o f  th e  f i f t h  c r a n i a l  n e r v e ,  e n t e r e d  the  

r e s t i f o r m  body ,  and p a s s e d  to w a rd s  t h e  d e n t a t e  

n u c l e u s .  P e l l i z i  ( 189*1 ) a l s o  i d e n t i f i e d  a t h i r d  

s p i n o - c e r e b e l l a r  t r a c t  i n  dogs ;  i t  was s m a l l e r  t h a n  

th e  d o r s a l  and v e n t r a l  t r a c t s ,  and' c o n s i s t e d  o f  

l a r g e  f i b r e s .  He found  t h a t  t h i s  t r a c t  accompanied 

th e  v e n t r a l  t r a c t  t o  t h e  l e v e l  o f  t h e  e x i t  o f  th e
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e i g h t h  c r a n i a l  n e rv e  and t h e n  e n t e r e d  th e  c e r e b e l lu m  

by t h e  m idd le  p e d u n c le  and p a s s e d  to w a rd s  th e  v e n t r a l  

s u p e r i o r  p a r t  o f  t h e  s u p e r i o r  v e r m i s .  The d o r s a l  

t r a c t  c r o s s e d  and r a d i a t e d  to w a rd s  t h e  - s u p e r io r  

v e n t r a l  and i n f e r i o r  p a r t  o f  t h e  s u p e r i o r  v e rm is .

The v e n t r a l  t r a c t  gave o f f  a l a r g e  i p s i l a t e r a l  

b u n d le  t o  t h e  s u p e r i o r  p o r t i o n  o f  t h e  s u p e r i o r  

v e r m i s ,  and t h e n  g r a d u a l l y  c r o s s e d  and r a d i a t e d  i n t o  

th e  f o l i a  o f  t h e  v e n t r a l  and i n f e r i o r  p a r t  o f  the  

s u p e r i o r  v e rm is .  He th o u g h t  th e  v e n t r a l  t r a c t  a r o s e  

from C l a r k e ’ s column c e l l s  o r  t h e i r  homologues .

O th e r  w o rk e r s  t r a c e d  t h e  d o r s a l  and v e n t r a l  

t r a c t s  to  v a r y i n g  l e v e l s .  P a t r i c k  (1896) r ev iew ed  

th e  l i t e r a t u r e ,  and a l s o  made o r i g i n a l  o b s e r v a t i o n s  

on t h r e e  c a t s ,  some o f  which he i l l u s t r a t e d  c l e a r l y  

i n  d ra w in g s .  He d e s c r i b e d  t h e  v e n t r a l  t r a c t  a s  

l y i n g  a lo n g  th e  p e r i p h e r y  o f  th e  c o rd  im m e d ia te ly  

v e n t r a l  t o  th e  d o r s a l  f i b r e s ,  and e x t e n d i n g  a lm o s t  

t o  th e  most l a t e r a l  v e n t r a l  n e rv e  r o o t .  He 

c o n s i d e r e d  t h a t  th e  f i b r e s  o f  th e  v e n t r a l  t r a c t  were 

a bou t  the  same c a l i b r e  as  th o s e  o f  th e  d o r s a l  t r a c t .  

He found  th e  t r a c t s  d i s t i n c t  from e ach  o t h e r  i n  the  

m e d u l l a ,  b u t  d i f f i c u l t  t o  d i s t i n g u i s h  i n  th e  

c e r e b e l lu m .  He em ph as ised  t h a t  t h e  v e n t r a l  t r a c t



d i d  n o t  p a s s  f u r t h e r  e r a n i a l l y  t h a n  th e  a q u e d u c t  

o f  S y l v i u s .  The t e r m i n a t i o n s  he a s c r i b e d  to  the  

sy s te m s  a r e  n o t  q u i t e  c l e a r .  The d o r s a l  t r a c t  was 

s a i d  to  end i n  t h e  " d o r s a l  and p r o x i m o - v e n t r a l  

p o r t io n s '*  o f  t h e  v e r m i s ,  and th e  v e n t r a l  t r a c t  i n  

t h e  " v e n t r a l  and d i s t a l  d o r s a l  p o r t i o n "  o f  th e  

v e r m i s ,  a s  w e l l  a s  i n  t h e  l a t e r a l  l o b e .  I n  th e  

c e r e b e l l u m ,  t h e  m a j o r i t y  o f  t h e  v e n t r a l  f i b r e s  

a p p e a r e d  t o  d e c u s s a t e ,  w hereas  t h e  m a j o r i t y  o f  the  

d o r s a l  f i b r e s  d i d  n o t .  I n  18^6 , Hoche p u b l i s h e d  

a d e t a i l e d  p a p e r  i n  which he d e s c r i b e d  th e  

d e g e n e r a t i o n  o f  t h e  s p i n o - c e r e b e l l a r  t r a c t s  i n  man. 

H is  two c a s e s  c o n s i s t e d  o f  t o t a l  t r a n s v e r s e  l e s i o n s  

o f  th e  c o r d ,  one i n  t h e  m i d - t h o r a c i c ,  th e  o t h e r  i n  

th e  u p p e r  t h o r a c i c  r e g i o n  of  t h e  c o r d .  He 

d i s t i n g u i s h e d  c l e a r l y  be tw een  d o r s a l  and v e n t r a l  

s p i n o - c e r e b e l l a r  f i b r e s ,  and t r a c e d  t h e  v e n t r a l  

f i b r e s  i n t o  t h e  c e r e b e l l u m ^

3 he c o n c lu d e d  t h a t  t h e y

c r o s s e d  i n  t h e  r o o t  o f  t h e  f o u r t h  v e n t r i c l e  and 

ended, m a in ly ,  i n  t h e  s u p e r i o r  v e rm is .

Andre-Thomas ( 18^ 7 )? i n a p e r i o d  when 

i l l u s t r a t i o n s  t o  p a p e r s  t e n d e d  t o  be p o o r ,  o r  

n o n - r e x i s t e n t , d e s c r i b e d  and i l l u s t r a t e d  b e a u t i f u l l y



a s c e n d i n g  d e g e n e r a t i o n  i n  a c a se  o f  P o t t ’ s d i s e a s e ,  

w i t h  s o f t e n i n g  o f  t h e  t h i r d  t h o r a c i c  segm ent .  He 

d i d  n o t  t r a c e  t h e  a s c e n d i n g  f i b r e s  i n t o  t h e  

c e r e b e l l u m ,  and ,  c o n f i r m i n g  what most  w o rk e r s  had 

fo u n d ,  s t a t e d . . . . ” i l  e s t  moins a i  se  de p o u r s u i v r e  sa  

t e r m i n a i s o n  dans  l e  c e r v e l e t  chez  l ’homme, chez  

1 ’ a n im a l ,  au c o n t r a i r e ,  on a pu s u i v r e  s e s  f i b r e s  

dans  l e  c e r v e l e t ” . I n  d raw in g s  o f  t h e  c e r e b e l lu m  

o f  t h e  c a t ,  Thomas showed t h e  d o r s a l  f i b r e s  

t e r m i n a t i n g  i n  th e  v e n t r a l  v e rm is ,  t h e  m a j o r i t y  

e o n t r a l a t e r a l l y  b u t  some i p s i l a t e r a l l y .  The f i b r e s  

o f  t h e  v e n t r a l  t r a c t  were shown i n  t h e  c o n t r a l a t e r a l  

h e m isp h e re  i n  t h e  v e n t r a l  p a r t  o f  t h e  s u p e r i o r  

v e r m i s ,  v e n t r a l  t o  t h o s e  o f  th e  d o r s a l  t r a c t .

I n  1897 an  i m p o r t a n t  advance was made by 

von S o l d e r .  He s t u d i e d  th e  c o rd  o f  a t h i r t e e n  y e a r  

o ld  g i r l  who had t u b e r c u l o u s  m e n i n g i t i s  a f f e c t i n g  th e  

c e r v i c a l  c o rd  f o r  s i x  months b e f o r e  d e a t h .  He 

d e s c r i b e d  f o u r  lo n g  a s c e n d i n g  t r a c t s  i n  th e  l a t e r a l  

column, t h e  two w e l l -know n ones t o  t h e  c e r e b e l lu m ,  

and a n o t h e r  two g o in g  t o  th e  th a l a m u s .  Quense l  

(1898) gave some c o n f i r m a t i o n  o f  von S o l d e r ’ s 

o b s e r v a t i o n s ,  t r a c i n g  a t r a c t  from t h e  lo w er  t h o r a c i c  

r e g i o n  t o  t h e  th a l a m u s .  T h i s  t r a c t  had  a l r e a d y  b e en



se en  i n  f i s h  and am ph ib ia  by E d i n g e r  (1 8 8 9 ) .  I t  

was 'a lso  o b se rv e d  by Van W a l le n b e r g  (1900) i n  

r a b b i t s ,  P r o b s t  (19OO) i n  d o g s ,  and Rothmann( 1 J0 0 ) 

i n  dogs .

T here  was s t i l l  l i t t l e  e v id e n c e  o f  th e  

t e r m i n a t i o n s  o f  th e  s p i n o - c e r e b e l l a r  t r a c t s  i n  man. 

Bruce (1898) w ro te  a p a r t i c u l a r l y  i m p o r t a n t  p a p e r  

i l l u s t r a t e d  by d r a w in g s .  He gave a d e t a i l e d  

d e s c r i p t i o n  o f  t h e  c o u r s e  o f  th e  a s c e n d i n g  l a t e r a l  

column f i b r e s ,  i n  a c a se  o f  c o m p r e s s io n  o f  th e  

c e r v i c a l  c o rd .  I n  ag reem en t  w i t h  th e  d e s c r i p t i o n s  

g iv e n  i n  a n i m a l s ,  Bruce  found  t h a t  t h e  d o r s a l  t r a c t  

o c c u p ie d  th e  d o r s o - l a t e r a l  column i n  th e  c o r d ,  and 

t h e  r e g i o n  im m e d ia te ly  v e n t r a l  to  t h e  s p i n a l  n u c l e u s  

o f  t h e  f i f t h  c r a n i a l  n e rv e  i n  t h e  lo w e r  m e d u l l a .

The v e n t r a l  t r a c t  l a y  v e n t r a l  to  t h e  d o r s a l  t r a c t  

b o t h  i n  t h e  c o rd  and i n  t h e  lo w e r  m e d u l l a ,  where i t  

o c c u p ie d  t h e  r e g i o n  j u s t  d o r s a l  t o  th e  o l i v e .  The 

d o r s a l  t r a c t  f i b r e s  e n t e r e d  t h e  c e r e b e l l u m  by way 

o f  t h e  r e s t i f o r m  body ,  and th e  v e n t r a l  by way o f  the  

b rach ium  c o n ju n c t iv u m .  Bruce  found  t h a t  t h e  d o r s a l  

t r a c t  ended i n  th e  l o b u l u s  c e n t r a l i s ,  th e  culmen 

( m o n t i c u l u s ) , and t o  a s l i g h t  e x t e n t  i n  th e  l i n g u l a ,  

th e  m a j o r i t y  on t h e  same s i d e ,  w i t h  a c o n s i d e r a b l e



number on t h e  o p p o s i t e  s i d e .  A s m a l l  number o f  

f i b r e s  were t r a c e d  a l s o  t o  th e  n o d u l u s  and u v u l a ;  

t h e y  were to o  few, how ever ,  f o r  him t o  be a b l e  t o  

d e t e r m i n e  i f  any o f  them c r o s s e d :  Bruce  found  no

e v id e n c e  t h a t  any f i b r e s  t e r m i n a t e d  i n  th e  n u c l e i  

o f  th e  m id d le  l o b e ,  and was c e r t a i n  t h a t  none 

e n t e r e d  th e  n u c l e u s  d e n t a t u s  o r  t h e  c o r t e x  o f  the  

c e r e b e l l a r  h e m i s p h e r e s .  The v e n t r a l  t r a c t  he 

found  to  end i n  th e  l i n g u l a ,  a lm o s t  a l l  on t h e  same 

s i d e .

R i s i e n  R u s s e l l  (1898) s t u d i e d  d e g e n e r a t i o n  

i n  t h e  s p i n a l  c o rd  o f  man, f o l l o w i n g  v a r i o u s  

l e s i o n s .  Two p o i n t s  o f  p a r t i c u l a r  i n t e r e s t  were 

c o n t r i b u t e d  by him. A l e s i o n  of  t h e  t h i r d  and 

f o u r t h  lum bar  segm ents  l e d  t o  d e g e n e r a t i o n  i n  th e  

v e n t r o - l a t e r a l  column, b u t  n o t  i n  t h e  d o r s o - l a t e r a l  

column. The a s c e n d i n g  d e g e n e r a t i o n  i n  t h i s  co rd  

l a y  deep  t o  th e  s u r f a c e ,  a b o u t  mid-way be tw een  the  

p e r i p h e r y  and t h e  g rey  m a t t e r  o f  th e  v e n t r a l  h o r n .  

I n  a n o t h e r  c a se  i n  which t h e r e  was a t r a n s v e r s e  

m y e l i t i s  a t  t h e  s i x t h  and s e v e n t h  c e r v i c a l  segments  

t h e  a s c e n d i n g  d e g e n e r a t i n g  t r a c t  o c c u p ie d  th e  same 

r e g i o n .  I t  must  be a c c e p t e d  t h a t  R i s i e n  R u s s e l l  

showed, a s  Gowers d i d  e a r l i e r ,  t h e  e x i s t e n c e  o f  a



v e n t r o - m e d i a l  a s c e n d i n g  t r a c t .  I n  v iew o f  th e  

e v id e n c e  o f  a l l  o t h e r  w ork e r s  b o t h  a t  t h i s  t im e ,  

and l a t e r ,  o f  a v e n t r o - l a t e r a l  a s c e n d i n g  t r a c t  

a l s o ,  i t  i s  d i f f i c u l t  t o  see  why i t  was n o t  

d e g e n e r a t e d  i n  t h i s  c a s e .  As t h e  e x t e n t  o f  th e  

l e s i o n  was h o t  shown, a l t h o u g h  s a i d  t o  be a 

c o m p le te  t r a n s e c t i o n ,  and i n  vie?/ o f  t h e  e v id e n c e  

c o n s i s t i n g  o f  one s e c t i o n  o n ly  s t a i n e d  by th e  

W e ig e r t  P a l  method,  i t  i s  i m p o s s i b l e  i n  r e t r o s p e c t  

t o  r e - a s s e s s  t h e  f i n d i n g s .

R osso l im o  (1898) d e s c r i b e d  i n  a g i r l  o f  

12, th e  a s c e n d i n g  d e g e n e r a t i o n  i n  t h e  v e n t r o - l a t e r a l  

r e g i o n  o f  t h e  c o r d ,  which r e s u l t e d  from sa rc o m a to u s  

d e p o s i t s  i n  t h e  lo w e r  t h o r a c i c  and lumbar  r e g i o n .

He found a few f i b r e s  l e a v i n g  th e  main b u n d le  o f  

d e g e n e r a t i n g  f i b r e s  t o  e n t e r  t h e  c e r e b e l l u m  by way 

o f  th e  r e s t i f o r m  body. He d e n ie d  t h a t  any f i b r e s  

e n t e r e d  t h e  c e r e b e l l u m  by way o f  t h e  b rac h iu m  

congunct ivum  o r  by th e  velum m e d u l l a r e . .

A number o f  w o rk e r s ,  t r a c i n g  a s c e n d i n g  

d e g e n e r a t i o n  from th e  v e n t r o - l a t e r a l  column o f  the  

c o r d ,  had found  f i b r e s  c o n t i n u i n g  f u r t h e r  c r a n i a l l y  

t h a n  th e  b rach iu m  congunct ivum .  E d i n g e r  (1889) ;  

M ot t ,  (18 9 2 ) ;  von S o l d e r ,  (1 8 9 7 ) ;  Q u e n se l ,  (1898) ;



Tsehermak,  (1 8 98 ) ;  R o sso l im o ,  ( 1 8 9 8 ) . ) .  There  was 

c o n s i d e r a b l e  v a r i a t i o n  i n  t h e  t e r m i n a t i o n  of  f i b r e s  

i n  t h e  b r a i n  s tem ,  c r a n i a l  t o  t h e  b rac h iu m  

congunc t ivum ,  a s  found by d i f f e r e n t  w o rk e r s .  As 

t h e s e  f i b r e s  a r e  o b v i o u s l y  n o t  p a r t  o f  th e  c e r e b e l l a r  

sys tem  t h e y  w i l l  be c o n s i d e r e d  o n ly  where t h e y  a re  

germane t o  o u r  p r e s e n t  p ro b lem .  'But i t  i s  n e c e s s a r y  

t o  r e c o g n i s e  t h e  p o s s i b i l i t y  o f  t h e i r  e x i s t e n c e ,  f o r  

i n  r e g i o n s  c a u d a l  t o  th e  b ra c h iu m  th e y  a re  

i n t e r m i n g l e d  w i t h  s p i n o - c e r e b e l l a r  f i b r e s .

The f i r s t  a u t h o r  who seems t o  have  r e c o g n i s e d  

d e f i n i t e l y  t h a t  t h e  s o - c a l l e d  ’’Gowers’ 11 t r a c t  

c o n t a i n e d  a number o f  d i f f e r e n t  lo n g  t r a c t s  was 

B a r k e r  (1 9 0 1 ) .  He s u g g e s t e d  t h a t  ’’Gowers’ t r a c t ’’ 

m ight  c o n t a i n  t h e  f o l l o w i n g  sev en  s e t s  o f  f i b r e s :  -

1 . S p i n o - c e r e b e l l a r e  v e n t r o - l a t e r a l e  

c o n j u n c t i v a l e .

2 . S p in o -q u a d r ig e m in a le  s u p e r i u s  (M0t t ) .

9* S p in o - th a la m ic u m  (M o t t ) .

if. S p i n o - c e r e b e l l a r e  v e n t r o - l a t e r a l e  

r e s t i f o r m a l e  (R o ss o l im o ) .

5* S p i n o - q u a d r ig e m i n a l e  i n f e r i u s  (Tseherm ak) .

6. S p i n o - p e d u n c u l a r e  ad s u b s t a n t i a m  n ig ram  

(T seh e rm ak ) .

7. S p i n o - l e n t i f o r m a l e  (T sehe rm ak) .
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Of th e  seven t r a c t s  r e c o g n i s e d  hy B a r k e r ,  on ly  two 

a re  e s s e n t i a l l y  r e l e v a n t  t o  t h e  p r e s e n t  s t u d y :

1.  t h e  s p i n o - c e r e b e l l a r e  v e n t r o - l a t e r a l e  

c o n j u n c t i v a l e ,  and if. t h e  s p i n o - c e r e b e l l a r e  v e n t r o -  

l a t e r a l e  r e s t i f o r m a l e .  Only th e  f i r s t  o f  t h e s e  two

t r a c t s  h a s  b e en  g e n e r a l l y  r e c o g n i s e d  by l a t e r  

w o r k e r s .  The e v id e n c e  f o r  th e  e x i s t e n c e  o f  a 

s p i n o - c e r e b e l l a r e  v e n t r o - l a t e r a l e  r e s t i f o r m a l e  t r a c t  

h a s  b e en  a lm o s t  c o m p l e t e ly  d i s r e g a r d e d .  I n  t h i s  

r e s p e c t  i t  may be n o t e d  t h a t  t h e  e v id e n c e  o f  P e l l i z i  

and o f  Kohnstamm, f o r  a t h i r d ,  i n t e r m e d i a t e  s p i n o 

c e r e b e l l a r  t r a c t ,  h a s  l i k e w i s e  n e v e r  be en  g e n e r a l l y  

a c c e p t e d .

Thus ,  by t h e  end o f  t h e  n i n e t e e n t h  c e n t u r y  

two s p i n o - c e r e b e l l a r  t r a c t s  were r e c o g n i s e d  by th e  

m a j o r i t y  o f  w o rk e r s :  t h e  d o r s a l  s p i n o - c e r e b e l l a r

t r a c t ,  and a v e n t r a l  s p i n o - c e r e b e l l a r  t r a c t .  These 

two t r a c t s  were c o n s i d e r e d  t o  be d i s t i n c t  from e ach  

o t h e r ,  e x c e p t  f o r  t h e i r  c o n t i g u i t y ,  i n  t h e  c o rd  and 

i n  t h e  m e d u l l a .  The d o r s a l  s p i n o - c e r e b e l l a r  t r a c t  

was d e s c r i b e d  a s  e n t e r i n g  th e  c e r e b e l lu m  by way o f  

t h e  r e s t i f o r m  body,  and th e  v e n t r a l  t r a c t  by way o f  

t h e  b rac h iu m  c o n ju n c t iv u m .  T h i s  became th e

g e n e r a l l y  a c c e p t e d  view and a p p e a r s  i n  a l l  t e x t  books .



Both  t r a c t s  were th o u g h t  by most w o rk e rs  to  end i n  

th e  s u p e r i o r  v e r m i s ,  b u t  t h e r e  was c o n s i d e r a b l e  

v a r i a t i o n  i n  th e  v iew s  h e l d  on t h e  e x a c t  d i s t r i b u t i o n  

o f  t h e  f i b r e s ,  and on t h e  d e g re e  o f  c r o s s i n g  o f  th e  

f i b r e s  i n  th e  c e r e b e l l u m .  Abundant e v id e n c e  had 

b e en  p ro d u ce d  showing t h a t  t h e  d o r s a l  t r a c t  a ro s e  

from th e  c e l l s  o f  C l a r k e ’ s column. E v id en ce  f o r  

th e  c e l l s  o f  o r i g i n  o f  t h e  v e n t r a l  s p i n o - c e r e b e l l a r  

f i b r e s  was l e s s  c o n v i n c i n g .  C e l l s  o f  t h e  d o r s a l  

h o r n  and o f  th e  i n t e r m e d i a t e  g r e y  m a t t e r ,  c e l l s  o f  

t h e  v e n t r a l  h o r n ,  and c e l l s  o f  C l a r k e ’ s column had 

a l l  be en  s u g g e s t e d  a s  g i v i n g  r i s e  t o  t h e  v e n t r a l  

s p i n o - c e r e b e l l a r  t r a c t .

I n  t h e  v e n t r a l  q u a d r a n t  o f  t h e  c o rd  t h e r e  

i s  c o n s i d e r a b l e  o v e r l a p  be tw een  t h e  v a r i o u s  t r a c t s .  

The c e l l s  o f  o r i g i n  and th e  t e r m i n a t i o n s  o f  f i b r e s  

made t o  d e g e n e r a t e  by e x p e r i m e n t a l  s u r g i c a l  l e s i o n s  

can  be a s c e r t a i n e d .  But i t  rem a ined  a m a t t e r  o f  

c o n j e c t u r e  and p e r s o n a l  i n t e r p r e t a t i o n  which f i b r e s  

a r o s e  from which c e l l s  and had which t e r m i n a t i o n .

A l th o ug h  th e  c o n c e p t i o n  o f  t h e  v e n t r a l  s p i n o 

c e r e b e l l a r  t r a c t  a s  c o m p l e t e ly  d i s t i n c t  from th e  

d o r s a l  s p i n o - c e r e b e l l a r  t r a c t  i s  t h e  one u n i v e r s a l l y  

h e l d ,  s e v e r a l  w ork e r s  have p ro du ced  e v id e n c e  showing
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t h a t  a few, o r  many, f i b r e s  p a s s  from th e  v e n t r a l  

s p i n o - c e r e b e l l a r  t r a c t  i n t o  t h e  r e s t i f o r m  body.

Some have shown t h a t  some f i b r e s  p a s s  f rom t h e  v e n t r o 

l a t e r a l  t o  t h e  d o r s o - l a t e r a l  column d u r i n g  t h e i r  

a s c e n t  i n  t h e  c o rd .

I n  1889 Hadden and S h e r r i n g t o n  made some 

o b s e r v a t i o n s  on t h e  c o u r s e  o f  t h e  s p i n o - c e r e b e l l a r  

t r a c t  i n  man. They r e p o r t e d  t h a t  some f i b r e s  o f  

t h e  v e n t r a l  t r a c t  e n t e r e d  t h e  c e r e b e l lu m  by way o f  

t h e  r e s t i f o r m  body.  B a r b a c c i  ( 1891 )? and 

Rosso l im o ( 1 8 9 8 ) ,  made s i m i l a r  o b s e r v a t i o n s  i n  man. 

Tsehermak ( 1 8 9 8 ) r e c o r d e d  s i m i l a r  f i n d i n g s  i n  t h e  

c a t ,  and Kohnstamm (1900) i n  t h e  r a b b i t .  A l l  

t h e s e  w o rk e r s  found  t h a t  a c e r t a i n  p r o p o r t i o n  o f  t h e  

f i b r e s  o f  th e  v e n t r a l  s p i n o - c e r e b e l l a r  t r a c t  e n t e r e d  

th e  r e s t i f o r m  body ,  w h i l e  t h e  r e m a in d e r  r e a c h e d  the  

c e r e b e l lu m  v i a  th e  b ra c h iu m  congunct ivum .  S c h a f e r  

( 18995 N i n i a n  Bruce (1910) and S c h a f e r  and

ITinian Bruce  w ork ing  t o g e t h e r  (1907) n ° t  o n ly  s u p p o r t e d  

t h e s e  f i n d i n g s ;  t h e y  came t o  t h e  c o n c l u s i o n  t h a t  

t h e  d o r s a l  and th e  v e n t r a l  s p i n o - c e r e b e l l a r  t r a c t s  

a r e  m ere ly  components  o f  one common t r a c t .  T h e i r  

views a r e  p a r t i c u l a r l y  i m p o r t a n t ,  and a r e  most r e l e v a n t  

t o  t h e  f i n d i n g s  p r e s e n t e d  i n  t h i s  t h e s i s .



I n  th e  s p i n a l  c o r d  o f  monkeys Sch& fer  and 

N i n i a n  Bruce  (19° 7 )> found  t h a t  t h e r e  was an 

i m p o r t a n t  t r a n s f e r e n c e  o f  f i b r e s  f rom  t h e  v e n t r a l  t o  

t h e  d o r s a l  t r a c t .  They s t a t e d  t h a t  t h i s  d o r s a l  

movement o f  th e  f i b r e s  o f  t h e  v e n t r a l  s p i n o - c e r e b e l l a r  

t r a c t  o c c u r s  b o t h  i n  t h e  s p i n a l  c o rd  and i n  t h e  

m e d u l l a .  A l l  t h e s e  f i b r e s  e n t e r  t h e  r e s t i f o r m  body. 

I n  1910 N i n i a n  Bruce n o t e d ,  f u r t h e r ,  t h a t  th e  most 

marked t r a n s f e r e n c e  o f  f i b r e s  f rom th e  v e n t r a l  to  

t h e  d o r s a l  t r a c t  o c c u r r e d  a f t e r  l e s i o n s  i n  th e  low er  

t h o r a c i c  l e v e l ,  and was l e s s  marked a f t e r  h i g h e r  

l e s i o n s .  ^he p e r i p h e r a l  f i b r e s  o f  th e  v e n t r a l  

t r a c t  a p p e a re d  t o  Bruce  t o  be th e  same s i z e  a s  t h o s e  

o f  t h e  d o r s a l  t r a c t .

S c h a f e r  had e a r l i e r  ( 1899) raade e x p e r im e n t s  

i n  monkeys i n  o r d e r  t o  show which t r a c t s  a r o s e  from 

C l a r k e ’ s column c e l l s .  He found t h a t  t h e r e  was an 

e q u a l  d e g re e  o f  a t r o p h y  o f  t h e  c e l l s  o f  C l a r k e ’ s 

column a f t e r  h e m i s e c t i o n  o f  th e  c o rd  and a f t e r  s e c t i o n  

o f  t h e  s p i n o - c e r e b e l l a r  t r a c t s  o n ly .  F u r t h e r ,  he 

found  t h a t  s e c t i o n  o f  t h e  d o r s a l  s p i n o - c e r e b e l l a r  

t r a c t  a lo n e  l e d  to  changes  i n  f ew er  c e l l s  t h a n  when 

b o t h  s p i n o - c e r e b e l l a r  t r a c t s  were d e s t r o y e d .  Thus 

he c o n c lu d ed  t h a t  t h e  c e l l s  of  C l a r k e ’ s column gave
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o r i g i n  t o  b o t h  o f  t h e s e  t r a c t s .  I n  th e  e l e v e n t h  

e d i t i o n  o f  Q u a in Ts Anatomy p u b l i s h e d  i n  1908 S c h a f e r  

s t a t e d  t h a t :  ’’The d o r s a l  and v e n t r a l  t r a c t s  p e r h a p s

have a common o r i g i n ,  p o s s i b l y  f rom c e l l s  o f  C l a r k e ’ s 

column, b u t  a l s o  from o t h e r  c e l l s  i n  t h e  g rey  m a t t e r  

o f  t h e  same and p o s s i b l y  o f  t h e  o p p o s i t e  s i d e ” . H is  

own e a r l i e r  work would a p p e a r  t o  be a d e q u a te  enough 

to  j u s t i f y  a more p o s i t i v e  s t a t e m e n t .

I n  1910 N i n i a n  Bruce c o n c lu d e d ,  from 

e x p e r i m e n t a l  l e s i o n s  on t h e  m onkey^ tha t  t h e  c e l l s  o f  

C l a r k e ’ s column o f  t h e  more c a u d a l  segm ents  o f  th e  

co rd  g iv e  r i s e  t o  t h e  v e n t r a l  s p i n o - c e r e b e l l a r  f i b r e s ,  

w hereas  t h e  c e l l s  o f  C l a r k e ’ s column o f  th e  more 

r o s t r a l  segm ents  o f  t h e  co rd  g iv e  r i s e  t o  t h e  d o r s a l  

s p i n o - c e r e b e l l a r  f i b r e s .

Thus,  a s  h a s  b e en  m e n t io n e d ,  t h e s e  two 

w o rk e rs  b e l i e v e d  t h a t  th e  d o r s a l  and v e n t r a l  s p i n o 

c e r e b e l l a r  f i b r e s  s h o u ld  be c o n s i d e r e d  a s  p a r t  o f  th e  

same t r a c t ,  h a v in g  t h e  same c e l l s  o f  o r i g i n ;  t h e y  

th o u g h t  t h a t  t h e  m a j o r i t y  o f  f i b r e s  e n t e r  th e  

c e r e b e l lu m  by t h e  r e s t i f o r m  body,  and a m a j o r i t y  by 

t h e  b rac h iu m  c o n ju n c t iv u m .  D e s p i t e  t h e i r  e v id e n c e

i t  w i l l  be seen  t h a t  most  l a t e r  w o rk e r s  have 

m a i n t a i n e d  th e  view t h a t  t h e r e  a r e  two s e p a r a t e  

sy s te m s ,  and t h a t  a l l  t h e  v e n t r a l  s p i n o - c e r e b e l l a r



f i b r e s  e n t e r  th e  c e r e b e l l u m  by way o f  t h e  b rac h iu m  

c o n ju n c t iv u m .

Throughout  t h i s  t im e ,  o b s e r v a t i o n s  on th e  

d e g e n e r a t i o n  o f  t h e  s p i n o - c e r e b e l l a r  t r a c t s  i n  man 

were made by L a s l e t t  and W a r r in g to n  ( 1 8 9 9 )? P u rv e s  

S t e w a r t  ( 190 1 ) and G o l d s t e i n  ( 1 9 1 0 ) .  These p a p e r s  

w i l l  n o t  be  rev iew ed  h e r e ,  a s  t h e i r  a u t h o r s  added 

n o t h i n g  new t o  th e  s u b j e c t  u n d e r  d i s c u s s i o n .

The o b s e r v a t i o n s  o f  o t h e r  w o rk e r s  who 

p r o v i d e d  f u r t h e r  e v id e n c e  a b o u t  t h e  s p i n o - c e r e b e l l a r  

t r a c t s  w i l l  now be c o n s i d e r e d .

I n  1901 T h i e l e  and H o r s l e y  i n  a c a se  o f  c r u s h  

i n j u r y  o f  t h e  lo w e r  c o r d ,  d e te r m in e d  t h a t  th e  d o r s a l  

s p i n o - c e r e b e l l a r  t r a c t  ends  i n  th e  s u p e r i o r  v e r m is ,  

and i n  d i m i n i s h i n g  numbers  i n  t h e  r e s t  o f  t h e  c o r t e x ,  

many t e r m i n a t i n g  c o n t r a l a t e r a l l y .  They found  some

f i b r e s  a l s o  g o in g  t o  t h e  f l o c c u l u s .  The v e n t r a l  

t r a c t  went t o  t h e  a n t e r i o r  p a r t  o f  t h e  v e r m i s ,  mixed 

w i t h  t h e  f i b r e s  o f  t h e  d o r s a l  t r a c t .  They d i s t i n g u i s h e d  

b e tw een  c o a r s e  e x t e r n a l  f i b r e s  o f  t h e  v e n t r a l  s p i n o 

c e r e b e l l a r  t r a c t  go ing  t o  th e  c e r e b e l l u m ,  and f i n e  

i n t e r n a l  f i b r e s  g o in g  t o  th e  t e c tu m  and th a la m u s .

C o l l i e r  and Buzzard  (1909)? from t h e i r  work on 

a s c e n d i n g  and d e s c e n d in g  d e g e n e r a t i o n  i n  a s e r i e s  o f



tw e n ty  p a t i e n t s ,  d e s c r i b e d  d e g e n e r a t i n g  f i b r e s  from 

t h e  d o r s a l  t r a c t  t o  t h e  s u p e r i o r  v e r m i s ,  t h e  i n f e r i o r  

v e r m i s ,  t h e  d e n t a t e  n u c l e u s  and t h e  l a t e r a l  lo be  o f  

t h e  h e m i s p h e r e s ,  and from t h e  v e n t r a l  t r a c t  t o  th e  

s u p e r i o r  v e rm is  and th e  f l o c c u l u s .  They made no 

m e n t io n  o f  t h e  c r o s s i n g  o f  t h e  t r a c t s ,  and u n f o r t u n a t e l y  

gave no i l l u s t r a t i o n s  o f  t h e  t e r m i n a l  p a r t s  o f  the  

t r a c t s .

Von Dydynski  ( 1903) ŵ -° a l s o  worked on man 

o b se rv e d  t h a t  some f i b r e s  o f  t h e  v e n t r a l  s p i n o 

c e r e b e l l a r  t r a c t  e n t e r e d  th e  c e r e b e l l u m  by way o f  t h e  

m iddle  c e r e b e l l a r  p e d u n c l e .  T h i s  was a l s o  n o te d  by 

C o l l i e r  and B uzza rd  ( 190 3 ) an(3- Van G-ehuchten (1906) .

Page May ( 1 9 0 6 ) ,  i n  an e x c e l l e n t  r e v i e w  o f  

t h e  l i t e r a t u r e  r e f e r r e d  t o  t h e  g r e a t  d e a l  o f  u n c e r t a i n t y  

which e x i s t e d  r e g a r d i n g  n o t  o n ly  t h e  o r i g i n  b u t  a l s o  

t h e  p r e c i s e  t e r m i n a t i o n  o f  th e  main b u n d l e s  o f  th e  

v e n t r a l  (and  d o r s a l )  s p i n o - c e r e b e l l a r  t r a c t s .  He 

a t t r i b u t e d  t h i s  t o  t h e  d i f f i c u l t y  o f  l i m i t i n g  e x a c t l y  

a l e s i o n  t o  f i b r e s  o f  a t r a c t  which a r e  a lm o s t  

i n e x t r i c a b l y  mixed w i th  t h o s e  o f  o t h e r  t r a c t s ,  and 

t h u s  an a b s o l u t e l y  pure  d e g e n e r a t i o n  o f  ’'Gowers’ *' 

(meaning t h e  v e n t r a l  s p i n o - c e r e b e l l a r )  t r a c t  had 

r a r e l y ,  i f  e v e r ,  be en  p ro d u c e d .  He s t a t e d  t h a t  i n



h i s  own Marchi p r e p a r a t i o n s  showing d e g e n e r a t i o n  o f  

t h e  s p i n o - c e r e b e l l a r  t r a c t ,  no f u r t h e r  l i g h t  on 

t e r m i n a t i o n s  c o u ld  be shown b e c a u s e  o f  t h i s  d i f f i c u l t y .

B in g  ( 1907) p u b l i s h e d  a most  i m p o r t a n t  

monograph on th e  s p i n o - c e r e b e l l a r  sy s te m ,  which 

i n c l u d e d  a com preh en s ive  r e v i e w  o f  t h e  l i t e r a t u r e .

He e m p h as ised  t h e  need  t o  d i s t i n g u i s h  be tw een  th e  

e v id e n c e  o b t a i n e d  from man, and t h a t  o b t a i n e d  from 

a n i m a l s .  The m a t e r i a l  f o r  h i s  o b s e r v a t i o n s  on man 

was a c a s e  o f  p o l i o m y e l i t i s  a f f e c t i n g  m a in ly  the  

second  lumbar,  t o  t h e  f i r s t  s a c r a l  segm en ts .  C e l l s  

o f  th e  v e n t r a l  h o r n  and o f  C l a r k e ’ s column were 

a f f e c t e d .  From t h i s  m a t e r i a l  B ing  deduced t h a t  

t h e  d o r s a l  t r a c t  a r o s e  from C l a r k e ’ s column c e l l s ,  

and th e  v e n t r a l  t r a c t  from l a t e r a l  c e l l s  i n  t h e  v e n t r a l  

h o r n ,  on b o th  th e  i p s i l a t e r a l  and th e  c o n t r a l a t e r a l  

s i d e s .  From t h i s  c a s e  Bing  t h o u g h t  t h a t  th e  d o r s a l  

t r a c t  a r o s e  a b o u t  th e  second  t o  t h i r d  lumbar  segm en ts ,  

and th e  v e n t r a l  t r a c t  a t  l e a s t  one segment lo w er .

Owing t o  th e  d i f f i c u l t y  o f  im p r e g n a t i o n  i n  th e  Marchi 

method,  Bing  d i d  n o t  c o n s i d e r  human m a t e r i a l  o f  any 

v a lu e  i n  f o l l o w i n g  d e g e n e r a t i n g  f i b r e s  i n  the  

c e r e b e l lu m ,  so i n  t h i s  p a r t  o f  h i s  work he u se d  dogs .

I n  t h i s  an im a l  he found t h a t  t h e  d o r s a l  t r a c t  ended



i n  t h e  a n t e r i o r  s u p e r i o r  p a r t  o f  t h e  u p p e r  v e rm is ,  

and t h e  v e n t r a l  i n  th e  a n t e r i o r  i n f e r i o r .  These 

f i b r e s  w ere ,  a t  l e a s t  p a r t i a l l y ,  b u t  p r o b a b l y  t o t a l l y  

c r o s s e d .

The m a j o r i t y  o f  th e  p a p e r s  we have been  

c o n s i d e r i n g  c o n c e rn  t h e  to p o g r a p h y  o f  th e  l o n g  t r a c t s  

r a t h e r  t h a n  t h e i r  f u n c t i o n .  But  d e d u c t i o n s  a s  to  

t h e  s i t e  o f  th e  t r a c t s  i n  t h e  c o rd  may be made a l s o  

from p h y s i o l o g i c a l  o b s e r v a t i o n s .  I n  th e  1870s ,  as  

h a s  b e e n  s e e n  i n  t h i s  r e v i e w ,  s e v e r a l  w o rk e rs  had 

c o n c lu d e d  t h a t  f i b r e s  a s s o c i a t e d  w i t h  p a i n  ru n  i n  t h e  

v e n t r o - l a t e r a l  column o f  t h e  c o r d .  T h is  v iew had 

b een  f a i r l y  w id e ly  a c c e p t e d ,  b u t  n o t  by a l l  w o rk e r s .  

S e v e r a l  s k i l l e d  o b s e r v e r s  found  no l o s s  o f  p a i n  

s e n s a t i o n  a f t e r  s e c t i o n  o f  t h e  v e n t r o - l a t e r a l  

column i n  monkeys (M ot t ,  S c h a f e r ,  and B r u c e ) .

S p i l l e r  i n  1905 w ro te  two p a p e r s  c o n c e r n i n g  the  

f i b r e s  a s s o c i a t e d  w i t h  t h e  m o d a l i t y  o f  p a i n .  He 

c o n s i d e r e d  a c a se  which he d e s c r i b e d  t o  be most 

i m p o r t a n t ,  a s  i t  p r o v i d e d  d e f i n i t e  e v id e n c e  f o r  th e  

s i t e  o f  th e  f i b r e s  s u b s e r v i n g  th e  m o d a l i t y  o f  p a i n ;  

f o r ,  i n  h i s  o p i n i o n ,  such e v id e n c e  had  h i t h e r t o  been  

s c a n t y .  T h is  was a c a se  o f  t u b e r c u l o s i s ;  t h e r e  

were t u b e r c l e s  i n  th e  v e n t r o - l a t e r a l  f u n i c u l u s  o f



t h e  c o r d ,  c a u s i n g  l o s s  o r  im pa i rm en t  o f  p a i n  and no 

im p a i rm en t  o f  t o u c h .  S p i l l e r  l a t e r  s u g g e s t e d  t o  

C adw alader  and Sweet t h a t  c o n f i r m a t i o n  o f  th e  

a s s o c i a t i o n  be tw een  p a i n  and v e n t r o - l a t e r a l  f i b r e s  

s h o u ld  be o b t a i n e d  e x p e r i m e n t a l l y .  These w o rk e rs  

p ro d u c e d  c o n t r a l a t e r a l  a n a l g e s i a  a f t e r  d i v i s i o n  o f  

t h e  v e n t r o - l a t e r a l  column i n  dogs (1 9 1 2 ) .

S c h u l l e r  i n  1 91 0 c o n s i d e r e d  th e  a d v an tag e  

o f  d i v i d i n g  th e  d o r s a l  columns o r  t h e  v e n t r o - l a t e r a l  

co lum ns,  i n  o r d e r  t o  r e l i e v e  t a b e t i c  c r i s e s .  But he 

d oes  n o t  a p p e a r  t o  have  a c t u a l l y  p e r fo rm ed  t h e  

o p e r a t i o n  o f  c u t t i n g  t h e  v e n t r a l  co lumns.  I n  1 91 2 

S p i l l e r  and .M a r t i n  r e p o r t e d  t h e i r  f i r s t  c a se  o f  

v e n t r o - l a t e r a l  cordotomy f o r  t h e  r e l i e f  o f  p a i n ;  and 

i n  1913 F o e r s t e r  p e r fo rm e d  th e  same o p e r a t i o n ,  

a p p a r e n t l y  i n d e p e n d e n t l y .

T h i s  d eve lopm en t  i n  n e u r o s u r g e r y  c o u ld  be 

u se d  t o  p r o v id e  more m a t e r i a l  on man and t h i s  

m a t e r i a l  was i n f i n i t e l y  more v a l u a b l e  t h a n  t h a t  f o r  

a n im a l s ,  a s  th e  r e l e v a n t  f u n c t i o n a l  a s p e c t s  o f  the  

anatomy c o u ld  be a d e q u a t e l y  s t u d i e d  d u r i n g  th e  

p a t i e n t ’ s l i f e .  I t  sh o u ld  be n o t e d ,  however ,  t h a t  

t h e  a c c o u n t  o f  the  a s c e n d i n g  t r a c t s  o f  t h e  l a t e r a l  

column g iv e n  i n  t e x t b o o k s  o f  anatomy and n e u ro lo g y



i s  b a s e d  on th e  e a r l i e r  work,  and h a s  n o t  t a k e n  

c o g n i s a n c e  o f  t h i s  more i m p o r t a n t  work on man.

Very numerous p a p e r s  on t h e  s u b j e c t  o f  

c o rd o to m ie s  have  b e e n  p u b l i s h e d ,  b u t  i n  o n ly  a few 

h a s  any h i s t o l o g i c a l  e x a m in a t io n  b e e n  c a r r i e d  o u t .  

Owing t o  t h e i r  c l o s e  a s s o c i a t i o n  i n  th e  c o r d ,  

d i v i s i o n  o f  t h e  s p i n o - t h a l a m i c  f i b r e s  i n v o l v e s  

c u t t i n g  some s p i n o - c e r e b e l l a r  f i b r e s  a l s o .  T h is  

h a s  o f t e n  been  i g n o r e d ,  and d e g e n e r a t i n g  t r a c t s  i n  

t h e  r e g i o n  o f  t h e  o p e r a t i o n  have b e e n  i n t e r p r e t e d  

a s  b e i n g  s p i n o - t h a l a m i c  o n ly ;  any r e f e r e n c e  t o  

s p i n o - c e r e b e l l a r  f i b r e s  h a s  b een  made o n ly  en 

p a s s a n t .

F o e r s t e r  (1 92 7 ) an^ F o e r s t e r  and Gagel  

t o g e t h e r  (1932 )? were p a r t i c u l a r l y  i n t e r e s t e d  i n  

a n a l y s i n g  cordotomy m a t e r i a l .  Most i m p o r t a n t  i s  

t h e i r  j o i n t  p a p e r  p u b l i s h e d  i n  1932 ? i n  which  t h e y  

made a d e t a i l e d  s t u d y  o f  t w e n t y - n i n e  p a t i e n t s  who 

had  th e  o p e r a t i o n  o f  v o n t r o - l a t e r a l  cordotom y,  

i n c l u d i n g  p o s t -m o r te m  e x a m in a t io n s  i n  n i n e  o f  them. 

No o t h e r  w o rk e r s  have made such a c a r e f u l  c l i n i c o -  

a n a t o m i c a l  s t u d y  i n  s i m i l a r  m a t e r i a l .  These 

w orke rs  found  f i b r e s  o f  th e  v e n t r a l  t r a c t  m i g r a t i n g  

d o r s a l l y  i n  t h e  c o rd ,  and c a l l e d  t h e s e  f i b r e s  an



a b e r r a n t  t r a c t .  They t h o u g h t  t h a t  t h e s e  a b e r r a n t  

f i b r e s  a r o s e  f rom d o r s a l  h o r n  c e l l s ,  and n o t e d  t h a t  

t h e y  c o u ld  n o t  t e l l  i f  t h e s e  f i b r e s  c o n t i n u e d  t o  t h e  

c e r e b e l lu m  o r  n o t .

A most o r i g i n a l  a p p ro a c h  i n  c o rd o to m ie s  i s  

t h a t  u t i l i s e d  by Kuru (1938)* He r e p o r t e d  th e  

c l i n i c a l  and h i s t o l o g i c a l  r e s u l t s  o f  two c o rd o to m ie s .  

He made h i s  o p e r a t i v e  l e s i o n  so  t h a t  t h e  k n i f e  e n t e r e d  

th e  c o rd  t h r o u g h  th e  d o r s o - l a t e r a l  column, and c u t  

t h r o u g h  t h e  f i b r e s  i n  t h e  m idd le  zone o f  t h e  v e n t r o 

l a t e r a l  column, s p a r i n g  th e  p e r i p h e r a l  f i b r e s  i n  

t h i s  r e g i o n .  As h i s  l e s i o n  t r a n s e c t e d  f i b r e s  o f  

th e  d o r s a l  s p i n o - c e r e b e l l a r  and th e  s p i n o - t h a l a m i c  

t r a c t s ,  b u t  n o t  f i b r e s  o f  t h e  v e n t r a l  s p i n o - c e r e b e l l a r  

t r a c t ,  he hoped t o  be a b l e  t o  deduce  which c e l l  

g roups  c a u d a l  t o  th e  l e s i o n  gave r i s e  t o  th e  

d e g e n e r a t i n g  f i b r e s .  By c o r r e l a t i n g  t h e  d i s t r i b u t i o n  

o f  th e  s e n s o r y  changes  a f t e r  t h e  o p e r a t i o n ,  w i th  

t h e  d i s t r i b u t i o n  o f  t h e  c e l l s  showing d e g e n e r a t i o n  

changes  he deduced t h a t  th e  s p i n o - t h a l a m i c  t r a c t  

a r i s e s  f rom th e  a p i c a l  c e l l s  o f  t h e  d o r s a l  h o rn .  As 

th e  b a s a l  c e l l s  were the  l e a s t  a f f e c t e d  he th o u g h t  

t h a t  t h e y  p r o b a b ly  gave r i s e  t o  t h e  v e n t r a l  s p i n o 

c e r e b e l l a r  t r a c t .  T h is  i s  a v e r y  good r e p o r t  o f  an



o r i g i n a l  and c a r e f u l  work. But n e v e r t h e l e s s ,  a l l  

th e  d e d u c t i o n s  made by Kuru can  n o t  be t a k e n  a s  

f i n a l .  He p r e s e n t e d  th e  p e r c e n t a g e  o f  c e l l s  showing 

a x o n a l  r e a c t i o n s  t o  no rm al  o n e s ,  i n  e a c h  c e l l  g ro up ,  

i n  d i f f e r e n t  segm ents  o f  t h e  c o r d .  As he d i d  n o t  

s t a t e  w h e th e r  he had  examined e v e r y  s e c t i o n  o f  th e  

segm ents  c o n c e rn e d ,  and i n  v iew  o f  th e  d i f f i c u l t y  

o t h e r  w o rk e r s  have  e x p e r i e n c e d  i n  d e t e r m i n i n g  th e  

p r o p o r t i o n  of  c e l l s  showing d e f i n i t e  c h a n g e s ,  i t  i s  

q u e s t i o n a b l e  i f  such  d e t a i l e d  d e d u c t i o n s  a r e  j u s t i f i e d .

I n  19^0 W alker  r e p o r t e d  two c a s e s  d y in g  a f t e r  

t h e  o p e r a t i o n  o f  cordo tom y.  I n  one o f  th e  c a s e s  th e  

d i s t r i b u t i o n  o f  a s c e n d i n g  d e g e n e r a t i n g  f i b r e s  was 

mapped o u t ,  w i t h  s p e c i a l  r e f e r e n c e  t o  th e  s p i n o 

t h a l a m i c  t r a c t .  The d e g e n e r a t i o n  was i n d i c a t e d  i n  

a s e r i e s  o f  s e c t i o n s  o f  t h e  c o r d ,  m e d u l l a  and pons 

by s t i p p l i n g  i n  th e  d i s t r i b u t i o n  o f  t h e  d e g e n e r a t i n g  

f i b r e s .  A l l  th e  d e g e n e r a t i o n  was d e s c r i b e d  as  

s p i n o t h a l a m i c ,  e x c e p t  f o r  a few f i b r e s  o f  th e  v e n t r a l  

s p i n o - c e r e b e l l a r  t r a c t . -  The d e g e n e r a t i n g  f i b r e s  

were d e s c r i b e d  as  o c cu p y ing  th e  r e g i o n  be tw een  the  

i n f e r i o r  o l i v e  and r e s t i f o r m  body i n  th e  m e d u l l a ,  and 

a s  l y i n g  i n  th e  ex trem e l a t e r a l  p o r t i o n  o f  th e  m e d ia l  

l e m n i s c u s .  A few o f  t h e  v e n t r a l  s p i n o - c e r e b e l l a r



38.

f i b r e s  went to  th e  d o r s a l  s u r f a c e  o f  th e  b rach ium  

c o n ju n c t iv u m .  The p seud o -M arch i  s t a i n i n g  i n  the  

second c a se  was to o  bad t o  do more t h a n  11 c o n f i r m 1' 

th e  f i n d i n g s  i n  th e  f i r s t  c a s e .  The v e ry  p o o r  

h i s t o l o g i c a l  p r e p a r a t i o n s  which  i l l u s t r a t e  t h i s  

p a p e r  r e n d e r  i t  v a l u e l e s s  a s  d e f i n i t e  e v id e n c e ,  

a l t h o u g h  th e  d i s c u s s i o n  i s  o f  c o n s i d e r a b l e  i n t e r e s t .  

Rasmussen and P e y to n ,  i n  t h e  f o l l o w i n g  y e a r  ( 194-0 

i l l u s t r a t e d  v e r y  c l e a r l y  by numerous d r a w in g s ,  and 

one p h o to g r a p h  o f  a Marchi p r e p a r a t i o n ,  t h e  c o u rs e

o f  th e  s p i n o - t h a l a m i c  t r a c t ,  and a s s o c i a t e d  f i b r e s ,
segment

from th e  f o u r t h  t h o r a c i c j ^ t o  th e  th a l a m u s .  L i t t l e  

a l t e r a t i o n  i n  p o s i t i o n  o f  t h e  a s c e n d i n g  f i b r e s  a t  

d i f f e r e n t  c o rd  l e v e l s  was o b s e r v e d .  The o p e r a t i o n  

a p p e a re d  to  i n v o lv e  th e  v e n t r a l  p a r t  o f  th e  d o r s a l  

s p i n o - c e r e b e l l a r  t r a c t .  A few f i b r e s  on ly  were 

shown t o  e n t e r  th e  r e s t i f o r m  body.

I n  194-1 B r o d a l  and J a n s e n  s t u d i e d  a case  o f  

cordotomy.  They e s t a b l i s h e d  th e  e x t e n t  o f  the  

l e s i o n ,  and d e te r m in e d  th e  d i s t r i b u t i o n  o f  f i b r e s  

i n  th e  c e r e b e l lu m .  I n  t h e i r  c a s e ,  d e a t h  had  

su p e rv en e d  s e v e n t e e n  days  a f t e r  t h e  o p e r a t i o n .  At

th e  o p e r a t i o n  t h e  d o r s a l  and v e n t r a l  s p i n o - c e r e b e l l a r  

t r a c t s  had b e e n  c u t  a lm o s t  c o m p l e t e ly  on b o th  s i d e s



o f  th e  c o rd .  They found  t h a t  t h e  l a r g e s t  number o f  

s p i n o - c e r e b e l l a r  f i b r e s  t e r m i n a t e d  i n  t h e  lo b u s  

a n t e r i o r ,  ( l o b u l u s  1 and l i n g u l a )  n o t  o n ly  i n  th e  

v e r m i s ,  b u t  a l s o  f o r  a b o u t  cms. l a t e r a l  to  the  

m i d - l i n e .  Some f i b r e s  a l s o  went t o  th e  l o b u l u s  C1 

( p y r a m i s ) ,  and a few t o  l o b u l u s  B ( u v u l a ) ,  l o b u l u s  

C2 ( d e c l i v e  f o l i u m  and t u b e r ) ,  and l o b u l u s  A 

( n o d u l u s ) .  They i l l u s t r a t e d  t h e i r  p a p e r  by sm a l l  

d r a w in g s .  As th e  o p e r a t i o n  was b i l a t e r a l ,  no 

c o n c l u s i o n s  c o u ld  be drawn w i t h  r e s p e c t  to  th e  d e g re e  

o f  c r o s s i n g  o f  th e  f i b r e s .

G a rd n e r  and Cuneo, ( 194-5 )* t r a c e d  t h e  

a s c e n d in g  d e g e n e r a t i o n  i n  a man who d i e d  tw e n ty -o n e  

days  a f t e r  a cordotomy.  A l th o u g h  t h e i r  i n t e r e s t  

was m a in ly  i n  the  s p i n o - t h a l a m i c  t r a c t ,  t h e i r  

o b s e r v a t i o n  t h a t  th e  d o r s a l  s p i n o - c e r e b e l l a r  f i b r e s  

moved d o r s a l l y  i n  t h e  s p i n a l  c o r d ,  d u r i n g  t h e i r  

a s c e n t ,  i s  t o  be n o t e d .  These  w o rk e r s  t r a c e d  th e  

d e g e n e r a t i n g  f i b r e s  i n  th e  c o rd  and b r a i n  s tem, and 

c o n f i rm ed  th e  o b s e r v a t i o n s  o f  o t h e r s  a s  t o  t h e  

d i s t r i b u t i o n  o f  th e  main mass o f  d e g e n e r a t i n g  f i b r e s .  

I n  th e  pons  t h e y  found th e  d e g e n e r a t i o n  t o  be i n  the  

l a t e r a l  l e m n i s c u s .  This  p a p e r  i s  i m p o r t a n t  f o r  the  

a u t h o r s  d i s c u s s  c o m p e te n t ly  t h e  q u e s t i o n s  s t i l l
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unansw ered  on th e  s p i n o - t h a l a m i c  and a s s o c i a t e d  

t r a c t s .

.The o p e r a t i o n  o f  i n t r a m e d u l l a r y  t r a c t o t o m y  

was i n t r o d u c e d  i n  19A1 Ly S ch w a r tz  and O’L ea ry .  

A l th ou g h  t h i s  o p e r a t i o n  c o u ld  be u s e d  t o  s tu d y  th e  

s p i n o - c e r e b e l l a r  t r a c t ,  i t  seems t h a t  h i s t o l o g i c a l  

s t u d i e s  o f  such  m a t e r i a l  have  n o t  b e e n  c a r r i e d  o u t ,  

o t h e r  t h a n  t o  c o n f i rm  th e  e x t e n t  of the  o p e r a t i v e  

l e s i o n  o n ly .

S t u d i e s  o f  m y e lo g e n e s i s  have  n e v e r  b e e n  u s e d  

much i n  t h e  s t u d y  o f  t r a c t s  by l a t e r  Y/orkers. I t  

was t h e r e f o r e  o f  g r e a t  i n t e r e s t  when Langworthy i n  

1930 d e s c r i b e d  th e  m e d u l l a t e d  t r a c t s  i n  t h e  b r a i n  o f  

a seven  month human f o e t u s .  Langworthy found t h a t  

m e d u l l a t e d  s p i n o - c e r e b e l l a r  f i b r e s  o f  t h e  d o r s a l  and 

v e n t r a l  t r a c t s  ended i n  th e  v e rm is .  He d id  n o t  f i n d  

any f i b r e s  ru n n in g  i n t o  t h e  c e r e b e l l a r  h e m is p h e r e s .

I n  1931 Keene and Hewer p u b l i s h e d  a s i m i l a r  s tu d y  

on human embryos ,  b e i n g  c o n c e rn e d  w i t h  th e  m y e l in  

p r e s e n t  a t  v a r i o u s  s t a g e s  o f  dev e lo p m e n t .  They found  

a few v e ry  f i n e l y  m y e l i n a t e d  f i b r e s  i n  t h e  d o r s a l  

s p i n o - c e r e b e l l a r  t r a c t  a t  s i x t e e n  w e e k s ’ deve lopm ent ;  

t h e  m y e l i n a t i o n  i n c r e a s e d  s lo w ly  t o  t w e n t y - e i g h t  

weeks, when i t  was c o n s i d e r a b l e  i n  amount. At



f u l l - t e r m  th e  t r a c t  was found  t o  he p a r t i c u l a r l y  

h e a v i l y  m y e l i n a t e d .  I n  t h e  v e n t r o - l a t e r a l  t r a c t  

t h e y  found  a v e r y  l i t t l e  m y e l i n a t i o n  a t  f o u r t e e n  

weeks,  much more marked m y e l i n a t i o n  a t  t w e n t y - e i g h t  

weeks,  b u t  even  a t  f u l l - t e r m  th e  s h e a t h e s  were found  

to  be l e s s  h e a v i l y  m y e l i n a t e d  t h a n  th o s e  o f  t h e  

d o r s a l  s p i n o - c e r e b e l l a r  t r a c t .

I n  193^ S t r o n g  p u b l i s h e d  some o b s e r v a t i o n s  

on t h e  o r i g i n  o f  t h e  f i b r e s  e n t e r i n g  C l a r k e ’ s column. 

The t i t l e  o f  t h i s  p a p e r  i s  m i s l e a d i n g :  ’Some

o b s e r v a t i o n s  on th e  c o u rs e  o f  f i b r e s  from C l a r k e ’ s 

column i n  t h e  no rm al  human s p i n a l  c o r d ’ . T h i s  p a p e r ,  

i n  f a c t ,  i s  c o n c e rn e d  o n ly  w i th  t h e  f i b r e s  ru n n in g  to  

C l a r k e ' s  column. S t r o n g  s t u d i e d  t h e s e  f i b r e s  i n  a 

one month o l d  bab y ,  u s i n g  t h e  W e ig e r t  P a l  s t a i n  to  

show m y e l i n a t e d  f i b r e s .  He found  t h a t  most o f  the  

f i b r e s  r u n n i n g  from t h e  d o r s a l  column i n t o  C l a r k e ’ s 

column ru n  t o  t h e  i p s i l a t e r a l  C l a r k e ’ s column c e l l s ,  

w h i le  a few may c r o s s  the  m i d - l i n e  i n  t h e  v e n t r a l  

w h i te  commissure .  He found  t h a t  th e  f i b r e s  e n t e r i n g  

C l a r k e ' s  column came from r o o t s  which had  e n t e r e d  

th e  co rd  s e v e r a l  segm ents  f u r t h e r  c a u d a l l y ;  and t h a t  

most  o f  th e  f i b r e s  a r e  c o l l a t e r a l s  o f  a s c e n d i n g  d o r s a l  

column f i b r e s .



Hogg (19A*f) s t u d i e d  th e  deve lopm ent  o f  

C l a r k e ’ s column i n  human f o e t u s e s .  He found t h a t  

p r a c t i c a l l y  a l l  t h e  f i b r e s  l e a v i n g  th e  n u c l e u s  

p a s s e d  t o  t h e  d o r s a l  p a r t  o f  t h e  l a t e r a l  column o f  

t h e  same s i d e .  • A v e r y  s m a l l  number were sumetimes 

se en  t o  p a s s  t o  t h e  more v e n t r a l  p a r t  o f  th e  l a t e r a l  

column.

Laics e l l ,  who h a s  c o n t r i b u t e d  g r e a t l y  to  

knowledge o f  t h e  c e r e b e l l u m  i n  d i f f e r e n t  s p e c i e s ,  

w r o t e ,  i n  19*1-7* a p a p e r  on t h e  deve lopm ent  o f  the  

c e r e b e l lu m  i n  man, i n  r e l a t i o n  to  i t s  c o m p a ra t iv e  

anatomy. The p a p e r  i s  m a in ly  c o n c e rn e d  w i th  the  

e x t e r n a l  to p o g ra p h y  o f  th e  c e r e b e l l u m ,  b u t  c o n t a i n s  

th e  u s e f u l  o b s e r v a t i o n  t h a t  many o f  th e  d o r s a l  s p i n o 

c e r e b e l l a r  f i b r e s  i n  embryos can be s e e n  t o  d e c u s s a t e  

i n  t h e  c e r e b e l lu m ,  some o f  t h e  f i b r e s  g o in g  t o  th e  

a n t e r i o r  l o b e ,  and some t o  t h e  p o s t e r i o r  l o b e .

T h i s  i s  t h e  l a s t  p a p e r  r e p o r t i n g  c o n t r i b u t i o n s  

t o  t h e  anatomy o f  th e  s p i n o - c e r e b e l l a r  sys tem  i n  man. 

However, w h i l e  t h e s e  c o n t r i b u t i o n s  t o  th e  u n d e r s t a n d i n g  

o f  human anatomy were b e in g  made, t h e  c l a s s i c a l  

method o f  making e x p e r i m e n t a l  l e s i o n s  i n  a n im a l s  

c o n t i n u e d  t o  be employed.  T h i s  work w i l l  now be 

b r i e f l y  r ev ie w ed .



The m a j o r i t y  o f  w o rk e r s  who u sed  

e x p e r i m e n t a l  a n im a l s  made l e s i o n s  o f  th e  w h i te  m a t t e r ,  

and t r a c e d  th e  d e g e n e r a t i n g  f i b r e s ;  i n  some c a s e s  

th e  c e l l s  r e t r o g r a d e  t o  th e  l e s i o n s  were examined.

The a p p ro a c h  u s e d  by L ju b u s c h i n  ( 1^ 0 2 ) was to  

d e s t r o y  p a r t s  o f  th e  g re y  m a t t e r  o f  t h e  c o rd s  o f  

r a b b i t s  and t r a c e  th e  d e g e n e r a t i n g  f i b r e s .  He 

c o n c lu d e d  t h a t  b o t h  c r o s s e d  and u n c r o s s e d  f i b r e s  o f  

t h e  v e n t r o - l a t e r a l  column a r i s e  f rom c e l l s  o f  th e  

d o r s a l  h o r n  and th e  c e n t r a l  g rey  m a t t e r .  S i m i l a r  

e x p e r im e n t s  were made by M acn a l ty  and H o r s l e y  ( 190 9 ) 

i n  d o g s ,  c a t s  and monkeys. They made s m a l l  

e x p e r i m e n t a l  l e s i o n s  i n  t h e  g r e y  m a t t e r  a t  d i f f e r e n t  

l e v e l s  o f  t h e  c o rd  and f o l lo w e d  d e g e n e r a t i n g  f i b r e s  

from th e  d e s t r o y e d  c e l l s  i n t o  t h e  c e r e b e l lu m .  I n  

v iew o f  th e  im p o r tan c e  o f  t h i s  s t u d y  i t  i s  u n f o r t u n a t e  

t h a t  t h e i r  f i n d i n g s  a r e  n o t  shown i n  more d e t a i l  and 

more c l e a r l y  i l l u s t r a t e d .  They c o n c lu d e d  t h a t  th e  

o r i g i n  o f  t h e  v e n t r a l  t r a c t  c o n s i s t e d  o f  c e l l s  i n  

t h e  g r e y  m a t t e r  v e n t r a l  to  a l i n e  p a s s i n g  th ro u g h  

th e  d o r s a l  l i m i t  o f  th e  c e n t r a l  c a n a l .  An 

i m p o r t a n t  o b s e r v a t i o n  i n  t h i s  p a p e r  was t h a t  some o f  

th e  s p i n o - c e r e b e l l a r  f i b r e s  a p p e a re d  t o  them to  a r i s e  

i n  t h e  c e r v i c a l  c o rd .  With r e s p e c t  t o  t h e  c r o s s i n g



o f  t h e  f i b r e s  w i t h i n  t h e  c e r e b e l l u m ,  t h e y  found th&t 

t h e  r a t i o  o f  c r o s s e d  t o  u n c r o s s e d  f i b r e s  was 1 t o  2, 

and o f  t h e  v e n t r a l  t r a c t s  t h e  r a t i o  o f  c r o s s e d  t o  

u n c r o s s e d  f i b r e s  was 1 t o  if* They found  t h a t  th e  

d o r s a l  t r a c t  t e r m i n a t e d  i n  t h e  s u p e r i o r  v e rm is  

( l o b u l u s  c e n t r a l i s  and culmen) and i n  t h e  i n f e r i o r  

v e rm is  ( l o b u l u s  p o s t e r i o r  and p y r a m i s ) ;  th e  v e n t r a l  

t r a c t  t e r m i n a t e d  m a in ly  i n  th e  c e n t r a l  l o b u l e ,  and 

t o  a l e s s e r  e x t e n t ,  i n  t h e  culmen and d e c l i v e .  No

d e g e n e r a t i n g  f i b r e s  were found  i n  t h e  l i n g u l a .  The

d i s t r i b u t i o n  o f  th e  f i b r e s  was th e  same, r e g a r d l e s s
fS /

o f  t h e  l e v e l  o f  th e  l e s i o n  i n  t h e  c o r d . / 1 O th e r  

w o rk e rs  employed th e  more u s u a l  method o f  making 

l e s i o n s  i n  th e  w h i te  m a t t e r  and f o l l o w i n g  V / a l l e r i a n  

degene r a t i o n . .

\Lewandowsky 0 9 0 *f) who made l e s i o n s  o f  th e  

c o rd  i n  c a t s  and do g s ,  t h o u g h t  t h a t  th e  o r i g i n  o f  

th e  v e n t r a l  s p i n o - c e r e b e l l a r  t r a c t ,  a s  w e l l  a s  o f  

th e  d o r s a l ,  i s  t h e  c e l l s  o f  C l a r k e ’ s column. I n  

th e  c o rd  he  found  t h a t  th e  two t r a c t s  form a s i n g l e  

u n i t ,  and t h a t  t h e y  become d i s t i n c t  i n  th e  m e d u l l a ,  

o n ly  where th e  d o r s a l  t r a c t  e n t e r s  th e  r e s t i f o r m  

body.  I n  t h e  c e r e b e l lu m  he found t h e  d o r s a l  t r a c t  

to  be d i s t r i b u t e d  to  th e  a n t e r i o r  v e rm is ,  and th e



v e n t r a l  t r a c t  t o  t h e  p o s t e r i o r  v e r m i s .  Most o f  

t h e  f i b r e s  o f  b o th  t h e  d o r s a l  and t h e  v e n t r a l  p a r t s  

o f  t h e  s p i n o - c e r e b e l l a r  sy s tem  a p p e a re d  to  him to  

be c r o s s e d .

Van G eh u ch ten ,  who c o n t r i b u t e d  g r e a t l y  to  

n e u r o - a n a t o m i c a l  knowledge ,  showed i n  1906 a s e r i e s  

o f  d raw in g s  o f  l a t e r a l  column d e g e n e r a t i o n  i n  the  

r a b b i t ,  and a l s o  i n  one man. I n  t h e s e  s p e c i e s  he 

show ed‘t h a t  th e  v e n t r a l  s p i n o - c e r e b e l l a r  f i b r e s  

e n t e r e d  t h e  c e r e b e l lu m  by way o f  t h e  m iddle  

c e r e b e l l a r  p e d u n c l e ,  a s  w e l l  a s  by th e  b rac h iu m  

c o n ju n c t iv u m .  He found  t h a t  t h e  d o r s a l  s p i n o 

c e r e b e l l a r  f i b r e s  t e r m i n a t e d  i n  t h e  p o s t e r i o r  p a r t  

o f  th e  s u p e r i o r  v e r m i s ,  m o s t ly ,  n o t  a l l ,  on th e  same 

s i d e ,  and t h a t  th e  v e n t r a l  s p i n o - c e r e b e l l a r  f i b r e s  

t e r m i n a t e d  i n  t h e  a n t e r i o r  p a r t  o f  th e  s u p e r i o r  

v e rm is .  He does  n o t  s t a t e  i f  t h e  v e n t r a l  f i b r e s  

c r o s s e d  o r  n o t .

E d i n g e r  (1911) d e s c r i b e d  th e  p o s i t i o n  

o c c u p ie d  by th e  s p i n o - c e r e b e l l a r  t r a c t s  i n  th e  c o rd s  

o f  c a t s ,  and am p h ib ia .  He found t h a t  th e  d o r s a l  

s p i n o - c e r e b e l l a r  t r a c t  o c c u p i e s  th e  p e r i p h e r y  o f  th e  

l a t e r a l  column from th e  d o r s a l  h o r n  t o  th e  v e n t r a l  

n e rv e  r o o t s ,  and t h a t  t h e  v e n t r a l  s p i n o - c e r e b e l l a r



*

t r a c t  l i e s  v e n t r a l  t o  t h i s .  I t  i s  t o  "be n o te d  t h a t  

t h i s  i s  a much more v e n t r a l  s i t e  f o r  th e  v e n t r a l  

t r a c t  t h a n  t h a t  a t t r i b u t e d  t o  i t  by most w o rk e r s .

H o r ra x  (1915)  i n v e s t i g a t e d  th e  p h y s i o l o g i c a l  

e f f e c t  i n  dogs o f  l e s i o n s  o f  t h e  d o r s a l  and v e n t r a l  

s p i n o - c e r e b e l l a r  t r a c t s  i n  t h e  m i d - t h o r a c i c  r e g i o n ,  

and l a t e r  mapped out  t h e  d e g e n e r a t e d  s p i n o - c e r e b e l l a r  

f i b r e s .  He found  t h a t  f i b r e s  o f  t h e  s p i n o - c e r e b e l l a r  

t r a c t s  p re sum ab ly  s u p p l y i n g  th e  lo w e r  l im b s  go to  

t h e  c a u d a l  h a l f  o f  t h e  v e rm is  and t h e  m e d ia l  p o r t i o n  

o f  t h e  l a t e r a l  h e m is p h e r e s  by way o f  t h e  d o r s a l  t r a c t ,  

and t o  th e  c e p h a l i c  h a l f  o f  th e  v e rm is  by t h e  v e n t r a l  

t r a c t .  The f i b r e s  a r e  b o t h  c r o s s e d  and u n c r o s s e d  

i n  th e  c e r e b e l lu m .

I n g v a r  ( 191S) made a most  th o r o u g h  s tu d y  o f  

t h e  s p i n o - c e r e b e l l a r  t r a c t s  i n  b i r d s  and mammals.

He fou n d  t h a t  t h e  d o r s a l  and v e n t r a l  t r a c t s  i n  the  

c a t  a r e  n o t  c l e a r l y  s e p a r a t e d  i n t o  two t r a c t s  i n  th e  

c e r v i c a l  c o r d ,  b u t  a r e  c l e a r l y  d i v i d e d  i n  two i n  th e  

m ed u l la  o b l o n g a t a ,  a l s o ,  i n  th e  c e r e b e l l u m  th e  two 

t r a c t s  can n o t  a lw ays  be s e p a r a t e d .  A c c o rd in g  to  

I n g v a r  th e  main c o n t i n g e n t  o f  f i b r e s  from b o t h  the  

d o r s a l  and v e n t r a l  t r a c t s  c r o s s e s  i n  t h e  c e r e b e l lu m .

A few f i b r e s  go t o  t h e  l i n g u l a ;  t h e  m a j o r i t y  o f  th e
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f i b r e s  end i n  th e  l o b u l u s  c e n t r a l i s ,  some i n  the  

a n t e r i o r  p a r t  o f  th e  culmen,  v e ry  few to  t h e  p o s t e r i o r  

p a r t .  A v e r y  few f i b r e s  go t o  t h e  l o b u l u s  s im p le x .  

Prom t h e  d o r s a l  s p i n o - c e r e b e l l a r  t r a c t  some f i b r e s  

go t o  th e  p y r a m is ,  a few to  t h e  u v u l a ,  and a few to  

t h e  p a r a f l o c c u l u s .  A few f i b r e s ,  m a in ly  d o r s a l ,  

were s a i d  t o  go t o  t h e  t e c t a l  n u c l e i .  I n g v a r  cou ld  

f i n d  no e v id e n c e  t h a t  any f i b r e s  e n t e r i n g  th e  s p i n o 

c e r e b e l l a r  f i b r e s  a r i s e  f rom t h e  c e r v i c a l  c o rd .

I n  1927 Beck p u b l i s h e d  an  e x c e l l e n t  p a p e r  

on th e  c o u rs e  o f  th e  d e g e n e r a t i n g  f i b r e s  i n  the  

s p i n o - c e r e b e l l a r  t r a c t s  o f  t h e  c a t .  He s u p p o r t e d  

h i s  o b s e r v a t i o n s  w i t h  c l e a r  p h o to g r a p h s  o f  h i s  

a c t u a l  f i n d i n g s  i n  s e c t i o n s  c u t  i n  d i f f e r e n t  p l a n e s  

i n  d i f f e r e n t  a n im a l s .  I t  i s  u n u s u a l  f o r  such 

a d e q u a te  e v id e n c e  t o  be  p ro d u c e d .  Beck found th e  

d o r s a l  t r a c t  t o  be c l e a r l y  e s t a b l i s h e d  a s  low as  the  

f i f t h  lumbar  segm ent ,  and t h e  v e n t r a l  a s  low as  th e  

seco n d ,  be tw een  t h e s e  two, b u t  more c l o s e l y  a s s o c i a t e d  

w i t h  t h e  d o r s a l  t r a c t , h e  found  a t h i r d s m a l l  t r a c t  

which he c a l l e d  th e  f a s c i c u l u s  s p i n o - c e r e b e l l a r i s  

i n t e r m e d i u s .  There  a p p e a re d  t o  be no d i f f e r e n c e  

i n  th e  c a l i b r e  o f  the  f i b r e s  i n  t h e  d i f f e r e n t  t r a c t s .  

The c o u rs e  o f  t h e  d o r s a l  t r a c t  i n t o  th e  c e r e b e l lu m



"by way o f  t h e  r e s t i f o r m  body ,  and th e  c o u r s e  o f  the  

v e n t r a l  t r a c t  hy way o f  t h e  b rach ium  c o n ju n c t iv u m  

were c l e a r l y  d i s t i n c t .  I n  t h e  c e r e b e l l u m  he found 

t h a t  t h e  d o r s a l  t r a c t  was u n c r o s s e d ,  th e  m a j o r i t y  

o f  t h e  f i b r e s  t e r m i n a t e d  i n  t h e  a n t e r i o r  l o b e ,  l a r g e  

numbers went t o  th e  c e n t r a l  l o b u l e ,  many to  th e  

d o r s a l  p a r t  o f  t h e  culmen and th e  d o r s a l  p a r t  o f  

th e  d e c l i v e ,  and a " g o o d ly  c o n t i n g e n t "  to  th e  

p y ra m is .  A few were se en  t o  go to  t h e  u v u l a ,  

t u b e r  and v e n t r a l  p a r t  o f  t h e  culmen;  a v e ry  few 

f i b r e s  were s e e n  i n  t h e  s t a l k  o f  th e  p a r a f l o c c u l u s 0 

I n  t h e  a n t e r i o r  lo b e  th e  d o r s a l  t r a c t  f i b r e s  l i e  

l a t e r a l  t o  t h o s e  o f  th e  v e n t r a l  t r a c t .  With  r e s p e c t  

t o  t h e  v e n t r a l  s p i n o - c e r e b e l l a r  t r a c t ,  Beck found 

t h a t  many, i f  n o t  th e  g r e a t e s t  number, o f  th e  f i b r e s  

c r o s s  i n  t h e  c e r e b e l lu m .  No f i b r e  o f  t h i s  t r a c t  was 

found  to  e n t e r  th e  i n f e r i o r  v e rm is  o r  t o  end i n  any 

o f  th e  l o b u l e s  o f  th e  h e m i s p h e r e s .  The f i b r e s  a l l  

end i n  t h e  m e d ia l  p a r t  o f  t h e  a n t e r i o r  l o b e ,  the  

b u l k  o f  th e  f i b r e s  g o in g  to  th e  l o b u l u s  c e n t r a l i s ,  

th e  d o r s a l  p a r t  o f  th e  culmen and a f a i r l y  l a r g e  

group t o  t h e  l i n g u l a .  There  was d e g e n e r a t i o n  i n  

b o t h  th e  d o r s a l  and th e  v e n t r a l  t r a c t s  i n  a l l  the  

a n im a l s  b u t  Beck c o n s i d e r e d  t h a t  t h e  two t r a c t s



a p p e a re d  a s  s e p a r a t e  e n t i t i e s  u n t i l  n e a r  t h e i r  

u l t i m a t e  t e r m i n a t i o n ,  and t h a t  t h e r e  was a lways 

e i t h e r  a d i f f e r e n c e  i n  s t a i n i n g  o r  i n  com pac tness  

o f  th e  f i b r e s .

P a s s  195 3 ) r e p o r t e d  th e  r e s u l t s  o f

h i s  e x p e r i m e n t s  i n  t h e  c a t .  He made l e s i o n s  o f  

C l a r k e ’ s column, and a l s o ,  i n  some c a t s ,  i n  t h e  

d o r s a l  and v e n t r a l  com m issures .  H i s  f i n d i n g s  

c o n c e r n i n g  th e  c o u r s e  o f  t h e  f i b r e s  from t h e  c e l l s  

a r e  d i s s i m i l a r  t o  t h o s e  o f  most w o r k e r s ,  a s  he found 

t h a t  p r a c t i c a l l y  a l l  t h e  f i b r e s  a r i s i n g  from C l a r k e ’ 

colufcn c r o s s e d  and a sc e n d e d  i n  t h e  o p p o s i t e  d o r s a l  

s p i n o - c e r e b e l l a r  t r a c t .  The f i b r e s  were found 

g o in g  from C l a r k e ’ s -co lum n c e l l s  i n t o  t h e  v e n t r a l  

s p i n o - c e r e b e l l a r  t r a c t .  But i n  t h i s  r e s p e c t  i t  i s  

n e c e s s a r y  t o  n o t e  t h a t  he made h i s  l e s i o n s  i n  th e  

t h i r d  lumbar  segm ent ,  and g e n e r a l i s a t i o n s  sh o u ld  n o t  

t h e r e f o r e  have  b een  made a s  t o  th e  s t a n d a r d  p a t t e r n  

o f  th e  f i b r e  d i s t r i b u t i o n  a t  a l l  l e v e l s .  I n  the  

c o u rs e  o f  h i s  i n v e s t i g a t i o n s  he c o n f i rm ed  the  

o b s e r v a t i o n s  o f  e a r l i e r  w o r k e r s ,  t h a t  a f t e r  s e c t i o n  

o f  lumbar  and lov/er  s a c r a l  n e rv e  r o o t s ,  d e g e n e r a t i n g  

f i b r e s  e n t e r e d  th e  C l a r k e ’ s column a s  h i g h  a s  s i x  

segm ents  above th e  h i g h e s t  r o o t  s e c t i o n e d .



50.

F e r r a r o  and B a r r e r a  ( 1^ 5 5 ) a t t e n t i o n

to  th e  l a c k  o f  d e t a i l e d  c o r r e l a t i o n  "between 

p h y s i o l o g i c a l  and a n a t o m i c a l  o b s e r v a t i o n s ,  e s p e c i a l l y  

i n  p r i m a t e s .  U s ing  monkeys, t h e y  made l e s i o n s  e i t h e r  

o f  t h e  d o r s a l  s p i n o - c e r e b e l l a r  t r a c t  i n  t h e  m id-  

c e r v i c a l  c o r d ,  o r  o f  t h e  r e s t i f o r m  body.  Temporary 

b u t  d e f i n i t e  symptoms o f  i p s i l a t e r a l  w eakness ,  s l i g h t  

h y p o t o n ia  and d y s m e t r i a  o c c u r r e d  a f t e r  a l l  t y p e s  of  

l e s i o n .  A most i m p o r t a n t  f i n d i n g  was t h a t  t h e i r  

l e s i o n s  o f  th e  d o r s a l  s p i n o - c e r e b e l l a r  t r a c t  i n  th e  

c e r v i c a l  c o rd  were f o l lo w e d  by d i s t u r b a n c e s  i n  th e  

i p s i l a t e r a l  f o r e  l im b .  They t h e r e f o r e  co n c lu d ed  

t h a t  p a r t  o f  t h e  c e r e b e l l a r  r e p r e s e n t a t i o n  o f  the  

f o r e  l im b s  must be e s t a b l i s h e d  th r o u g h  th e  d o r s a l  

s p i n o - c e r e b e l l a r  t r a c t .  As t h e r e  i s  a p o v e r t y  o f  

i n f o r m a t i o n  r e g a r d i n g  s p i n o - c e r e b e l l a r  f i b r e s  from 

th e  f o r e  l im b s ,  t h i s  o b s e r v a t i o n  i s  p a r t i c u l a r l y  

v a l u a b l e .  A l th ou g h  a number o f  w o rk e r s  made t h e i r  

l e s i o n s  i n  t h e  c e r v i c a l  c o r d ,  t h e y  d i d  n o t  r e c o r d  

any o b s e r v a t i o n s  o f  th e  e f f e c t  o f  t h e i r  l e s i o n  

p h y s i o l o g i c a l l y , and so d e d u c t i o n s  c o u ld  n o t  be made 

a s  to  w h e th e r  th e  d e g e n e r a t i n g  s p i n o - c e r e b e l l a r  

f i b r e s  found c r a n i a l  t o  th e  l e s i o n  were a s s o c i a t e d  

w i th  th e  f o r e  o r  h i n d  l im b s .



S c h i n i e r t  ( 1939 ) ma&e v e ry  d e t a i l e d  

o b s e r v a t i o n s  on th e  o r i g i n  o f  f i b r e s  e n t e r i n g  

C l a r k e ' s  column i n  c a t s .  He found  t h a t  th e  f i b r e s  

a r e  c o l l a t e r a l s  o f  a s c e n d in g  f i b r e s  i n  the  d o r s a l  

columns.  He a l s o  found  t h a t  t h e  f i b r e s  a scend  one 

o r  more segm ents  above t h e  l e v e l  o f  t h e i r  e n t r a n c e  

i n t o  t h e  c o r d ,  b e f o r e  e n t e r i n g  C l a r k e ' s  column.

O b s e r v a t i o n s  on t h e  c e l l s  o f  o r i g i n  o f  th e  

v e n t r a l  s p i n o - c e r e b e l l a r  t r a c t  i n  monkeys were 

p r e s e n t e d  by Cooper  and S h e r r i n g t o n  ( 194-0 ) .  They 

found t h a t  a f t e r  t r a n s e c t i n g  t h e  c o rd ,  c h r o m a t o l y s i s  

o c c u r r e d  i n  numerous l a r g e  c e l l s  i n  t h e  b o r d e r  zone 

o f  t h e  v e n t r o - l a t e r a l  s p i n a l  g r e y  m a t t e r .  These 

c e l l s  l a y  i n  t h e  l o w e s t  t h o r a c i c  and s i x  a d j a c e n t  

l u m b o - s a c r a l  s e g m e n ts .  T h e i r  f i b r e s  c r o s s e d  t o  

th e  o p p o s i t e  s i d e .  These same c e l l s  were found  t o  

rem a in  i n t a c t  a f t e r  s e c t i o n  o f  th e  m oto r  r o o t s .

They a l s o  o b se rv e d  t h a t  C l a r k e ' s  column c e l l s  a b o r a l  

t o  a l e s i o n  a lw ays  became c h r o m a t o l y t i e ,  m o s t ly ,  n o t  

e n t i r e l y  on t h e  same s i d e  a s  t h e  l e s i o n .  I n  v iew 

o f  t h i s  e v id e n c e  and t h a t  o f  some p r e v i o u s  o b s e r v e r s ,  

t h e s e  w ork e rs  c o n c lu d ed  t h a t  f i b r e s  o f  th e  v e n t r a l  

s p i n o - c e r e b e l l a r  sys tem  a r i s e  from t h e s e  " b o r d e r 11 c e l l s  

o f  th e  v e n t r a l  h o r n .



Anderson  ( 194-3 ) o u t  th e  c e r e b e l l a r

d i s t r i b u t i o n  o f  th e  d o r s a l  and v e n t r a l  s p i n o 

c e r e b e l l a r  f i b r e s  i n  t h e  w h i t e  r a t .  He made l e s i o n s  

a t  th e  u p p e r  c e r v i c a l ,  u p p e r  t h o r a c i c  and lo w er  

t h o r a c i c  l e v e l s ,  and a l s o  l e s i o n s  o f  th e  b rach ium  

c o n ju n c t iv u m .  These f i n d i n g s  were i l l u s t r a t e d  by- 

d ra w in g s .  He found t h a t  th e  d o r s a l  s p i n o - c e r e b e l l a r  

t r a c t  t e r m i n a t e s  i n  a l l  p a r t s  o f  th e  a n t e r i o r  l o b e ,  

t h e  l o b u l u s  s im p le x  and th e  p y r a m is ,  and a few f i b r e s  

i n  th e  most m e d ia l  p a r t s  o f  t h e  l o b u l u s  pyram edianus  

and u v u l a .  He found no f i b r e s  g o in g  t o  any o t h e r  

p a r t s  o f  th e  v e rm is  n o r  to  th e  c e r e b e l l a r  

h e m is p h e r e s .  He a s s e s s e d  t h e  p r o p o r t i o n  o f  

i p s i l a t e r a l  t o  c o n t r a l a t e r a l  f i b r e s  a s  a b o u t  ) t o  1. 

The v e n t r a l  t r a c t  was d i s t r i b u t e d  t o  th e  a n t e r i o r  

lobe  and t h e  p y r a m is ,  and a few f i b r e s  to  th e  l o b u s  

s im p le x .  A l l  t h e  v e n t r a l  f i b r e s  l a y  n e a r  th e  mid

l i n e .  I n  th e  m e d u l l a  he found  a s m a l l  group o f  

f i b r e s  l e a v i n g  t h e  d o r s a l  t r a c t  and j o i n i n g  th e  

v e n t r a l  t r a c t ,  b e in g  d i s t r i b u t e d  w i t h  i t .

Chang and Such ( 194-9 ) shov/ed the  

d i s t r i b u t i o n  o f  d e g e n e r a t i n g  f i b r e s  i n  th e  c e r e b e l lu m  

i n  monkeys,  a f t e r  c o rd  s e c t i o n s  a t  th e  u p p e r  c a u d a l  

l e v e l .  They found  t h a t  th e  f i b r e s  a sce n d  i n  th e



v e n t r a l  s p i n o - c e r e b e l l a r  t r a c t ,  and e n t e r  t h e  

c e r e b e l lu m  i n  th e  s u p e r i o r  c e r e b e l l a r  p e d u n c le .

Some f i b r e s  c r o s s  i n  t h e  r o s t r a l  p a r t  o f  t h e  g r e a t  

a n t e r i o r  c e r e b e l l a r  comm issure .  Both  c r o s s e d  and 

u n c r o s s e d  f i b r e s  go t o  t h e  l i n g u l a ,  l o b u l u s  c e n t r a l i s  

and th e  a n t e r i o r  f o l i a  o f  th e  culmen.  The most  

s e v e r e  d e g e n e r a t i o n  was i n  th e  l i n g u l a  and th e  

a n t e r i o r  f o l i a  o f  th e  l o b u l u s  c e n t r a l i s .  These 

w o rk e rs  c o n s i d e r  t h a t  t h i s  e v id e n c e  s u p p o r t s  th e  

v iew t h a t  t h e r e  i s  a p r o j e c t i o n  from th e  c a u d a l  

p a r t  o f  th e  body t o  t h e  a n t e r i o r  c e r e b e l lu m ,  and 

from th e  r o s t r a l  p a r t  o f  th e  body t o  th e  p o s t e r i o r  

c e r e b e l lu m .  Chang ( 1 9 5 0 ? c o n t i n u i n g  h i s  

o b s e r v a t i o n s  on th e  s p i n o - c e r e b e l l a r  sy s te m s ,  

d e s c r i b e d  a group  o f  c e l l s  i n  th e  c a u d a l  segments  

o f  th e  s p i d e r  monkey which a p p e a r s  t o  be a c a u d a l  

e x t e n s i o n  o f  C l a r k e ’ s column. Some o f  t h e  c e l l s  

o f  t h i s  n u c l e u s  c h ro m a to ly se  a f t e r  u n i l a t e r a l  

s e c t i o n  o f  th e  d o r s a l  s p i n o - c e r e b e l l a r  t r a c t ,  tw ic e  

a s  many i p s i l a t e r a l l y  a s  c o n t r a l a t e r a l l y .

M or in ,  S chw ar tz  and O 'L e a ry  ( 1 9 5 0  ma(^e an 

e x t e n s i v e  e x p e r i m e n t a l  s t u d y  o f  t h e  s p i n o - t h a l a m i c  

and r e l a t e d  t r a c t s  i n  monkeys and c a t s .  T h is  p a p e r  

i s  l a r g e l y  c o n c e rn e d  w i th  th e  t o p i c a l  a r ra n g em e n t  o f



5k-

f i b r e s  o f  th e  s p i n o - t h a l a m i c  t r a c t ,  b u t  some 

o b s e r v a t i o n s  a r e  p e r t i n e n t  t o  th e  p r e s e n t  e n q u i r y .

They commented on a moving d o r s a l l y  o f  s u p e r f i c i a l  

f i b r e s  from t h e  v e n t r o - m e d i a l  t o  th e  v e n t r o - l a t e r a l  

p o s i t i o n  d u r i n g  t h e i r  a s c e n t .  R e t r o g r a d e  c e l l  

chan ges  were s e e n ,  m o s t ly  on th e  s i d e  o p p o s i t e  to  

t h e  l e s i o n ,  i n  t h e  l a r g e r  c e l l s  o f  t h e  d o r s a l  g rey  

m a t t e r ,  and i n  th e  b o r d e r  c e l l s  o f  t h e  v e n t r a l  h o rn ;  

and r e t r o g r a d e  changes  were a la s  seen  i n  C l a r k e ’ s 

column c e l l s ,  m o s t ly  on t h e  same s i d e  a s  the  l e s i o n .

A n o th e r  w o rk e r  a t  t h e  p r e s e n t  t im e ,  

i n t e r e s t e d  i n  t h e  s p i n o - c e r e b e l l a r  t r a c t s ,  i s  l o s s  

(1952 > 1952)* p a p e r s  a r e  c o n c e rn e d  m a in ly  w i th

th e  q u e s t i o n  o f  t o p o g r a p h i c  l o c a l i s a t i o n  i n  th e  d o r s a l  

and v e n t r a l  t r a c t s  i n  monkeys, and t h i s  p a r t  o f  h i s  

work i s  i l l u s t r a t e d .  " The d i s t r i b u t i o n  o f  the  

d e g e n e r a t i n g  f i b r e s  i n  th e  c e r e b e l l u m  i s  b r i e f l y  

e n u m e ra ted ,  b u t  n o t  i l l u s t r a t e d .

I n  t h e  d o r s a l  t r a c t  he found  a d o r s o - v e n t r a l  

l a m i n a t i o n  o f  f i b r e s  a r i s i n g  be low t h e  c e r v i c a l  c o rd ;  

he had  no e v id e n c e  w h e th e r  f i b r e s  a r i s e  i n  the  

c e r v i c a l  c o rd  o r  n o t .  But he c o n s i d e r s  i t  u n l i k e l y  

t h a t  t h e r e  i s  a p u re  s e g m e n ta l  p a t t e r n  o f  

d i s t r i b u t i o n ,  f o r  when t h e r e  was a l e s i o n  a t  the



second  lumbar  segment he found d e g e n e r a t i n g  f i b r e s  

t h r o u g h o u t  t h e  d o r s a l  t r a c t .  He s a y s  t h a t  he found 

t h e  p r o j e c t i o n  o f  f i b r e s  t o  t h e  c e r e b e l l u m  from t h e  

d o r s a l  t r a c t  t o  be m o s t ly  t o  t h e  a n t e r i o r  l o b e s ,  a 

few f i b r e s  a l s o  g o in g  t o  t h e  p y r a m i s ,  d e c l i v e  and 

u v u l a .  No f i b r e s  were found  t o  go t o  th e  l i n g u l a ,  

n o d u l e ,  t u b e r  o r  f o l iu m .  No i n t e r m e d i a t e  s p i n o -  

c e r e b e l l a r  t r a c t  was s e en .  I n  h i s  s t u d y  o f  th e  v e n t r a l  

s p i n o - c e r e b e l l a r  t r a c t ,  Yoss made th e  a s su m p t io n  

t h a t  i f  no d e g e n e r a t i n g  f i b r e s  c o u ld  be found  i n  t h e  

th a l a m u s ,  t h e n  i t  c o u ld  be assumed t h a t  none o f  th e  

d e g e n e r a t i n g  f i b r e s  c l o s e r  t o  t h e  l e s i o n  were s p i n o 

t h a l a m i c  f i b r e s .  A l l  w o rk e r s  have commented on th e  

d i f f i c u l t y  o f  t r a c i n g  t h e  t e r m i n a l  p a r t s  o f  

d e g e n e r a t i n g  t r a c t s ,  e s p e c i a l l y  by means o f  

d e g e n e r a t i n g  m y e l in ,  even  when e x c e l l e n t  s t a i n i n g  o f  

th e  more p r o x im a l  p a r t s  o f  t h e  f i b r e s  i s  o b t a i n e d .

T o s s ’ s d e d u c t i o n  i s  t h e n  u n w a r r a n t e d ,  and he h a s  no 

e v id e n c e  t h a t  t h e  d e g e n e r a t i o n  he d e s c r i b e d  i n  th e  

c o rd  d e r i v e d  o n ly  from th e  v e n t r a l  s p i n o - c e r e b e l l a r  

t r a c t .  The e v id e n c e  which he p r e s e n t e d  a s  c o n c e rn in g  

th e  v e n t r a l  s p i n o - c e r e b e l l a r  t r a c t  a lo n e  can n o t  be 

a c c e p t e d ;  i t  i s  p o s s i b l e  t h a t  i t  may h o l d  f o r  t h e  

whole complex o f  a s c e n d in g  v e n t r o - l a t e r a l  f i b r e s .
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He d e m o n s t r a t e d  a s e g m e n ta l  l a m i n a t i o n  i n  a d o r s o 

l a t e r a l  v e n t r o - m e d i a l  d i r e c t i o n  i n  th e  v e n t r o - l a t e r a l  

column. He found t h a t  i n  th e  u p p e r  c e r v i c a l  co rd  

th e  v e n t r a l  t r a c t  s h i f t s  s l i g h t l y  v e n t r a l l y .  He 

d e n ie d  t h a t  t h e r e  i s  any d o r s a l  s h i f t  o f  v e n t r a l  

f i b r e s ,  a s  d e s c r i b e d  by N i n i a n  B ru c e ,  and c o n s i d e r e d  

t h a t  Bruce was a c t u a l l y  d e s c r i b i n g  th e  d o r s a l  s h i f t i n g  

o f  d o r s a l  f i b r e s  t h e m s e l v e s ,  and n o t  o f  v e n t r a l  f i b r e s .  

y o s s  found  t h a t  th e  f i b r e s  o f  th e  v e n t r a l  t r a c t  

s p i n o - c e r e b e l l a r  sjrs tem t e r m i n a t e  i n  th e  v e rm is  i n  

t h e  l i n g u l a ,  c e n t r a l  l o b u l e ,  culmen,  d e c l i v e ,  

p y ram is  and u v u l a .  He d i d  n o t  m e n t io n  th e  deg ree  

o f  c r o s s i n g ,  i f  any ,  o f  t h e  f i b r e s  i n  th e  c e r e b e l lu m .

I t  h a s  now be en  shown t h a t  many m ajo r  

c o n t r i b u t i o n s  t o  knowledge o f  t h e  anatomy o f  the  

s p i n o - c e r e b e l l a r  t r a c t  i n  a n im a l s  were made d u r in g  

t h e  p a s t  50 y e a r s .  C o n s i d e r a b l e  e v id e n c e  h a s  b e en  

p ro d u ce d  on t h e  d i s t r i b u t i o n  o f  th e  t r a c t s  i n  the  

c e r e b e l lu m .  Most w o rk e r s  found  th e  main t e r m i n a l  

t o  be th e  v e n t r a l  p o r t i o n  o f  th e  a n t e r i o r  l o b e ,  and 

some w ork e rs  found a c o n s i d e r a b l e  number o f  f i b r e s  

g o in g  a l s o  t o  o t h e r  p a r t s  o f  th e  v e rm is .  But t h e r e  

was s t i l l  l a c k  o f  ag reem en t  a s  t o  th e  d i s t r i b u t i o n  

o f  each  o f  th e  t r a c t s  s e p a r a t e l y ,  t h e  e x t e n t  to  which
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th e  f i b r e s  c r o s s  i n  t h e  c e r e b e l l u m ,  and t h e  

t o p o g r a p h i c a l  l o c a l i s a t i o n ,  i f  any ,  i n  t h e  

c e r e b e l lu m .

The deve lopm ent  o f  e l e c t r o p h y s i o l o g i c a l  

m ethods  o f  i n v e s t i g a t i o n  d u r i n g  t h i s  c e n t u r y  h a s  

r e s u l t e d  i n  a n o t h e r  a p p ro a c h  t o  t h e s e  q u e s t io n s *

A l l  t h e  e v id e n c e  a v a i l a b l e  from t h i s  s o u r c e  h a s  been  

d e r i v e d  from a n im a l s  o n ly .  I t  w i l l  now be rev ie w ed  

b r i e f l y .

The e v id e n c e  p ro du ced  by th e  e a r l i e r  w o rk e rs  

s u p p o r t e d  th e  view t h a t  t h e r e  i s  no t o p o g r a p h i c a l  

l o c a l i s a t i o n  i n  th e  c e r e b e l lu m .  Beck and B i k e l e s  

(1912 A and B) from t h e i r  work on t h e  dog,  s t u d i e d  

th e  e f f e c t s  o f  s i n g l e  i n d u c t i o n  shocks  a p p l i e d  to  the  

s c i a t i c  n e rv e  and t o  n e r v e s  o f  t h e  b r a c h i a l  p l e x u s ;  

th e y  found  t h a t  th e  r e g i o n s  where t h e  r e s p o n s e s  were 

r e c e i v e d  were th e  same w h e th e r  th e  n e r v e s  from t h e  

u p p e r  o r  th o s e  from t h e  lo w er  were s t i m u l a t e d .  Dow 

0  w ork ing  on t h e  c a t ,  s t i m u l a t e d  t h e  s p i n o 

c e r e b e l l a r  t r a c t s  d i r e c t l y .  He p i c k e d  up a r e s p o n se  

o n ly  from th e  e n t i r e  a n t e r i o r  l o b e ,  th e  l o b u l u s  

s im p le x ,  th e  py ram is  and o c c a s i o n a l l y  from the  

l o b u l u s  param ediar tus .  He a l s o  found  no d i f f e r e n c e  

i n  th e  r e s p o n s e  w i th  r e l a t i o n  t o  t h e  s i t e  o f



s t i m u l a t i o n ,  e x c e p t  t h a t  t h e  r e s p o n s e  was o f  g r e a t e r  

a m p l i tu d e  when th e  s t i m u l u s  was i p s i l a t e r a l .  Dow’ s 

p h y s i o l o g i c a l  and a n a t o m i c a l  work l e d  him t o  conclude  

( 194-2 ) t h a t  i n  c a t s  t h e  whole o f  t h e  v e n t r a l  s p i n o 

c e r e b e l l a r  t r a c t  and most  o f  th e  d o r s a l  t r a c t  end i n  

th e  a n t e r i o r  l o b e .  He found  t h a t  some f i b r e s  o f  

th e  d o r s a l  t r a c t  go a l s o  t o  th e  l o b u l u s  s im p le x ,  

p y ram is  and l o b u l u s  p a ra m e d ia m is ,  m a in ly ,  n o t  

e n t i r e l y ,  on th e  s i d e  o f  e n t r a n c e  t o  th e  c e r e b e l lu m .

He th o u g h t  t h e r e  was no s o m a to to p ic  r e p r e s e n t a t i o n .

Dow and Anderson  (1943)> i n v e s t i g a t e d  s p i n o - c e r e b e l l a r  

p r o j e c t i o n s  i n  t h e  w h i te  r a t ,  and were u n a b le  to  

d e m o n s t r a t e  any t o p o g r a p h i c a l  l o c a l i s a t i o n ,  b u t  t h e y  

th o u g h t  t h a t  th e  b r a i n  o f  th e  r a t  was too  s m a l l  f o r  

g e n e r a l  c o n c l u s i o n s  t o  be drawn from t h e i r  o b s e r v a t i o n .

D e f i n i t e  e v id e n c e  f o r  a s o m a to to p ic  

l o c a l i s a t i o n  o f  s p i n o - c e r e b e l l a r  f i b r e s ,  on th e  o t h e r  

h an d ,  comes from G r u n d f e s t  and h i s  c o - w o r k e r s .  I n  

1942 G r u n d f e s t  and Campbell  found t h a t  i n  th e  c a t  

d o r s a l  s p i n o - c e r e b e l l a r  f i b r e s  f rom th e  h in d  l im bs  

a re  d i s t r i b u t e d  t o  th e  c e n t r a l  l o b u l e  and the  

a d j a c e n t  f o l i a  o f  th e  culmen; t h e s e  f i b r e s  a re  

m a in ly  i p s i l a t e r a l  b u t  some o v e r l a p  t o  t h e  o p p o s i t e  

s i d e ;  th e  f i b r e s  c r o s s i n g  t o  th e  o p p o s i t e  s i d e  o f  the



c e r e b e l lu m  do n o t  e x t e n d  as  f a r  l a t e r a l l y  a s  do the  

i p s i l a t e r a l  f i b r e s .  I n  1 9 5 ^ C a r r e a  and G r u n d f e s t  

p ro d uced  d e t a i l e d  e v id e n c e ,  i n  t h e  c a t ,  r e g a r d i n g  the  

v e n t r a l  s p i n o - c e r e b e l l a r  t r a c t .  They c o n s i d e r e d  

t h a t  t h e  lumbar  oomponent a r i s e s  f rom v e n t r o - m a r g i n a l  

c e l l s  and t h a t  t h e  v e n t r a l  s p i n o - c e r e b e l l a r  t r a c t  

a sc e n d s  m a in ly ,  i f  n o t  e x c l u s i v e l y  i n  th e  v e n t r a l  

h a l f  o f  th e  l a t e r a l  column. They found  no e v id e n c e  

o f  any t r a n s f e r e n c e  o f  f i b r e s  b e tw een  th e  d o r s a l  and 

v e n t r a l  t r a c t s .  I n  t h e  c e r e b e l l u m  th e y  have d e f i n i t e  

e v id e n c e  o f  a so m a to to p ic  l o c a l i s a t i o n .  They found 

t h a t  th e  lumbar  component o f  t h e  v e n t r a l  t r a c t  

t e r m i n a t e s  i n  th e  c e n t r a l  l o b u l e  and f i r s t  two f o l i a  

o f  t h e  culmen,  s u p p l y i n g  th e  v e rm is  b i l a t e r a l l y  and 

a l s o  th e  m e d ia l  h a l f  o f  th e  i p s i l a t e r a l  h e m isp h e re .

The c e r v i c a l  component was found t o  t e r m i n a t e  i n  th e  

r e s t  o f  t h e  culmen,  s u p p l y i n g  th e  whole verm ian  p a r t  

o f  t h i s  and th e  e n t i r e  h e m i s p h e r a l  p a r t  on th e  

i p s i l a t e r a l  s i d e .

The o b s e r v a t i o n s  o f  A d r i a n  (1943) and o f  

S n i d e r  and S t o w e l l  (1944) a r e  i n t e r e s t i n g ,  b u t  a r e  o f  

l i m i t e d  v a lu e  i n  r e s p e c t  t o  th e  s p i n o - c e r e b e l l a r  

t r a c t s ,  as  t h e y  were made l a r g e l y  i n  r e l a t i o n  to  

t a c t i l e  p r o j e c t i o n s .  These w o rk e r s  th o u g h t  the



s p i n o - c e r e b e l l a r  p r o j e c t i o n s  were p r o b a b l y  c o - e x t e n s i v e  

w i t h  t h e  t a c t i l e  p r o j e c t i o n  a r e a s .  A d r ia n  found a 

s o m a to to p ic  l o c a l i s a t i o n  i n  th e  a n t e r i o r  lobe  

com parab le  t o  t h a t  d e s c r i b e d  l a t e r  by G r u n d f e s t  and 

Campbell  and by C a r re a  and G r u n d f e s t .  S n i d e r  and 

S t o w e l l  found  a c o m p a ra b le ,  b u t  n o t  i d e n t i c a l  

u n i l a t e r a l  p r o j e c t i o n  o f  f i b r e s  t o  th e  a n t e r i o r  l o b e .  

These w o rk e r s  found  t h a t  i m p u l s e s  from th e  h i n d  l im bs  

were r e c e i v e d  i n  th e  r o s t r a l  f o l i a  o f  th e  culmen,  

w h i l e  t h o s e  from th e  head  and f o r e  limbs were r e c e i v e d  

i n  t h e  c a u d a l  f o l i a  o f  th e  culmen and a d j a c e n t  f o l i a .

They a l s o  r e c o g n i s e d  a b i l a t e r a l  p r o j e c t i o n  

i n  th e  p a ra m ed ian  l o b u l e ,  t h e  f i b r e s  from th e  head  

and n eck  g o in g  t o  t h e  r o s t r a l  f o l i a ,  t h o s e  from th e  

f o r e  l im bs  t o  t h e  m idd le  f o l i a ,  and from th e  h in d  

l im b s  t o  th e  c a u d a l  f o l i a .

Combs (1954) p ro d u ce d  i n t e r e s t i n g  e v id e n c e  

i n  th e  c a t  o f  two sy s te m s  o f  s p i n o - c e r e b e l l a r  

p r o j e c t i o n s ,  t h e  one b e i n g  l o c a l i s e d ,  th e  o t h e r  

u n l o c a l i s e d .  T h is  work i s  n o t  y e t  c o m p le te .  He 

t e n t a t i v e l y  s u g g e s t e d  t h a t  th e  a n a t o m i c a l  o b s e r v a t i o n s  

o f  o t h e r s  may i n d i c a t e  t h a t  th e  lo n g  s p i n o - c e r e b e l l a r  

f i b r e s  a r e  th e  n o n - l o c a l i s e d  sys tem ,  and o t h e r  

s p i n a l  c o rd  -  b r a i n  stem -  c e r e b e l l a r  sys tem s  a re  the  

l o c a l i s e d  sys tem . But t h i s  i s  un proven  as  y e t .



Thus from t h e  e l e c t r o p h y s i o l o g i c a l  work we 

see  t h a t  t h e r e  i s  t h e  u s u a l  l a c k  o f  u n a n im i ty .  Some 

w o rk e rs  d e f i n i t e l y  c o n c lu d e  t h a t  t h e r e  i s  t o p o g r a p h i c a l  

l o c a l i s a t i o n  i n  th e  c e r e b e l l a r  p r o j e c t i o n  o f  the  

s p i n o - c e r e b e l l a r  f i b r e s ,  and o t h e r s  c o nc lud e  t h a t  

t h e r e  i s  none .  Most o f  th e  work shows t h a t  th e  

s p i n o - c e r e b e l l a r  t r a c t s  ru n  t o  th e  c e r e b e l lu m  

i p s i l a t e r a l l y ,  a l t h o u g h  t h e r e  a r e  some f i b r e s  ru n n in g  

c o n t r a l a t e r a l l y .  No e l e c t r o p h y s i o l o g i c a l  e v id e n c e  

r e g a r d i n g  t h e  e x a c t  t e r m i n a t i o n  o f  t h e  s p i n o - c e r e b e l l a r  

f i b r e s  i n  t h e  f o l i a  s u p p o r t s  t h e  v iew  t h a t  many f i b r e s  

o f  b o t h  th e  d o r s a l  and v e n t r a l  t r a c t s  a p p e a r  to  

p r o j e c t  to  th e  a n t e r i o r  l o b e .  There  i s  i n s u f f i c i e n t  

e v id e n c e  a s  y e t  r e g a r d i n g  th e  e x a c t  t e r m i n a t i o n  o f  th e  

f i b r e s  i n  th e  f o l i a  o f  t h e  a n t e r i o r  lobe  and r e g a r d i n g  

t h e  p r o j e c t i o n  o f  f i b r e s  t o  o t h e r  p a r t s  o f  th e  

c e r e b e l lu m ,  f o r  any c o n c l u s i o n s  t o  be drawn.

L e t  u s  now b r i e f l y  c o n s i d e r  what (then ( i s  th e  

p r e s e n t  s t a t e  o f  knowledge c o n c e r n i n g  t h e  s p i n o 

c e r e b e l l a r  t r a c t s .  Two lo n g  a s c e n d i n g  t r a c t s  a re  

u s u a l l y  d e s c r i b e d  i n  man and i n  o t h e r  mammals, a 

d o r s a l  and a v e n t r a l  t r a c t .  There  h a s  been  ample 

e v id e n c e  to  show t h a t  the  more d o r s a l  o f  t h e s e  two 

t r a c t s  i s  composed o f  f a i r l y  l a r g e  f i b r e s ;  i t  a r i s e s



from t h e  c e l l s  o f  C l a r k e ’ s column and a sc e n d s  i n  th e  

d o r s o - l a t e r a l  column o f  th e  c o rd  to  th e  m e d u l l a .

The h u l k  o f  th e  e v id e n c e  goes  t o  show t h a t  t h e  f i b r e s  

r u n  on t h e  same s i d e  a s  t h e i r  c e l l s  o f  o r i g i n ,  b u t  

some w o rk e rs  t h i n k  t h a t  a few f i b r e s  a l s o  a r i s e  from 

c e l l s  on t h e  o p p o s i t e  s i d e ;  one w orker  found  t h a t  

a l l  o r  n e a r l y  a l l  t h e  f i b r e s  a r i s e  from c e l l s  on th e  

o p p o s i t e  s i d e ,  i n  t h e  c a t .  I t  i s  a g re e d  t h a t  C l a r k e ’ s 

column c e l l s  a r e  found th r o u g h o u t  th e  t h o r a c i c  c o rd  

and i n  t h e  f i r s t  lumbar  segm ent .  Some w ork e rs  b e l i e v e  

t h a t  th e  column a l s o  e x t e n d s  i n t o  t h e  e i g h t h  c e r v i c a l  

and th e  second  o r  t h i r d  lumbar  segm en ts .  A few 

w o rk e rs  t h i n k  t h a t  C l a r k e ’ s column c e l l s  o r  s i m i l a r  

c e l l s  a r e  p r e s e n t  r i g h t  up t o  t h e  r o s t r a l  and c a u d a l  

l i m i t s  o f  t h e  c o r d ,  a t  l e a s t  i n  some s p e c i e s .  The 

b u lk  o f  th e  e v id e n c e  on th e  d o r s a l  s p i n o - c e r e b e l l a r  

t r a c t  i s  r e l a t e d  t o  f i b r e s  a r i s i n g  i n  t h e  t h o r a c i c  

o r  u p p e r  lumbar  c a r d .  There  i s  some e v id e n c e ,  

m a in ly  p h y s i o l o g i c a l ,  t h a t  s p i n o - c e r e b e l l a r  f i b r e s  a l s o  

a r i s e  i n  th e  c e r v i c a l  c o rd ,  b u t  t h i s  h a s  n e v e r  been  

shown i n  man. There  h a s  been  c o n s i d e r a b l e  e v id e n ce  

t h a t  t h e  f i b r e s  o f  th e  d o r s a l  r o o t s  which c a r r y  

im p u ls e s  t o  C l a r k e ’ s column c e l l s  a scen d  f i r s t  i n  the  

d o r s a l  columns ( o f  G o l l  and B u rd a c h ) ,  b e f o r e  e n t e r i n g



C l a r k e ’ s column; i t  h a s  a l s o  b een  shown t h a t  f i b r e s  

e n t e r i n g  C l a r k e ’ s column a r e  m a in ly  c o l l a t e r a l s  o f  

l o n g  a s c e n d i n g  f i b r e s  o f  t h e  d o r s a l  column. There  

a r e  v a r i e d  o p i n i o n s  on t h e  l o w e s t  l e v e l  a t  which th e  

d o r s a l  t r a c t  a p p e a r s  on th e  s u r f a c e  o f  th e  c o rd ,  b u t  

s p e c i e s  v a r i a t i o n  may c o n t r i b u t e  t o  v a r i e d  f i n d i n g s  

i n  t h i s  r e s p e c t .  I n  man, t h e  f i b r e s  have been found  

a s  low as  t h e  second  o r  t h i r d  lumbar  segment .  A 

l a t e r o .  - m e d i a l  l a m i n a t i o n  o f  f i b r e s  i n  the  d o r s a l  t r a c t  

h a s  been  d e s c r i b e d  i n  dogs and monkeys,  t h e  l o n g e r  

f i b r e s  l y i n g  most p e r i p h e r a l l y .

T here  i s  unanimous ag reem en t  t h a t  th e  d o r s a l  

t r a c t  o c c u p i e s  th e  r e g i o n  i n  th e  m ed u l la  im m e d ia te ly  

v e n t r a l  t o  th e  s p i n a l  n u c l e u s  o f  t h e  f i f t h  c r a n i a l  

n e r v e ,  and t h a t  i t  e n t e r s  t h e  c e r e b e l lu m  by way o f  

t h e  r e s t i f o r m  body. Most w ork e r s  a r e  o f  t h e  o p i n io n  

t h a t  most o f  th e  f i b r e s  go t o  th e  a n t e r i o r  l o b e ,  b u t  

d e t a i l s  a s  to  t h e  d i s t r i b u t i o n  v a r y .

I n  man th e  d o r s o - l a t e r a l  f i b r e s  have been  

d e s c r i b e d  a s  t e r m i n a t i n g :  i n  t h e  a n t e r i o r  l o b e ,

m a in ly ,  n o t  e n t i r e l y  i p s i l a t e r a l l y  ( t o  th e  s id e  o f  

e n t r a n c e  i n t o  th e  c e r e b e l l u m ) ,  and i n  th e  n o d u lu s  and 

u v u l a ;  i n  t h e  s u p e r i o r  v e r m is ,  and ,  i n  d i m i n i s h i n g  

numbers ,  i n  t h e  r e s t  o f  th e  v e rm is ,  and i n  the



6 i f .

f l o c c u l u s  ( l a t e r a l i t y  n o t  d e t e r m i n e d ) ;  i n  the  

s u p e r i o r  and i n f e r i o r  v e rm is  and t h e  l a t e r a l  l o b e s  

o f  th e  c e r e b e l lu m  ( l a t e r a l i t y  n o t  d e t e r m i n e d ) ;  i n  

t h e  m e d ia l  p a r t  o f  t h e  a n t e r i o r  l o h e ,  and i n  s m a l l e r  

num bers ,  i n  a l l  t h e  o t h e r  d i v i s i o n s  o f  t h e  ve rm is  

( l a t e r a l i t y  n o t  d e t e r m i n e d ) .

I n  monkeys t h e  d o r s o - l a t e r a l  f i b r e s  have 

b een  d e s c r i b e d  as  t e r m i n a t i n g :  i n  t h e  d o r s a l  p o r t i o n  

o f  t h e  s u p e r i o r  v e rm is ;  i n  t h e  d o r s a l  and v e n t r a l  

p a r t s  o f  t h e  s u p e r i o r  v e rm is ,  m o s t ly  c o n t r a l a t e r a l l y ; 

i n  t h e  v e rm is ,  i n  t h e  s u p e r i o r  v e rm is ,  e x c e p t  th e  

l i n g u l a ,  and i n  th e  i n f e r i o r  v e r m i s ,  m o s t ly  

i p s i l a t e r a l l y ;  i n  th e  a n t e r i o r  lo b e  e x c e p t  t h e  

l i n g u l a ,  and a few f i b r e s  i n  t h e  p y ram is  and u v u la  

( l a t e r a l i t y  n o t  d e t e r m i n e d ) ;  i n  th e  a n t e r i o r  lo b e  and 

l o b u l u s  s im p le x ,  i p s i l a t e r a l l y ,  and i n  b o th  

p a ra m ed ian  l o b u l e s .

I n  lo w er  mammals w o rk e rs  have found th e  

d o r s a l  s p i n o - c e r e b e l l a r  f i b r e s  t e r m i n a t i n g :  i n  th e  

p r o x i m o - v e n t r a l  p a r t  o f  t h e  v e r m i s ,  m a in ly  

i p s i l a t e r a l l y ;  i n  t h e  d o r s a l  p a r t  o f  t h e  s u p e r i o r  

v e rm is  ( l a t e r a l i t y  n o t  d e t e r m i n e d ) ;  i n  t h e  v e n t r a l  

p a r t  o f  t h e  s u p e r i o r  v e rm is  ( l a t e r a l i t y  n o t  

d e t e r m i n e d ) ;  i n  a l l  p a r t s  o f  th e  s u p e r i o r  v e rm is ;



i n  th e  c a u d a l  h a l f  o f  th e  v e rm is  and m e d ia l  p a r t  o f  

th e  l a t e r a l  h e m is p h e r e s ;  i n  t h e  a n t e r i o r  lo b e  o f  

th e  c e r e b e l l u m ,  and a few f i b r e s  t o  th e  l o b u l u s  

s im p le x ,  p y r a m is ,  u v u la  and p a r a f l o c c u l u s  ( l a t e r a l i t y  

u n s t a t e d ) ;  i n  th e  a n t e r i o r  lo b e  and d o r s a l  p a r t  o f  

t h e  d e c l i v e  and t h e  p y ra m is ;  and a few f i b r e s  to  the  

u v u l a ,  t u b e r  and v e n t r a l  p a r t  o f  t h e  culmen, a l l  

i p s i l a t e r a l l y .  The m a j o r i t y  o f  w o rk e r s  have n o t  

found  any f i b r e s  g o ing  to  any o f  t h e  c e r e b e l l a r  

n u c l e i ;  b u t  a few w ork e rs  have m en t io ned  a v e ry  few 

f i b r e s  g o in g  t o  th e  d e n t a t e ,  o r  t o  t h e  hoof  n u c l e i ,  

i n  man and o t h e r  s p e c i e s .

The v e n t r a l  t r a c t  i n  man i s  t h o u g h t  by some 

w orke rs  t o  be composed o f  f i b r e s  o f  c a l i b r e  e q u a l  to  

t h o s e  o f  th e  d o r s a l  t r a c t ,  and  by o t h e r s  t o  be 

composed o f  d i s t i n c t l y  f i n e r  f i b r e s .  There  i s  no 

g e n e r a l  ag reem en t  a b o u t  t h e  c e l l s  o f  o r i g i n  f o r  t h i s  

v e n t r a l  t r a c t ;  t h e  f o l l o w i n g  have b een  p ro p o se d  

by d i f f e r e n t  w o rk e rs :  c e l l s  o f  th e  d o r s a l  h o rn  and

o f  th e  d o r s a l  h o rn  and o f  th e  i n t e r m e d i a t e  g rey  

m a t t e r ;  c e l l s  o f  t h e  v e n t r a l  h o r n :  c e l l s  o f  C l a r k e T

column. Evidence  o f  th e  e x i s t e n c e  o f  th e  v e n t r a l  

t r a c t  i n  man as  low as  th e  t h i r d  o r  f o u r t h  lumbar 

segment h a s  been  p r o v i d e d ;  t h e r e  i s  no e v id e n c e



b b ,

what i s  t h e  most c r a n i a l  l e v e l  a t  which f i b r e s  

a r i s e .  A d o r s o - l a t e r a l  v e n t r o - m e d i a l  l a m i n a t i o n  o f  

f i b r e s  i n  th e  v e n t r a l  t r a c t s  i n  monkeys h a s  been  

d e s c r i b e d ,  t h e  l o n g e s t  f i b r e s  l y i n g  d o r s o - l a t e r a l l y .  

T h is  h a s  n o t  b e en  d e s c r i b e d  i n  man. The m a j o r i t y  

o f  w o rk e rs  b e l i e v e  t h a t  t h e  v e n t r a l  t r a c t  m a i n t a i n s  

i t s  p o s i t i o n  i n  th e  v e n t r o - l a t e r a l  column th r o u g h o u t  

i t s  a s c e n t  i n  th e  c o rd ;  b u t  some w ork e rs  have 

d e s c r i b e d  a t r a n s f e r e n c e  o f  f i b r e s  f rom th e  v e n t r a l  

to  th e  d o r s a l  t r a c t  i n  man and i n  monkeys. A t h i r d ,  

i n t e r m e d i a t e  t r a c t  be tw een  th e  d o r s a l  and v e n t r a l  

t r a c t s  h a s  been  d e s c r i b e d  i n  man and i n  o t h e r  s p e c i e s ;  

b u t  t h i s  h a s  n o t  been  g e n e r a l l y  a c c e p t e d .  There  i s  

g e n e r a l  ag reem en t  t h a t  t h e  v e n t r a l  t r a c t  i n  the  

m ed u l la  l i e s  v e n t r a l  t o  th e  d o r s a l  t r a c t ,  i n  the  

r e g i o n  d o r s a l  to  th e  o l i v e .  Most w o rk e rs  a g re e  t h a t  

i n  t h e  pons t h e  v e n t r a l  t r a c t  l i e s  i n  t h e  most l a t e r a l  

p a r t  o f  th e  l a t e r a l  l e m n i s c u s ;  b u t  th e  t r a c t  h a s  

been  d e s c r i b e d  as  l y i n g  i n  th e  m e d ia l  l e m n isc u s  i n  

man. Most w o rk e rs  a r e  o f  th e  o p i n io n  t h a t  the  

v e n t r a l  t r a c t  e n t e r s  th e  c e r e b e l lu m  by way o f  the  

d o r s a l  s u r f a c e  o f  th e  b rac h iu m  c o n ju n c t iv u m ;  a few 

w o rke rs  b e l i e v e  t h a t  a l l ,  o r  some, o f  th e  f i b r e s  

e n t e r  t h e  c e r e b e l lu m  i n  th e  r e s t i f o r m  body w i th  the



d o r s a l  t r a c t ;  and a few w o rk e rs  b e l i e v e  t h a t  some 

f i b r e s  e n t e r  th e  c e r e b e l l u m  by way o f  th e  middle  

c e r e b e l l a r  p e d u n c le .  These o b s e r v a t i o n s  have been  

made b o t h  i n  man and i n  lov/er  a n im a l s .  I n  th e  

c e r e b e l l u m  many w o rk e rs  have  commented on the  

d i f f i c u l t y  o f  d i s t i n g u i s h i n g  th e  v e n t r a l  t r a c t  

f i b r e s  from the  d o r s a l  t r a c t  f i b r e s ,  o t h e r  w o rk e rs  

found no such  d i f f i c u l t y .  I n  man, t h e  v e n t r a l  

f i b r e s  have b e e n  d e s c r i b e d ,  a s  t e r m i n a t i n g  i n :  th e

s u p e r i o r  v e rm is ,  c o n t r a l a t e r a l l y ;  th e  l i n g u l a ,  

a lm o s t  a l l  i p s i l a t e r a l l y ;  t h e  s u p e r i o r  ve rm is  and 

th e  f l o c c u l u s  ( l a t e r a l i t y  n o t  d e t e r m i n e d ) .  I n  

monkeys t h e  v e n t r a l  f i b r e s  have b e en  d e s c r i b e d  as  

t e r m i n a t i n g  i n :  th e  v e n t r a l  p o r t i o n  o f  the

s u p e r i o r  v e rm is  ( l a t e r a l i t y  n o t  d e t e r m i n e d ) ; the  

s u p e r i o r  p a r t  o f  t h e  s u p e r i o r  v e r m is ,  i p s i l a t e r a l l y ,  

and th e  i n f e r i o r  p a r t  o f  th e  s u p e r i o r  v e rm is ,  

c o n t r a l a t e r a l l y ;  i n  th e  v e n t r a l  and d i s t a l  d o r s a l  

p a r t  o f  t h e  v e rm is  and i n  th e  l a t e r a l  l o b e ,  

' c o n t r a l a t e r a l l y ;  i n  the  v e n t r a l  p o r t i o n  o f  the  

s u p e r i o r  v e rm is ,  c o n t r a l a t e r a l l y ;  i n  th e  c e n t r a l  

l o b u l e  and culmen, b u t  n o t  the  l i n g u l a ,  and i n  the  

d e c l i v e ,  m o s t ly  i p s i l a t e r a l l y ;  i n  th e  l i n g u l a ,  

c e n t r a l  l o b u l e  and a n t e r i o r  p a r t  o f  th e  culmen,
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m ain ly  c o n t r a l a t e r a l l y ;  i n  t h e  l i n g u l a ,  c e n t r a l  

l o b u le  and culmen,  b o t h  i p s i l a t e r a l l y  and 

c o n t r a l a t e r a l l y ;  i n  th e  a n t e r i o r  l o b e ,  and i n  th e  

d e c l i v e ,  py ram is  and u v u l a  ( l a t e r a l i t y  u n s t a t e d ) .

I n  lowerinnramals  th e  v e n t r a l  f i b r e s  have 

been  found to  t e r m i n a t e :  i n  th e  s u p e r i o r  p a r t  o f

the  s u p e r i o r  v e r m i s ,  i p s i l a t e r a l l y ,  and i n  th e  v e n t r a l  

and i n f e r i o r  p a r t  o f  th e  s u p e r i o r  v e r m i s ,  

c o n t r a l a t e r a l l y ;  i n  th e  v e n t r a l  and d i s t a l  d o r s a l  

p o r t i o n  o f  th e  v e r m i s ,  and i n  th e  l a t e r a l  l o b e s ,  

m o s t ly  c o n t r a l a t e r a l l y ;  i n  th e  p o s t e r i o r  v e rm is ,  

c o n t r a l a t e r a l l y ;  i n  th e  l i n g u l a ,  c e n t r a l  l o b u l e  and 

a n t e r i o r  p a r t  o f  th e  cu lm en,  m o s t ly  c o n t r a l a t e r a l l y ;  

i n  th e  m e d ia l  p a r t  o f  t h e  a n t e r i o r  l o b e ,  m o s t ly  

c o n t r a l a t e r a l l y ;  i n  t h e  a n t e r i o r  l o b e ,  m o s t ly  

i p s i l a t e r a l l y .

O c c a s i o n a l  m e n t io n  o f  a few f i b r e s  g o in g  to  

th e  d e n t a t e  o r  t o  t h e  r o o f  n u c l e i  h a s  b e e n  made, i n  

r e s p e c t  o f  man and o t h e r  s p e c i e s ,  b u t  most  w orke rs  

have found no f i b r e s  g o in g  to  any o f  t h e  n u c l e i .

I t  may be u s e f u l  h e r e  t o  r e f e r  t o  F ig s .1  and 

2. They a r e  from S t r o n g  and E lw yn’ s T ex tb o o k  o f  

Human Neuroanatomy, and from B r o d a l  and J a n s e n 1s
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p a p e r  " B e i t r a g  z u r  K e n n tn i s  d e r  s p i n o = c e r e b e l l a r e n  

Bahnen beim Menschen’*.

S t r o n g  and Elwyn’ s d ia g ra m s  a r e  shown a s  

b e i n g ) a  t y p i c a l  example o f  t h e  t r a c t s  a s  shown i n  

t e x t - b o o k s  o f  neu ro an a to m y .  F i g . 2 . a and b.  a r e  t h e

main i l l u s t r a t i o n s  g i v e n  by B ro d a l  and J a n s e n  i n  

t h e i r  p a p e r ;  and t h i s  p a p e r  i s  t h a t  which  i s  q u o te d  

by many t e x t - b o o k s  w i t h  r e f e r e n c e  t o  t h e  t e r m i n a t i o n  

o f  t h e  s p i n o - c e r e b e l l a r  t r a c t s  i n  man.

I t  w i l l  be s e en  from t h i s  r e v i e w  t h a t  t h e r e  

r em a in  c e r t a i n  l a r g e  gaps  i n  o u r  knowledge o f  th e  

s p i n o - c e r e b e l l a r  t r a c t s  i n  man. The f o l l o w i n g  

q u e s t i o n s  s t i l l  r em a in  unansw ered .

1. W hether  th e  second  lumbar  segment i s  the  

most c a u d a l  l e v e l  o f  o r i g i n  o f  th e  d o r s a l  s p i n o 

c e r e b e l l a r  t r a c t  and w h e th e r  th e  e i g h t h  c e r v i c a l  i s  

t h e  most  r o s t r a l  l e v e l  o f  o r i g i n .

2. What a r e  th e  c e l l s  o f  o r i g i n  o f  th e  v e n t r a l  

t r a c t ;  and w h e th e r  th e  t h i r d  lum bar  segment i s  th e  

most c a u d a l  l e v e l  o f  o r i g i n  o f  t h e  v e n t r a l  s p i n o 

c e r e b e l l a r  t r a c t ,  and what i s  t h e  most r o s t r a l  l e v e l  

o f  o r i g i n .

I t  i s  n o t  y e t  a g re e d  what r e l a t i o n s h i p  

incoming d o r s a l  r o o t  f i b r e s  have t o  C l a r k e Ts column.



Do th e  d o r s a l  r o o t s  send c o l l a t e r a l s  c r a n i a l l y  and 

c a n d a l l y  a lo n g  the  c o rd ,  and i f  s o ,  how f a r  i n  each  

d i r e c t i o n  a t  which segm ents?  From how many d o r s a l  

r o o t s  does  e ach  group  o f  C l a r k e ’ s column c e l l s  

r e c e i v e  f i b r e s ?  Are t h e s e  p a r t i c u l a r  d o r s a l  r o o t  

axons  d e s t i n e d  o n ly  f o r  C l a r k e ’ s column, o r  a r e  th e  

f i b r e s  r e a c h i n g  C l a r k e ' s  column c o l l a t e r a l s  o f  th e  

axons  r u n n in g  i n  th e  d o r s a l  columns?

if. A l l  th e  p o i n t s  d i s c u s s e d  i n  q u e s t i o n  

a p p ly  a l s o  t o  t h e  c e l l s  o f  o r i g i n  o f  t h e  v e n t r a l  

s p i n o - c e r e b e l l a r  t r a c t .

5* a )  W hether  th e  d o r s a l  s p i n o - c e r e b e l l a r  t r a c t  

r u n s  i n  t h e  c o rd  i p s i l a t e r a l  o r  c o n t r a l a t e r a l  to  

i t s  c e l l s  o f  o r i g i n ,  o r  w h e th e r  i t  h a s  b o t h  

i p s i l a t e r a l  and c o n t r a l a t e r a l  f i b r e s .

b )  W hether  th e  v e n t r a l  s p i n o - c e r e b e l l a r  

t r a c t  r u n s  i n  t h e  c o rd  i p s i l a t e r a l  o r  c o n t r a l a t e r a l  

t o  i t s  c e l l s  o f  o r i g i n ;  o r  w h e th e r  i t  h a s  b o th  

i p s i l a t e r a l  and c o n t r a l a t e r a l  f i b r e s .

6 . How f a r  i s  t h e r e  any s o m a to to p ic  a r r a n g e m e n t  

o f  th e  axons  o f  t h e s e  t r a c t s  i n  t h e  cord?

7* The d i s t r i b u t i o n  o f  th e  s p i n o - c e r e b e l l a r  f i b r e s  

i n  t h e  c e r e b e l l u m  h a s  been i n s u f f i c i e n t l y  e x p l o r e d ,  

and t h e r e  i s  no u n a n i m i t y  i n  t h e  v iew s  o f  t h o s e  who



have i n v e s t i g a t e d  t h i s  p rob lem .

8 . W hether  t h e  f i b r e  sp e c t ru m  i s  th e  same i n  

th e  d o r s a l  and i n  th e  v e n t r a l  s p i n o - c e r e b e l l a r  

t r a c t s .

9* The r e l a t i o n s h i p  o f  t h e  two t r a c t s  t o  e ach  

o t h e r  i n  t h e  c o rd  and m e d u l l a  o b l o n g a t a ,  b o t h  w i th  

r e g a r d  t o  l o c a t i o n  and to  t r a n s f e r e n c e  o f  f i b r e s  

from one t o  t h e  o t h e r  i s  n o t  d e f i n i t e l y  known. The 

p r e s e n t  way o f  d i v i d i n g  th e  s p i n o - c e r e b e l l a r  sys tem  

i n t o  two s e p a r a t e  t r a c t s ,  a d o r s a l  and a v e n t r a l ,  

may n o t  be c o r r e c t .

10. T here  i s  good r e a s o n  t o  d o u b t  w h e th e r  th e  

u s u a l  c o u r s e  o f  th e  f i b r e s  o f  t h e  v e n t r a l  s p i n o 

c e r e b e l l a r  t r a c t  i n t o  t h e  c e r e b e l l u m  i s  th e  o n ly  

c o u r s e .

A l l  t h e s e  q u e s t i o n s  a r e  n o t  b e i n g  answ ered  

i n  t h i s  t h e s i s .  But  work on them c o n t i n u e s .

N o th in g  h a s  been  added to  q u e s t i o n  9 and k- 

Some e v id e n c e  h a s  b e en  g i v e n  to w a rd s  a n sw e r in g  

q u e s t i o n s  1 and 2,  5 - b ) ,  6 and 8. Q u e s t i o n s  5*a )> 

7 , 9 an(i  10 have b e e n  answ ered .



CHAPTER I I I

MATERIAL.

G e n e r a l  r em ark s  on human m a t e r i a l .

There  a r e  o b v io u s  and i n e v i t a b l e  d i s a d v a n t a g e s  

o f  i n v e s t i g a t i n g  human anatomy by means o f  s t u d y i n g  

d e g e n e r a t i o n s  c o n s e q u e n t  on s u r g i c a l  l e s i o n s .  The 

most d i s a p p o i n t i n g  f e a t u r e  o f  t h e  w o r k vi s  t h a t  a 

n e c r o p s y  c a n n o t  a lw ays  be c a r r i e d  o u t .  When i t  i s  

o b t a i n e d ,  t h e  p e r i o d  o f  s u r v i v a l  may be such  t h a t  

o p t i m a l  h i s t o l o g i c a l  t e c h n i q u e s  c a n n o t  be u s e d .

A t te m p ts  a r e  made t o  overcome t h i s  d i f f i c u l t y  by u s i n g  

v a r i o u s  s t a i n i n g  t e c h n i q u e s ;  i t  i s  c l e a r ,  how ever ,  

t h a t  h i s t o l o g i c a l  p r e p a r a t i o n s  f rom such  m a t e r i a l  

w i l l  n o t  be so c o n s i s t e n t l y  u s e f u l  as  t h o s e  made from 

a n im a ls  which can  be k i l l e d  a t  a r e q u i r e d  t im e .

Remarks on p r e s e n t  m a t e r i a l .

The m a t e r i a l  f o r  t h i s  i n v e s t i g a t i o n  

c o n s i s t s  o f  9^ p a t i e n t s  who had  t h e  o p e r a t i o n  o f  v e n t r o 

l a t e r a l  cordotomy f o r  t h e  r e l i e f  o f  p a i n .  T h is  o p e r a t i o n  

c o n s i s t e d  e s s e n t i a l l y  o f  d i v i d i n g  th e  s p i n o - t h a l a m i c  

t r a c t ,  b u t  i t  was v a r i e d  w i t h  r e g a r d  t o  d e p th  and



TABLm  1_ •

CASES W IT H  UNILATERAL CORDOTOMY

Case
ITuinber

A g e
(Y ears )

L ev e l  o f  
Cordotomy

P o s t - o p e  r a t i v e  
S u r v i v a l  (d ay s )

1 4-0 C1 3h

2 51 C2 313

5 45 C5 185

4 46 C5 5

5 42 C5 81
/"
b 52 05 110

7 66 C5 112
Q 52 T5 112

9 54 T5 23

1 0 54 T5 1 I k
11 4-6 T8 116

CASES WITH BILATERAL CORDOTOMY

1 2 6 o c s ( r )  c 6 ( l ) 123

15 54 T1 159
14 57 T7(R) T2(L) 170(E) 102(L)

15 50 T5 55

16 55 T5 24.2

17 51 T3(R) T4(L) 390

18 4-7 T4 66

15 44 T4(R) T5(L) 23
20 41 T5(R) T4-(L) 101(3 )  7 0 (L)

21 65 t 6 ( r )  T 4 ( l ) 53(E) 118(L)

22 54 T5 24  ■
2Ss 57 T5 99

2 lf 51 T5 75



v e n t r o - t ' i o r e x t e n t ,  and th e  segment  o f  th e  

c o rd  i n c i s e d .  A f t e r  t h e  p a t i e n t s ’ d e a t h ,  t h e  b r a i n ,  

s p i n a l  co rd  and p e r i p h e r a l  n e r v e s  were removed by 

Dr.  P.W. N a th an  and m y s e l f .  The p e r i o d  o f  s u r v i v a l ,  

from o p e r a t i o n  t o  d e a t h ,  v a r i e d  from f i v e  d ays  to  

f i f t e e n  months .

I n  some o f  t h e s e  p a t i e n t s ,  t h e  g rowth  had 

i n v o l v e d  c e r t a i n  p e r i p h e r a l  n e r v e s ;  i n  o t h e r s  i t  had 

r e p l a c e d  th e  body o f  a v e r t e b r a ,  and cau sed  c o l l a p s e ,  

so t h a t  th e  c o rd  was c r u s h e d ;  t h i s  marked th e  e f f e c t s  

o f  t h e  s u r g i c a l  l e s i o n  p r e v i o u s l y  made i n  t h e  c o rd ,  

hence  t h i s  m a t e r i a l  c o u ld  n o t  be u s e d  i n  f u l l .

I n  o r d e r  t o  overcome such d i s a d v a n t a g e s  

th e  work was p l a n n e d  so a s  t o  c o l l e c t  a l a r g e  number 

o f  c a s e s .  T h is  p r o v i d e d  a d e q u a te  numbers from 

which com parab le  e v id e n c e  c o u ld  be o b t a i n e d .

T ab le  I  s e t s  o u t  t h e  number o f  p a t i e n t s ,

. t h e  v a r i o u s  l e v e l s  o f  t h e  c o rd  i n c i s e d  a t  th e  

o p e r a t i o n ,  w h e th e r  t h e  o p e r a t i o n  was u n i l a t e r a l  o r  

b i l a t e r a l ,  and th e  p e r i o d s  o f  s u r v i v a l .

To e s t a b l i s h  th e  r e l i a b i l i t y  o f  th e  methods 

u s e d ,  and t o  d e te r m in e  w h e th e r  s p o n ta n e o u s  

d e g e n e r a t i o n  i n  f i b r e s  o c c u r s ,  r e p r e s e n t a t i v e  s e c t i o n s



from a c o n t r o l  group  c o n s i s t i n g  o f  p a t i e n t s  who had 

c a n c e r ,  "but i n  whom no cordotom y had  b e e n  done ,  and 

a l s o  some who had d i e d  from  o t h e r  c a u s e s ,  were a l s o  

exam ined .  The r e s u l t s  o f  £ h i s  i n v e s t i g a t i o n  i s  

p r e s e n t e d  i n  C h a p te r  V and T ab le  2 .
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CHAPTER IV 

HISTOLOGICAL METHODS *

I .  P r e p a r a t i o n  o f  M a t e r i a l *

The p o s t -m o r te m  was done a s  soon  a f t e r  

d e a t h  a s  p o s s i b l e ;  i n  c a s e s  where an e a r l y  p o s t 

mortem c o u ld  n o t  he o b t a i n e d ,  10$ o r  20$ f o r m a l  

s a l i n e  was i n j e c t e d  i n t o  t h e  c i s t e r n a  magna, and 

s i m u l t a n e o u s l y  c e r e b r o - s p i n a l  f l u i d  was d r a i n e d  by 

lum bar  p u n c t u r e .  T h is  r e s u l t e d  i n  e x c e l l e n t  

f i x a t i o n  o f  t h e  s p i n a l  c o r d  and lo w e r  b r a i n  s tem.

At p o s t -m o r te m  t h e  b r a i n ,  c o r d  and r e l e v a n t  

r o o t  g a n g l i a  were ex posed  and removed. Care  was 

t a k e n  t o  a v o id  p u l l i n g  th e  n e r v e s  o r  p r e s s i n g  on 

n e rv o u s  t i s s u e .  The c o rd  was d i v i d e d  be tw een  the  

f i r s t  and second  c e r v i c a l  s e g m en ts ,  t h e  f i r s t  

c e r v i c a l  segment b e in g  f i x e d  w i t h  t h e  b r a i n .  The 

m a t e r i a l  was f i x e d  i n  a c o n t a i n e r  h o l d i n g  l i t r e s  

o f  20$ f o rm o l  s a l i n e .  The c o rp u s  c a l l o s u m  was c u t  

t r a n s v e r s e l y  t o  a l l o w  f r e e  a c c e s s  o f  f o rm o l  s a l i n e  i n t o  

t h e  v e n t r i c l e s .  The b r a i n  was su spen d ed  by a s t r i n g

u n d e r  t h e  b a s i l a r  a r t e r y .  The m eninges  o f  t h e  c o rd
^  .1 \•> - '  I  < V-- ■ » .  - I

were c u t  a lo n g  th e  a n t e - r i o r  and posberbo-r  a s p e c t s  

and d i v i d e d  by )  o r  If t r a n s v e r s e  c u t s  on e a c h  s i d e ,
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t o  p r e v e n t  d i s t o r t i o n  o f  t h e  c o rd  c e n s e d  by th e  

s h r i n k i n g  o f  t h e  m en ing es .  I n  a few c a s e s  t h e  c o rd  

was f i x e d  s e p a r a t e l y  i n  a l o n g  c o n t a i n e r ,  so  t h a t  i t  

l a y  n a t u r a l l y ,  u n c u r l e d ;  i n  a l l  o t h e r  c a s e s  i t  was 

f i x e d  i n  t h e  b r a i n  p o t ,  where i t  had  t o  c u rv e  v e ry  

s l i g h t l y .  No d i f f e r e n c e  was n o te d  i n  t h e  r e s u l t s  

o f  t h e s e  two m ethods.

I n  mcs t  c a s e s  f i x a t i o n  was c o n t i n u e d  f o r  

14. d ays  o n l y ,  b u t  i n  a few c a s e s  t h e  t im e  was f i x e d  

f o r  p e r i o d s  up t o  6 weeks.  Spa re  b l o c k s  were k e p t  

i n  f o rm o l  s a l i n e  f o r  months o r  y e a r s .  The t i s s u e  

was t h e n  washed f o r  h o u r s  i n  r a p i d l y  r u n n i n g

w a t e r .  The c o rd  was d i v i d e d  i n t o  s e g m e n t s ,  and 

e a c h  segment  was s u b d i v i d e d  t r a n s v e r s e l y  i n t o  a 

number o f  s l i c e s  which were a g a i n  washed o v e r n i g h t .  

I n  t h e  c e r v i c a l  c o rd  t h e r e  were u s u a l l y  ij. s l i c e s  i n  

e a c h  segm en t ,  i n  t h e  t h o r a c i c  up t o  8 s l i c e s ,  and 

i n  t h e  l u m b o - s a c r a l  c o rd  1 o r  2 s l i c e s  i n  e ac h  

segm ent .  I n  th e  o p e r a t i o n  a r e a  s e v e r a l  s l i c e s  

s e l e c t e d  t o  i n c l u d e  th e  o p e r a t i o n  c u t  were u s u a l l y  

m ord an ted  f o r  th e  Marchi method; i n  a l l  o t h e r  

segm ents  a t  l e a s t  one s l i c e  was a l s o  m o rd an ted  f o r  

t h i s  method.  At l e a s t  one s l i c e  from e a c h  segment 

was embedded i n  c e l l o i d i n ,  and i n  many c a s e s  a n o t h e r



s l i c e  from e ac h  segment was p u t  i n t o  t h e  W eig e r t  

P a l  m ord an t .  Whenever f e a s i b l e  a s l i c e  f rom e a c h  

segment  was k e p t ,  a s  a s p a r e  b l o c k ,  and i n  some c a s e s  

u s e d  l a t e r  f o r  f r o z e n  o r  p a r a f f i n  p r e p a r a t i o n s .  I n  

c a s e s  where i t  was th o u g h t  t h a t  c e l l  s t u d i e s  would 

p ro v e  more i n t e r e s t i n g  t h a n  f i b r e  d e g e n e r a t i o n s ,  

f e w e r  s l i c e s  were p r e p a r e d  f o r  t h e  Marchi  o r  t h e  

W e ig e r t  P a l  method, and more f o r  p l a i n  c e l l o i d i n  

s e c t i o n s .

I n  a few "March i"  b l o c k s  i n  t h e  e a r l y  c a s e s  

f r o z e n  s e c t i o n s  were c u t  from t h e  b l o c k ,  which was 

t h e n  embedded,  a s  was a l l  t h e  o t h e r  t i s s u e ,  i n  

c e l l o i d i n .

I n  most c a s e s  t h e  b r a i n  s tem  was c u t  

t r a n s v e r s e l y  i n t o  t h i n  s l i c e s  (5  mm.) and t h i s  

h o r i z o n t a l  p l a n e  was m a i n t a i n e d ,  w i t h  a s l i g h t  

c o r r e c t i o n  o f  a n g l e ,  t h r o u g h  th e  d i e n c e p h a l o n .  I n  

some c a s e s  th e  b r a i n  s tem was c u t  s a g i t t a l l y  w i t h  th e  

c e r e b e l l u m .  The s l i c e s  o f  b r a i n  s tem were p r e p a r e d  

f o r  M a rc h i ,  o r d i n a r y  c e l l o i d i n  and a few W e ig e r t  P a l  

p r e p a r a t i o n s .  The c e r e b e l l u m  was c u t  i n  v a r i o u s  

p l a n e s ;  e i t h e r  h o r i z o n t a l l y ,  s a g i t t a l l y ,  c o r o n a l l y ,  

o r  i n  an o b l iq u e  p l a n e ,  a t  r i g h t  a n g l e s  t o  th e  m idd le  

c e r e b e l l a r  p e d u n c le .  The c e r e b e l l u m  was m a in ly



7 8 .

s t u d i e d  by means o f  t h e  Marchi  t e c h n i q u e ;  a few 

b l o c k s  were a l s o  p r e p a r e d  f o r  W e ig e r t  P a l  and 

o r d i n a r y  c e l l o i d i n  p r e p a r a t i o n s .  The p r o p o r t i o n  

o f  t h e  s l i c e s  t h r o u g h o u t  t h e  c e n t r a l  n e rv o u s  sy s tem  

p r e p a r e d  by t h e  d i f f e r e n t  methods v a r i e d  from c ase  

t o  c a s e ,  i n  a cc o rd a n c e  w i t h  t h e  p e r i o d  o f  s u r v i v a l .

The Marchi  and W e ig e r t  P a l  s e c t i o n s  were 

c u t  a t  15 - 2 9 0 , t h e  c e l l o i d i n  s e c t i o n s  a t  1C 

p a r a f f i n  s e c t i o n s  a t  f r o z e n  s e c t i o n s  a t  20 »̂, o f  

t h i c k n e s s .

A few s e c t i o n s  a t  l e a s t  were c u t  from e ach  

b l o c k ,  and t h e  r an g e  o f  s t a i n s  shown be low  was 

a p p l i e d  t o  a d j a c e n t  s e c t i o n s .  I n  a l l  a r e a s  o f  

s p e c i a l  i n t e r e s t  c o m ple te  s e r i e s  were c u t  t h r o u g h o u t  

t h e  b l o c k .

I I .  S t a i n i n g  T e c h n iq u e s  Used 

a )  F o r  c e l l s .

( i )  N e u r o n e s :

T h io n i n .

H aem a to x y l in  and van  G i e s o n ’ s s t a i n .

H aem a to x y l in  and e o s i n .

( i i )  G l i a l  t i s s u e :

M a l l o r y ’ s p h o s p h o t u n g s t i c  a c i d  h a e m a to x y l in

H o l z e r ’ s s t a i n .

A n d e rso n ’ s V i c t o r i a  b lue*



Fo r  f i b r e s .

( i ) M y e l in :

Swank D a v e n p o r t ’ s m o d i f i c a t i o n  o f  t h e  

Marchi method.

K u l c h i t s k y ’ s m o d i f i c a t i o n  o f  th e  W e ig e r t  

P a l  method.

Loyez '  method.

S c h a r l a c h  R.

( i i )  Axons:

Gros B ie l sc h o w sk y * s  s i l v e r  i m p r e g n a t i o n .  

Holm es’ s i l v e r  method.



CHAPTER V

ORIGINAL OBSERVATIONS ON HISTOLOGICAL 

METHODS USED.

I .  The Marchi  Method.

H a m il to n  w ro te  i n  1 8 ^ 7 : ’’The c l e a r n e s s  w i t h

which th e  o i l  g l o b u l e s  can  be shown i n  t h e  

d e g e n e r a t e d  t r a c t s  i s  beyond a l l  p r a i s e ” . T h i s  i s  

in d e e d  t r u e .  No o t h e r  method shows so c l e a r l y  even  

a few d e g e n e r a t i n g  f i b r e s .  But  s i n c e  th e  

i n t r o d u c t i o n  o f  t h e  method by Marchi i n  1 8 7 5 ? t h e  

e a p r i c i o u s n e s s  o f  t h e  s t a i n  h a s  b e e n  a g r e a t  d rawback.  

The main d i s a d v a n t a g e s  o f  t h e  method a r e :  t h e

l i m i t e d  p e n e t r a t i o n  o f  th e  t i s s u e  by th e  m ord an t ,  

i n v o l v i n g  th e  n e c e s s i t y  t o  u se  s m a l l  b l o c k s ;  the  

s t r o n g  te n d e n c y  f o r  a r t e f a c t  f o r m a t i o n ;  th e  n e c e s s i t y  

f o r  d i s t i n g u i s h i n g  be tw een  a r t e f a c t s  (p seu do -M arch i  

s t a i n i n g )  and t r u e  d e g e n e r a t i n g  m y e l in  (Marchi b o d i e s )  

and t h e  p o s s i b i l i t y  t h a t  t r u e  ’’Marchi  d e g e n e r a t i o n ” 

may o c c u r  i n  no rm al  c o n t r o l  i n d i v i d u a l s  w i th o u t  

e v id e n c e  i n  l i f e  o f  a t r a c t  l e s i o n .  These p o i n t s  

w i l l  now be c o n s i d e r e d  i n  some d e t a i l .

a )  Lack o f  p e n e t r a t i o n ,  and s m a l l  b l o c k s .

Owing to  l a c k  o f  p e n e t r a t i o n  by th e  m ord an t ,



w o rk e rs  have t e n d e d  t o  u se  s m a l l  and t h i n  b l o c k s .

But when t h e  b l o c k s  a r e  to o  t h i n ,  t h e r e  i s  a n o t h e r  

d i f f i c u l t y :  t h e  t i s s u e  i s  b r i t t l e  and i n c l i n e d  t o

warp .

I n  my e x p e r i e n c e  t h e  b l o c k s  do have t o  be 

t h i n ,  b u t  t h e y  need  n o t  be s m a l l .  I  have  found t h a t  

3 mm. i s  t h e  b e s t  t h i c k n e s s  f o r  l a r g e  b l o c k s  and 5 mm. 
t h e  b e s t  f o r  s m a l l  b l o c k s .

I n  o r d e r  t o  o b t a i n  an  u n i n t e r r u p t e d  p i c t u r e  

o f  a d e g e n e r a t e d  f i b r e  and i t s  r e l a t i o n s ,  l a r g e  

b l o c k s  were p r e p a r e d .  Good r e s u l t s  have  b e en  

o b t a i n e d  w i t h  b l o c k s  up t o  3 x 6 x )  mms. T h is  i s  

l a r g e r  t h a n  a p p e a r s  t o  have b e e n  u se d  by  most  w o rk e r s .  

With  t h e s e  b l o c k s  p a r t i c u l a r  a t t e n t i o n  h a s  b e en  

t a k e n  t o  e n s u r e  t h a t  t h e y  l a y  on a f l a t  s u r f a c e  a t  a l l  

s t a g e s  o f  p r e p a r a t i o n .  W ith  a l l  b l o c k s  i t  was found  

t h a t  b e t t e r  p e n e t r a t i o n  was a c h i e v e d  i f  t h e y  were 

t u r n e d  o v e r  e v e r y  two d a y s ,  so t h a t  e ac h  s i d e  was 

e q u a l l y  ex posed  t o  th e  m o rd an t .  T h i s  was found  

more s a t i s f a c t o r y  t h a n  s u s p e n d in g  th e  b l o c k s ,  a s  

some w o rk e rs  have done;  t h i s  l a t t e r  method i s  

s u i t a b l e  o n ly  when t h e r e  a r e  a few b l o c k s ,  and Tmhen 

t h e s e  a r e  s m a l l .

Care  was t a k e n  t o  a l l o w  ample f l u i d  f o r  th e



number cf b l o c k s  i n  a p o t ,  e . g .  a b o u t  200 c c s .  t o  

one l a r g e  b l o c k ,  o r  10 s m a l l  b l o c k s  ( c o r d ) ,  and 

s u p e r i m p o s i t i o n  o f  t h e  b l o c k s  was c a r e f u l l y  a v o id e d .

I n  some c a s e s  f r e s h  mordant  was added on t h e  f o u r t h  

d ay ,  b u t  t h i s  d i d  n o t  a p p e a r  t o  improve th e  

p r e p a r a t i o n s .

The method o f  u s i n g  more d i l u t e  osmic a c i d  

i n  t h e  m o rd a n t ,  a s  recommended by P o i r i e r ,  A y o t t e  and 

G a u t h i e r  (195^)  was ' t r i e d  i n  a few o f  t h e  l a t e r  b l o c k s .  

The p e n e t r a t i o n  was n o t  so  good, n o r  t h e  s t a i n i n g  so 

v i v i d ,  a s  w i t h  th e  o r d i n a r y  Swank D av en p or t  

t e c h n i q u e .  I t  i s  p o s s i b l e ,  however ,  t h a t  some 

m o d i f i c a t i o n  i n  t h e  c o n c e n t r a t i o n  o f  osmic a c i d  u se d  

may p ro ve  s a t i s f a c t o r y ,  and work i s  b e i n g  done on 

t h i s  q u e s t i o n .

b )  Tendency f o r  a r t e f a c t  f o r m a t i o n .

A l a r g e  l i t e r a t u r e  e x i s t s  on t h e  s u b j e c t  o f  

pseu d o -M arch i  a r t e f a c t s .  A p a r t  f rom t h e  numerous 

p a p e r s  d e v o te d  s o l e l y  t o  t h i s  a s p e c t  o f  t h e  s u b j e c t ,  

most w o rk e rs  who have u t i l i s e d  t h e  Marchi  method 

have commented i n c i d e n t a l l y  on t h e s e  a r t e f a c t s .

P r o b a b l y  t h e  most u s e f u l  p a p e r s  on t h i s  a s p e c t  o f  

th e  method a r e  t h o s e  o f  Duncan(l930&! ) t h i s  i n c l u d e s  

an e x c e l l e n t  com prehens ive  r e v ie w  o f  t h e  l i t e r a t u r e ;
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o f  Swank and D aven p o r t  (195^  & an(  ̂ ® J  '1955 A and b ) ;  

o f  G le e s  ( 1 9 ^ 5 ) ;  ° f  M e t t l e r  (1952 )? and °£  M e t t l e r  

and Hanada (19^2)*

I t  was found  t h a t  t h e  o c c u r r e n c e  o f  v a r i o u s  

forms o f  p seudo-M arch i  a r t e f a c t s  c o u ld  n o t  a lw ays  he 

p r e v e n t e d ;  h u t  c e r t a i n  p r e c a u t i o n s  were found  t o  he 

h e l p f u l .

E x t r e m e ly  c a r e f u l  and m in im al  h a n d l i n g  o f  

t h e  m a t e r i a l  a t  a l l  s t a g e s  f rom p o s t -m o r te m  onwards 

i s  e s s e n t i a l .  Even s l i g h t  t e n s i o n  on n e r v e s  must 

he a v o id e d .  Duncan found  i n  a n im a l s  t h a t  i t  was 

b e t t e r  t o  f i x  t h e  p e r i p h e r a l  n e r v e s  i n  s i t u  b e f o r e  

rem oving  them, h u t  b e t t e r  t o  remove t h e  s p i n a l  c o rd  

u n f i x e d .  I n  o u r  e x p e r i e n c e  e q u a l l y  c l e a r  p r e p a r a t i o n s  

were o b t a i n e d  w i th  f i x a t i o n  b e f o r e ,  o r  o n ly  a f t e r ,  

rem ova l  o f  t h e  c o rd  and b r a i n .  I t  was t h e  g e n t l e n e s s  

i n  h a n d l i n g  t h e  spec im ens  which  was v i t a l l y  i m p o r t a n t .

The s l i c e s  o f  t i s s u e  must n e v e r  be a l lo w e d  

t o  d r y  a t  any s t a g e  o f  t h e  p r o c e s s .  (Duncan a l s o  

n o t e d  t h i s ) .  The t i s s u e  must be washed g e n t l y  b u t  

t h o r o u g h l y  i n  ru n n in g  w a t e r  f o r  h o u r s  a f t e r

f i x a t i o n ,  and b e f o r e  m o r d a n t in g ,  t o  remove a l l  t h e  

f o r m a l i n .  T h i s  i s  a b s o l u t e l y  e s s e n t i a l .  Minor 

p r e c a u t i o n s  which were found  h e l p f u l  i n  p r e v e n t i n g



p seu do -M arch i  f o r m a t i o n  were:  t o  keep  th e  t i s s u e

when i n  t h e  m ord an t ,  i n  th e  d a r k ;  and t o  u se  t i g h t -  

f i t t i n g  n o n - m e ta l  t o p s  f o r  t h e  c o n t a i n e r s  o f  

m ordant  and t i s s u e ,  i n  o r d e r  t o  a v o id  any e sc a p e  o f  

t h e  osmic a c i d  v a p o u r ,  o r  r e a c t i o n s  w i t h  t h e  m e t a l .

A p a r t i c u l a r  f e a t u r e  n o t e d  h a s  b e e n  the

c l e a r  p r e p a r a t i o n s ,  c o n s i s t e n t l y  f r e e  f rom p se u d o -

Marchi  d e p o s i t s ,  o b t a i n e d  by u s i n g  f r o z e n  s e c t i o n s .

The a p p e a r a n c e o f  such  s e c t i o n s ,  compared t o  a d j a c e n t

c e l l o i d i n  s e c t i o n s ,  would seem t o  s u g g e s t  t h a t  i t  i s

t h e  d e h y d r a t i o n  p r o c e s s e s  which a r e  f r e q u e n t l y  f a c t o r s

i n  t h e  p r o d u c t i o n  o f  th e  p seu do -M arch i  a r t e f a c t s .

This  was shown t o  be so by t h e  f o l l o w i n g  e x p e r i m e n t s .

F ro z e n  s e c t i o n s  were c u t  from a number o f  b l o c k s

a f t e r  m o r d a n t in g ,  and th e  b l o c k  was t h e n  d e h y d r a t e d

and embedded i n  c e l l o i d i n  a s  u s u a l .  The f r o z e n

s e c t i o n s  and th e  c e l l o i d i n  s e c t i o n s  were t h e n

compared.  I n  many i n s t a n c e s  p seud o -M arch i  a r t e f a c t s
*

were found  i n  th e  c e l l o i d i n  s e c t i o n s ,  w h i l e  the  

f r o z e n  ones were p e r f e c t l y  c l e a r .  I n  no f r o z e n  

s e c t i o n  was t h e r e  any s i g n i f i c a n t  q u a n t i t y  o f  

Marchi  d u s t .

I n  t h i s  p i e c e  o f  work c e l l o i d i n  p r e p a r a t i o n s  

o f  t h e  Marchi  m a t e r i a l  were m a in ly  u s e d .  T h is  was
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■because many complete series of sections through a 
large number of blocks were wanted, and this is 
much more easily achieved in celloidin than in frozen 
blocks. But for any investigation in which complete 
series are not essential the frozen sections were 
found most satisfactory. The normal myelin in 
the frozen sections stains far more palely than in 
celloidin sections, and counterstaining may be 
helpful in some cases, to demonstrate the background 
more clearly. Light green has been found satisfactory 
fb r this.

To sum up: I have found that the two
essential precautions in avoiding artefact formation 
are extremely careful handling of the tissue at all 
stages, and the thorough removal of formalin before 
mordanting. Frozen sections are far less prone to 
contain pseudo-Marchi artefacts than celloidin 
sections, or, in my limited experience, paraffin 
sections.

c) Recognition of artefacts.
Even when all precautions are taken, some 

artefacts may appear. It is essential to distinguish 
between the various forms of pseudo-Marchi artefacts 
and true degeneration. The appearances of these



artefacts will be described and photographs of their 
basic forms will be given.

In this chapter of the thesis, the terms 
’longitudinal section’ and ’transverse section’ will 
be used with reference to the long axis of the 
degenerating fibres; they do not refer to the 
position of tracts in the nervous system.

In transverse section, the Marchi-stained 
degenerating fibre appears as a black, round body of 
varying diameter. In longitudinal section, 
depending on the stage of degeneration, it appears 
either as an irregularly swollen thread, or as a 
string of spherical black bodies. Certain forms 
of pseudo-Marchi artefacts resemble and may be 
confused with the Marchi bodies seen in transverse 
section, and others with those seen in longitudinal 
section.

Probably the most important point in the 
identification of true Marchi degeneration is the 
consistency of its appearance in neighbouring blocks 
of tissue. This is in definite contrast to the 
random distribution of most of the artefacts.

The different types of artefact will be 
grouped as follows:-



1. Pseudo-Marchi dust.
(i) fine

' (ii) coarse 
(iii) organised network.

2. Pseudo-Marchi staining of normal fibres. 
Massive pseudo-Marchi staining.
The terms ’pseudo-Marchi* staining, ’Marchi 

dust’, ’Marchi granules* and ’Marchi bodies’ are 
used by all workers in this field. Unfortunately 
there has been no standardisation; and so these 
terms need to be defined by every worker as he uses 
them. In this thesis, the term ’Marchi bodies’ will 
be used to indicate true degeneration of fibres. All 
other terms indicate various forms of artefact.

1. (i) Fine pseudo-Marchi dust: This is a
common artefact. It is seen as fineblack "particles" 
usually scattered through the whole section, witbh no 
more concentration in the area of degeneration than 
elsewhere. This fine pseudo-Marchi dust is an 
unpleasant artefact, rather than one causing 
difficulties in interpretation, for it makes the 
preparation dirty-looking. The particles are 
usually too fine to be confused with Marchi bodies> 
and, like most other artefacts, it has a random
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distribution, (Figs.p and br) »

1. (ii) Coarse pseudo-Marchi dust: The
pseudo-Marchi dust varies in size from being a mere 
peppering of fine particles to coarse granules up to 
30.t.‘ diameter. It may be that these coarse 
particles are aggregates of the fine particles.
The appearance of coarse pseudo-Marchi dust is 
clearly seen in Fig.5C. These particles may 
confuse the picture, if the true degenerating fibres 
are all of narrow calibre. One of the main points 
of distinction from the rounded bodies of true 
degeneration is that some of the coarser particles 
have angulated outlines (Fig. 5c).

The distinction between true degeneration 
and pseudo-Marchi dust is best seen in Plates 3 and 
4. In Fig.there are degenerating fibres cut in 
transverse section; there is a negligible amount of 
pseudo-Marchi dust. In Fig.ij. there are degenerating
fibres and also a diffuse peppering of pseudo-Marchi 
dust throughout the section. In the higher 
magnification (Fig.^B) the main mass of degenerating 
fi bres can be clearly distinguished. The coarse 
pseudo-Marchi particles tend to cause confusion only 
on the boundaries of a zone of degeneration, and
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obscure the detail*of the course of a few fibres 
as they quit the main mass of degenerating fibres.
This is shown in Figs.if and 5« As the larger 
black bodies are present only near the main mass of 
degenerating fibres, and as they can be traced 
through successive sections, they are therefore 
degenerating fibres. As the fine bodies are 
similar in appearance and number to those scattered 
throughout the rest of the section and throughout 
the whole cord, they are therefore taken to be 
pseudo-Marchi dust.

It can sometimes happen that the coarse 
pseudo-Marchi dust particles reach such numbers that 
they seriously obscure the true degeneration (see 
Fig.5A and C).

1. (iii) Organised network of pseudo-Marchi 
dust: This term is used to describe a type of
artefact not easily confused with true Marchi 
staining. It is a form which can completely hide 
true degenerating fibres. It occurs as large, 
irregular black masses. An example of a particularly 
severe form of this (produced intentionally, by 
inadequately washing out the formol-saline after 
fixation), is shown in Fig.6B.
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2. Pseudo-Marchi staining of normal fibres:
This form of artefact closely mimics the appearance 
of true degeneration, particularly when seen in 
longitudinal sections. It appears in certain 
characteristic sites, such as the larger cranial 
nerves, particularly the second, fifth, seventh and 
eighth, and also in the corpus callosum. It seems 
to he associated with post mortem trauma to the 
tissues, and probably V7ith tension on them. These

which have been pulled on at post mortem become 
stained over a considerable length, and then they 
resemble i tli.v-s which were degenerating before death. 
They differ from the true degenerating fibres, in 
that the diaimeter of the fibre is seen to be constant 
throughout, and, in that lengths of the fibre 
remains unstained while other lengths are stained 
black. The true degenerating fibre, it will be 
remembered, has a beaded or broken up outline, and 
stains black throughout.

There is, however, another form of pseudo- 
Marchi staining of normal fibres. It can be readily 
understood that if at any time between death and 
fixation some droplets of myelin escape from the 
neurilemma1 sheath, they may stain with the Marchi



o

DEGENERATING  
FIBRESCMARCHI ' 
B O D IE S )F I G 0

PSUEDO M A R C H I STAIN ING  
OF N O R M A L  F IBRES

PSEUDO M. 
DUST



reagents. These stained, droplets have the same 
appearance as Marchi bodies; for they are in fact 
Marchi "bodies. But they are not thw Marchi bodies 
of true fibre degeneration. These - droplets can 
usually be distinguished from true Marchi bodies on 
account of-their distribution: they occur in the
neighbourhood of fibres showing pseudo-Marchi 
degeneration; and they do not occur in particular 
association with the main mass of degenerating fibres 
which can be traced from, section to section.

The appearance of pseudo-Marchi staining 
is shown in Pigs.7*A and C, and Pig. 12. Figs.7A 
and B and Pig.11 show the appearance of true 
degeneration at a period of survival of 81 days, and 
Pig. 8. A and 3* and Pig. 10 at a period of survival of 
2p days: these degenerating fibres can be contrasted
with the fibres showing the pseudo-Marchi staining. 
All the fibres are seen in longitudinal section.

In Fig.7> this pseudo-Marchi staining is 
present in both fifth cranial nerves. In Pig. 12, 
the constant diameter and the patchy staining of the 
normal fibres is particularly clear. In Pigs.8 and 
10, the appearance of true degenerating fibres at 
a stage when they are irregularly swollen, but not 
disrupted, is shown. In Pigs.7»B and 11, the true
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degenerating fibres have broken up into rounded 
Marchi bodies of various sizes*

9* Massive pseudo-Marchi staining: Occasionally
there occurs a very dense patch of black staining, with 
some characteristics like those described under (2). 
This massive black staining is particularly liable 
to occur deep in a large block, in an area of 
densely packed nerve fibres; it may enclose an 
unstained zone. It is characterised by the intensity 
of the coal black staining, confined to one area of 
the block. In sections through such an area, the 
whole region is usually found to be peppered with 
pseudo-Marchi dust. Every fibre within such an 
area is stained intensely black; such a mass of 
intense black staining does not occur with true 
degenerating fibres. When the fibres of such an 
area are examined at the edge of the area, the 
characteristics mentioned under(2) are seen - 
characteristics such as the constant diameter of the 
fibres and the patchy staining of the fibres; in 
this case the patchiness occurs as a demarcation at 
the edge of the black area; the fibres within the 
black area are deeply stained, and the same fibres 
continuing out of this area are left unstained.



This form of artefact differs from true 
degeneration in that the black staining does not 
spread along tracts or bands of nerve fibres, and 
it is not found in neighbouring sections, once the 
edge of the patch has been reached. The appearance 
of this form of artefact is shown in Pig.9.

One last feature of Marchi preparations 
which has not been mentioned is the occurrence of 
dark, cloudy areas. These are present in Fig.7- 
These are simply manifestations of irregular depth 
of staining. Under high power, such an area is 
seen to be more deeply stained than the rest of the 
section, the colour is brown, not black. The 
appearance in no way resembles degeneration of 
fibres.

d) Length of period of survival during which
the Marchi method is applicable, in human tissue. 
It is usually believed that degenerating 

myelin cannot be demonstrated when the patient 
survives more than six weeks. This belief may be 
based on the findings of those who work on 
laboratory animals. I have found that in man, clear 
Marchi staining can be obtained with periods of 
survival of 19 months. These results were published



in 195*1* Since that time I have found that 
material from patients surviving for periods of 
two and a half years can be stained by the Marchi 
method, and that such material can be used for 
tracing degenerating tracts for a considerable part 
of their course.

With regard to the shortest period of 
survival which is compatible with the use of the 
Marchi method, I have found that material from a 
patient dying twelve days after a cordotomy was 
useless; no Marchi bodies were seen. On the other 
hand, in one patient in whom the fifth cranial 
nerve was cut 1 0 days before death, Wallerian 
degnneration could be clearly shown by the Marchi 
method in the distal portion of the divided nerve.
For the staining of tracts in the central nervous 
system, it seems that adequate preparations can be 
expected when the survival period exceeds l6 days; 
occasionally cases with a survival period of less 
thai 16 days may be stained by the Marchi technique.

Some further points need emphasis. Clear 
evidence of degeneration in a tract may be obtained by 
the Marchi method at the site of a lesion and in its 
terminal parts earlier than in the main length of



the tract. Marked staining may persist in the 
lesion and in the greater part of the tract for 
very much longer than in the terminal zone; hut 
even in this zone clear degeneration has been seaa 
in cases with survival periods of 5 months. Even 
when only a few fibres remain, the Marchi method 
still gives vivid evidence of degeneration, 
unequalled by any other method. From observations 
made on non-human material it appears to be likely 
that the process of degeneration varies from species 
to species, and from tract to tract. Hence no 
generalisation on the applicability of the Marchi 
method can be made.

e) Effect of prolonged storage in formol-saline.
It is universally believed that the prolonged 

action of formalin on a tissue renders it unsuitable 
for investigation by the Marchi method (Swank and 
Davenport, Mettler and Hanada and many others). It 
is always recommended that the tissue should not be 
kept in formalin for longer than 12f-21 days. The 
following observations, however, show that in man 
the tissue can be kept in formol-saline for 9 years.

It has been found that material from patients 
with a survival period of less than 80 days cannot be
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FIG-13- SURVIVAL 9  M O N T H S  
FIXATION 21 M O N T H S

FIG U  SURVIVAL II M O N T H S FfG 15 SURVIVALI5MONTHS 
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FIG.16 SURVIVAL 12 MONTHS 
FIXATION 0 + YEARS



stained by the Marchi technique, if it has been 
kept in formol saline for more than about 18 

months. But if the survival period exceeds 80 
days, then definite Marchi staining can be obtained 
in all cases. The longest period of survival in 
this series was 2 years, and the longest period of 
storing the tissue in formol saline was a little 
less than nine years. Indeed, staining is 
particularly vivid in these cases. On plate g 
are photographs from patients who received serious 
head injuries at periods of 9, 11, 15 and 12 months 
respectively, before death. The length of time 
that the tissue was in formol saline was 21 months, 
2 years, 2-J years and almost 9 years respectively. 
Clear Marchi staining is present in all the cases.

In over 20 cases the Marchi technique was 
used after 10-1 if days in formol saline; and in 
these same cases, neighbouring blocks v/ere stored 
for periods of 1-9 years in formol saline; these 
blocks were prepared by the Marchi technique. It 
was found that the distribution of the Marchi 
staining bodies was identical after the short and 
lengthy periods of fixation (in all the cases with 
periods of survival of over 80 days).



In the tissue which has been stored for 
years the appearance of the Marchi bodies differs 
from that seen in freshly fixed material. In the 
cases with longer survival periods increasing 
amounts of the Marchi material is contained in fat 
granule cells. It appears that it is this 
intracellular Marchi material which continues to 
stain despite the action of formalin. It is 
surprising that these cells do not move away, and 
are still to be found in the place where the original 
fibre degenerated.

This old stored material is particularly 
pleasant to study, for it does not contain pseudo- 
Marchi artefacts in frozen sections.

A further point of interest about this long- 
stored material is that the Marchi bodies tend to 
dissolve out into clearing reagents. A frozen 
section, mounted without clearing, in many cases 
contains far more Marchi bodies than the adjacent 
sections mounted after dehydration and clearing.

Thus it is definite that prolonged storage 
in formol saline does not prevent Marchi staining 
in the later stages of degeneration. This has 
probably never been appreciated by other workers as



the applicability of the method in demonstrating 
degenerating myelin at survival periods longer 
than 6 weeks was not reecc,n»z,^A This observation 
is important, because it increases enormously the 
applicability of the Marchi method. It must be 
noted that all the remarks made in this context are 
applied to man only; they may be true for other 
species, but I have no evidence for this.

Papers dealing more fully with this aspect
of the work are being prepared for publication, and
further work on the nature of the alteration in 
degenerating myelin, and the action of formalin and 
osmic acid on the myelin is being continued.

f) Spontaneous myelin degeneration in "normal” 
tissue.
It is possible that there is some atrophy

of cells and fibres occurring as a part of the
gradual and normal process of ageing. If this is 
so, these degenerating fibres might give a positive 
Marchi staining reaction, and form a source of error 
in the kind of material investigated here. In order 
to investigate this question, control cases were 
examined by the Marchi technique. These oontrols 
consisted of cases of cancer, congestive heart



failure, peritonitis and alcoholism, in the same 
age groups as the cases of cordotomy; the only 
difference between the material of the main study 
and the control group was that the former had the 
operation of cordotomy and the latter had no 
surgical operation on the nervous system. The 
features of the control cases and the results of 
Marchi staining of this material is shown in Table 2

In all the cases except cases 55? -̂0 an(̂
5 2, only a rare degenerating fibre was found, in 
the sites indicated in the table. In these three 
cases the fibres were slightly more numerous.

In the spinal cord degenerating fibres were 
seen in only 5 cases. In twD of the cases the 
fibres were in the :dorsal ... columns; it is likely 
that these fibres were degenerated because of 
carcinomatous involvement of the dorsal roots.
In the other three cases, in which a very few 
degenerating fibres were in the central grey matter 
and ventral lumbar nerve roots, the central grey 
matter, and the direct pyramidal tract, respectively 
no cause for the degeneration was found. In no 
case was there any degeneration in any of the 
secondary sensory fibres in the spinal cord. In
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t h e  s e c t i o n s  o f  b r a i n  exam ined ,  d e g e n e r a t i n g  

f i b r e s  were s e e n  more o f t e n  i n  t h e  p e r f o r a n t e s  

p e d u n c u l i ,  and i n  t h e  r e t r o - l e n t i c u l a r  p a r t  o f  

t h e  i n t e r n a l  c a p s u l e ,  t h a n  i n  o t h e r  s i t e s ,  which 

v a r i e d  f rom c a s e  t o  c a s e .  I n  c a s e s  ^5 an(i 

more numerous d e g e n e r a t i n g  f i b r e s  were s e e n .  No 

d i r e c t  c ause  f o r  t h e  d e g e n e r a t i o n  was found  i n  

any c a s e .

I t  would a p p e a r  f rom t h i s  s t u d y  t h a t  

a l t h o u g h  d e g e n e r a t i n g  f i b r e s  may o c c u r  w i t h o u t  

e v i d e n t  cau se  i n  " n o rm a l” u n o p e r a t e d  c a s e s ,  t h e y  

u s u a l l y  o c c u r  i n  v e r y  s m a l l  numbers .  I n  v iew o f  

t h i s  t h e y  need  n o t  l e a d  t o  any c o n f u s i o n  w i t h  th e  

f i b r e s  t r a c e d  i n  c o n t i g i n o u s  s e c t i o n s  f rom an 

o p e r a t i v e  l e s i o n  i n  t h e  c o rd .

I I .  W e ig e r t  P a l  Method.

The p r e p a r a t i o n s  s t a i n e d  by t h e  W eig e r t  

P a l  method were o f  d e f i n i t e  v a l u e ,  o n ly  i n  showing 

t h e  e x t e n t  o f  th e  l e s i o n  i n  th e  c o rd .  The method 

d i d  n o t  p ro ve  o f  v a lu e  i n  t r a c i n g  d e g e n e r a t i o n  

e x c e p t  i n  th e  c o rd ,  a s  a " n e g a t i v e ” s t a i n  does  n o t  

show up t h e  l o s s  o f  a s m a l l  number o f  f i b r e s ,  

e s p e c i a l l y  where t h e r e  i s  an i n t e r m i n g l i n g  o f  

s e v e r a l  t r a c t s .



The method was a l s o  u s e d  t o  d e te r m in e  

t h a t  no d e g e n e r a t i o n  a n t e d a t i n g  t h e  o p e r a t i o n  was 

p r e s e n t .

I I I .  S i l v e r  I m p r e g n a t io n  M ethods .

There  were v e r y  few c a s e s  i n  which  the  

s u r v i v a l  p e r i o d  was s h o r t  enough f o r  t h e  d e m o n s t r a t i o n  

o f  axons  i n  th e  p r o c e s s  o f  d e g e n e r a t i o n .  The s i l v e r  

i m p r e g n a t i o n  methods were m a in ly  u s e d ,  l i k e  the  

Y/e iger t  P a l  m ethods ,  t o  d e m o n s t r a t e  by n o n s t a i n i n g  

th e  e x t e n t  o f  th e  f i b r e  l o s s .

I  hope e v e n t u a l l y  t o  d e te r m in e  t h e  d e t a i l s  

o f  t h e  t e r m i n a t i o n s  o f  th e  s p i n o - e e r e b e l l a r  t r a c t s  

by u s i n g  one o f  th e  s i l v e r  i m p r e g n a t i o n  methods 

( e . g .  G le e s  and C l a r k  ( 1 9 4 1 ) ;  Nauta  and Gygax (195*0 ) 

on s u i t a b l e  m a t e r i a l  -  c a s e s  w i th  a s u r v i v a l  o f  

abou t  6 - l 6 d a y s .

Gros  B ie lsch o w sky  p r e p a r a t i o n s  were made 

c h i e f l y  on c e l l o i d i n  s e c t i o n s .  I t  was soon fo u nd ,  

how ever ,  t h a t  when t h i s  method was u s e d  on s p i n a l  

c o rd  s e c t i o n s ,  t h e r e  was a p e r i p h e r a l  band where th e  

axons  were n o t  im p r e g n a te d .  A s i m i l a r  a r t e f a c t  

o c c u r r e d  a l s o  i n  s e c t i o n s  from t h e  b r a i n  stem and 

c e r e b e l lu m ;  b u t  i n  th e  s p i n a l  c o rd  t h i s  d e f e c t  was 

p a r t i c u l a r l y  u n f o r t u n a t e  as  th e  p e r i p h e r a l  r e g i o n  i s



t h a t  i n  which th e  a s c e n d i n g  d e g e n e r a t i o n  u n d e r  

i n v e s t i g a t i o n  o c c u r s .

T h i s  d e f e c t  was e v e n t u a l l y  overcome by 

o b s e r v i n g  th e  f o l l o w i n g  p r e c a u t i o n s : -

( i )  B lo ck s  were s t o r e d  a m in im al  t ime i n  

a l c o h o l  and w a t e r  b e f o r e  t h e  s e c t i o n s  were c u t .

( i i )  S e c t i o n s  were c u t  and p u t  i n t o  

d i s t i l l e d  w a t e r  i n s t e a d  o f  th e  r o u t i n e  a l c o h o l  and 

w a t e r .

( i i i )  Gros  B ie l s c h o w s k y  p r e p a r a t i o n s  were 

made w i t h i n  21f h o u r s  o f  c u t t i n g  th e  s e c t i o n s  b e f o r e  

any o t h e r  s t a i n i n g  was done .

A f u r t h e r  o b s e r v a t i o n  was made on th e  Gros 

B ie l sc h o w s k y  method when s e c t i o n s  were c o u n t e r s t a i n e d  

w i t h  t h i o n i n .  I t  was n o t e d  t h a t  t h i o n i n  s t a i n i n g  

was e x c e p t i o n a l l y  good, s u r p a s s i n g  th e  o r d i n a r y  

t h i o n i n  s t a i n e d  s e c t i o n ,  and w i t h  th e  ad v an tag e  o f  

a m ark ed ly  r e d u c e d  te n d e n c y  to  f a d e .

I t  i s  i n t e n d e d  t o  i n v e s t i g a t e  which s t e p  o f  

th e  s i l v e r  method en h an c es  su b s e q u e n t  t h i o n i n  

s t a i n i n g .

Holmes method on p a r a f f i n  s e c t i o n s  was 

employed i n  a few c a s e s .  T h is  method h a s  the  

a d v an tag e  o f  u n i f o r m  s t a i n i n g  w i t h o u t  th e  " h a lo "



a r t e f a c t  o f  th e  Gros B ie l s c h o w s k y  p r e p a r a t i o n s ,  

h u t  i t  h a s  t h e  d i s a d v a n t a g e  o f  a f a r  l e s s  v i v i d  

p i c t u r e  f o r  p h o t o g r a p h i c  r e p r e s e n t a t i o n .



CHAPTER VI

ON INTERPRETATION OF THE SECTIONS 

IN DEGENERATION STUDIES.

The l e s i o n s  i n  t h e  v e n t r a l  and l a t e r a l  

columns o f  t h e  co rd  v a r y  from e n t i r e l y  v e n t r a l  to  

e n t i r e l y  d o r s a l ,  from s m a l l  and s u p e r f i c i a l  to  so 

e x t e n s i v e  a s  t o  l e a v e  i n t a c t  l i t t l e  more t h a n  the  

d o r s a l  columns and c e n t r a l  g re y  m a t t e r .

The r e s u l t a n t  d e g e n e r a t i o n  o f  a s c e n d in g  

f i b r e s  h a s  been  d e t e r m i n e d ,  and an a t t e m p t  h a s  been  

made t o  c o r r e l a t e  t h e  d i s t r i b u t i o n  o f  t h e  f i b r e s  

w i t h  th e  a r e a  o f  t h e  c o rd  i n v o l v e d .  S i m i l a r  s t u d i e s  

have  b een  made i n  r e l a t i o n  t o  th e  r e t r o g r a d e  c e l l  

c h a n g e s .

I .  F i b r e  d e g e n e r a t i o n .

The p o s s i b l e  c r i t i c i s m  t h a t  t h e  a p p e a ra n c e s  

o f  t h e  a r e a  d e s t r o y e d  may be v e ry  d i f f e r e n t  a c c o rd in g  

t o  t h e  v a r i o u s  l e n g t h s  o f  t ime be tw een  t h e  making o f  

the  l e s i o n  and th e  p a t i e n t Ts d e a t h  h a s  been  

c o n s i d e r e d .  The e x t e n t  o f  th e  l e s i o n  i n  e a r l y  and 

l a t e  c a s e s  h a s  been  co n f i rm ed  by a number o f  s t a i n s .  

I n  e a r l y  c a s e s  the  l e s i o n  may be somewhat more 

e x t e n s i v e  and l e s s  c l e a r l y  d e l i m i t e d ;  t h e r e  a re  a



few d e g e n e r a t i n g  f i b r e s  s c a t t e r e d  n e a r  th e  r e g i o n ,  

w h ich ,  a s  f a r  a s  can  be a s s e s s e d ,  have  n o t  been  

a c t u a l l y  s e v e r e d  by th e  k n i f e .  These f i b r e s  run  

among no rm al  f i b r e s ;  t h e y  a r e  to o  few t o  have much 

f u n c t i o n a l  s i g n i f i c a n c e .  I n  t h e s e  e a r l y  c a s e s  i n  

which s u r v i v a l  was l e s s  t h a n  two months a f t e r  the  

o p e r a t i o n ,  t h e  a r e a  o f  maximum, and p resum ab ly  t o t a l  

d e s t r u c t i o n  can  be d e te r m in e d  by e x c l u d i n g  the  

s c a t t e r e d  f i b r e s  a round  th e  p e r i p h e r y  o f  t h e  

d e g e n e r a t i n g  a r e a .  I n  t h e  l a t e r  c a s e s ,  i t  was 

t h o u g h t  a t  f i r s t  t h a t  owing to  t h e  d i s a p p e a r a n c e  o f  

d e g e n e r a t e d  m y e l in  th e  a r e a  o f  d e s t r u c t i o n  might  

a p p e a r  u n d u ly  s m a l l ,  and t h a t  th e  a p p e a ra n c e  i n  a 

Marchi p r e p a r a t i o n  would m in im ise  t h e  a c t u a l  a r e a  o f  

d e s t r u c t i o n .  But com p a r iso n  o f  t h e  o u t l i n e s  o f  t h e  

d e g e n e r a t e d  a r e a  shown i n  M arch i ,  W e ig e r t  P a l ,  and 

G r o s 1 s i l v e r  p r e p a r a t i o n s ,  and s e c t i o n s  s t a i n e d  by 

t h e  o t h e r  methods en u m era ted  i n  C h a p te r  IV showed 

such c o n s i s t e n t  l i m i t s  i n  a l l  c a s e s  t h a t  i t  was 

o b v io u s  t h a t  th e  Marchi  method was r e l i a b l e  a l s o  i n  

l a t e r  c a s e s .

A f u r t h e r  c r i t i c i s m  c o u ld  b e ,  t h a t  some o f  

th e  t r a c t s  i n v e s t i g a t e d  m ig h t  be composed e n t i r e l y  

o f  s m a l l ,  t h i n l y  m y e l i n a t e d  o r  u n m y e l in a t e d  f i b r e s



and t h a t  such  f i b r e s  would n o t  be shown up by m y e l in  

s t a i n s .  But t h e  t o t a l  a r e a  o f  d e s t r u c t i o n  

d e m o n s t r a t e d  i n  m y e l in  p r e p a r a t i o n s  h a s  b e en  shown 

t o  have th e  same e x t e n t  a s  t h a t  shown i n  p r e p a r a t i o n s  

s t a i n e d  t o  d e m o n s t r a te  a x i s  c y l i n d e r s .  I t  may be 

c o n c lu d e d  t h a t  such s m a l l  f i b r e s ,  i f  t h e y  a re  r e l e v a n t  

t o  t h e  t r a c t s  u n d e r  c o n s i d e r a t i o n ,  a r e  i n t i m a t e l y  

m in g le d  w i t h  l a r g e r  m y e l i n a t e d  f i b r e s ;  and so th e  

p i c t u r e  o f  m y e l in  d e g e n e r a t i o n  due t o  s t a i n i n g  o f  

t h e  l a r g e  d e g e n e r a t i n g  f i b r e s  c o v e r s  t h e  a r e a  o f  

d e g e n e r a t i o n  w h e th e r  a l l  t h e  f i b r e s  a r e  l a r g e  o r  

s m a l l .  D e t a i l s  o f  t e r m i n a t i o n  o f  f i n e r  f i b r e s  c o u ld  

n o t  be  made i n  t h i s  s t u d y .

The a s s e s s m e n t  o f  th e  s i z e  o f  m y e l i n a t e d  

f i b r e s  c a n n o t  be a c c u r a t e l y  gauged from Marchi 

p r e p a r a t i o n s .  F o r  Marchi b o d i e s  a r e  d e r i v e d  from 

d i s r u p t e d  m y e l in  s h e a t h s .  I t  would be p a r t i c u l a r l y  

f a l l a c i o u s  t o  t a k e  t h e  s m a l l e r  b o d i e s  a s  r e p r e s e n t i n g  

o n ly  f i n e  f i b r e s ,  f o r  t h e y  may r e p r e s e n t  d e g e n e r a t i n g  

m y e l in  from t h i c k e r  f i b r e s  which have b ro k en  up.  

N e v e r t h e l e s s ,  some d e d u c t io n s  from th e  s i z e  o f  th e  

l a r g e r  Marchi  b o d i e s  may be made. I t  h a s  been  

o b se rv e d  t h a t  l a r g e  Marchi b o d i e s  o c c u r  o n ly  i n  

t r a c t s  known t o  c o n t a i n  t h i c k  f i b r e s .  I n  t h i s  work,



no c o n c l u s i o n s  were made a bo u t  t h e  s i z e  o f  f i b r e s  

f rom Marchi  m a t e r i a l  u n l e s s  t h e y  c o u ld  be c o n f i rm ed  

by s i l v e r  p r e p a r a t i o n s  i n  norm al  m a t e r i a l .

The absence  o f  Marchi  b o d i e s  was n o t  

a c c e p t e d  a s  s i g n i f i c a n t  u n l e s s  i t  was a c o n s t a n t  

f e a t u r e  i n  many c a s e s  o f  v a r y i n g  p o s t - o p e r a t i v e  

s u r v i v a l  i n t e r v a l s .  O b v io u s ly  th e  d e g e n e r a t i o n  may 

have  been p r e s e n t  a t  an e a r l i e r  s t a g e ,  and 

s u b s e q u e n t l y  have d i s a p p e a r e d .  Even a few 

d e g e n e r a t i n g  f i b r e s ,  on th e  o t h e r  h a nd ,  may be h i g h l y  

s i g n i f i c a n t ,  i f  t h e y  c o n f i rm  th e  e v id e n c e  from o t h e r  

c a s e s  t h a t  f i b r e s  o f  a c e r t a i n  sy s tem  occupy a 

c e r t a i n  p o s i t i o n .

I I .  T r a c i n g  o f  F i b r e s  w i t h i n  T r a c t s .

The s h i f t i n g  p o s i t i o n  o f  t r a c t s  and f i b r e s  

w i t h i n  t r a c t s  w i l l  be c o n s i d e r e d  i n  some d e t a i l .

The r e a s o n  f o r  t h i s  must be made c l e a r .  T r a c t s  

w i t h i n  t h e  c e n t r a l  n e rv o u s  sys tem  a r e  i n t e r m i n g l e d ,  

and o f t e n  i t  i s  v e r y  d i f f i c u l t  t o  s u b - d i v i d e  a mass 

o f  d e g e n e r a t i n g  f i b r e s  i n t o  i t s  components .  Only 

by a r e c o g n i t i o n  o f  t h e  i n d i v i d u a l  c o u r s e  o f  c e r t a i n  

g ro u p s  o f  f i b r e s  can  t h e y  be i d e n t i f i e d  a s  s e p a r a t e  

t r a c t s .  A l s o ,  t h e  p o s s i b i l i t y  t h a t  f i b r e s  from 

d i f f e r e n t  p a r t s  o f  th e  body a re  i n  a d e f i n i t e



r e l a t i o n s h i p  t o  e ach  o t h e r  can  o n ly  he  i n v e s t i g a t e d  

by f o l l o w i n g  t h e  d e t a i l e d  c o u r s e  o f  d e g e n e r a t i n g  

f i b r e s .

I I I .  C e l l  c h a n g e s .

When t h e  axon o f  a c e l l  i s  i n j u r e d ,  c e r t a i n  

r e a c t i v e  chan g e s  a p p e a r  i n  t h e  c e l l  body.  The c e l l  

may become c h r o m a t o l y t i c ;  i t  may t h e n  r e c o v e r ,  and 

g r a d u a l l y  r e t u r n  t o  i t s  no rm al  s t a t e .  Or i t  may 

become c h r o m a t o l y t i c ;  and t h e n  a t r o p h y ,  becoming 

sh ru n k e n  and p y k n o t i c ,  o r  becoming a v e ry  p a l e  ’’g h o s t ” 

c e l l ,  w i t h o u t  any n u c l e u s  o r  N i s s l  s u b s t a n c e ;  i t  may 

even  d i s a p p e a r  c o m p l e t e ly .  When t h i s  ha p p en s ,  

t h e r e  may be an i n c r e a s e  i n  g l i a l  c e l l s .

On th e  o t h e r  h an d ,  we have no g rounds  f o r  

a ssum ing  t h a t  a l l  c e l l s  become c h ro m a to ly s e d  when 

t h e i r  axons  a r e  d i v i d e d .

I t  i s  u s u a l l y  a c c e p t e d  t h a t  a more marked 

r e a c t i o n  may o c c u r  i n  a c e l l  body i f  t h e  p rox im a l  

p a r t  o f  t h e  axon i s  i n j u r e d  c l o s e  t o  th e  c e l l  body, 

t h a n  i f  i t  i s  i n j u r e d  i n  i t s  d i s t a l  p a r t ,  remote from 

th e  c e l l  body.  T his (Jhep!  shows t h a t  t h e  c e l l  shows 

v a r i o u s  r e a c t i o n s .  The p r e s e n c e  o f  c o l l a t e r a l s  may 

a l s o  i n f l u e n c e  th e  r e a c t i o n  o f  th e  c e l l  body. I f  

the  axon i s  p o o r  i n  c o l l a t e r a l s ,  i t  would seem l i k e l y



t h a t  any damage to  th e  axon would l e a d  t o  t h e  d e a th

o f  t h e  c e l l ;  f o r  one can n o t  u n d e r s t a n d  what p u rp o se

i t  c o u ld  s e r v e  i f  t h e  c e l l  body h a s  l o s t  / i t ' s  /means

o f  t r a n s m i s s i o n .  But i f  t h e  main axon i s  damaged,

and t h e r e  i s  a s t r o n g  c o l l a t e r a l  sy s te m ,  t h e n  the

c e l l  may c o n t i n u e  t o  f u n c t i o n .  I n  t h e  l a t t e r  i n s t a n c e ,

any a x o n a l  c h an g e s  would be o n ly  t e m p o ra ry .  T h i s  i s
£.

one p o s s i b i l i t y .  O th e r  may v e ry  l i k e l y  e x i s t .  The 

type  o f  d e n d r i t e s  i n  a c e l l  may a l s o  p l a y  a p a r t  i n  

g o v e r n i n g  i t s  r e a c t i o n  to  i n j u r y .  I t  may be t h a t  

some c e l l  b o d i e s  a r e  more s e n s i t i v e  t o  damage o f  

t h e i r  axons t h a n  o t h e r s .  T h is  h a s  been  n o t e d  by 

many o t h e r  w o r k e r s ,  e . g .  M a r in esc o ,  ( 1 8 9 8 ) ;  van 

G ehuch ten  (1 9 0 0 ) ;  de N eef  (1JOJ) ;  Bucy (19 2 7 , 1 9 2 8 ) ;  

G e i s t  (1935)5 Hare and H insey  (194-0); Romanes 

(1941, 1 9 4 6 ).

I n  c o n s i d e r i n g  t h e ' s u b j e c t ) o f  l o o k i n g  f o r  

t h e  p a r e n t  c e l l s  o f  d i v i d e d  a x o n s ,  i t  i s  o b v io u s  t h a t  

c e l l s  showing c h r o m a t o l y s i s  can  u s u a l l y  be found 

e a s i l y ,  t h a t  v e r y  a t r o p h i c  c e l l s  can  be found  o f t e n  

o n ly  w i t h  d i f f i c u l t y ,  and t h a t  c e l l s  which ,  h a v in g )
<1

d i s a p p e a r e d  a l t o g e t h e r ,  may n e v e r  be found  a t  a l l ;  L 

f o r  t h e y  may have l e f t  no t r a c e .  T h is  l a t t e r  

o c c u r r e n c e  c o n s t i t u t e s  a s e r i o u s  d i f f i c u l t y  when



s e a r c h  i s  b e i n g  made f o r  t h e  c e l l s  o f  o r i g i n  o f  

axons  d i v i d e d  lo n g  b e f o r e  d e a t h .  When t h e r e  i s  a 

d i s a p p e a r a n c e  o f  a l a r g e  mass o f  c e l l s  o r  a l a r g e  

c l u s t e r  o f  c e l l s  n o r m a l ly  found  i n  a n u c l e u s ,  t h e i r  

a b sen c e  may be e a s i l y  o b se rv e d .  Bu t  when on ly  some 

c e l l s  o f  a n u c l e u s  o f  s p a r s e  c e l l  p o p u l a t i o n  and a 

d i f f u s e  c h a r a c t e r  have d i s a p p e a r e d ,  i t  may be 

i m p o s s i b l e  t o  be su re  i f  c e l l s  have  d i s a p p e a r e d  o r  

n o t .  Where c e l l  l o s s ,  o r  a l t e r a t i o n ,  i s  e x p e c t e d ,  

t h e  p r e s e n c e  o f  many g l i a l  n u c l e i  and f i b r e s  may be 

t a k e n  t o  r e p r e s e n t  r e a c t i o n  t o  t h e  d e a t h  o f  n e u r o n e s .  

But a c o n s i d e r a b l e  range  o f  d i f f e r e n c e s  i n  g l i a  

p o p u l a t i o n  was found i n  exam in in g  "norm al"  c o r d s ,  and
'“■S

a t  d i f f e r e n t  l e v e l s  o f  t h e  same c o rd .  I n  t h i s  

r e s p e c t  a l s o ,  i t  was n o t e d  t h a t  some norm al  c o rd s  

a p p e a r  t o  c o n t a i n  few er  n e u ro n e s  i n  a l l  c e l l  g roups  

t h a n  i s  u s u a l .

When t h i s  g e n e r a l  p ro b lem  o f  c e l l  changes  

f o l l o w i n g  d i v i s i o n  o f  axons i s  p a r t i c u l a r i z e d  on t o  , 

th e  p r e s e n t  m a t e r i a l ,  i t  was found  t h a t  a l l  forms o f  

c e l l  r e a c t i o n s  were e a s i l y  s e e n  i n  C l a r k e ' s  column, 

and t h a t  t h e y  were a l l  h a r d e r  t o  f i n d  e lsewhere , .

C h r o m a t o l y s i s  was a lw ays  found  i n  C l a r k e ' s  

column when the  p e r i o d  of  s u r v i v a l  was l e s s  th an



f o r t y  d a y s ,  and v e ry  seldom found when th e  p e r i o d  

was l o n g e r .  A f t e r  f o r t y  d a y s ,  and even e a r l i e r ,  a 

d i s a p p e a r a n c e  o f  c e l l s  c o u ld  e a s i l y  he a s c e r t a i n e d .  

C h r o m a t o l y s i s  was found  i n  t h e  c e l l s  o f  th e  d o r s a l  

h o r n  when th e  p e r i o d  o f  s u r v i v a l  was a s  v a r i e d  a s  

5 t o  990  d a y s ,  and was most marked when th e  p e r i o d  

o f  s u r v i v a l  was a bou t  150  d a y s .  I t  i s  t h u s  c l e a r  

t h a t  t h e  d i f f e r e n t  g ro u p s  o f  c e l l s  do n o t  a l l  have 

th e  same t e m p o r a l  p a t t e r n  o f  r e a c t i o n .

I t  h a s  been  found t h r o u g h o u t  t h i s  work on 

d e g e n e r a t i o n  o f  th e  human n e rv o u s  sys tem  t h a t  the  

p e r i o d  o f  s u r v i v a l  a f t e r  which marked a x o n a l  c e l l  

c hanges  m igh t  be e x p e c t e d ,  v a r i e s  w i th  r e s p e c t  to  

d i f f e r e n t  n u c l e i .  T h is  i s  i m p o r t a n t ,  f o r  u n l e s s  

t h i s  "g ro u p"  v a r i a b i l i t y  i s  a p p r e c i a t e d ,  c o n c l u s i o n s  

may be  drawn w i t h  r e s p e c t  to  f i n d i n g s  which a re  

n e g a t i v e  s o l e l y  b e ca u se  o f  th e  l e n g t h  o f  th e  p e r i o d  

o f  s u r v i v a l .

I n  t h i s  m a t e r i a l ,  th e  p r e s e n c e  o f  g l i o s i s  

d i d  n o t  h e l p  i n  d e c i d i n g  w h e th e r  n e u ro n e s  had 

p r e v i o u s l y  b e e n  p r e s e n t  o r  n o t ,  i f  t h i s  was n o t  

a l r e a d y  o b v i o u s .  T h is  i s  on a cc o u n t  o f  th e  

v a r i a t i o n  o f  th e  no rm al  amount o f  g l i a ,  a s  h a s  been  

m en t io n ed ,  and a l s o  b e ca u se  th e  c e l l s  b e i n g  sough t



do n o t  o c c u r  i n  l a r g e  c lumps,  b u t  a r e  l i k e l y  t o  be 

s c a t t e r e d  h e r e  and t h e r e  among u n a f f e c t e d  norm al  

c e l l s .

I t  i s  a l s o  p o s s i b l e ,  a s  h a s  b een  m en t io n ed ,  

t h a t  many o f  t h e s e  c e l l s  do n o t  r e a c t  t o  t rauma by 

p a s s i n g  th r o u g h  th e  s e r i e s  o f  c h r o m a t o l y s i s ,  d e a t h  

and g l i o s i s .

The l a c k  o f  changes  i n  t h e  c e l l  g ro u p s ,  

o t h e r  t h a n  t h o s e  o f  C l a r k e ' s  column, c a u d a l  to  a 

l e s i o n ,  h a s  o f t e n  been  n o t e d  b e f o r e .  A p a r t  from th e  

p o s s i b l e  f a c t o r s  m en t ioned  above ,  i t  m igh t  w e l l  be 

t h a t  t h e  f i b r e s  o f  many o f  t h e s e  c e l l s  form s h o r t  

c h a i n s ;  and so o n ly  a few o f  them would be damaged 

even when th e  c o rd  i s  t r a n s e c t e d .

The p o s i t i o n ,  i t  i s  t r u e ,  i s  r a t h e r  

u n s a t i s f a c t o r y .  When many c e l l s  i n  a group  show 

chan ges  a f t e r  a l e s i o n  we can s a f e l y  deduce t h a t  

many o f  t h e i r  f i b r e s  were i n j u r e d ;  when o n ly  a few 

c e l l s  o f  a g roup  show c h a n g e s ,  we can  o n ly  deduce 

t h a t  a few f i b r e s  were i n j u r e d ,  b u t  we cann o t  d e c id e  

w h e th e r  th e  r e m a in in g  f i b r e s  were i n j u r e d  o r  n o t .



CHAPTER V II

PREPARATION OP MAPS FOR AID IN 

LOCALISATION IN THE CEREBELLUM.

I n  exam in ing  th e  c e r e b e l l a l f o r  d e g e n e r a t i n g  

f i b r e s  a d i f f i c u l t y  was e n c o u n t e r e d  i n  t h e  absence  

o f  p u b l i s h e d  d raw in gs  o r  d iag ram s  o f  any com prehens ive  

s e r i e s  o f  s l i c e s  t a k e n  i n  d i f f e r e n t  p l a n e s  th r o u g h  th e  

human c e r e b e l l u m .  I n  th e  m a j o r i t y  o f  t e x t b o o k s  th e  

o n ly  p l a n e  o f  s e c t i o n  i n  which th e  f o l i a  a r e  named i s  

t h e  s a g i t t a l ,  and h e re  most w o rk e rs  have  l i m i t e d  th e  

l a b e l l i n g  t o  t h e  v e rm is  i t s e l f .  "

The c e r e b e l l a  examined i n  th e  c o u r s e  o f  t h i s  

t o p o g r a p h i c a l  s t u d y  have been  c u t  i n  d i f f e r e n t  p l a n e s  

i n  t h e  v a r i o u s  c a s e s ,  i n  o r d e r  t o  o b t a i n  a c l e a r e r  

t h r e e - d i m e n s i o n a l  image o f  t h e  c o u r s e  o f  th e  s p i n o 

c e r e b e l l a r  f i b r e s .  R e c o g n i t i o n  o f  t h e  f o l i a  v/as 

e s s e n t i a l  f o r  t h i s  work; y e t  owing t o  t h e  f a c t  t h a t  

th e  h i s t o l o g i c a l  s t r u c t u r e  o f  th e  g rey  m a t t e r  i s  th e  

same t h r o u g h o u t  t h e  c e r e b e l l a r  c o r t e x ,  t o p o g r a p h i c a l  

l o c a l i s a t i o n  i n  t h e  c e r e b e l lu m  i s  d i f f i c u l t .  To 

meet t h i s  d i f f i c u l t y ,  maps o f  s l i c e s  o f  t h e  c e r e b e l lu m ,  

c u t  i n  d i f f e r e n t  p l a n e s ,  were p r e p a r e d ,  a s  f o l l o w s .

The c e r e b e l lu m  and b r a i n  stem from e ach  o f



tw e n ty  •‘n o rm a l ’ a d u l t  s u b j e c t s  were u s e d .  The meninges 

were s t r i p p e d  o f f ,  t h e  d i v i s i o n s  o f  t h e  v e rm is  were 

t h e n  d e t e r m i n e d ,  and t h e i r  c o n t i n u i t y  l a t e r a l l y  w i th  

t h e  f o l i a  o f  th e  h e m is p h e r e s  was t r a c e d *  The 

d i f f e r e n t  d i v i s i o n s  o f  th e  v e rm is  were e a c h  p a i n t e d  

i n  a d i f f e r e n t  c o l o u r ,  th e  c o l o u r  b e i n g  c o n t i n u e d  

l a t e r a l l y  on t o  t h e  a d j a c e n t  f o l i a .  Thus th e  e x t e r n a l  

s u r f a c e  o f  t h e  c e r e b e l lu m  was c o l o u r e d  i n  such a way 

t h a t  a mere c a s u a l  g la n c e  a t  any s m a l l  p i e c e  o f  th e  

s t r u c t u r e  im m e d ia te ly  r e v e a l e d  t o  which d i v i s i o n  t h a t  

p i e c e  belonged*

A f t e r  I  had t r i e d  v a r i o u s  methods o f  

c o l o u r i n g  th e  c e r e b e l lu m ,  I  found t h a t  ’’S t a b i l o ” 

w a t e r  p a i n t  p e n c i l s  were th e  most s u i t a b l e .  I  a l s o  

found t h a t  th e  c o l o u r s  c o u ld  be made a d e q u a t e l y  f a s t ,  

so t h a t  t h e y  c o u ld  n o t  e a s i l y  be washed o r  rubbed 

away i f  th e  f o l l o w i n g  t e c h n iq u e  was u s e d .  A f t e r  th e  

c e r e b e l lu m  was p a i n t e d  i t  was l e f t  f o r  2k  h o u r s  

exposed  t o  th e  l i g h t ,  p r o t e c t e d  from o v e r - d r y i n g  by 

c o v e r i n g  i t  w i t h  a b e l l - j a r ;  some damp c o t t o n - w o o l  

was a l s o  p u t  u n d e r  th e  j a r ,  n o t  t o u c h i n g  th e  

c e r e b e l lu m ,  t o  keep  th e  a tm osphere  s l i g h t l y  damp.

A f t e r  c o l o u r i n g  th e  p r e p a r a t i o n s  p h o to g r a p h s  were 

t a k e n  o f  t h e  u n c u t  spec im ens .  Kodak’ s ec tachrom e



c o l o u r  t r a n s p a r e n c i e s  were u s e d .

The p r e p a r a t i o n s  were t h e n  c u t  i n  s l i c e s .

I t  was found  t h a t  s l i c e s  if mms. t h i c k  were most 

s a t i s f a c t o r y  f o r  showing th e  t o p o g ra p h y  o f  th e  

c e r e b e l l u m  a t  d i f f e r e n t  l e v e l s .  The p l a n e s  o f  s e c t i o n  

were a .  S a g i t t a l ,  b .  H o r i z o n t a l ,  c .  C o r o n a l ,  d. Obl ique  

a t  r i g h t  a n g l e s  to  t h e  b rach ium  p o n t i s .

A f t e r  s l i c i n g  th e  c e r e b e l l u m ,  t h e  c o l o u r  was 

t h e n  c o n t i n u e d  from th e  s u r f a c e  o f  th e  c e r e b e l lu m  

on to  t h e  c u t  s u r f a c e  of  th e  f o l i a .  I n  o r d e r  t o  be 

c e r t a i n  a bo u t  th e  c o r r e c t  c o l o u r i n g  o f  t h e  f o l i a ,  a s  

each  specim en was c o l o u r e d ,  a companion c e r e b e l lu m  

was d i s s e c t e d  a t  th e  same t im e ,  i n  th e  same p l a n e .

By d i s s e c t i n g  th e  f o l i a  r i g h t  down t o  t h e i r  b a s e s  th e  

d i s t i n c t i o n  be tw een  each  d i v i s i o n  o f  th e  c e r e b e l lu m  

c o u ld  be d e f i n i t e l y  a s c e r t a i n e d .  C o lo u r  p h o to g r a p h s  

o f  t h e s e  s e r i e s  o f  s l i c e s  were a l s o  t a k e n .

The c o l o u r  t r a n s p a r e n c i e s  a r e  th e  n e g a t i v e s  

and n o t  th e  p o s i t i v e s  o r  p r i n t s ,  and so i t  f o l l o w s  

t h a t  e a c h  p h o to g ra p h  p ro d u c e s  on ly  one t r a n s p a r e n c y .  

F u r t h e r ,  t h e  m a t e r i a l  c o s t s  f o r  each  p h o to g ra p h  was 

a p p r o x i m a t e l y  1 0 / 6 ,  th e  whole s e t  c o s t  £ 1 ^ .  1 3 . 0.

I t  i s  t h e n ,  u n f o r t u n a t e ,  b u t  u n a v o i d a b l e ,  t h a t  o n ly  ' 

one s e t  o f  t h e s e  t r a n s p a r e n c i e s  c o u ld  be made: t h e s e
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a r e  now i n  th e  N a t i o n a l  H o s p i t a l ,  Queen S q u a re .

F o r  t h e  sake  o f  t h i s  t h e s i s ,  b l a c k  and w h i t e  

p h o to g r a p h s  were a l s o  made o f  t h e  e x t e r n a l  s u r f a c e  

and th e  s e c t i o n s  o f  t h e  c e r e b e l l a .  These  p r i n t s  

were t i n t e d  i n  th e  same c o l o u r s  a s  were u s e d  on th e  

o r i g i n a l s .  They a r e  p r e s e n t e d  i n  P l a t e s  11 —22*..

On P l a t e s  9 and 10 d ia g ra m s  a r e  p r e s e n t e d  t o  show 

how t h e  v a r i o u s  d i v i s i o n s  o f  t h e  c e r e b e l l u m  have been  

c o l o u r e d .  These  p l a t e s  a l s o  show th e  commoner 

a l t e r n a t i v e  n o m e n c la t u r e s  u se d  by v a r i o u s  w r i t e r s  i n  

s t u d y i n g  t h e i r  c e r e b e l lu m .

P l a t e s  11 and 12 show t h e  e x t e r n a l  a p p e a r a n c e s  o f  th e  

c e r e b e l l u m .

P l a t e  1p shows v iew s o f  h a l f  c e r e b e l l a ,  from t h e  

m e d ia l  a s p e c t .  A t t e n t i o n  i s  drawn t o  t h e  v a r i a t i o n  

which o c c u r s  i n  t h e  s t r u c t u r e  o f  t h e  l i n g u l a .

P l a t e  1 if shows th e  a p p e a ra n c e  o f  h a l f  a c e r e b e l lu m ,  

removed from t h e  b r a i n  s tem by d i v i d i n g  t h e  c e r e b e l l a r  

p e d u n c l e s ,  t h e  m idd le  c e r e b e l l a r  p e d u n c le  b e i n g  c u t  a t  

r i g h t  a n g l e s  t o  i t s  l o n g  a x i s .

P l a t e s  1 5 - 1 7  show th e  s a g i t t a l  s e r i e s  o f  s e c t i o n s .

P l a t e s  1 8 -2 0  show th e  h o r i z o n t a l  s e r i e s  o f  s e c t i o n s .

P l a t e s  21-29 show th e  c o r o n a l  s e r i e s  o f  s e c t i o n s .

P l a t e  2if shows th e  o b l i q u e  s e r i e s  o f  s e c t i o n s .



CHAPTER V I I I

THE ASCENDING DEGENERATION 

IN THE SPINAL CORD.

I .  The Cordotomy L e s i o n s . (Plates 2 5 - 9 5 ) •
P h o to g r a p h s  o f  t r a n s v e r s e  s e c t i o n s  o f  t h e  

c o r d s  t a k e n  from t h a t  r e g i o n  c u t  t h r o u g h  by th e  k n i f e  

a t  o p e r a t i o n ,  and t h u s  showing th e  maximum a r e a  o f  

d e s t r u c t i o n ,  a r e  g i v e n  on P l a t e s  25-95* a H

c a s e s  th e  e x t e n t  o f  t h e  o p e r a t i o n  was v e r i f i e d  by the  

u se  o f  a number o f  s t a i n i n g  m ethods .  The s e c t i o n s  

i n  P i g . 92 ,  c a se  4 , were s t a i n e d  by h a e m a t o x y l in  and 

van  G i e s o n ’ s method,  and i n  P i g . 8 6 ,  c a se  29* P i g . 88, 

c a s e  91? an(1- P i g . 8 9 , c a se  92 by th e  W e ig e r t  P a l  

t e c h n i q u e .  I n  a l l  t h e  o t h e r  c a s e s  Marchi p r e p a r a t i o n s  

have  been  p h o to g r a p h e d ,  a s  t h e y  g iv e  a c l e a r  i n d i c a t i o n  

o f  t h e  l e s i o n  a t  th e  low m a g n i f i c a t i o n  u s e d  h e r e ,

(x7 ) ,  and t h e  l e s i o n s  i n  t h e  d i f f e r e n t  c a s e s  can  be 

e a s i l y  compared.

The l e v e l  a t  which th e  o p e r a t i o n  was 

p e r fo rm e d  i s  shown i n  T ab le  I  and a l s o  on the  

p h o t o g r a p h s .  I n  J c a s e s  th e  o p e r a t i o n  was i n  th e  

c e r v i c a l  seg m en ts ,  i n  26 c a s e s  i n  t h e  t h o r a c i c ,  and i n  

1 c a se  i n  th e  f i r s t  lum bar  segm ent .  I n  10 c a s e s  the
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o p e r a t i o n  was u n i l a t e r a l ,  and i n  2fy c a s e s  i t  was 

b i l a t e r a l .  The p e r i o d s  o f  s u r v i v a l  a r e  shown i n  

T ab le  I.
I t  w i l l  be s e e n  from t h e  p h o to g r a p h s  t h a t  

t h e r e  i s  a v e ry  wide rang e  o f  v a r i a t i o n s  i n  th e  

e x t e n t  o f  th e  l e s i o n ,  n o t  o n ly  i n  d i f f e r e n t  c a s e s ,  

b u t  b e tw een  th e  two s i d e s  o f  t h e  same c a s e  i n  some 

i n s t a n c e s .

I n  t h i s * w o r k ,  th e  v e n t r a l  and l a t e r a l  f u n i c u l i  

o f  th e  co rd  w i l l  be c o n s i d e r e d  a s  b e i n g  a r b i t r a r i l y  

d i v i d e d  i n t o  J  co lum ns,  by two im a g i n a r y  l i n e s ,  one 

p a s s i n g  t r a n s v e r s e l y  a c r o s s  t h e  c o rd  th r o u g h  th e  

c e n t r a l  c a n a l ,  and one a lo n g  th e  l i n e  o f  th e  most  

m e d i a l  o f  th e  v e n t r a l  r o o t s .  The t h r e e  columns a r e  

t h e n  d o r s o - l a t e r a l ,  v e n t r o - l a t e r a l  and v e n t r a l .

The o p e r a t i o n  may i n v o l v e  a l l  t h r e e  columns 

to  some e x t e n t  ( e . g .  P i g . 75,  c a s e  1J ( l e f t ) ,  P i g . 8 5 , 

c a se  28 ( r i g h t  and l e f t )  ) ;  t h e  d o r s o - l a t e r a l  and 

v e n t r o - l a t e r a l  c olumns ( e . g .  P i g .  Q j , c a s e  50  ( l e f t ) ,  

P i g . 79 ,  c a s e  22 ( l e f t )  ) ;  th e  v e n t r o - l a t e r a l  and 

v e n t r a l  co lum ns ( e . g .  P i g . 82 ,  c a se  25 ( l e f t ) ,  P i g . J2,  

c ase  1 if ( l e f t )  ) ;  t h e  d o r s o - l a t e r a l  column o n ly  

( e . g .  P i g . 8 5 ? c a se  26 ( l e f t )  ) ;  t h e  v e n t r o - l a t e r a l  

column o n ly  ( e . g .  P i g . j G,  c a s e  1 8 ( r i g h t ) ,  P ig .o l f ,  

c a se  6 ) .  I n  no c a se  was th e  o p e r a t i o n  c o n f i n e d  to



t h e  v e n t r a l  column o n l y ;  i n  P i g . 6 0  c a se  1 ,  and i n  

P i g . 91 c a se  5 4  ( l e f t -) th e  main  e x t e n t  o f  th e  o p e r a t i o n  

l a y  i n  th e  v e n t r a l  column.

I n  a l l  t h e s e  c a s e s  t h e  l e s i o n  e x te n d e d  

m e d i a l l y  t h r o u g h  t h e  g r e a t e r  p a r t  o f  t h e  w h i te  m a t t e r  

up t o ,  o r  c l o s e  t o ,  th e  g r e y  m a t t e r .  I n  a few c a s e s  

th e  o p e r a t i o n  was much more s u p e r f i c i a l ,  i n v o l v i n g  

o n ly  th e  more l a t e r a l  p a r t  o f  t h e  w h i t e  m a t t e r  ( e . g .  

P i g .  Jk-j c a s e  16 ( r i g h t ) ,  P i g .  80, c a s e  25 ( l e f t )  ) .

I I .  The A sce n d in g  D e g e n e r a t i o n . ( P l a t e s  57 - 4 6 ) .

The c o u r s e  o f  th e  a s c e n d i n g  d e g e n e r a t i n g  

f i b r e s  i n  th e  l a t e r a l  and v e n t r a l  columns w i l l  be 

c o n s i d e r e d  i n  t h i s  s e c t i o n .  The g e n e r a l  p a t t e r n  o f  

d e g e n e r a t i o n  r e s u l t i n g  from an e x t e n s i v e  l e s i o n  o f  

b o t h  t h e  d o r s o - l a t e r a l  and t h e  v e n t r o - l a t e r a l  columns 

w i l l  f i r s t  be shown. Then th e  g e n e r a l  p a t t e r n  o f  

d e g e n e r a t i o n  r e s u l t i n g  from a l e s i o n  o f  t h e  d o r s o 

l a t e r a l  column o n ly  w i l l  be  compared w i t h  t h a t  

r e s u l t i n g  from  a l e s i o n  o f  t h e  v e n t r o - l a t e r a l  column 

o n l y .  The c o u r s e  o f  t h e  f i b r e s  i n  t h e  d o r s o - l a t e r a l  

column w i l l  t h e n  be c o n s i d e r e d  i n  more d e t a i l ,  i n  

t h o s e  c a s e s  w i t h  v a r y i n g  l e s i o n s  o f  t h i s  column.

The c o u r s e  o f  t h e  v e n t r o - l a t e r a l  f i b r e s  w i l l  be s i m i l a  

c o n s i d e r e d .



1 20*

I t  w i l l  "be r e a l i s e d  t h a t  p a r t i a l  l e s i o n s  

o f  a s i n g l e  t r a c t  a r e  n e c e s s a r y  i n  o r d e r  t o  show th e  

c h a n g in g  p o s i t i o n  o f  t h e  f i b r e s  w i t h i n  t h i s  t r a c t ;  

com ple te  l e s i o n s  o f  t h e  t r a c t  can  show o n ly  th e  t o t a l  

p o s i t i o n  o f  t h i s  t r a c t  i n  r e l a t i o n  t o  s u r r o u n d i n g  

f i b r e s .  The g r e a t e s t  number o f  d e m o n s t r a b le  

d e g e n e r a t i n g  f i b r e s  i s  found  i n  th e  c a s e s  w i th  a 

p e r i o d  o f  s u r v i v a l  o f  u n d e r  a h u n d red  d a y s .  But c a s e s  

w i t h  a l o n g e r  s u r v i v a l  a r e  a l s o  u s e f u l .  I n  such 

c a s e s  d e d u c t i o n s  c o n c e r n i n g  t h e  s i g n i f i c a n c e  o f  the  

a b se n c e  o f  o t h e r  f i b r e s  a r e  made o n ly  when c om par iso n  

b e tw ee n  th e  two s i d e s  o f  t h e  same c a s e ,  o r  com par iso n  

w i t h  c a s e s  o f  s i m i l a r  p e r i o d s  o f  s u r v i v a l ,  i s  p o s s i b l e .  

Minor d i f f e r e n c e s  i n  t h e  d i s t r i b u t i o n  o f  th e  

d e g e n e r a t i n g  f i b r e s  w i l l  n o t  be i n t e r p r e t e d  a s  

s i g n i f i c a n t ,  u n l e s s  t h e y  were c o n s i s t e n t l y  found i n  

o t h e r  c a s e s .

a ) E x t e n s i v e  l e s i o n  o f  b o t h  t h e  d o r s o - l a t e r a l  

and t h e  v e n t r o - l a t e r a l  co lu m n s .

A good example  o f  t h e  g e n e r a l  p a t t e r n  o f  th e  

d e g e n e r a t i n g  a s c e n d i n g  f i b r e s  i s  c a s e  20 ( P l a t e  37?

P i g . 9 3 ) .  Here  th e  s u r g i c a l  l e s i o n  was b i l a t e r a l  and 

was made i n  t h e  m i d - t h o r a c i c  r e g i o n  ( P i g . 9 J A ) .  On 

th e  l e f t  s i d e  t h e  l e s i o n  i n v o l v e s  n e a r l y  t h e  whole o f
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t h e  d o r s o - l a t e r a l  column, t h e  l a t e r a l  p a r t  o f  the  

v e n t r o - l a t e r a l  column and th e  m e d ia l  p a r t  o f  the  

v e n t r a l  column. T h i s  s i d e  w i l l  be m a in ly  u se d  i n  

showing t h e  form o f  th e  a s c e n d i n g  d e g e n e r a t i o n .  The 

r i g h t  s i d e  w i l l  be u s e d  a s  f u r n i s h i n g  a d d i t i o n a l  

e v id e n c e  on th e  d e g e n e r a t i o n  a f t e r  e x t e n s i v e  l e s i o n s  

o f  th e  v e n t r a l  q u a d r a n t ;  on t h i s  s i d e  t h e  l e s i o n  

i n v o l v e s  t h e  whole o f  t h e  v e n t r o - l a t e r a l  and the  

v e n t r a l  co lum ns.

I n  t h e  segm ents  c r a n i a l  to  t h e  l e s i o n ,  up 

t o  t h e  second  t h o r a c i c  segment  ( F ig s .9 3 B  and- C) t h e r e  

i s  a p e r i p h e r a l  band o f  d e g e n e r a t i o n  from th e  d o r s a l  

h o rn  t o  a b o u t  t h e  l e v e l  o f  t h e  c e n t r a l  c a n a l ,  on th e  

l e f t  s i d e ;  t h e r e  i s  some s c a t t e r e d  d e g e n e r a t i o n  

m e d ia l  t o  t h i s  c o n c e n t r a t e d  mass o f  d e g e n e r a t i n g  f i b r e s ,  

which g r a d u a l l y  d i m i n i s h e s .  T h i s  d o r s o - l a t e r a l  

d e g e n e r a t i o n  i s  c o n t i n u o u s  w i t h  a much more d i f f u s e  

v e n t r o - l a t e r a l  mass o f  d e g e n e r a t i n g  f i b r e s ,  which 

e x t e n d s  on th e  r i g h t  s i d e  m e d i a l l y  up t o  t h e  g r e y  

m a t t e r  and on th e  l e f t ,  i n  t h e  t h i r d  t h o r a c i c  segment 

( F i g .^ J B )  a s  f a r  m e d i a l l y  a s  t h e  e x t e n t  o f  t h e  

o p e r a t i o n  l e s i o n  i n  t h e  f i f t h  t h o r a c i c  segment  ( F ig .^ p A ) .  

The d i f f u s e  d e g e n e r a t i o n  would a p p e a r  to  be due to  

two c a u s e s :  f i r s t ,  t h e  p r e s e n c e  o f  numerous
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s p i n o - s p i n a l  f i b r e s  i n  t h i s  p a r t  o f  t h e  c o rd ;  

s e c o n d l y ,  t h e  d e g e n e r a t i o n  o f  f i b r e s  o f  t h e  a s c e n d i n g  

s y s te m s ,  i n  t h a t  p a r t  o f  t h e i r  c o u r s e  which l i e s  

b e tw e e n  t h e  g r e y  m a t t e r  and t h e  p e r i p h e r y  o f  th e  

c o r d .  The d e g e n e r a t i o n  o f  th e  i n t r i n s i c  f i b r e s  

t e n d s  to  o b sc u re  any im m edia te  r e a r r a n g e m e n t  o f  th e  

l o n g  a s c e n d i n g  f i b r e s .

The d e g e n e r a t i o n  i n  t h e  v e n t r o - l a t e r a l  column 

g r a d u a l l y  becomes c o n c e n t r a t e d  on th e  p e r i p h e r y  o f  th e  

column, and e x c e p t  f o r  a few s c a t t e r e d  f i b r e s  i s  

l i m i t e d  t o  th e  o u t e r  h a l f  o f  t h e  w h i t e  m a t t e r  (F ig .^pC  

^2^'  'k*1e s e v e n t h  c e r v i c a l  segment (F i

d e g e n e r a t i n g  f i b r e s  form a c o n t i n u o u s  band  a lo n g  th e  

p e r i p h e r y  o f  t h e  cord, f rom th e  d o r s a l  h o r n  t o  abou t  

t h e  l e v e l  o f  t h e  v e n t r a l  l i m i t  o f  t h e  v e n t r a l  h o rn .

I n  t h e  d o r s o - l a t e r a l  zone th e  d e g e n e r a t i o n  i s  ro u g h ly  

d i v i s i b l e  i n t o  two h a l v e s ,  by t h e  s u l c u s  v e n t r o l a t e r a l i s  

s p i n a l i s .  I n  th e  d o r s a l  h a l f  t h e  d e g e n e r a t i o n  forms 

a b r o a d e r  band  t h a n  i n  t h e  v e n t r a l  h a l f .  The 

d e g e n e r a t i o n  i n  th e  v e n t r o - l a t e r a l  column e x t e n d s  

f u r t h e r  m e d i a l l y  t h a n  i n  t h e  d o r s o - l a t e r a l  column, 

w i t h  which  i t  i s  c o n t i n u o u s .  D e g e n e r a t i o n  i n  t h e  

v e n t r o - l a t e r a l  column i s  more d i s t i n c t l y  se en  a s  a 

d e f i n i t e  g ro u p  o f  f i b r e s  on t h e  r i g h t  s i d e .  Here



d e g e n e r a t i n g  f i b r e s  i n  t h e  v e n t r o - l a t e r a l  column a r e  

i s o l a t e d  t o  t h e  l a t e r a l  h a l f  o f  t h e  w h i t e  m a t t e r ,  

f rom a b o u t  t h e  l e v e l  o f  t h e  d o r s o - l a t e r a l  e x t r e m i t y ,  

t o  t h e  l e v e l  o f  t h e  v e n t r o - l a t e r a l  e x t r e m i t y  o f  th e  

v e n t r a l  h o r n .  The d i s t r i b u t i o n  o f  t h e  d e g e n e r a t i n g  

f i b r e s  i s  t h e  same i n  th e  s i x t h  and f i f t h  c e r v i c a l  

segm ents  a s  i n  th e  s e v e n t h  c e r v i c a l  segment (and th e  

e i g h t h ) .  I n  t h e  f o u r t h  c e r v i c a l  segment ( F i g . 95^ )  

t h e r e  i s  a marked d i f f e r e n c e  i n  t h e  a r r a n g e m e n t  o f  

t h e  f i b r e s .  The p e r i p h e r y  o f  th e  most  d o r s a l  p a r t  

o f  t h e  d o r s o - l a t e r a l  column i s  a t  t h i s  l e v e l  f r e e  

f rom  any d e g e n e r a t i n g  f i b r e s .  T here  i s  a c r e s c e n t 

shaped  band  o f  d e g e n e r a t i o n  e x t e n d i n g  f rom a p o i n t  on 

t h e  p e r i p h e r y ,  a b o u t  mid-way be tw ee n  th e  d o r s a l  h o r n  

and th e  l e v e l  o f  t h e  c e n t r a l  c a n a l ,  t o  a b o u t  the  

l e v e l  o f  t h e  v e n t r a l  e x t r e m i t y  o f  t h e  v e n t r a l  h o rn .

T h i s  band  o f  d e g e n e r a t i o n  i s  l e s s  s p r e a d  o u t  a t  th e  

s e v e n t h  c e r v i c a l  segment ;  i t  h a s  a l e s s e r  d o r s o -  

v e n t r a l  e x t e n t ,  and i t  i s  more e x t e n s i v e  l a t e r o -  

m e d i a l l y .  I t  t h e r e f o r e  a p p e a r s  a s  i f  t h e  d e g e n e r a t i n g  

f i b r e s  i n  t h e  d o r s a l  h a l f  o f  t h e  d o r s o - l a t e r a l  column 

i n  t h e  s e v e n t h  c e r v i c a l  segment had  moved v e n t r a l l y  

i n  t h e  f o u r t h  c e r v i c a l  segm ent .  The a p p e a ra n c e  i n  

th e  t h i r d  c e r v i c a l  segment ( F i g . 95^) i s  s i m i l a r  to



t h a t  i n  th e  f o u r t h ;  t h e  d o r s a l  zone b e in g  

c o m p l e t e ly  f r e e  f rom d e g e n e r a t i o n . ^  I n  t h e  second  

c e r v i c a l  segment ( F i g . 9 ^ )  th e  whole mass o f  f i b r e s  

a p p e a r s  t o  move d o r s a l l y ,  so t h a t  t h e  most d o r s a l  

f i b r e s  a r e  c o n t i g u o u s  w i t h  t h e  d o r s a l  h o rn .

Between t h e  f o u r t h  and th e  second  c e r v i c a l  segment 

t h e r e  i s  a c t u a l l y  l i t t l e  change i n  th e  s i t e  o f  the  

band  o f  d e g e n e r a t i n g  f i b r e s .  The d i f f e r e n c e s  which 

a r e  a p p a r e n t  on th e  F i g s . 9 3 F a n & G a r e  m a in ly  due 

t o  t h e  change i n  p o s i t i o n  and e x t e n t  o f  t h e  d o r s a l  

h o r n ,  and i n  p a r t i c u l a r  o f  t h e  r o o t  e n t r y  zone ,  f o r  

a t  t h e  second  c e r v i c a l  segment ( F i g . 95^) t h i s  

becomes l a r g e r  and w id e r  i n  i t s  d o r s o - v e n t r a l  

d im e n s io n ,  and i t  a l s o  s h i f t s  v e n t r o - l a t e r a l l y .  

W i th in  t h e  band o f  d e g e n e r a t i n g  f i b r e s ,  f i b r e s  have 

s h i f t e d  from t h e  v e n t r a l  p a r t  t o  t h e  d o r s a l  p a r t ,  

b e tw ee n  t h e  f o u r t h  and t h e  second  c e r v i c a l  segm en ts .  

T h i s  makes t h e  band  o f  f i b r e s  b r o a d e r  and more 

c o n c e n t r a t e d  i n  i t s  d o r s a l  h a l f .  I n  t h e  f i r s t  

c e r v i c a l  segment  ( F i g . 9 9 H) t h e r e  i s  a f u r t h e r  

m i g r a t i o n  and c o n c e n t r a t i o n  o f  f i b r e s  d o r s a l l y  and 

m e d i a l l y ,  so t h a t  t h e  o u t l i n e  o f  t h e  mass o f  

d e g e n e r a t i n g  f i b r e s  becomes r o u g h l y  t r i a n g u l a r  

r a t h e r  t h a n . r i b b o n - s h a p e d .
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The g e n e r a l  p i c t u r e  o f  t h e  a s c e n d i n g  

f i b r e s  which we g l e a n  from t h i s  c a se  i s  o f  two 

d e f i n i t e  g ro u p s  o f  f i b r e s ,  r u n n i n g  c o n t i g u o u s l y ,  and 

l o c a t e d  b e tw ee n  th e  d o r s a l  h o r n  and a p o i n t  on t h e  

p e r i p h e r y  a t  a b o u t  t h e  l e v e l  o f  th e  t i p  o f  the  

v e n t r a l  h o r n .  The v e n t r a l  g roup  i s  somewhat 

b r o a d e r  t h a n  th e  d o r s a l  g ro u p .

From o u r  m a t e r i a l  some e v id e n c e  can  be 

o b t a i n e d  on th e  most  c a u d a l  e x t e n t  o f  t h e s e  a s c e n d i n g  

f i b r e s  o f  th e  l a t e r a l  column. I n  o u r  s e r i e s  th e  

most c a u d a l l y  p l a c e d  l e s i o n  was a t  t h e  f i r s t  lumbar 

segment -  c a s e  5k ( P l a t e  4-2, F i g . 99 )-  At t h i s  

l e v e l  t h e s e  a s c e n d i n g  f i b r e s  a r e  a l r e a d y  p r e s e n t  i n  

th e  l a t e r a l  column; and some o f  t h e s e  f i b r e s  end i n  

th e  c e re b e l lu m *  Thus a l r e a d y  a t  th e  f i r s t  lumbar- 

segm en t ,  s p i n o - c e r e b e l l a r  f i b r e s  a r e  p r e s e n t  i n  th e  

l a t e r a l  column o f  th e  c o r d .

W ith  r e g a r d  t o  t h e  s i z e  o f  th e  f i b r e s  o f  

t h e  d o r s o - l a t e r a l ,  v e n t r o - l a t e r a l  and v e n t r o - m e d i a l  

co lum ns ,  i t  was found,  t h a t  t h e r e  i s  a m ix t u r e  o f  

f i b r e s ,  o f  s m a l l ,  medium and l a r g e  c a l i b r e .  T here  

a r e  more f i b r e s  o f  l a r g e  c a l i b r e  i n  t h e  d o r s o - l a t e r a l  

column t h a n  i n  th e  v e n t r o - l a t e r a l  column. I n  the  

v e n t r o - l a t e r a l  column f i b r e s  cf l a r g e  c a l i b r e ,  e a u a l
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t o  t h o s e  o f  th e  d o r s o - l a t e r a l  column, a r e  more 

numerous i n  th e  p e r i p h e r a l  zone t h a n  more m e d i a l l y .  

F i b r e s  o f  th e  v e n t r o - m e d i a l  g roup  a p p e a r  t o  be o f  

f i n e r  c a l i b r e  t h a n  i n  th e  o t h e r  two g ro u p s .

b )  C om parison  o f  th e  p a t t e r n  o f  d e g e n e r a t i o n

be tw een  l e s i o n s  a f f e c t i n g  th e  d o r s o - l a t e r a l  

and l e s i o n s  a f f e c t i n g  t h e  v e n t r o - l a t e r a l  

c o lu m ns .

I n  t h e  two c a s e s  25 and 2 6 , on P l a t e  5®, 

th e  c o r d o t o m ie s ,  which were b i l a t e r a l ,  were c a r r i e d  

o u t  i n  th e  m i d - t h o r a c i c  r e g i o n ;  t h e  p o s t - o p e r a t i v e  

s u r v i v a l  p e r i o d s  were 11f 1 d ays  and 154- days  

r e s p e c t i v e l y ;  t h u s  t h e  two c a s e s  a r e  c o m p a rab le .

I f  th e  l e f t  s i d e s  o f  t h e s e  two c a s e s  a r e  compared,  

i t  w i l l  be s e e n  t h a t  th e  o p e r a t i o n  a r e a s  a r e  t o t a l l y  

d i f f e r e n t ,  and have no common zone ( F ig s .9 4 A  and 95^)* 

At t h e  f i f t h  c e r v i c a l  seg m en t ,  i n  c a s e  26,  th e  

d e g e n e r a t i n g  f i b r e s  a r e  c o n f i n e d  t o  t h e  d o r s o - l a t e r a l  

column, and i n  c a se  25 t h e y  a r e  c o n f i n e d  t o  th e  

v e n t r o - l a t e r a l  column, a s  were t h e  r e s p e c t i v e  

l e s i o n s .  !£hese g ro u p s  o f  f i b r e s  r e m a in  i n  t h e i r  

r e s p e c t i v e  p o s i t i o n s  i n  t h e  two c a s e s  ( F i g s . 94^ and 

95C) u n t i l  t h e  f i r s t  c e r v i c a l  segment ( F i g s .  94-D and 

95D) i s  r e a c h e d .  At t h a t  l e v e l ,  t h e  p a t t e r n  o f
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d e g e n e r a t i n g  f i b r e s  on t h e  t r a n s v e r s e  s e c t i o n  h as  

become u n e x p e c t e d l y  s i m i l a r  i n  t h e  two c a s e s .  I n  

b o t h  c a s e s  th e  a r e a  o f  d e g e n e r a t i n g  f i b r e s  l i e s  

a d j a c e n t  t o  t h e  d o r s a l  h o r n .

Thus we f i n d  t h a t  t h e  f i b r e s  which l i e  i n  

th e  v e n t r o - l a t e r a l  column b e tw een  t h e  f i f t h  t h o r a c i c  

and t h e  t h i r d  c e r v i c a l  segm ents  change t h e i r  c o u rs e  

o v e r  t h e  u p p e r  two c e r v i c a l  s e g m en ts ,  and come t o  

occupy th e  a r e a  v e n t r a l  t o  th e  d o r s a l  h o r n  i n  th e  

f i r s t  c e r v i c a l  segment -  t h e  same a r e a  which i s  

o c c u p ie d  by a s c e n d i n g  f i b r e s  o f  t h e  d o r s o - l a t e r a l  

co lumn.

T h i s  change i n  p o s i t i o n  o f  t h e  a s c e n d i n g  

v e n t r o - l a t e r a l  f i b r e s  i s  a new f a c t  t h a t  h a s  b e en  

e l u c i d a t e d  from  t h i s  m a t e r i a l  c o n t a i n i n g  l e s i o n s  o f  

d i f f e r e n t  t o p o g r a p h y .  T h i s  s h i f t  o f  th e  v e n t r o 

l a t e r a l  f i b r e s  o c c u r s  i n  a l l  c a s e s ,  a t  w h a te v e r  

segment th e  l e s i o n  i s  made. The e v id e n c e  f o r  

t h e s e  s t a t e m e n t s  w i l l  now be p r e s e n t e d  i n  a f u r t h e r  

f o u r  c a s e s .

I n  c a s e  13 ( P l a t e  39) > on l e f t  s i d e  th e  

o p e r a t i o n ,  p e r fo rm e d  a t  t h e  f i r s t  t h o r a c i c  segm ent ,  

e x t e n d s  from th e  v e n t r a l  s u r f a c e ,  f rom s l i g h t l y  

l a t e r a l  t o  t h e  m e d ia l  b o r d e r  o f  t h e  v e n t r a l  h o r n  to
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t h e  l e v e l  o f  t h e  l a t e r a l  h o r n ;  i t  l e a v e s  t h e  

e n t i r e  d o r s o - l a t e r a l  column f r e e  from d e g e n e r a t i o n  

( F i g . 96A).  The d e g e n e r a t i n g  f i b r e s  a t  t h e  f i f t h  

and th e  t h i r d  c e r v i c a l  s e g m en ts  (F igs ' .  9&B and ^Gc)  

a r e  a lm o s t  c o m p l e t e ly  c o n f i n e d  t o  t h e  v e n t r o - l a t e r a l  

q u a d r a n t .  At th e  f i r s t  c e r v i c a l  segment however ,  

t h e  d e g e n e r a t i n g  f i b r e s  have  m i g r a t e d  d o r s a l l y  i n t o  

th e  d o r s o - l a t e r a l  zone (Fig.9&D)* I n  c a s e  12 

( P l a t e  4-0), t h e  o p e r a t i o n  was p e r fo rm e d  a t  t h e  f i f t h  

and s i x t h  c e r v i c a l  s e g m en ts .  On b o t h  s i d e s  t h e  

o p e r a t i o n  l e s i o n  i n v o l v e s  th e  v e n t r o - l a t e r a l  p a r t  o f  

th e  v e n t r a l  q u a d r a n t ,  and e x t e n d s  o n ly  v e r y  s l i g h t l y  

d o r s a l  t o  t h e  l e v e l  o f  t h e  c e n t r a l  c a n a l  (F ig s .9 7 A  

and b ) .  I n  t h e  f o u r t h  c e r v i c a l  segment ( P i g . ^JG)  

t h e r e  i s  c o m p le te  a b sen c e  o f  any d o r s o - l a t e r a l  

d e g e n e r a t i o n .  I n  t h e  secon d  c e r v i c a l  segment  

(P ig .97D)> t h e r e  i s  a v e r y  marked s p r e a d i n g  ou t  

d o r s a l l y  o f  some o f  th e  d e g e n e r a t i n g  f i b r e s  so t h a t  

many l i e  n e a r e r  t h e  d o r s a l  h o r n ,  and r e a c h  the  d o r s o 

l a t e r a l  a r e a  i n  c o n t a c t  w i t h  by th e  f i r s t  c e r v i c a l  

segment  ( P i g .97®)* At t h i s  l e v e l  th e  

d e g e n e r a t i o n  i s  d i s t r i b u t e d  t h r o u g h o u t  t h e  whole 

d o r s o - l a t e r a l  and th e  d o r s a l  h a l f  o f  t h e  v e n t r o 

l a t e r a l  p e r i p h e r a l  zone .
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I n  c ase  6 ( P l a t e  4 4 ) th e  o p e r a t i o n  v/as 

p e r fo rm e d  a t  t h e  t h i r d  c e r v i c a l  segment ( F i g . 98A) 

and i n v o l v e d  t h e  v e n t r o - l a t e r a l  column o n ly .  The 

d o r s a l  s h i f t  o f  v e n t r o - l a t e r a l  f i b r e s  i s  p a r t i c u l a r l y  

s t r i k i n g  i n  t h i s  c a s e  ( F ig s .^ S B  and 98c ) .

The n e x t  c a s e ,  ( P l a t e  4-2) f u r n i s h e s

e v id e n c e  t h a t  a s  low a s  t h e  f i r s t  lum bar  segment o f  

th e  c o rd  t h e r e  a re  f i b r e s  p r e s e n t  i n  t h e  v e n t r o 

l a t e r a l  column which a s c e n d  i n  t h i s  column u n t i l  

th e  second  c e r v i c a l  segment  and t h e n  s h i f t  i n t o  t h e  

d o r s o - l a t e r a l  column. I n  t h i s  c a s e  th e  o p e r a t i o n ,  

p e r f o r m e d  a t  th e  f i r s t  lum bar  segm en t ,  was l i m i t e d  

on th e  l e f t  t o  th e  v e n t r a l  q u a d ra n t  o f  t h e  c o r d ,  on 

t h e  r i g h t  t h e  l e s i o n  i n v o l v e d  th e  v e n t r a l  p a r t  o f  

t h e  d o r s o - l a t e r a l  column a s  w e l l  a s  a l l  t h e  v e n t r o 

l a t e r a l  column. On b o t h  s i d e s  some f i b r e s  a sce n d  

i n  t h e  v e n t r o - l a t e r a l  column u n t i l  t h e  th i rd ,  

c e r v i c a l  segm en t ,  and t h e n  s h i f t  d o r s a l l y  i n t o  t h e  

d o r s o - l a t e r a l  column where some l i e  i n  j u x t a p o s i t i o n  

w i t h  t h e  d o r s a l  h o r n  (F igs*99C a^d D).

I n  a l l  t h e  c a s e s  d e s c r i b e d  t h e  p a t t e r n  o f  

d e g e n e r a t i o n  i n  t h e  u p p e r  t h r e e  c e r v i c a l  segm ents  

i s  t h e  same, r e g a r d l e s s  o f  t h e  l e v e l  o f  th e  l e s i o n .  

The number o f  f i b r e s  v a r i e s  b u t  t h e  d i s t r i b u t i o n  i n
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t h e  f i r s t  c e r v i c a l  segment i s  th e  same i n  a l l  the  

c a s e s .

The p a t t e r n  o f  d e g e n e r a t i o n  i s  Q u i te  

d i f f e r e n t  when ,a l e s i o n  i s  l i m i t e d  t h e  v e n t r o - l a t e r a l  

column, f rom  when i t  i s  l i m i t e d  t o  t h e  d o r s o - l a t e r a l  

column, c a u d a l  t o  t h e  t h i r d  c e r v i c a l  segm ent .

I t  h a s  been  shown t h a t  many f i b r e s  a sce n d  

i n  t h e  v e n t r o - l a t e r a l  column o f  th e  c o r d ,  from a t  

l e a s t  a s  low a s  t h e  f i r s t  lumbar  segment up t o  th e  

t h i r d  c e r v i c a l  segm en t ,  and t h a t  t h e y  t h e n  s h i f t  

i n t o  t h e  d o r s o - l a t e r a l  column a t  t h e  second  and 

f i r s t  c e r v i c a l  seg m en ts .  Here  t h e y  a r e  

i n t e r m i n g l e d  w i t h  t h e  f i b r e s  which  l a y  i n  t h e  d o r s o 

l a t e r a l  r e g i o n  t h r o u g h o u t  t h e i r  a s c e n t .

T h i s  d o r s a l  s h i f t  c a n n o t  o f  c o u r s e  be made 

o u t  when b o t h  th e  d o r s o - l a t e r a l  and th e  v e n t r o 

l a t e r a l  columns a r e  c u t ,  f o r  i n  su ch  a c a s e  t h e  

d o r s o - l a t e r a l  co lum n c o n t a i n s  l a r g e  numbers  o f  

d e g e n e r a t i n g  f i b r e s  t h r o u g h o u t  t h e  whole l e n g t h  o f  

t h e  c o r d ,  be tw ee n  t h e  l e v e l  o f  t h e  i n c i s i o n  and th e  

u p p e r  p a r t  o f  th e  f i r s t  c e r v i c a l  segm ent .

c .  A rrangem ent  o f  a s c e n d i n g  f i b r e s  i n  th e

d o r s o - l a t e r a l  co lum n.

I n  a l l  t h e  c a s e s  i n  which  t h e  o p e r a t i o n



i n v o l v e d  t h e  p e r i p h e r a l  f i b r e s  i n  th e  v e n t r a l  p a r t  

o f  t h e  d o r s o - l a t e r a l  column, some f i b r e s  a r e  seen  

t o  move g r a d u a l l y  i n t o  t h e  d o r s a l  p a r t  o f  th e  

column. T h i s  s h i f t  o f  f i b r e s  o c c u r s  i n  segments  

i m m e d ia te ly  c r a n i a l  t o  t h e  l e s i o n ;  once th e  f i b r e s  

r e a c h  th e  most  d o r s a l  zone t h e y  do n o t  a p p e a r  to  

a l t e r  t h e i r  r e l a t i o n s h i p s  u n t i l  t h e  f o u r t h  c e r v i c a l  

segm ent .  The d o r s a l  s h i f t  o f  d o r s o - l a t e r a l  f i b r e s  

can  be d e m o n s t r a t e d  c l e a r l y  by com par ing  th e  two 

s i d e s  o f  t h e  co rd  o f  c a s e  26 ( P l a t e  ^8 ,  P i g . J k ) .

B oth  l e s i o n s  were made a t  th e  f i f t h  t h o r a c i c  segment 

t h a t  on t h e  l e f t  i n v o l v e d  th e  most  d o r s a l  p a r t  o f  

t h e  d o r s o - l a t e r a l  co lumn,  w h e reas  t h a t  on t h e  r i g h t  

d i d  n o t  do so ( F i g .^ V O *  I t  w i l l  be s e e n  t h a t  by

t h e  f i f t h  c e r v i c a l  segment  however  (Pig-. 94-3)? th e

r e g i o n  im m e d ia te ly  l a t e r a l  t o  t h e  d o r s a l  h o r n

c o n t a i n s  d e g e n e r a t e  f i b r e s  on b o t h  s i d e s  o f  th e  c o rd

But n o t  a l l  t h e  f i b r e s  have  moved d o r s a l l y ,  on t h e  

r i g h t  s i d e ;  f o r  d e g e n e r a t i n g  f i b r e s  a r e  s t i l l  seen 

a t  t h i s  l e v e l  a s  f a r  v e n t r a l l y  a s  t h e y  were 

i m m e d ia t e l y  c r a n i a l  to  t h e  o p e r a t i o n  l e s i o n .  

T h e r e f o r e ,  i t  w i l l  be u n d e r s t o o d  t h a t  n o t  a l l  o f  th e  

f i b r e s  o f  t h e  l a t e r a l  and v e n t r o - l a t e r a l  column move 

d o r s a l l y  a s  t h e y  a s c e n d  th e  c o rd .  T h i s  d o r s a l



s h i f t  o f  f i b r e s  i n  t h e  d o r s o - l a t e r a l  column from 

th e  v e n t r a l  t o  t h e  d o r s a l  h a l f  o f  t h e  d o r s o - l a t e r a l  

t r a c t  c an  be s e e n  i n  a l l  t h e  c a s e s  i n  which  o n ly  

t h e  v e n t r a l  p a r t  o f  t h e  d o r s o - l a t e r a l  column.was 

i n v o l v e d  i n  t h e  l e s i o n  ( s e e  c a se  2 5 ,P l a t e  7)8 , P i g . 9.5 r i g h t  

s i d e ;  c a s e  20,  P l a t e  r i g h t  s i d e ) .  A

co m p a r is o n  b e tw een  c a s e s  26 ( P l a t e  3 8 , Pig*94-B) i n  

which th e  l e s i o n  was made a t  t h e  f i f t h  t h o r a c i c  

segment  ( b o t h  s i d e s ) ,  and ( P l a t e  k-2, P ig .99A )  i n  

T/hieh t h e  l e s i o n  was made a t  t h e  f i r s t  lum bar  

segm en t ,  h a s  shown t h a t  t h e r e  i s  no l a m i n a t i o n  i n  

t h e  d o r s a l  f i b r e s .

I t  i s  now n e c e s s a r y  t o  d e te r m in e  a s  f a r  a s  

p o s s i b l e ,  how f a r  v e n t r a l  on t h e  p e r i p h e r y  o f  th e  

c o rd  t h e s e  f i b r e s  l i e ,  which i n  more c r a n i a l  

s e g m en ts ,  w i l l  move d o r s a l l y .  T h e i r  v e n t r a l  

e x t r e m i t y  seems n o t  t o  be i d e n t i c a l  a t  a l l  l e v e l s .

The e v id e n c e  c o n c e r n i n g  t h i s  p o i n t  o f  w a t e r s h e d  w i l l  

be c o n s i d e r e d  now a t  t h e  f o l l o w i n g  t h r e e  l e v e l s :  

m i d - t h o r a c i c ,  u p p e r  t h o r a c i c ,  l o w e r  t h o r a c i c  and 

u p p e r  lu m b ar .  The b u l k  o f  e v id e n c e  on t h i s  p o i n t  

comes f rom th e  m i d - t h o r a c i c  l e v e l .

M i d - t h o r a c i c :  t h e s e  f i b r e s  which move d o r s a l l y

f u r t h e r  c r a n i a l l y  l i e  a t  t h i s  l e v e l  d o r s a l  t o  a l i n e



p a s s i n g  f rom  s i d e  t o  s i d e  th r o u g h  th e  c e n t r a l  c a n a l .
P i g . 95

Case25,^ may he t a k e n  a s  an  example .  On th e  r i g h t  

s i d e  o f  t h e  c o r d ,  t h e  f i b r e s  move d o r s a l l y  so t h a t  

a t  t h e  f i f t h  c e r v i c a l  segm ent ,  t h e y  occupy th e  a r e a  

a d j a c e n t  t o  th e  d o r s a l  h o r n .  On th e  l e f t  s i d e  o f  

t h e  c o r d ,  t h e y  do n o t  do t h i s ,  b u t  r em a in  i n  th e  

same v e n t r o - l a t e r a l  r e g i o n ,  a s  t h e y  a s c e n d .  Thus 

t h e  f i b r e s  d o r s a l  to  t h i s  l i n e  p a s s i n g  th r o u g h  the  

c e n t r a l  c a n a l  move d o r s a l l y  a s  t h e y  a s c e n d ,  and 

t h o s e  l y i n g  v e n t r a l  t o  t h i s  l i n e  do n o t  do so .  The 

same can  be s e e n  from c a s e  20 ( P l a t e  37)*

Upper t h o r a c i c :  c a se  13 ( P l a t e  39) may ^e

t a k e n  t o  d e t e r m i n e  th e  w a t e r s h e d  a t  th e  l e v e l  o f  

t h e  f i r s t  t h o r a c i c  segm ent .  On th e  l e f t ,  t h e  

l e s i o n  l i e s  v e n t r a l  t o  th e  l i n e  p a s s i n g  t h r o u g h  th e  

c e n t r a l  c a n a l ,  and on th e  r i g h t ,  i t  i n c l u d e s  some 

f i b r e s  l y i n g  d o r s a l  t o  t h i s  l i n e .  I t  w i l l  be seen  

t h a t  a t  t h e  f i f t h  c e r v i c a l  segment  (P ig .9 ^ B )  t h e r e  

a r e  no d e g e n e r a t e d  f i b r e s  l y i n g  c o n t i g u o u s  t o  th e  

d o r s a l  h o r n  on th e  l e f t ,  w h e rea s  such  f i b r e s  a r e  

p r e s e n t  on t h e  r i g h t .

Lower t h o r a c i c  and u p p e r  lumbar :  c a s e  3 f̂

( P l a t e  if2) may be t a k e n  t o  d e t e r m i n e  th e  w a t e r s h e d  

a t  th e  f i r s t  lum bar  segm en t .  On th e  l e f t ,  the
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l e s i o n  i n v o l v e d  o n ly  th e  v e n t r a l  p a r t  o f  t h e  v e n t r o 

l a t e r a l  column; on th e  r i g h t ,  i t  i n v o l v e d  many 

f i b r e s  l y i n g  d o r s a l  t o  t h e  l i n e  p a s s i n g  th r o u g h  th e  

c e n t r a l  c a n a l .  I t  w i l l  be s e e n  t h a t  a t  t h e  s i x t h  

c e r v i c a l  segm en t ,  ( F i g . JJA and B) i n  t h i s  c a s e ,  

t h e r e  a r e  some d e g e n e r a t e  f i b r e s  f rom  t h e  l e f t  s i d e  

l y i n g  c o n t i g u o u s  t o  t h e  d o r s a l  h o r n  a t  t h e  f i f t h  

c e r v i c a l  segm ent ;  and  t h e r e  a r e  a l s o  some on the  

r i g h t  s i d e ,  a s  would have  b een  e x p e c t e d .

Case  *$5 ( P l a t e  if^) may be t a k e n  a s  an 

example when t h e  l e s i o n  i s  a t  t h e  n i n t h  t h o r a c i c  

segm en t .  I n  t h i s  c a s e ,  b o t h  l e s i o n s  e x t e n d e d  d o r s a l  

t o  t h e  l i n e  p a s s i n g  t h r o u g h  t h e  c e n t r a l  c a n a l ;  and 

on b o t h  s i d e s  a t  t h e  f i f t h  c e r v i c a l  segment d e g e n e r a t e  

f i b r e s  a r e  l y i n g  c o n t i g u o u s  t o  t h e  d o r s a l  h o r n .

The i m p o r t a n t  f e a t u r e  to  n o t e  i s  t h e  l a r g e  number 

o f  f i b r e s  which have  moved d o r s a l l y ,  c o n s i d e r i n g  th e  

few f i b r e s  which were d o r s a l  t o  t h e  l i n e  a t  th e  

l e v e l  o f  t h e  l e s i o n .  I t  would t h e r e f o r e  a p p e a r  

t h a t  some o f  t h e s e  f i b r e s  o c c u p y in g  th e  d o r s a l  

p o s i t i o n  a t  t h e  f i f t h  c e r v i c a l  segment  must have  

b e en  v e n t r a l  t o  t h e  l i n e  p a s s i n g  th r o u g h  th e  c a n a l  

a t  t h e  lo w e r  t h o r a c i c  r e g i o n .  I t  i s  t h e r e f o r e  

s u g g e s t e d  t h a t  a t  t h i s  l e v e l  some f i b r e s  l y i n g  more



v e n t r a l l y  t h a n  th e  l e v e l  o f  th e  c e n t r a l  c a n a l  

a l s o  m i g r a t e  d o r s a l l y .

I t  would t h e n  a p p e a r  t o  he j u s t i f i e d  to  

c o n c lu d e  t h a t  i n  th e  m id d le  and u p p e r  t h o r a c i c  

segm en ts  t h e  m a j o r i t y ,  i f  n o t  a l l ,  t h e  f i b r e s  which 

s h i f t  d o r s a l l y  i n  t h e  d o r s o - l a t e r a l  column n e v e r  

l i e  f u r t h e r  v e n t r a l l y  t h a n  a b o u t  t h e  l e v e l  o f  the  

c e n t r a l  c a n a l .  I t  s h o u ld  be n o t e d  t h a t  t h e  c e n t r a l  

c a n a l  i s  u t i l i s e d  i n  t h e s e  d e s c r i p t i o n s  b e c a u se  i t  

i s  c o n v e n i e n t  t o  have  such  a landm ark  i n  d e s c r i b i n g  

s i t e s  i n  t h e  c o rd .  But i t  i s  i n t e n d e d  t o  be u se d  

p u r e l y  a s  an i n d i c a t i o n  o f  a p p ro x im a te  p o s i t i o n s .

From t h e  e v id e n c e  a v a i l a b l e  i t  a p p e a r s  

p r o b a b l e  t h a t  i n  t h e  lov/er  t h o r a c i c  and f i r s t  

lum bar  se g m e n t s ,  some f i b r e s  a c t u a l l y  s h i f t  from 

s i t e s  r a t h e r  more v e n t r a l  t h a n  th e  c e n t r a l  c a n a l  

l i n e ,  i n t o  t h e  d o r s o - l a t e r a l  column. A l l  

d e s c r i p t i o n s  o f  a d o r s a l  s h i f t  o f  d o r s o - l a t e r a l  

f i b r e s  r e f e r  o n ly  t o  segm en ts  be low th e  f i f t h  

c e r v i c a l .  F o r  i t  h a s  a l r e a d y  b e e n  d e m o n s t r a t e d  t h a t  

t h e r e  i s  a c o n s i d e r a b l e  v e n t r a l  s h i f t  o f  d o r s o 

l a t e r a l  f i b r e s  i n  t h e  f o u r t h  and t h i r d  c e r v i c a l  

s e g m en ts ,  so t h a t  th e  d o r s a l  e x t r e m i t y  o f  th e  mass 

i s  s e p a r a t e d  from th e  d o r s a l  h o r n  by n o n - d e g e n e r a t e d
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f i b r e s .  These n o n - d e g e n e r a t e d  f i b r e s  can be 

shown t o  be f i b r e s  o f  the  c r o s s e d  p y ram id a l  t r a c t .

T h is  p o i n t  i s  most c l e a r l y  e s t a b l i s h e d  i n  c a s e s  i n  

which th e  c r o s s e d  p y ra m id a l  t r a c t  was d e g e n e r a t e d ,  

due t o  a l e s i o n  i n  t h e  i n t e r n a l  c a p s u l e .  An 

example  i s  c a se  55 ( P l a t e  . P ig  101B shows the  

d e g e n e r a t e d  r i g h t  pyram id  i n  th e  m ed u l la ;  P i g . 101A 

shows t h e  d e g e n e r a t e d  l e f t  c r o s s e d ,  and r i g h t  

d i r e c t  p y r a m id a l  t r a c t  a t  th e  t h i r d  c e r v i c a l  segment.  

The c r o s s e d  p y r a m id a l  t r a c t  e x te n d s  l a t e r a l l y  to  

occupy t h e  most d o r s a l  zone o f  th e  d o r s o - l a t e r a l  

column.

When, a t  th e  t h i r d  and f o u r t h  c e r v i c a l  

s eg m en ts ,  t h e  d o r s o - l a t e r a l  f i b r e s  move v e n t r a l l y ,  

t h e  shape o f  th e  whole mass o f  f i b r e s  i s  a l t e r e d ,  

a s  a l r e a d y  d e s c r i b e d .  I t  h a s  n o t  so f a r  been  

p o s s i b l e  t o  e s t a b l i s h  any c o n s i s t e n t  d i f f e r e n c e s  

i n  th e  a r ran gem en t  o f  th e  f i b r e s ,  a s s o c i a t e d  w i th  

t h e  d i f f e r e n t  l e s i o n s .  I n  th e  u p p e r  two c e r v i c a l  

s e g m en ts ,  where th e  mass o f  f i b r e s  a g a i n  comes to  

l i e  i n  c o n t a c t  w i th  t h e  d o r s a l  h o r n ,  th e  d o r s o 

l a t e r a l  f i b r e s  a re  i n t i m a t e l y  m in g led  w i t h  th e  

v e n t r o - l a t e r a l  f i b r e s .  No d i f f e r e n c e s  i n  t h e  

a p n e a ra n c e  o f  th e  d e g e n e r a t i o n  a t  t n i s  l e v e l ,  such
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a s  were n o te d  i n  th e  low er  c e r v i c a l  segm ents ,  can 

be  r e c o g n i s e d .

d) Arrangement  o f  a s c e n d in g  f i b r e s  i n  the  

v e n t r o - l a t e r a l  and v e n t r a l  co lum ns.

On p a g es  120-126 th e  g e n e r a l  p a t t e r n  of  

d e g e n e r a t i o n  i n  t h e  v e n t r o - l a t e r a l  column was 

d e s c r i b e d .  Case 20 was shown as  a t y p i c a l  example 

o f  t h e  c o u r s e  o f  th e  a s c e n d in g  f i b r e s ,  r e n d e r e d  

d e g e n e r a t e  by a l e s i o n  i n v o l v i n g  th e  e n t i r e  v e n t r a l  

and l a t e r a l  columns.  I t  was l e a r n t  from t h i s  case  

t h a t  an  e x t e n s i v e  l e s i o n  o f  t h e  v e n t r a l  q u a d ra n t  

g i v e s  d e g e n e r a t i o n  o f  a s c e n d in g  f i b r e s  i n  th e  v e n t r a l  

q u a d r a n t ,  and t h a t  t h e s e  f i b r e s  a s  t h e y  a sc e n d ,  become 

c o n c e n t r a t e d  i n  th e  d o r s a l  h a l f  o f  th e  v e n t r a l  

q u a d r a n t .  T h is  p a t t e r n  o f  a s c e n d in g  f i b r e s  o f  the  

v e n t r a l  q u a d ra n t  w i l l  now be c o n s i d e r e d  i n  more 

d e t a i l .

A c ase  o f  p a r t i c u l a r  im po r tance  i s  case  ^  

( P l a t e  2f2) even a l t h o u g h  th e  s u r v i v a l  p e r i o d  was 

l o n g ,  (91 days)  and th e  a s c e n d in g  d e g e n e r a t i o n  

r a t h e r  s p a r s e .  The im p o r tan c e  o f  t h i s  c a se  l i e s  i n  

t h e  f a c t  t h a t  the  o p e r a t i o n  was p e r fo rm ed  a t  a 

c a u d a l  l e v e l  -  the  f i r s t  lumbar segment -  and on the  

l e f t  s i d e  i t  i n v o lv e d  on ly  th e  v e n t r a l  p a r t  o f  th e



v e n t r a l  q u a d r a n t .

I n  segm ents  im m e d ia te ly  c r a n i a l  to  th e  

l e s i o n  d e g e n e r a t i n g  f i b r e s  a r e  c o n f in e d  to  the  

same p a r t  o f  th e  v e n t r a l  q u a d r a n t  in v o lv e d  i n  the  

o p e r a t i o n ,  b u t  i n  h i g h e r  s e c t i o n s  th e  d e g e n e r a t i n g  

f i b r e s  g r a d u a l l y  move d o r s o - l a t e r a l l y  and come to  

be i n  a p p r o x i m a t e ly  th e  same l o c a t i o n  a s  the  v e n t r o 

l a t e r a l  g roup  o f  f i b r e s  i n  c a se  20 ( P l a t e  3 7 ) .

They occupy an a r e a  be tw een  th e  t r a n s v e r s e  l i n e  

p a s s i n g  th r o u g h  th e  c e n t r a l  c a n a l  and the  v e n t r a l  

l i m i t  o f  th e  v e n t r a l  h o rn .  But the  f i b r e s  a r e  f a r  

fe w e r  i n  number t h a n  i n  c a se  2 0 .

T here  i s ,  t h e n  a d o r s o - l a t e r a l  s h i f t  o f  th e  

f i b r e s  i n  t h e  v e n t r a l  q u a d r a n t ,  t o  th e  l a t e r a l  p a r t  

o f  t h e  d o r s a l  r e g i o n  o f  th e  v e n t r o - l a t e r a l  column.

As t h e  f i b r e s  a r e  s c a t t e r e d  o v e r  a p p ro x im a te ly  the  

same e x t e n t  o f  the  column i n  th e  low er  c e r v i c a l  

r e g i o n ,  a f t e r  a l e s i o n  a t  t h e  f i r s t  lumbar segment 

( c a s e  3 4 , P l a t e  2^2, P ig .^ ^A  and B) a s  a f t e r  a l e s i o n  

a t  t h e  thcrac-re. segment ( c a se  20, P l a t e  37 >

F i g . 93D) i t  i s  c l e a r  t h a t  t h e r e  i s  c o n s i d e r a b l e  

i n t e r m i n g l i n g  o f  f i b r e s  from d i f f e r e n t  seg m en ta l  

c o rd  l e v e l s .

I n  case  34  ( P i g . 39A and B) i t  w i l l  be seen



t h a t  t h e s e  v e n t r o - l a t e r a l  f i b r e s  t e n d  to  become 

c o n c e n t r a t e d  i n t o  two a r e a s ;  one group i s  a lo n g  

th e  p e r i p h e r y  o f  t h e  c o rd ,  t h e  o t h e r  group l i e s  

abou t /m idw ay  be tw een  th e  p e r i p h e r y  o f  th e  co rd  

and th e  g re y  m a t t e r ;  b u t  be tween t h e s e  two main 

g ro u p s  o f  f i b r e s ,  th e  space  s t i l l  c o n t a i n s  q u i t e  

a l o t  o f  d e g e n e r a t e  f i b r e s .

I t  i s  i n s t r u c t i v e  to  t u r n  now t o  case  20 

( P l a t e  3 7 ) .  I n  t h e  s e c t i o n s  o f  t h e  second 

t h o r a c i c  and th e  s e v e n th  c e r v i c a l  segments  ( P ig s .  

930  and D ) ,  p a r t i c u l a r l y  on th e  r i g h t  s i d e ,  t h e  

p e r i p h e r a l  zone o f  dense  d e g e n e r a t i o n  and a 

m e d ia l  zone o f  more d i f f u s e l y  s c a t t e r e d  d e g e n e r a t e d  

f i b r e s  can  be d i s t i n g u i s h e d .

When c ase  20 i s  compared w i th  c a se  3^> i t  

w i l l  be se en  t h a t  a t  th e  second t h o r a c i c  and 

s e v e n t h  c e r v i c a l  segments  th e  a r e a  be tw een  th e  two 

zones  i s  f i l l e d  out  w i th  d e g e n e r a t i n g  f i b r e s ;  t h u s  

i n  c a se  20  the  a r e a  be tween  th e  .two cu rv e d  bands 

o f  d e g e n e r a t i n g  f i b r e s  i s  n o t  s p a r s e l y  s c a t t e r e d  

w i t h  f i b r e s ,  a s  i t  i s  i n  case  3 I'tie r e a s o n  

f o r  t h i s  d i f f e r e n c e  i s  l i k e l y  t o  be t h a t  i n  case  20 

t h e  l e s i o n  was a t  th e  f i f t h  t h o r a c i c  segment ,  and 

i n  c a s e  34  i t  was a t  t h e  f i r s t  lumbar  segment;  t h e



i n t e r m e d i a t e  a r e a  i s  l i k e l y  t o  be f i l l e d  w i th  the  

f i b r e s  from t h e  segm ents  c r a n i a l  to  the  l e v e l  o f  

t h e  l e s i o n  o f  c a se  3^* I f  a case  w i th  a l e s i o n  

a t  a l e v e l  b e tw e e n  t h e s e  two c a s e s ,  i s  examined,  

f o r  i n s t a n c e  a t  t h e  n i n t h  t h o r a c i c  segment,  a s  i n  

c a s e  33 ( P i s t e  4 3 ) some i n d i c a t i o n  i s  found o f  t h e  

space  b e i n g  m o d e r a te ly  f i l l e d  w i th  f i b r e s ;  t h e r e  

seem t o  be more f i b r e s  i n  t h i s  space  th a n  i n  case  

34 ( P l a t e  #2) and l e s s  t h a n  i n  case  20 ( P l a t e  37)* 

When t h e  l e s i o n  i s  made f u r t h e r  c r a n i a l  th a n  the  

n i n t h  t h o r a c i c  segm ent ,  t h e s e  two s e p a r a t e  g roups  

o f  a s c e n d i n g  f i b r e s  i n  t h e  v e n t r o - l a t e r a l  column 

become h a r d e r  t o  d i s t i n g u i s h  ; t h e y  can s t i l l  be 

made ou t  i n  c a se  20 ( P l a t e  37)> when t h e  l e s i o n  

was made a t  t h e  f i f t h  t h o r a c i c  segment;  b u t  i n  

c a s e s  where th e  l e s i o n  was made f u r t h e r  c r a n i a l l y  

th e  space  be tw een  t h e  two c u rv e d  bands  i s  no l o n g e r  

c l e d r l y  s e e n  ( e . g .  c a se  12, P l a t e  4 0 ) .

I t  c an  a l s o  be s e en  t h a t  t h e  more c r a n i a l  

t h e  l e s i o n ,  th e  more f i b r e s  a r e  p r e s e n t  i n  the  

m e d i a l  o f  t h e  two cu rv e d  bands ;  t h i s  band comes to  

e x t e n d  f u r t h e r  v e n t r o - m e d i a l l y #

A f u r t h e r  p o i n t  i s  t h a t  t h e  s i z e  o f  th e  

Marchi  b o d i e s  t e n d s  t o  d i f f e r  i n  the  two g rou p s :
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the  p e r i p h e r a l  band c o n t a i n s  more numerous l a r g e  

Marchi b o d i e s  t h a n  the  most m ed ia l  band.

Case 12 ( P l a t e  ipO) forms an example o f  

th e  p a t t e r n  o f  a s c e n d in g  d e g e n e r a t i o n  when the  

l e s i o n  i s  made a t  the  f i f t h  and s i x t h  c e r v i c a l  

s egm en ts .  The two s e p a r a t e d  bands can no l o n g e r  

be fo u n d ,  b u t  some d i s t i n c t i o n  can be seen  between 

t h e  l a t e r a l  h a l f  o f  th e  d e g e n e r a t i n g  a re a  of  f i b r e s  

and  t h e  m e d ia l  h a l f .  I n  the  l a t e r a l  h a l f ,  the  

Marchi b o d i e s  a re  l a r g e r ,  and i n  the  m e d ia l  h a l f  

t h e y  a r e  f i n e r .  The more m e d ia l  group o f  f i n e r  

Marchi b o d i e s  e x t e n d s  f u r t h e r  m e d i a l l y  and v e n t r a l l y  

t h a n  th e  m e d ia l  group i n  c ase  20. A l so ,  th e  t o t a l  

mass o f  d e g e n e r a t i n g  f i b r e s  i s  g r e a t e r  t h a n  t h a t  

i n  c a s e  2 0 , where the  l e s i o n  was a t  a more c a u d a l  

l e v e l .

I t  w i l l  be seen  from case  20 ( P l a t e  37) an(  ̂

•case  12 ( P l a t e  lj-0) t h a t  t h e  more m e d ia l  group o f  

d e g e n e r a t i n g  f i b r e s  e x t e n d s  more v e n t r a l l y  and 

m e d i a l l y  t h a n  the  l a t e r a l  group o f  f i b r e s .  T h is  

i s  a l s o  shown i n  th e  c a s e s  i n  which th e  o p e r a t i o n  

l e s i o n s  were made f u r t h e r  c r a n i a l l y .  An example 

o f  t h i s  i s  c ase  3 ( P l a ^ e A3) where the  o p e r a t i o n  

was p e r fo rm ed  a t  th e  t h i r d  c e r v i c a l  segment .  I t  i s
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a l s o  c l e a r l y  shown i n  c a se  1 ( P l a t e  if6 ) where the  

o p e r a t i o n  was pe rfo rm ed  a t  the  f i r s t  c e r v i c a l  

segment .

Now i f  th e  s e c t i o n s  o f  th e  f i r s t  c e r v i c a l  

segment o f  c ase  1 ( P l a t e  Fig.lOjjB) a r e  compared 

w i t h  th e  s e c t i o n s  o f  the  f i r s t  c e r v i c a l  segment 

o f  c a s e  ^  ( P l a t e  ^2 ,  Figs. .  99 C and D ) , t h e  f o l l o w i n  

f e a t u r e  w i l l  he o b se rv e d :  th e  most d o r s a l  p a r t  of

t h e  m e d ia l  band off d e g e n e r a t i n g  f i b r e s  i n  case  1 

l i e s  i n  a p p r o x i m a t e ly  t h e  same p o s i t i o n  a s  the  

most v e n t r a l  p a r t  o f  the  m e d ia l  band o f  d e g e n e r a t i n g  

f i b r e s  i n  c a se  yk., o r  s l i g h t l y  more m e d i a l l y .

Thus t h e s e  v e n t r o - m e d i a l  f i b r e s  occupy e s s e n t i a l l y  

t h e  same p o s i t i o n  a t  t h e  f i r s t  c e r v i c a l  segment i n  

t h e  two c a s e s .  I t  t h e r e f o r e  seems l i k e l y  t h a t  the  

f i b r e s  i n  t h i s  p o s i t i o n  b e lo n g  to  t h e  same system.

I t  i s  hoped t h a t  f u r t h e r  c a s e s  w i l l  

e v e n t u a l l y  f i l l  i n  th e  main o u t l i n e s  shown by th e s e  

c a s e s .

To sum up ,  i t  h a s  been  shown t h a t  t h e r e  

a r e  a t  l e a s t  two s e t s  o f  lo n g  a s c e n d in g  f i b r e s  i n  

t h e  v e n t r o - l a t e r a l  column, and t h a t  th e  l a t e r a l  

s e t  i s  more compact  t h a n  th e  m e d ia l ,  and does  n o t  

e x te n d  so f a r  v e n t r a l l y .  I n  t h e i r  a s c e n t  i n  th e



c o rd  a l l  t h e  f i b r e s  move d o r s o - l a t e r a l l y .  No 

l a m i n a t i o n  was found  i n  t h e  l a t e r a l  a s c e n d i n g  

g ro u p s .  I t  seems t h a t  t h e r e  may be some d o r s o 

l a t e r a l  v e n t r o - m e d i a l  l a m i n a t i o n  i n  th e  more 

m e d ia l  group  f i b r e s  e n t e r i n g  t h i s  band from more 

c r a n i a l  segm ents  t a k i n g  up th e  more v e n t r o - m e d i a l  

p o s i t i o n .  I t  i s  more d i f f i c u l t  t o  work o u t  th e  

t o p o g ra p h y  o f  th e  more m e d i a l l y  l y i n g  f i b r e s  th a n  

t h e  l a t e r a l  f i b r e s ,  owing to  t h e i r  sm a l l  c a l i b r e .

The c o u r s e  o f  t h i s  whole v e n t r a l  group o f  

f i b r e s  i n  th e  u p p e r  c e r v i c a l  segm ents  h a s  a l r e a d y  

b een  d e s c r i b e d  on p a g es  120 - 1 2 6 , and 126 - 1^ 0 .



CHAPTER IX

THE ASCENDING DEGENERATION IN •

THE iviEDULLA AND PONS. .

A b r i e f  a c c o u n t  o f  th e  p a t t e r n  o f  

d e g e n e r a t i o n  i n  th e  b r a i n  s tem i n  a c a se  w i t h  an 

e x t e n s i v e  l e s i o n  o f  b o t h  t h e  d o r s o l a t e r a l  and th e  

v e n t r o l a t e r a l  columns a t  t h e  t h i r d  c e r v i c a l  

segment w i l l  be d e m o n s t r a t e d  from a s e r i e s  o f  

t r a n s v e r s e  s e c t i o n s .  Then th e  d e g e n e r a t i o n  

f o l l o w i n g  l e s i o n s  a t  d i f f e r e n t  c o rd  l e v e l s ,  and of  

v a r y i n g  to p o g ra p h y  w i l l  be compared.  C e r t a i n  

o t h e r  f e a t u r e s  w i l l  a l s o  be d e s c r i b e d .  F i n a l l y  

a c a se  w i th  a l e s i o n  c o n f i n e d  t o  th e  v e n t r a l  q u a d ra n t  

a t  t h e  f i r s t  c e r v i c a l  segment wL11 be d e s c r i b e d ,  

and th e  a s c e n d i n g  d e g e n e r a t i o n  d e m o n s t r a t e d  i n  

s a g i t t a l  s e c t i o n s .

I .  G e n e r a l  P a t t e r n  o f  D e g e n e r a t i o n .

( c a s e  5? P l a t e s  ■ 2*7 - 4 9 ) .

I n  c a se  5 t h e r e  i s  an e x t e n s i v e  o p e r a t i o n  

l e s i o n  i n - t h e  t h i r d  c e r v i c a l  segment ( F ig .  10ifA) 

which i n c l u d e s  th e  g r e a t e r  p a r t  o f  t h e  p e r i p h e r a l  

zone i n  th e  d o r s o - l a t e r a l  and th e  v e n t r o - l a t e r a l  

co lumns.  T h is  c a se  i s  p a r t i c u l a r l y  u s e f u l  becau se
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t h e  l e s i o n ,  made a t  t h e  t h i r d  c e r v i c a l  segment ,  

must  i n v o lv e  .m o s t , i f  n o t  a l l . ,  o f  t h e  a s c e n d in g  

f i b r e s  o f  th e  l a t e r a l ’ column. I t  i s  o n ly  i n  th e  

t h i r d  and f o u r t h  c e r v i c a l  segments  t h a t  t h e s e  

f i b r e s  occupy an ex trem e  l a t e r a l  p o s i t i o n ;  f o r  

t h e r e  th e  c o r t i c o - s p i n a l  t r a c t  comes t o  th e  

p e r i p h e r y  o f  t h e  c o r d ,  and d i s p l a c e s  t h e  d o r s o 

l a t e r a l  f i b r e s  l a t e r a l l y .  A l s o ,  by t h i s  l e v e l ,  a l l  

th e  lo n g  a s c e n d i n g  f i b r e s  o f  th e  d o r s o - l a t e r a l  and 

v e n t r o - l a t e r a l  g r o u p s ,  a r e  g a t h e r e d  t o g e t h e r  i n  

t h i s  l a t e r a l  column. Thus th e  l e s i o n  i n  c a se  5 

i n v o l v e s  a l l  a s c e n d i n g  f i b r e s  o f  t h e  d o r s o - l a t e r a l  

and v e n t r o - l a t e r a l  sy s te m s .  I n  t h i s  c a s e ,  i t  

v / i l l . b e  s e e n  t h a t  a t  t h e  segment above t h a t  o f  th e  

o p e r a t i o n  -  a t  t h e  second  c e r v i c a l  segment (Pig.lOifB) 

th e  d e g e n e r a t e d  r e g i o n  i s  i n  t h e  v e n t r o - l a t e r a l  

and d o r s o - l a t e r a l  co lumns.  (There  i s  an  u n u s u a l  

f e a t u r e  h e r e :  t h e r e  i s  a l a r g e  mass o f

d e g e n e r a t i n g  f i b r e s ,  be tw een  th e  p e r i p h e r a l  band 

and th e  c e n t r a l  g r e y  m a t t e r .  These have been  

i n v e s t i g a t e d  i n  . th i s  and o t h e r  c a s e s ,  and a p a p e r  

on them e n t i t l e d  ”S p i n o - c o r t i c a l  f i b r e s  i n  man” has  

been  a c c e p t e d  f o r  p u b l i c a t i o n  i n  the  J o u r n a l  o f  

N e u ro lo g y ,  P s y c h i a t r y  and N e u r o s u r g e r y ) .



I n  th e  n e x t  c r a n i a l  s e c t i o n  t h e  p e r i p h e r a l  

band o f  d e g e n e r a t i n g  f i b r e s  i s  se en  to  l i e  i n  

j u x t a p o s i t i o n  w i th  t h e  d o r s a l  h o rn  (F ig . lO ifC) .

I n  Fig.10l+D, a t  t h e  l e v e l  o f  t h e  u p p e r  p a r t  o f  

th e  p y r a m id a l  d e c u s s a t i o n ,  th e  d e g e n e r a t i n g  f i b r e s  

a r e  c l o s e l y  packed  i n  t h e  r e g i o n  im m e d ia te ly  v e n t r a l  

t o  t h e  d e s c e n d i n g  n u c l e u s  o f  th e  f i f t h  c r a n i a l  

n e r v e .  The mass o f  f i b r e s  p r e s e n t s  a ro u g h ly  

t r i a n g u l a r  a p p e a ra n c e  i n  t r a n s v e r s e  s e c t i o n .  The 

h y p o to n eu se  o f  t h i s  t r i a n g l e  e x t e n d s  a lo n g  the  

p e r i p h e r y  o f  th e  m e d u l l a  from th e  f i f t h  n e rv e  n u c l e u s  

a lm o s t  to  th e  p y ram id .  The s h o r t e s t  s i d e  o f  the  

t r i a n g l e  l i e s  a lo n g  t h e  v e n t r a l  a s p e c t  o f  th e  f i f t h  

n e rv e  n u c l e u s ,  and e x t e n d s  i n t o  t h e  r e t i c u l a r  

f o r m a t io n .  The mass o f  d e g e n e r a t i n g  f i b r e s  i s  

s t a i n e d  more i n t e n s e l y  i n  i t s  d o r s a l  two t h i r d s  

t h a n  i n  th e  v e n t r a l  t h i r d .  T h is  s u g g e s t s  a 

c o n c e n t r a t i o n  o f  d e g e n e r a t i o n  f i b r e s  i n  th e  d o r s a l  

p a r t .

I n  Pig.ICUfE, a t  t h e  l e v e l  o f  t h e  low er  

p a r t  o f  t h e  s e n s o r y  d e c u s s a t i o n ,  t h e  d e g e n e r a t i n g  

f i b r e s  a re  s t i l l  massed i n  a t r i a n g u l a r  a r e a ,  v e n t r a l  

to  t h e  s p i n a l  n u c l e u s ,  l y i n g  i n  th e  d o r s a l  t w o - t h i r d s  

og th e  d i s t a n c e  b e tw een  t h i s  n u c l e u s  and the  pyram id .
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There  i s  s c a t t e r e d  d e g e n e r a t i o n  i n  th e  r e t i c u l a r  

s u b s t a n c e ,  m e d ia l  t o  t h e  main mass o f  d e g e n e r a t i o n .

In  Fig . lOJfF,  a t  th e  c a u d a l  l i m i t  o f  th e  

f o u r t h  v e n t r i c l e ,  t h e  d e g a n e r a t i n g  f i b r e s  now form 

a p e r i p h e r a l  band e x te n d i n g  d o r s a l l y  from th e  p o s t  

o l i v a r y  s u l c u s  to  t h e  l e v e l  o f  t h e  d o r s a l  b o r d e r  

o f  t h e  c u n e a te  n u c l e u s ;  t h e  d e g e n e r a t i n g  f i b r e s  

l i e  l a t e r a l  t o  th e  d e s c e n d in g  n u c l e u s  o f  the  f i f t h  

c r a n i a l  n e rv e  and t h e  c u n e a te  n u c l e u s .  Excep t  f o r  

th e  most v e n t r a l  f i b r e s ,  t h e  f i b r e s  have run  

d o r s a l l y  and a r e  c u t  i n  l o n g i t u d i n a l  o r  o b l iq u e  

s e c t i o n .  D e g e n e r a t i n g  f i b r e s  a l s o  i n  t h i s  s e c t i o n  

l i e  i n  th e  f o r m a t i o  r e t i c u l a r i s .

I n  F i g .  a t  t h e  u p p e r  m e d u l l a ,  the

m a j o r i t y  o f  th e  f i b r e s  have c o l l e c t e d  d o r s a l l y  i n  

th e  l a t e r a l  p a r t  o f  t h e  r e s t i f o r m  body,  where t h e y  a re  

c u t  i n  t r a n s v e r s e  s e c t i o n .  A s m a l l e r  mass o f  f i b r e s  

l i e s  on t h e  p e r i p h e r y  o f  th e  m e d u l l a  i n  th e  d e p r e s s i o n  

be tw een  th e  o l i v e  and t h e  r e s t i f o r m  body. A few 

f i b r e s  a r e  s c a t t e r e d  a lo n g  th e  p e r i p h e r y  o f  the  

m e d u l l a ,  be tw een  th e  two m asses  o f  f i b r e s ,  l a t e r a l  to  

the  d e s c e n d in g  n u c l e u s  o f  th e  f i f t h  c r a n i a l  n e rv e .

I n  F i g .  102fH. , th ro u g h  the  lo w er  pons ,
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the  d o r s a l  mass o f  f i b r e s  i s  s t i l l  i n  th e  r e s t i f o r m  

body; th e  s m a l l e r  v e n t r a l  mass now l i e s  f u r t h e r  

d o r s a l l y  t h a n  i n  th e  m e d u l l a ,  deep i n  t h e  pons .

The v e n t r a l  f i b r e s  a r e  s c a t t e r e d  i n  t h e  l a t e r a l  

l e m n i s c u s ,  which l i e s  d o r s a l  and m e d ia l  t o  th e  f i b r e s  

o f  th e  b rac h iu m  p o n t i s ,  v e n t r a l  t o  th e  f i f t h  n u c l e u s  

and l a t e r a l  t o  th e  m e d ia l  l e m n i s c u s .

I n  F i g .  10if l ,  a t  t h e  l e v e l  o f  t h e  b rach ium  

conjunctivoim, a few f i b r e s  a r e  s c a t t e r e d  

d i f f u s e l y  t h r o u g h  t h e  l a t e r a l  l e m n i s c u s ,  m a in ly  i n  

th e  l a t e r a l  p a r t ,  and i n  t h e  s t r ag u lu m '  on t h e  

p e r i p h e r y  o f  t h e  pons .  A t h i n  band o f  f i b r e s  a l s o  

e x te n d  from th e  base  o f  t h e  b rach ium  o v e r  i t s  d o r s a l  

s u r f a c e ,  and i n t o  t h e  s u p e r i o r  m e d u l l a r y  velum.

C e r t a i n  p a r t s  o f  t h e  c o u rs e  w i l l  now be 

c o n s i d e r e d  i n  more d e t a i l .

I I .  C ases  Showing P a r t i c u l a r  F e a t u r e s .

A. S e c t i o n s  o f  t h e  m ed u l la  w i l l  be shown to

d e m o n s t r a t e : -

a) The l o c a t i o n  o f  t h e  d e g e n e r a t i o n  f i b r e s ,  a f t e r

a l e s i o n  o f  b o th  th e  d o r s o - l a t e r a l  and v e n t r o 

l a t e r a l  columns made a t :

( i )  th e  u p p e r  c e r v i c a l  l e v e l

( i i )  The m i d - t h o r a c i c  l e v e l
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b) The l o c a t i o n  o f  th e  d e g e n e r a t i o n  a f t e r  a

l e s i o n  o f :

( i )  t h e  d o r s o - l a t e r a l  t r a c t  on ly

( i i )  t h e  v e n t r o - l a t e r a l  t r a c t  o n ly .

S e c t i o n s  w i l l  a l s o  be shown t o  d e m o n s t r a t e : -

c) The c o n n e c t i o n  o f  th e  f i b r e s  w i th  the

r e s t i f o r m  body.

d) D e g e n e r a t i n g  f i b r e s  i n  th e  f o r m a t i o  r e t i c u l a r i

a) L o c a t i o n  o f  th e  d e g e n e r a t i n g  f i b r e s  a f t e r  a

l e s i o n  o f  b o t h  th e  d o r s o - l a t e r a l  and v e n t r o 

l a t e r a l  co lumn. ( P l a t e  5^)-

( i )  L e s io n  made a t  th e  u p p e r  c e r v i c a l  l e v e l  

( c a se  5? P i g .  10 5 ) .

Case 5 was u t i l i s e d  a s  an example  o f  the  

g e n e r a l  p a t t e r n  o f  d e g e n e r a t i o n  i n  th e  b r a i n  s tem, 

(pag e s  14-4--1 4.8 ) .  F i g .  1 0 5 # i s  an e n l a r g e d  v iew o f  

F ig .  1043), and shows more c l e a r l y  th e  d i s t r i b u t i o n  of  

th e  d e g e n e r a t i n g  f i b r e s  i n  th e  m e d u l l a ,  a f t e r  a l e s i o n  

o f  b o t h  t h e  d o r s o - l a t e r a l  and th e  v e n t r o - l a t e r a l  

columns a t  th e  t h i r d  c e r v i c a l  segment.

( i i )  L e s io n  made a t  the  m i d - t h o r a c i c  

l e v e l  ( c a se  1 5 , F ig .  1 0 6 ) .

In. c a se  15 t h e  l e s i o n ,  which was comparab le  

i n  e x t e n t  to  t h a t  i n  c a se  5 , was made a t  th e  f i f t h



1 5 0 .

t h o r a c i c  segment .

I t  w i l l  be s e e n  from F ig .1 0 5  t h a t  th e  a r e a  

t h r o u g h o u t  which d e g e n e r a t i n g  f i b r e s  a re  p r e s e n t  i n  

th e  c a se  o f  a m i d - t h o r a c i c  l e s i o n  i s  v e ry  s i m i l a r  to  

t h a t  i n  th e  c a se  o f  a h i g h  c e r v i c a l  l e s i o n .

I n  case  15> th e  d e g e n e r a t i o n  e x t e n d s  a l i t t l e  

f u r t h e r  m e d i a l l y  t h a n  i n  case  5> an<  ̂ t h e  d o r s o - l a t e r a l  

p a r t  o f  th e  d e g e n e r a t i o n  i s  l e s s  i n t e n s e l y  s t a i n e d  

t h a n  i n  c a se  5» The p r e s e n c e  o f  d e g e n e r a t i n g  f i b r e s  

th r o u g h o u t  t h e  t r i a n g u l a r  a r e a ,  v e n t r a l  t o  th e  

d e s c e n d in g  n u c l e u s  o f  th e  f i f t h  n e rv e  i s  a c o n s i s t e n t  

f i n d i n g  i n  a l l  c a s e s  w i th  an e x t e n s i v e  l e s i o n  o f  b o th  

d o r s o - l a t e r a l  and v e n t r o - l a t e r a l  co lum ns,  no m a t t e r  

a t  what c o rd  l e v e l  t h e  l e s i o n  was made.

A l though  i t  w i l l  be se en  t h a t  i n  c ase  5 t h e r e  

a r e  more f i b r e s  d e g e n e r a t e d  i n  th e  d o r s a l  p a r t  o f  t h i s  

t r i a n g l e  t h a n  t h e r e  a r e  i n  c a se  1 5 ? t h i s  d i f f e r e n c e  i n  

d i s t r i b u t i o n  i s  n o t  found  i n  o t h e r  c a s e s ;  and no 

s i g n i f i c a n c e  i s  a t t a c h e d  t o  i t .

b)  L o c a t i o n  o f  th e  d e g e n e r a t i n g  f i b r e s  a f t e r  a 

l i m i t e d  l e s i o n  o f  t h e  l a t e r a l  c o lu m n . ( P l a t e s

( i )  L e s io n  o f  th e  d o r s o - l a t e r a l  column 

o n ly  (c a se  2 6 , P i g . 1 0 7 )- 

I n  case  26 t h e  p e r i o d  o f  s u r v i v a l  was r a t h e r
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lo n g  (150  d a y s ) ,  so t h a t  o n ly  th e  p o s i t i v e  f i n d i n g s  

can  he a c c e p t e d  a s  e v id e n c e :  i . e .  no d e d u c t i o n s  can

he drawn r e s p e c t i n g  th e  a bsen ce  o f  Marchi m a t e r i a l  i n  

any a r e a .

The e x t e n t  o f  th e  d e g e n e r a t i o n  i n  the  m edul la  

i s  a p p r o x i m a t e ly  t h e  same a s  i n  t h e  d o r s a l  two 

t h i r d s  o f  th e  d e g e n e r a t i o n  mass i n  c a se  5* There  

a r e ,  how ever ,  f a r  few er  f i b r e s .

( i i )  L e s io n  o f  t h e  v e n t r o - l a t e r a l  column 

o n l y ,  ( c a s e  54-? F i g . 1 0 8 ,  c ase  9> Fig* 

109, c a s e  18,  P i g . 1 1 0 ) .

I n  c a se  )lf ( F i g .1 0 8 )  t h e  b i l a t e r a l  o p e r a t i o n  

was a t  t h e  f i r s t  lumbar  segment .  On t h e  l e f t  s i d e ,  

th e  l e s i o n  was c o n f i n e d  to  th e  v e n t r a l  q u a d r a n t ;  on 

th e  r i g h t  s i d e  th e  v e n t r a l  q u a d ra n t  was m a in ly  

i n v o lv e d .  The d e g e n e r a t i o n  i n  th e  m e d u l l a  i s  s p a r s e ,  

b u t  i n  d i s t r i b u t i o n  c l o s e l y  r e s e m b le s  t h a t  o f  case  2b, 

( P i g . 1 0 7 ) ,  i n  which th e  l e s i o n  was w ho l ly  d o r s a l .  I n  

c ase  9 ( F i g .  109) and i n  c a se  18 ( P ig .  110) th e  l e s i o n ,  

made a t  t h e  m i d - t h o r a c i c  l e v e l ,  was m a in ly  v e n t r o 

l a t e r a l .  I n  b o th  t h e s e  c a s e s  th e  d i s t r i b u t i o n  o f  the  

d e g e n e r a t i o n  i n  the  m e d u l l a  i s  v e ry  s i m i l a r  to  t h a t  i n  

case  5 (P ig .1 0 5 )>  and i n  th e  d o r s a l  two t h i r d s ,  

t h e r e f o r e ,  s i m i l a r  to  t h a t  i n  c ase  2 6 . ( F i g . 107) .
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These cases show that the ascending fibres 
of the lateral column of the cord lie, in the medulla, 
in the dorsal half of the peripheral zone between the 
spinal nucleus of the fifth nerve and the pyramid.
In the dorsal two thirds of this triangular area are 
fibres from hoth the dorso-lateral and the ventro
lateral columns of the cord. These fibres are so 
intermingled and scattered throughout this region 
that the distribution of the degeneration is the same 
whether the lesion was confined to the ventral or the 
dorsal part of the lateral column. In the ventral 
third of the triangular area there are more diffusely 
scattered fibres which come from the ventral part of 
the cord only.

Thus one is in a position to conclude that when 
degenerating fibres in the ventral part of this 
triangle are found, there must be a lesion of the 
ventral quadrant.of the spinal cord; and when ' 

degenerating fibres are found in the dorsal part, the 
lesion must be in some part of the lateral columns.
When one considers the rostro-caudal level of the 
spinal lesion, one finds that in the dorsal part of 
this triangular area there tends to be more fibres 
after a lesion in the rostral part of the cord, than
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a f t e r  a l e s i o n  i n  th e  c a u d a l  p a r t .

c) The c o n n e c t i o n  o f  th e  f i b r e s  w i th  the

.r e s t i f o r m  h o d y . ( P l a t e s

At t h e  l e v e l  o f  t h e  m id -m e d u l l a ,  t h e  m a jo r i t j r  

o f  the  d e g e n e r a t i n g -  f i b r e s  may be  s e e n  t o  p a s s  

d o r s a l l y ,  t o  e n t e r  i n t o  th e  f o r m a t i o n  o f  th e  r e s t i f o r m  

body.

On p l a t e s  a r e  p h o to g r a p h s  t o  shov/ th e

p a t t e r n  o f  d e g e n e r a t i o n  a t  t h i s  l e v e l  i n  a c ase  w i th  

a l e s i o n  o f  th e  d o r s o - l a t e r a l  column, o f  th e  cord 

(case  2 7 , F i g . 1 1 1 ) ,  and i n  a case  w i t h  a l e s i o n  o f  

the  v e n t r o - l a t e r a l  column (c a se  $)? P i g .  112) .  The 

e v id e n ce  i s  i n s u f f i c i e n t  t o  p e r m i t  a d e f i n i t e  

c o n c l u s i o n  a b o u t  t h e  v e n t r a l  p a r t  o f  t h i s  t r i a n g l e ;  

b u t  i t  does  lo o k  a s  though  th e  r o s t r o - c a u d a l  

d i s p o s i t i o n  o f  th e  l e s i o n  does  a l t e r  th e  c o n t e n t  o f  

f i b r e s  i n  t h e  v e n t r a l  p a r t .  A f u r t h e r  o b s e r v a t i o n  

on the  f i b r e s  i n  th e  m ed u l la  i s  t h a t  th o s e  i n  the  

d o r s a l  group  a r e  p r e d o m i n a n t l y  o f  l a r g e r  c a l i b r e  t h a n  

th o se  i n  t h e  v e n t r a l  g roup.

As m ight  be e x p e c t e d  from th e  f i b r e  p a t t e r n  

i n  th e  low er  m e d u l l a ,  t h e  d i s t r i b u t i o n  o f  the  

d e g e n e r a t i n g  f i b r e s  d o r s a l  t o  th e  o l i v e  and a lo n g  the  

p e r i p h e r y  o f  th e  d o r s a l  p a r t  o f  th e  m edu l la  i s  v e ry
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s i m i l a r  i n  t h e  two c a s e s .  I t  i s  o bv io us  from th e s e  

p h o t o g r a p h s ,  and from t h o s e  on p l a t e  'f rom a 

s l i g h t l y  h i g h e r  l e v e l ,  t h a t  a l l  the  d o r s a l  group o f  

f i b r e s  p a s s  d o r s a l l y  i n t o  t h e  r e s t i f o r m  body. The 

n e x t  p h o to g ra p h  (c a se  2 5 , F i g .1 1 6 )  shows t h a t  some 

o f  the  f i b r e s  i n  th e  v e n t r a l  p a r t  o f  t h e  d e g e n e r a t e d  

a re a  a l s o  p a s s  d o r s a l l y  tow a rd s  th e  r e s t i f o r m  body 

( V . F . ) .  T h is  p a s sa g e  o f  f i b r e s  from th e  v e n t r a l  

t r a c t  d o r s a l l y  can  be s e en  a l s o  i n  F i g . 109 (ca se  9 )•

I n  F i g . 117 ? ( ca se  2^)?  a t  a s l i g h t l y  h i g h e r  l e v e l  

t h a n  F i g . 1 1 6 , i t  may be se en  t h a t  few f i b r e s  l i e  h e re  

i n  the  most l a t e r a l  zone o f  th e  v e n t r a l  group o f  

f i b r e s .  I t  a p p e a r s  t h a t  many o f  them have p a s s e d  

d o r s a l l y .  The m a j o r i t y  o f  th e  f i b r e s  p a s s  i n  the  

most l a t e r a l  p a r t  o f  th e  m ed u l la  t o  r e a c h  th e  

r e s t i f o r m  body.  I n  a few c a s e s ,  however,- some f i b r e s  

have b een  s e e n  t o  t a k e  a s l i g h t l y  more m e d ia l  c o u r s e ,  

and r e a c h  th e  r e s t i f o r m  body, a f t e r  t r a v e r s i n g  the  

d e s c e n d in g  n u c l e i  o f  th e  f i f t h  n e r v e .  An example o f  

t h i s  c o u rs e  can be seen  i n  F i g . 117 ( c a s e  2 ^ ) .  

d) D e g e n e r a t i n g  f i b r e s  i n  th e  f o r m a t io

r e t i c u l a r i s .

Numerous f i b r e s  a p p e a r  t o  l e a v e  th e  main 

d e g e n e r a t i n g  mass and end i n  th e  f o r m a t i o  r e t i c u l a r i s .
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Some of  t h e s e  a r e  shown i n  F i g .  116 ( c a se  2 3 > R . F . ) .

These fibres, and others leaving the main bundle of 
ascending fibres at higher levels, are being analysed 
in a separate piece of work, and will not be 
considered further here.
B. With  r e g a r d  t o  t h e  p o n s , th ree ,  p o i n t s  need to

be s t r e s s e d .  ( P l a t e s  57” 59)*

a) Of t h e  a s c e n d i n g  f i b r e s ,  th e  g r e a t  m a j o r i t y  

have now p a s s e d  i n t o  th e  r e s t i f o r m  body. T h is  can

be seen  i n  F i g .  118, ( c a se  J ) .  Only a s m a l l  p e r c e n t a g e  

o f  the  t o t a l  f i b r e s  now rem a in  i n  t h e  v e n t r a l  group.

(V .G .) .  I n  comparing  th e  number o f  f i b r e s  i n  t h e s e  

two g roups  i t  must be remembered t h a t  t h e  v e n t r a l  

group i s  c u t  i n  t r a n s v e r s e  s e c t i o n ,  and t h e r e f o r e  a l l  

th e  f i b r e s  a r e  seen  i n  one s e c t i o n ,  whereas  th o se  i n  

th e  d o r s a l  g roup  a r e  c u t  i n  l o n g i t u d i n a l  s e c t i o n ,  and 

t h e r e f o r e  o n ly  some a re  seen  i n  one s e c t i o n .

b) The f i b r e s  t h a t  rem a in  i n  t h e  v e n t r a l  group 

a re  s c a t t e r e d  i n  t h e  l a t e r a l  l e m n i s c u s .  T h i s  i s  

shown b e s t  i n  F i g s . 119 and 120 ( c a s e s  15 and 2 8 ) .

c) A few o f  t h e  a s c e n d i n g  f i b r e s  c o n s i s t e n t l y  

e n t e r  th e  c e r e b e l lu m  v i a  th e  b rach iu m  p o n t i s .  These 

can  be se en  ( F . B . P . ) i n  F i g s . 113? 120, 121,  ( c a s e s  15>

28 and 7 ) .
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I t  h a s  so f a r  been  shown t h a t  a f t e r  l e s i o n s  

o f  e i t h e r  th e  v e n t r o - l a t e r a l  o r  o f  th e  d o r s o - l a t e r a l  

columns o f  t h e  c o rd ,  th e  g r e a t  m a j o r i t y  o f  the  

d e g e n e r a t i n g  f i b r e s  p a s s  i n t o  th e  r e s t i f o r m  body.

The r e m a in d e r  o f  th e  f i b r e s  have been  t r a c e d  to  th e  

base  o f  th e  b rach ium  c o n ju n e t iv u m ,  where a few f i b r e s  

move d o r s a l l y  o v e r  the  p e r i p h e r y  o f  th e  b rach ium ,

F i g . 122, c a se  5 .•

These o b s e r v a t i o n s  a re  d e r i v e d  from a l l  th e  

c a s e s  i n  t h i s  s e r i e s  i n  which th e  l e s i o n s  were made 

between th e  second c e r v i c a l  and the  f i r s t  lumbar 

segm ents .

I I I .  P a t t e r n  o f  D e g e n e r a t i o n  a f t e r  L e s io n  c o n f in e d  

to  t h e  V e n t r a l  Q u a d ra n t . ( P l a t e s  60-62A)

The n e x t  c a s e ,  case  1 ,  i s  o f  p a r t i c u l a r  

im p o r t a n c e ,  a s  h a s  been  m en t io ned  on page 1 ifif. F o r ,  

i n  t h i s  c a s e ,  the  l e s i o n  was made i n  th e  f i r s t  c e r v i c a l  

segment .  Thus th e  l e s i o n  i s  c r a n i a l  to  t h e  d o r s a l  

s h i f t  o f  most  l a t e r a l  column f i b r e s ,  d e s c r i b e d  i n  the  

p r e v i o u s  c h a p t e r  (pages  117-1  k-3) • l e s i o n  in v o lv e d

o n ly  th e  l e f t  v e n t r a l  q u a d ra n t  o f  th e  co rd .

The d e g e n e r a t i n g  f i b r e s  seen  i n  t r a n s v e r s e  

s e c t i o n  o f  th e  u p p e r  p a r t  o f  th e  f i r s t  c e r v i c a l  

segment and o f  th e  lo w er  m ed u l la  have a l r e a d y  been
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d e s c r i b e d  (page 1lf2, and P l a t e  k&) •

A t t e n t i o n  i s  drawn a g a i n  t o  t h e  sm a l l  

group o f  d e g e n e r a t i n g  f i b r e s  on th e  p e r i p h e r y  o f  the  

l a t e r a l  column. These f i b r e s  must c o r r e s p o n d  to  

the  most v e n t r a l l y  p l a c e d  f i b r e s  i n  th e  p e r i p h e r a l  

band o f  d e g e n e r a t i n g  f i b r e s  p r e s e n t  i n  th e  f i r s t  

c e r v i c a l  segment i n  a l l  o t h e r  c a s e s  (C/P.  c ase  5)*

The mid and u p p e r  m e d u l l a ,  pons and low er  m id - b r a i n  

were c u t  i n  s a g i t t a l  s e c t i o n s .

I n  th e  s a g i t t a l  s e c t i o n ,  P i g . 12^,  t a k e n  

th ro u g h  t h e  most l a t e r a l  p a r t  o f  th e  o l i v e ,  the  

c o u rse  o f  th e  v e n t r a l  group o f  f i b r e s  from th e  m edu l la  

i n t o  t h e  lo w e r  b r a i n  stem i s  se en .

As was c l e a r  from t h e  t r a n s v e r s e  s e c t i o n s  o f  

the  m e d u l l a  i n  t h e  o t h e r  c a s e s  ( P l a t e s  4-7“ 59) 

v e n t r a l  f i b r e s  i n  t h e  m edu l la  a sce n d  i n  th e  a r e a  

im m e d ia te ly  d o r s a l  t o  th e  o l i v e .  They t h e n  l i e  i n  

t h e  p e r i p h e r y  o f  th e  v e n t r a l  s u r f a c e  o f  th e  b r a i n  

stem a t  th e  b ase  o f  t h e  p o n t o - m e d u l l a r y  s u l c u s  (P .M .S . ) .  

I n  t h e  pons t h e i r  c o u rs e  i s  d i r e c t e d  o b l i q u e l y  

r o s t r a l l y  and d o r s a l l y  so t h a t  th e y  p a s s  from the  

v e n t r a l  s u r f a c e  to  t h e  d o r s a l  s u r f a c e  o f  th e  pons.

I n  th e  f i r s t  p a r t  o f  t h e i r  p o n t i n e  c o u rs e  t h e y  l i e  

i n  th e  l a t e r a l  l e m n i s c u s ,  d o r s a l  t o  th e  b u lb  o f  the
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pons ,  and v e n t r a l  t o  t h e  n u c l e u s  o f  t h e  f i f t h  ne rve  

(N .V .N .) .  As t h e y  a p p ro a c h  th e  d o r s a l  s u r f a c e ,  

th e  f i b r e s  l i e  a t  f i r s t  v e n t r a l  and t h e n  r o s t r a l  t o  

the  c i r c u m f e r e n t i a l  g rey  mass a t  th e  b ase  o f  th e  

b rac h iu m  c o n ju n c t iv u m  (C.G.M.) .  Many o f  th e  f i b r e s  

c o n t i n u e  t o  a sc e n d  c r a n i a l l y .  These do n o t  co n ce rn  

us  i n  t h e  p r e s e n t  s t u d y .

I n  a s e r i e s  o f  s e c t i o n s  t a k e n  m e d i a l l y  from 

t h a t  on P l a t e  6 0,  f i b r e s  may be s e en  to  s e p a r a t e  

from th e  l a r g e  mass o f  f i b r e s  a t  th e  b ase  o f  the  

b rach iu m  c o n ju n c t iv u m ,  and to  ru n  o b l i q u e l y  i n  a 

d o r s o - c a u d o - m e d i a l  d i r e c t i o n  i n  th e  p e r i p h e r a l  l a y e r  

o f  th e  b rach ium  c o n ju n c t iv u m ,  to  e n t e r  th e  

c e r e b e l lu m .  P i g .  122f on P l a t e  61 i s  from a s e c t i o n  

m e d ia l  t o  P i g . 125* I n  i t  th e  numerous d e g e n e r a t i n g  

f i b r e s  on th e  d o r s a l  p a r t  o f  th e  b rach ium  can be seen .  

I n  v iew o f  t h e  d i r e c t i o n  t a k e n  by th e  f i b r e s  go in g  

to  th e  c e r e b e l lu m ,  t h e i r  s e p a r a t i o n  away from the  

whole complex o f  a s c e n d in g  f i b r e s ,  and t h e i r  c ou rse  

a lo n g  th e  b rach ium  canno t  be shown i n  th e  same 

s a g i t t a l  s e c t i o n .

I t  c an n o t  be d e c id e d  which o f  t h e s e  f i b r e s  

a t  t h i s  l e v e l  n e a r  th e  b ase  o f  th e  b rach ium  

c o n ju n c t iv u m  a r e  d e s t i n e d  f o r  th e  c e r e b e l lu m .  There



i

FIGI25
( c a s e  i)



may a l r e a d y  toe a s e g r e g a t i o n  o f  the  s p i n o - c e r e b e l l a r  

f i ' b r e s ,  tout i t  seemed as  i f  the  f i to re s  e n t e r i n g  the  

torachium c o n ju n c t iv u m  came from th e  whole mass o f  

d e g e n e r a t i n g  f i t o r e s .

I t  sh o u ld  toe rem arked  h e r e  t h a t  th e  number 

o f  f i to r e s  e n t e r i n g  th e  ce retoe Hum toy way o f  th e  

torachium c o n ju n c t iv u m  i s ,  i n  t h i s  c a s e ,  f a r  h i g h e r  

t h a n  i n  any o f  th e  o t h e r  c a s e s  examined.

I n  t h e  c a s e s  a l r e a d y  d e s c r i b e d ,  and 

i l l u s t r a t e d  toy t r a n s v e r s e  s e c t i o n s ,  a n o t a b l e  

f e a t u r e  o f  th e  c o u rs e  o f  th e  a s c e n d i n g  f i to re s  i n  the  

m ed u l la  was t h a t  the  g r e a t  m a j o r i t y  o f  a l l  the  

d e g e n e r a t i n g  f i b r e s  e n t e r e d  th e  r e s t i f o r m  body.

I t  was em phas ised  e a r l i e r  t h a t  t h i s  case  

i s  u n i q u e ,  b e ca u se  t h e  o p e r a t i o n  l e s i o n  in v o lv e d  

o n ly  v e n t r a l  q u a d r a n t  f i t o r e s ,  i n  th e  f i r s t  c e r v i c a l  

segment .  I t  i s  s t r i k i n g  t h a t  i n  t h i s  c ase  1, a l s o ,  

some f i to r e s  may toe s e en  to  move a o r s a l l y  i n  th e  

m edu l la  t o  e n t e r  the  r e s t i f o r m  body.  F i g . 12 5 ? an 

e n l a r g e d  view o f  th e  c a u d a l  p a r t  o f  F i g . 12^. 

D e g e n e r a t i n g  f i to r e s  ( i n d i c a t e d  toy D.Fi), run  

o b l i q u e l y  d o r s a l l y  i n t o  th e  r e s t i f o r m  body,  where 

th e y  a r e  shown i n  F i g . 126. These f i to r e s  a p p e a r  to  

a r i s e  from t h e  most p e r i p h e r a l  d e g e n e r a t i n g  f i to re s
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seen in the transverse sections of the lower medulla 
for they are most numerous in the first section of 
the sagittal series which pass through the medulla.

From the evidence of this chapter and the 
previous chapter, it can be understood that almost 
all (or perhaps all) of the fibres of the peripheral 
band of the dorso-lateral and ventro-lateral columns 
of the cord which enter the cerebellum, do so via 
the restiform body. Fibres from the ventro-medial 
part of the cord, enter the cerebellum by way of the 
brachium conjunctivum. It is possible that a few 
fibres from the ventro-lateral region of the cord 
also reach the cerebellum by this route, but if so 
they must be extremely few.



L. Lingula
C.L. Central Lobule
G. Culmen
D. Declive
P. Folium
T. Tuber
P. Pyrami s
U. Uvula
N . Modulus
Jr\ .  S.L. Anterior Semi-Lunar Lobule
P.S.L. Posterior ” " ,f
S.S.L. Superior ,f ’* "
I.S.L. Inferior ” 11 ”
B.L. Biventral Lobule
Td, Tonsil
B.C. Braehium Conjunctivum
P.B. Restiform Body
P.M. Pseudo-Marchi Staining.



CHAPTER X

DISTRIBUTION OF DEGENERATING FIBRES '
IN THE CEREBELLUM.

I* General Pattern of Distribution of Fibres.
(Plates 6 3 - 7 1 ) .

Case 9 will be described in detail, and 
• then otjaer cases will be used for confirmation and 
additional information.

The lesion in case a unilateral cordotomy, 
was performed on the right side of the cord, at the 
level of the fourth thoracic segment.

Numerous degenerating ascending fibres enter 
the cerebellum by the restiform body, and a few by 
the brachium conjunetivum. The degenerating
fibres in the cerebellum will be described in sagittal 
sections, in a series passing from the right to the 
left side. The first section passes through the 
lateral part of the right restiform body. In the 
section of the right half of the cerebellum the 
ventral aspect of the cerebellum is on the right of 
the page; in the sections of the midline and left 
side the ventral aspect is on the left side of the page.
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As the fibres which enter the restiform 
body form a dorsal group in' the medulla, ana those 
which enter the brachium conjunctivum form a ventral 
group, they will be referred to as "dorsal” and 
"ventral” fibres in the cerebellum, for convenience 
of description. No inference regarding their 
distribution in the cerebellum is intended by this 
term.

Figures 127 and 128 may be considered together. 
In Fig. 128 the section passes through the restiform 
body (R.B.), as it enters the cerebellum. There is 
a dark patch of pseudo-Marchi staining in the most 
caudal part of the restiform body (P.M.).
Degenerating fibres, cut in longitudinal section, 
extend rostrally and dorsally from this pseuao-Marchi 
area, into the cerebellum. Here they lie in the 
cauaal part of the central white matter, extending 
almost to the second large branch on the dorsal 
aspect, i.e. to the second lobule of the anterior 
semilunar nodule. The dentate nucleus lies dorso- 
caudally to these fibres. In Figare 127, which 
passes through the most lateral part of the restiform 
body, there are fewer fibres, in the same region.
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155.

a very few degenerating fibres are present in the central 
white matter of the anterior semilunar lobule (Fig. 127) 
and of the biventral lobule (Fig. 128). No degenerating 
fibres were seen entering the dentate nucleus in any 
section.

In Figure 129, medial to the entrance of 
the restiform body, the aorsal fibres form a large 
mass in tne ventro-rostral part of tne central white 
matter of the cerebellum, immediately ventral to 
the main branch of the central lobule and of the 
most ventral lobule of the anterior semilunar lobule.
The fibres are cut in transverse section, so it is 
clear that they are running in a latero-meaial 
direction at this level. There are only few fibres 
in the white matter of the anterior lobe, and of the 
biventral lobule, mainly in the peripheral folia.

Figure 130 passes through the lateral part 
of the brachium conjunctivum, and the transitional 
zone between the vermis ana the hemispheres of the 
cerebellum. The dorsal mass of fibres maintain the 
same relation, ventral to the ventral branches of 
the anterior lobe, as in the previous section. ^
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number of the fibres in the mass are now cut in 
oblique or longitudinal section, but the majority 
are still cut in transverse sections. A large 
number of fibres run in a caudal and slightly aorsal 
direction into the pyramis.. These fibres pass the 
root nuclei on their dorsal aspect. In a series 
of sections through this region the continuity 
between the main mass of uorsal fibres and the 
fibres in the pyramis can be more clearly 
established.

A few black bodies are scattered in the 
branches of the anterior lobe and in the ueclive; 
some of these few granules may be genuine 
degenerating fibres cut in transverse section. No 
degenerating fibres were seen in the uvula nodulus 
or in the roof nuclei.

As the vermis is approached, the plane of 
section passes through a more foliated part of the 
cerebellum. The white matter is seen to be more 
divided into branches; in the more lateral planes 
of section, it forms a large central mass. Thus in 
sections 131-134 the white core of the culmen consists 
or a central stem, which gives origin to two main
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branches (Fig.1^2)* In sections 128, 129 and 1p0, 
the white central core of the most ventral lobule 
of the anterior semilunar lobule meets the central 
core of the central lobule at an acute angle, so 
that the two branches of white matter form a V.
In sections 1^1-1^if these two central brnaches of 
white matter form a U; and as the sections come 
nearer the midline, the horizontal limb of the U 
becomes longer. With this spreading out of the 
white matter, the dorsal mass of degenerating fibres 
spread out along a wider zone than in previous 
sections.

-̂n Figure 1 31 there are numerous degenerating 
fibres in the central lobule and in the ventral 
lobule of the culmen. In the zone between these two 
lobules there are many degenerating fibres cut 
longitudinally. Immediately caudal to this zone there 
is still a mass of fibres cut in transverse section.
A few d e g e n e r a t i n g  f i b r e s  a l s o  l i e  i n  th e  o t h e r  

l o b u l e s  o f  t h e  culmen. At t h e  b a se  o f  th e  

b rach ium  t h e r e  i s  a s m a l l  g roup  o f  uv e n t r a l 1* 

d e g e n e r a t i n g  f i b r e s  c u t  i n  l o n g i t u d i n a l  s e c t i o n .  I t  

i s  n o t  p o s s i b l e  i n  any s e c t i o n  t o  d i s t i n g u i s h  

u n e r r i n g l y  be tw een  th e  f i b r e s  from t h i s  s m a l l  v e n t r a l
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g roup ,  and t h o s e  o f  th e  main ud o r s a l "  g roup .

D e d u c t io n s  a s  t o  t h e  f i n a l  d e s t i n a t i o n  o f  t h i s  sm a l l  

group from t h e  b rach ium  c o n ju n c t iv u m  c an n o t  t h e r e f o r e  

be made. A m odera te  number o f  f i b r e s  ru n  i n  a 

d o r s o - c a u d a l  d i r e c t i o n  i n t o  t h e  p y ra m is .  A few 

f i b r e s  l i e  i n  t h e  d e c l i v e  and a v e r y  few f i b r e s  i n  

th e  f o l i u m  and t u b e r ;  no d e g e n e r a t i n g  f i b r e s  a r e  

p r e s e n t  i n  t h e  r o o f  n u c l e i ,  n o r  i n  th e  u v u l a  o r  

n o d u lu s .

F i g u r e  1^2 th e  s e c t i o n  a p p ro a c h e s  the  

m id l i n e  o f  t h e  v e rm is .  I n  t h i s  s e c t i o n  the  v e n t r a l  

group o f  f i b r e s  a re  p r e s e n t  i n  t h e  b rach iu m  

conjunCt ivum . They form a s m a l l  d e f i n i t e  g roup  o f  

f i b r e s  which d i v i d e s  i n t o  two -  a r o s t r a l  and a 

c a u d a l  p a r t .  The more r o s t r a l  p a r t  can be t r a c e d  

to  th e  r e g i o n  be tw een  t h e  l i n g u l a  and th e  c e n t r a l  

l o b u l e ,  where t h e y  c a n n o t  be d i s t i n g u i s h e d  among the  

r e s t  o f  t h e  d e g e n e r a t i n g  f i b r e s .  The more c a u d a l  

p a r t  r u n s  i n t o  th e  s u b s ta n c e  o f  th e  f a s t i g i a l  n u c l e u s ,  

and a few f i b r e s  can a l s o  be- s e en  i n  more l a t e r a l  

s e c t i o n s ,  i n  t h e  em bo l i fo rm  n u c l e u s .  W hether  t h e s e  

f i b r e s  a c t u a l l y  end i n  t h e s e  n u c l e i ,  o r  m ere ly  p a s s  

th r o u g h  them on t h e i r  way t o  t h e  p y ram is  co u ld  n o t  

d e f i n i t e l y  be d e c i d e d .
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I n  t h i s  s e c t i o n ,  t h e  d e g e n e r a t i n g  f i b r e s  

a r e  a lm o s t  c o m p le t e ly  c o n f i n e d  t o  t h e  a n t e r i o r  l o b e .  

They a r e  v e ry  numerous i n  t h e  l i n g u l a ,  t h e  c e n t r a l  

l o b u l e  and t h e  culmen. I n  F i g u r e  1p2 th e  culmen i s  

s e en  t o  be i n  th e  form o f  a Y. The d e g e n e r a t i n g  

f i b r e s  a r e  much more numerous i n  th e  v e n t r a l  h a l f  o f  

th e  common s tem o f  t h e  Y and o f  t h e  v e n t r a l  b r a n c h .

I n  t h i s  r e g i o n  th e  more d o r s a l  and c a u d a l  f i b r e s  

a r e  c u t  i n  t r a n s v e r s e  s e c t i o n ,  t h e  r e s t  a r e  c u t  i n  

l o n g i t u d i n a l ,  o b l iq u e  and i n  t r a n s v e r s e  s e c t i o n  -  

a l l  i n t e r m i n g l e d .

Some d e g e n e r a t i n g  f i b r e s  a r e  a l s o  p r e s e n t  

i n  t h e  o t h e r  b r a n c h e s  o f  th e  culmen; a v e r y  few 

f i b r e s  a r e  i n  t h e  d e c l i v e ;  no d e g e n e r a t i n g  f i b r e s  

a r e  i n  th e  u v u la  o r  t h e  n o d u lu s .  A few 

d e g e n e r a t i n g  f i b r e s  a r e  p r e s e n t  i n  th e  more v e n t r a l  

p a r t  o f  th e  f a s t i g i a l  n u c l e u s .

F ig u r e  133 i s  f rom a s e c t i o n  th r o u g h  the  

m id l i n e  o f  t h e  v e rm is .  The d i s t r i b u t i o n  o f  th e  

d e g e n e r a t i n g  f i b r e s  i n  t h i s  s e c t i o n  i s  v e r y  s i m i l a r  

to  t h a t  i n  t h e  p r e v i o u s  s e c t i o n ,  t h e  f i b r e s  b e in g  

r a t h e r  l e s s  numerous a t  t h i s  l e v e l .

F ig u r e  114- i s  a s e c t i o n  s l i g h t l y  t o  the  

l e f t  o f  t h e  m i d l i n e .  There  a re  s l i g h t l y  few er
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f i b r e s  t h a n  i n  the  m i d l i n e  s e c t i o n ,  and t h e y  a re  i n  

a comparab le  d i s t r i b u t i o n  to  t h o s e  i n  F ig .  1^2. I t  

i s  t o  be n o te d  t h a t  some c l e a r  d e g e n e r a t i o n  i s  

p r e s e n t  i n  th e  supê «oi' v/eUm, and i n  the  l i n g u l a ,

a s  w e l l  a s  i n  t h e  c e n t r a l  l o b u l e  and th e  culmen, 

m a in ly  i n  i t s  v e n t r a l  p a r t .  I n  F i g u r e s  1p2, 1pp 

and i n  1^if, most o f  th e  d e g e n e r a t i n g  f i b r e s  i n  the  

b r a n c h e s  o f  th e  culmen ru n  l o n g i t u d i n a l l y ;  d o r s a l  

and c a u d a l  t o  t h e s e  f i b r e s  t h e r e  i s  a lo n g  narrow  

b r a n c h  o f  f i b r e s  m a in ly  c u t  i n  t r a n s v e r s e  s e c t i o n ;  

t h i s  b r a n c h  c o n t i n u e s  a lo n g  th e  b a se  o f  t h e  c e n t r a l  

l o b u l e .

I n  F i g u r e s  155? 1 and 1 j j  which p a s s  

t h r o u g h  the  r o o t  n u c l e i ,  t h e r e  i s  r a t h e r  more p se u d o -  

Marchi and a l s o  d a rk  s t a i n i n g  o f  th e  no rm al  f i b r e s  

t h a n  i n  th e  p r e v i o u s  s e c t i o n s ;  i t  i s  p a r t i c u l a r l y  

marked i n  t h e  f i b r e s  o f , t h e  b rach ium  c o n ju n c t iv u m .  

C a u t io n  i s  t h e r e f o r e  r e q u i r e d  i n  i n t e r p r e t a t i o n  o f  

d e g e n e r a t i o n  i n  t h e s e  s e c t i o n s .

I n  F i g u r e s  115 and 156 t h e r e  i s  a m odera te  

number o f  d e g e n e r a t i n g  f i b r e s  i n  t h e  l i n g u l a ,  th e  

c e n t r a l  l o b u l e  and th e  culmen. I n  t h e  culmen the  

f i b r e s  are '  more d i f f u s e l y  d i s p e r s e d  i n  th e  c e n t r a l  

w h i te  m a t t e r  t h a n  i n  t h e  p r e v i o u s  s e c t i o n ,  a l t h o u g h
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t h e y  .are s t i l l  more numerous i n  t h e  b r a n c h e s  o f  

th e  v e n t r a l  f o l i a .  Most o f  t h e  f i b r e s  ru n  

l o n g i t u d i n a l l y ,  and few a r e  c u t  i n  t r a n s v e r s e  

s e c t i o n *  A m odera te  number o f  f i b r e s  fo rm in g  a 

s c a t t e r e d  g r o u p p a s s e s  d o r s o - c a u d a l l y  from the  b ase  

o f  the  a n t e r i o r  l o b e ,  d o r s a l  t o  th e  r o o f  n u c l e i ,  

i n t o  t h e  p y ra m is .  These f i b r e s  can  be s e e n  t o  

come from t h e  r e g i o n  o f  t h e  culmen, and a l s o  o f  

th e  c e n t r a l  l o b u l e .  There  a r e  one o r  two 

d e g e n e r a t i n g  f i b r e s  i n  th e  d e c l i v e ;  t h e r e  a r e  none 

i n  th e  n o d u lu s  o r  th e  u v u l a .  A few f i b r e s  a re  

p r e s e n t  i n  th e  v e n t r a l  p a r t  o f  th e  f a s t i g i a l  n u c le u s  

and i n  th e  em bo l i fo rm  n u c l e u s ,  i n  th e  same 

d i s t r i b u t i o n  a s  on t h e  r i g h t  s i d e .  I n  t h e  m e d ia l  

p a r t  o f  th e  c e n t r a l  w h i te  m a t t e r ,  e x t e n d i n g  i n t o  

th e  r o o f  i s  a p a t c h  o f  p seudo-M arch i  a r t e f a c t  (P .M .) .  

I t  c o u ld  n o t  be d e c id e d  w h e th e r  any o f  t h e s e  b l a c k  

s t a i n i n g  b o d i e s  d e f i n i t e l y  r e p r e s e n t e d  d e g e n e r a t i n g  

f i b r e s ,  most  a t  l e a s t  a r e  a r t e f a c t .  D e g e n e r a t i n g  

f i b r e s  a r e  found i n  s e c t i o n s  s l i g h t l y  more l a t e r a l  

t o  t h i s  s e c t i o n ,  i n  s t e a d i l y  d e c r e a s i n g  numbers .

None were found  more l a t e r a l l y  t h a n  t h e  l e v e l  o f  the  

m e d ia l  a s p e c t  o f  th e  d e n t a t e  n u c l e u s .  The number 

o f  f i b r e s  d e c u s s a t i n g ,  compared t o  t h o s e  which
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t e r m i n a t e  on th e  same s i d e  may be e s t i m a t e d  a s  abou t  

1 i n  5 .

Prom t h i s  c a se  t h e  f o l l o w i n g  c o n c l u s i o n s  can 

be drawn. The m a j o r i t y  o f  th e  s p i n o - c e r e b e l l a r  

f i b r e s  e n t e r  th e  c e r e b e l l u m  i n  th e  r e s t i f o r m  body.

They ru n  i n  an o b l iq u e  d i r e c t i o n  d o r s a l l y  and r o s t r a l l y  

t o  l i e  i n  t h e  d o r s a l  p a r t  o f  t h e  w h i te  m a t t e r ,  

im m e d ia te ly  c a u d a l  t o  t h e  v e n t r a l  l o b u l e s  o f  the  

a n t e r i o r  l o b e ,  and r o s t r a l  t o  th e  v e n t r a l  p a r t  o f  the  

d e n t a t e  n u c l e u s .  They t h e n  t i i r n  a b r u p t l y  m e d i a l l y ,  

r e m a in in g  i n  a d e f i n i t e  bund le  o f  f i b r e s ,  o v a l  i n  

t r a n s v e r s e  s e c t i o n ;  h e r e  t h e y  have  th e  same 

r e l a t i o n s h i p  to  th e  a n t e r i o r  l o b e ,  b e i n g  c a u d a l  to  i t s  

a n t e r i o r  p a r t .  A v e r y  few f i b r e s  l e a v e  t h e  main 

d o r s a l  bu n d le  o f  f i b r e s  a t  t h i s  l e v e l  t o  e n t e r  the  

w h i te  m a t t e r  o f  t h e  a n t e r i o r  l o b e ,  and o f  t h e  b i v e n t r a l  

l o b u l e .  But  u n t i l  t h e  l a t e r a l  b o r d e r  o f  the  

em bo l i fo rm  n u c l e u s ,  th e  number o f  f i b r e s  which l e a v e  

t h e  main bund le  i s  v e r y  s m a l l .  At t h i s  l e v e l  a 

l a r g e  number o f  f i b r e s  l e a v e  t h e  main b u n d le  and p a s s  

i n  a d o r s o - c a u d a l  d i r e c t i o n  i n t o  t h e  most l a t e r a l  

p a r t  o f  th e  p y ra m is ,  which i s  th e  ve rm a l  " c o n t i n u e t i o n H 

o f  th e  b i v e n t r a l  l o b u l e .  The main d o r s a l  bund le  

c o n t i n u e s  i n  a m e d ia l  d i r e c t i o n  to w ards  the  m i d l i n e .



Prom i t  f i b r e s  c o n t i n u a l l y  p a s s  r o s t r a l l y  i n t o  th e  

w h i te  m a t t e r  o f  t h e  a n t e r i o r  l o b e .  These f i b r e s  

a r e  d i s t r i b u t e d  to  t h e  whole o f  th e  l i n g u l a ,  t o  th e  

c e n t r a l  l o b u l e  and th e  culmen; i n  th e  culmen th e y  

a r e  d i s t r i b u t e d  m a in ly  t o  t h e  v e n t r a l  p a r t .  I n  the  

more l a t e r a l  p a r t  o f  th e  a n t e r i o r  lo b e  t h e s e  f i b r e s  

i n  th e  f o l i a  ru n  i n  a l l  d i r e c t i o n s  r o s t r a l l y ,  m e d i a l l y ,  

l a t e r a l l y  and v e n t r a l l y ;  i n  th e  more m e d ia l  p a r t ,  

t h e  m a j o r i t y  o f  t h e  f i b r e s  a r e  d i r e c t e d  r o s t r a l l y ,  a lo n  

th e  l e n g t h  o f  t h e  l o b u l a .

A sm a l l  group  o f  v e n t r a l  f i b r e s  e n t e r s  the  

c e r e b e l l u m  by way o f  t h e  b rac h iu m  c o n ju n c t iv u m .  Most 

o f  th e  s p i n o - c e r e b e l l a r  f i b r e s  coming i n  from t h i s  

so u rc e  im m e d ia te ly  m ing le  w i t h  t h o s e  from t h e  r e s t i f o r m  

body ,  when f i b r e s  from t h e  two p e d u n c l e s  meet .  A 

few f i b r e s  p a s s  i n t o  t h e  s u b s t a n c e  o f  t h e  f a s t i g i a l  

n u c l e u s ,  b u t  w h e th e r  t h e y  t e r m i n a t e  t h e r e  o r  c o n t in u e  

t o  th e  py ram is  h a s  n o t  been  d e t e r m i n e d .  T h rou g ho u t ,  

a v e r y  few f i b r e s  p a s s  i n t o  th e  d e c l i v e .  N ear  the  

m i d l i n e ,  v e ry  few f i b r e s  e n t e r  t h e  p y r a m is .  There 

a r e  no s p i n o - c e r e b e l l a r  f i b r e s  go ing  t o  t h e  u v u l a  o r  

th e  n o d u lu s .

A f t e r  th e  r o s t r a l  f i b r e s  have  ru n  o f f  i n t o  the  

a n t e r i o r  l o b e ,  th e  band o f  f i b r e s  c r o s s e s  t h e  m id l i n e ;



a s  i t  h a s  l o s t  so many f i b r e s  t o  t h e  i p s i l a t e r a l  

a n t e r i o r  l o b e ,  i t  h a s  become a t t e n u a t e d ,  and so i t  i s  

r a t h e r  a t h i n  band when i t  r e a c h e s  t h e  c o n t r a l a t e r a l  

lobe  o f  th e  c e r e b e l lu m .  I n  t h e  c o n t r a l a t e r a l  l o b e ,  

t h e  d i s t r i b u t i o n  o f  t h e  f i b r e s  i s  s i m i l a r  to  t h a t  i n  

th e  i p s i l a t e r a l  lobe  g o ing  t o  t h e  same p a r t s  o f  th e  

a n t e r i o r  lo b e  and t o  t h e  most  l a t e r a l  p a r t  o f  th e  

p y ra m is .  I n  a d d i t i o n  t o  t h i s  main band o f  c r o s s i n g  

f i b r e s ,  a few f i b r e s  a p p e a r  t o  c r o s s  i n  th e  superior 

veU<n, They m ing le  w i t h  th e  main band o f  

c r o s s i n g  f i b r e s  i n  t h e  c o n t r a l a t e r a l  l o b e .  I n  t h i s  

c a s e ,  o n ly  a sm a l l  c o n t i n g e n t  o f  d e g e n e r a t e d  f i b r e s  

r e a c h e d  th e  c e r e b e l lu m  v i a  th e  b rac h iu m  c o n ju n e t iv u m ;  

n e a r l y  a l l  came i n  from th e  r e s t i f o r m  body.  I t  i s  

t h e r e f o r e  h i g h l y  p r o b a b l y  t h a t  e v e r y  l o b u l e  o f  the  

a n t e r i o r  lob e  and t h e  p y ram is  and b i v e n t r a l  l o b u le  

which c o n t a i n  d e g e n e r a t i n g  f i b r e s ,  h a s  r e c e i v e d  a h i g h  

p r o p o r t i o n  o f  them from t h e  r e s t i f o r m  body.

The q u e s t i o n  o f  th e  t o p o g r a p h i c a l  d i s t r i b u t i o n  

o f  th e  f i b r e s  a r r i v i n g  from t h e s e  two s o u r c e s  -  b rach iu m  

c o n ju n c t iv u m  and r e s t i f o r m  body -  w i l l  r e c e i v e  

p a r t i c u l a r  a t t e n t i o n  now, when s u b s i d i a r y  c a s e s  a r e  

examined.
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I I .  Cases  Showing P a r t i c u l a r  F e a t u r e s .

( P l a t e s  7 2 - 8 2 ) .

I n  c a se  1 ,  t h e  u n i l a t e r a l  o p e r a t i o n ,  which 

was a t  t h e  f i r s t  c e r v i c a l  segm ent ,  was c o n f in e d  to  

t h e  v e n t r a l  q u a d r a n t  o f  th e  c o rd .

The m a j o r i t y  o f  t h e  d e g e n e r a t i n g  f i b r e s  

e n t e r e d  t h e  c e r e b e l lu m  v i a  t h e  b rac h iu m  c o n ju n c t iv u m ;  

o n ly  a m i n o r i t y  e n t e r e d  v i a  t h e  r e s t i f o r m  body. Thus 

t h e  d i s p o s i t i o n  o f  th e  f i b r e s  e n t e r i n g  t h e  c e r e b e l lu m  

i s  e x a c t l y  th e  o p p o s i t e  t o  t h a t  o b se rv e d  i n  th e  main 

c a s e ,  case

The most s t r i k i n g  f e a t u r e  im m e d ia te ly  

a p p a r e n t  i s  t h e  v e r y  much s m a l l e r  number o f  d e g e n e r a t i n g  

f i b r e s  i n  t h e  c e r e b e l l u m  i n  t h i s  c a s e ,  t h a n  i n  case  9 *

I n F i g u r e  1 5 7 ? which p a s s e s  t h r o u g h  th e  r e s t i f o r m  body 

where t h i s  body e n t e r s  th e  c e r e b e l lu m ,  a few 

d e g e n e r a t i n g  f i b r e s  a r e  s e e n  i n  t h e  r e s t i f o r m  body.

F i g u r e  158  d e g e n e r a t i n g  f i b r e s  a re  s c a t t e r e d  t h r o u g h  

th e  l a t e r a l  p a r t  o f  th e  c e n t r a l  w h i te  m a t t e r ,  and i n  

th e  c e n t r a l  l o b u l e ,  t h e  c u l m e n , d e c l i v e  and p y ram is ;  

t h e y  a r e  most  numerous i n  t h e  p y ra m is .

F i g u r e  1 39> th e  d e g e n e r a t i n g  f i b r e s  e n t e r i n g  

th e  c e r e b e l lu m  a lo n g  the  d o r s a l  a s p e c t  o f  the  b rach ium  

c o n ju n c t iv u m  a re  se en .  I n  t h i s  s e c t i o n  th e  f i b r e s
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a r e  most numerous i n  t h e  l i n g u l a ,  and i n  t h e  d i s t a l  

p a r t  o f  the  c e n t r a l  l o b u l e .  A v e r y  few a r e  p r e s e n t  

i n  th e  culmen, d e c l i v e  and p y ra m is .  A few f i b r e s  

p a s s  from t h e  group  i n  t h e  b rach ium  e o n ju n c t iv u m  i n t o  

th e  s u b s ta n c e  o f  th e  f a s t i g i a l  n u c l e u s ,  b u t  vshether 

t h e y  end t h e r e  o r  c o n t i n u e  t o  t h e  p y ram is  c o u ld  n o t  

be d e c id e d .

f f ig u re  14-0 ? which i s  v e r y  c l o s e  t o  th e  

m i d l i n e ,  t h e r e  a r e  some d e g e n e r a t i n g  f i b r e s  i n  the  

velum i n t e r p o s i t u m ,  and i n  t h e  l i n g u l a ,  and a few 

f i b r e s  i n  t h e  c e n t r a l  l o b u l e  and t h e  culmen. I n  the  

culmen th e  f i b r e s  a re  s c a t t e r e d  e q u a l l y  t h r o u g h o u t .

F i g u r e  1 4 1 > t h e  s e c t i o n  p a s s e s  th r o u g h  the  l e f t  s id e  

o f  th e  v e rm is .  Some f i b r e s  a r e  p r e s e n t  i n  t h e  velum 

i n t e r p o s i t u m  and i n  th e  l i n g u l a ;  a few f i b r e s  a r e  

s c a t t e r e d  t h r o u g h o u t  th e  v e n t r a l  l o b u l e  and the  culmen. 

I n  s e c t i o n s  s l i g h t l y  more f u r t h e r  t o  t h e  l e f t  o f  t h e  

m i d l i n e ,  a v e ry  few f i b r e s  a r e  p r e s e n t  i n  th e  d e c l i v e  

and i n  th e  py ram is  and i n  th e  f a s t i g i a l  n u c l e u s .  No 

d e g e n e r a t i n g  f i b r e s  a r e  found  on t h e  l e f t  s i d e  a t  l e v e l  

c o r r e s p o n d i n g  t o  f i g u r e s  Fo d e g e n e r a t i n g

f i b r e s  a re  s e e n ,  i n  any s e c t i o n ,  i n  t h e  d e n t a t e  n u c l e u s  

n o r  i n  the  u v u la  n o r  t h e  n o d u lu s .  As a rough 

e s t i m a t e  th e  number o f  f i b r e s  i n  th e  c o n t r a l a t e r a l  s i d e



of the cerebellum in this case may amount to 1 in 10 
of those distributed to the ipsilateral side.

From this case the following conclusion can 
be drawn. Fibres of the ventral group entering the 
cerebellum by the brachium eonjunctivum are largely 
distributed to the anterior lobe. They terminate 
mainly on the side of entrance, about 1 in 10 fibres 
cross in the superior rne<iuHa<\j ✓elum tp the opposite side. 
The fibres are most numerous in the lingula, dnd are 
sparser in the central lobule and in the culmen; 
they are scattered throughout the medial part of the 
culmen, and are not concentrated in any particular 
area. There are fewer fibres distributed in the 
central zone of the vermis than in planes slightly 
lateral to this. The fibres which cross to the 
contra-lateral side of the cerebellum are distributed 
in the vermis near the midline only. From this case 
it is also tentatively concluded that some fibres of 
the ventral group may terminate in the lateral part 
of the pyramis, almost entirely ipsilaterally. A 
few scattered fibres are also distributed to the 
posterior semilunar lobule, mainly ipsilaterally. A 
few fibres also pass into the substance of the 
ipsilateral fastigial nucleus; but it could not be
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a s c e r t a i n e d  w h e th e r  t h e s e  f i b r e s  t e r m i n a t e  i n  the  

n u c l e u s  o r  n o t .

As c ase  1 i s  t h e  o n ly  c a se  i n  t h e  s e r i e s  w i th  

more d e g e n e r a t i o n  i n  th e  v e n t r a l  f ibres  t h a n  i n  th e  

d o r s a l  f i b r e s ,  d e d u c t i o n s  r e g a r d i n g  t h e  d i s t r i b u t i o n  

o f  t h e s e  v e n t r a l  f i b r e s  must a w a i t  c o n f i r m a t i o n  i n  

s i m i l a r  c a s e s .  O p t im a l ly ,  t h e  e v id e n c e  sh o u ld  be 

o b t a i n e d  from a case  i n  which t h e  l e s i o n  i s  c o n f in e d  

t o  th e  v e n t r a l  group o f  f i b r e s  o n ly .  I n  v iew  o f  th e  

v e r y  e x t e n s i v e  d i s t r i b u t i o n  o f  d o r s a l  s p i n o - c e r e b e l l a r  

f i b r e s  i n  th e  c o r d ,  such  a c a se  h a s  n o t  y e t  been  

o b t a i n e d .

A few s e c t i o n s  from o t h e r  c a s e s  a r e  nov/ shown 

t o  i l l u s t r a t e  c e r t a i n  f e a t u r e s .

F i g u r e  1if2 ( c a se  2j )  and f i g u r e s  1 and 1AA 

(c a se  2 8 ) show t h e  d i f f i c u l t y  o f  d i s t i n g u i s h i n g ,  i n  

h o r i z o n t a l  s e c t i o n s ,  between t h e  f i b r e s  o f  th e  d o r s a l  

and th e  f i b r e s  o f  th e  v e n t r a l  g ro u p s  a f t e r  t h e y  have 

e n t e r e d  t h e  w h i te  m a t t e r  o f  t h e  c e r e b e l lu m .

F i g u r e  Hj.5 ^  ( c a se  j )  and F ig u r e  1^7 

( ca se  5 ) show th e  p rep o n d e ran c e  o f  f i b r e s  i n  th e  

i p s i l a t e r a l  s i d e  o f  t h e  a n t e r i o r  lo b e  i n  a c a se  w i th  a 

u n i l a t e r a l  l e s i o n .  The m a j o r i t y  of  th e  f i b r e s  l i e  

s l i g h t l y  l a t e r a l  t o  the  m i d l i n e .
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P i g u r e  1 Jtf.8 ( c a se  pO) shows th e  p r e s e n c e  of  

d e g e n e r a t i n g  f i b r e s  i n  t h e  f o l i a  o f  th e  a n t e r i o r  

l o b e ,  t h e  p y ra m is  and th e  b i v e n t r a l  l o b u l e ,  i n  s e c t i o n s  

from o b l i q u e  s e r i e s .  D e g e n e r a t i n g  f i b r e s  may be found 

i n  t h e  p e r i p h e r a l  f o l i a ,  even  when no d e g e n e r a t i n g  

f i b r e s  a re  found  i n  th e  main s tem. Thus i t  i s  s e e n  

t h a t  a few f i b r e s  e x te n d  l a t e r a l l y  i n t o  th e  

p e r i p h e r a l  f o l i a  o f  th e  h e m is p h e r e s .

The n e x t  p o i n t  t o  be c o n s i d e r e d  i s  w h e th e r  

t h e r e  i s  any d i f f e r e n c e  i n  t h e  d i s t r i b u t i o n  o f  th e  

d e g e n e r a t i n g  f i b r e s  w i th  r e g a r d  t o  th e  s i t u a t i o n  o f  

th e  l e s i o n ,  i n  p a r t i c u l a r ,  when i n  r e l a t i o n  to  i t s  

r o s t r o - c a u d a l ,  and i t s  d o r s o - v e n t r a l  p o s i t i o n .  Fo r  

t h i s  p u rp o se  c a s e s  w i t h  a v a r i e t y  o f  l e s i o n s  have been  

s e L e c te d .  The main d i s t r i b u t i o n  o f  t h e  d e g e n e r a t i n g  

f i b r e s  i s  shown on d iag ram s  Pigure  I 4 < i I n  some of  

t h e s e  c a s e s ,  c e r t a i n  p a r t s  o f  th e  ve rm is  were n o t  

examined by th e  Marchi method. Hence,  c o n c l u s i o n s  

c o n c e r n in g  d e g e n e r a t i n g  f i b r e s  i n  t h e s e  b l o c k s  c o u ld  

n o t  be drawn.

I t  w i l l  be seen  t h a t  d e g e n e r a t i n g  f i b r e s  a re  

p r e s e n t  i n  t h e  same l o b u l e s  o f  th e  c e r e b e l lu m  i n  e v e ry  

c a s e .  T h i s  i s  so w h e th e r  th e  l e s i o n  was made i n  the  

f i r s t  lumbar  segment ( c a se  Jk) 9 i n  a t h o r a c i c  segment



m m *



2 2

CASE



176.

( c a s e  9 ) ,  o r  i n  an u p p e r  c e r v i c a l  segment ( c a s e s  1 

and 5 ) .  S i m i l a r l y ,  w h e th e r  t h e  l e s i o n  a f f e c t e d  

p r a c t i c a l l y  t h e  whole o f  t h e  l a t e r a l  column ( c a s e  2 8 ) ,  

o n ly  th e  p e r i p h e r a l  p a r t  o f  t h e  l a t e r a l  column (c a se  

2 J ) ,  o r  o n ly  t h e  v e n t r a l  p a r t  o f  t h e  l a t e r a l  column 

( c a s e  9 ) ,  t h e  f i b r e s  a r e  d i s t r i b u t e d  i n  t h e  same 

r e g i o n  o f  t h e  c e r e b e l l u m .

With  r e s p e c t  t o  t h e  d i s t r i b u t i o n  o f  

d e g e n e r a t i n g  f i b r e s  a f t e r  a l e s i o n  c o n f i n e d  t o  t h e  

d o r s o - l a t e r a l  column, I  have  d e f i n i t e  e v id e n c e  o n ly  

f o r  t h e  a n t e r i o r  lo b e  ( c a s e  2 j ) .  Here  th e  d i s t r i b u t i o n

o f  th e  f i b r e s  i s  t h e  same a s  a f t e r  a l l  t h e  o t h e r  t y p e s  

o f  l e s i o n .  When t h e  l e s i o n  i n v o l v e s  th e  d o r s a l  and 

th e  v e n t r a l  p a r t s  o f  t h e  l a t e r a l  column, d e g e n e r a t i n g  

f i b r e s  a r e  n o t  found  i n  any d i f f e r e n t  d i s t r i b u t i o n  

t h a n  when o n ly  th e  v e n t r a l  p a r t  i s  i n v o l v e d .  So a t  

l e a s t  i t  can  be c o n c lu d e d  t h a t  i f  t h e  f i b r e s  i n  t h e  

d o r s o - l a t e r a l  column a r e  p r o j e c t e d  t o  o t h e r  p a r t s  o f  

t h e  c e r e b e l l u m  a s  w e l l  a s  th e  a n t e r i o r  lo b e  t h e y  a r e  

t h e  same p a r t s  ( i . e .  m a in ly  th e  p y r a m is )  a s  r e c e i v e  

f i b r e s  from th e  v e n t r o - l a t e r a l  column. Not e v i d e n t  

i n  t h e s e  d i a g r a m s ,  common t o  a l l  t h e  c a s e s  a r e :  one ,

t h a t  t h e  l a t e r a l  l i m i t  o f  t h e  main  mass o f  d e g e n e r a t i o n  

i s  a p p r o x i m a t e l y  th e  same i n  a l l  t h e  c a s e s ;  two, t h e r e  

a r e  some d e g e n e r a t i n g  f i b r e s  i n  t h e  b i v e n t r a l  l o b u l e ,



and a few d e g e n e r a t i n g  f i b r e s  i n  t h e  d e c l i v e ,  f o l i u m  

and t u b e r ,  and l a t e r a l  h e m i s p h e r e s .

C e r t a i n  p r e c a u t i o n s  i n  i n t e r p r e t i n g  th e  

r e s u l t s  a r e  n e c e s s a r y ,  on a c c o u n t  o f  t h e  p e r i o d s  o f  

s u r v i v a l  v a r y i n g  i n  t h e  d i f f e r e n t  c a s e s ;  hence  th e  

p i c t u r e  o f  d e g e n e r a t i o n  m ig h t  be d i f f e r e n t  i n  some 

o f  t h e  c a s e s  had  t h e  p a t i e n t s  n o t  s u r v i v e d  so lo n g .  

Were a l l  t h e  c a s e s  i d e n t i c a l  i n  p o s t - o p e r a t i v e  

s u r v i v a l  p e r i o d s  t h e n  t h e y  c o u ld ,  o f  c o u r s e ,  be 

s t r i c t l y  c o m p a ra b le .  N e v e r t h e l e s s ,  c e r t a i n  

c o n c l u s i o n s  a r e  p e r m i s s i b l e .

To sum u p ,  th e  g r e a t  m a j o r i t y  o f  th e  lo n g  

s p i n o - c e r e b e l l a r  f i b r e s  e n t e r  t h e  c e r e b e l l u m  by th e  

r e s t i f o r m  body ,  and a m i n o r i t y  by t h e  b rac h iu m  

c o n ju n c t iv u m .  F i b r e s  which  l a y  i n  t h e  v e n t r a l ,  th e  

p e r i p h e r a l  o r  t h e  d o r s a l  p a r t  o f  t h e  c o rd  a r e  a l l  

d i s t r i b u t e d  w i t h i n  t h e  same p a r t s  o f  th e  c e r e b e l lu m .  

The m a j o r i t y  t e r m i n a t e  i n  th e  a n t e r i o r  l o b e ,  m o s t ly  

i n  th e  m e d i a l  p a r t ,  and i n  t h e  l a t e r a l  p a r t  o f  th e  

p y ra m is  and t h e  most  m e d i a l  p a r t  o f  t h e  b i v e n t r a l  

l o b u l e ;  a s m a l l  m i n o r i t y  t e r m i n a t e  i n  t h e  d e c l i v e ,  

f o l i u m  t u b e r  and i n  t h e  m idd le  lo b e  o f  t h e  

c e r e b e l l u m .  The m a j o r i t y  o f  t h e  f i b r e s  a re  

i p s i l a t e r a l  i n  d i s t r i b u t i o n ,  a b o u t  1 i n  5 -  10



a re  d i s t r i b u t e d  c o n t r a l a t e r a l l y .

. No d i f f e r e n c e  was f o u n d ' f r o m  c a se  t o  case

i n  t h e  p r o p o r t i o n  o f  f i b r e s  d i s t r i b u t e d  t o  th e

v e r m is  l o b u l e s ,  when t h e  g r e a t  m a j o r i t y  o f  t h e  f i b r e s

e n t e r e d  t h e  c e r e b e l l u m  v i a  t h e  r e s t i f o r m  body.  Only

one c a s e  was c o l l e c t e d  where t h e  m a j o r i t y  o f  t h e

f i b r e s  e n t e r e d  th e  c e r e b e l l u m  v i a  t h e  b rac h iu m

c o n ju n c t iv u m .  I n  t h i s  c a s e  t h e r e  were more d e g e n e r a t i n g

f i b r e s  i n  th e  l i n g u l a  t h a n  i n  t h e  o t h e r  l o b u l e s ,  and

i n  a l l  t h e  l o b u l e s  c o n t a i n i n g  d e g e n e r a t i n g  f i b r e s

t h e s e  d i d  n o t  e x t e n d  so f a r  l a t e r a l l y  a s  when t h e r e

a r e  many d e g e n e r a t i n g  f i b r e s  e n t e r i n g  t h e  ce rebe l lum .

by th e  r e s t i f o r m  body.  I t  i s  c l e a r  t h a t  f u r t h e r

e v id e n c e  on t h e  a c t u a l  p r o g r e s s  and d i s t r i b u t i o n  o f

t h e  f i b r e s  can  o n ly  be o b t a i n e d  from c a s e s  h a v in g

s t r i c t l y  com parab le  s u r v i v a l  p e r i o d s .  The e v id e n c e

how ever ,  o f  t h e s e  J c a s e s  and o f  t h e  o t h e r  c a s e s

examined ( n o t  p r e s e n t e d  i n  d e t a i l  h e r e ) ,  i n d i c a t e s

t h a t  t h e  s p i n o - c e r e b e l l a r  f i b r e s  , w h a t e v e r  p o s i t i o n

t h e y  occupy  i n  t h e  s p i n a l  c o r d ,  e n t e r i n g  t h e  c e r e b e l l u m
*

v i a  t h e  r e s t i f o r m  body ,  a r e  d i s t r i b u t e d  t h r o u g h o u t  

t h e  l o b u l e s  en u m e ra ted  above .



CHAPTER XI

CELL GROUPS SHOWING RETROGRADE CHANGES

The -purpose o f  t h i s  p a r t  o f  t h e  work i s  t o  

d e t e r m i n e  which c e l l s  i n  th e  s p i n a l  c o rd  show changes  

a t t r i b u t a b l e  t o  t r a n s e c t i o n  o f  t h e i r  a x o n s .  I t  i s  

hoped  t h a t  by c o r r e l a t i n g  a s u f f i c i e n t l y  l a r g e  

number o f  v a r y i n g  l e s i o n s ,  made a t  v a r i o u s  p e r i o d s  

b e f o r e  th e  p a t i e n t s 1 d e a t h s ,  t h e  o r i g i n  o f  th e  

c l i - f f e re n t  g ro u p s  o f  a s c e n d i n g  f i b r e s  w i l l  e v e n t u a l l y  

be made c l e a r .

The c e l l s  have  b een  c o n s i d e r e d  i n  sev en  

g r o u p s :  c e l l s  o f  C l a r k e ’ s column ( n u c l e u s  d o r s a l i s ) ;

a p i c a l  c e l l s  o f  t h e  d o r s a l  h o r n  ( c e l l u l a e  

p o s t e r o m a r g i n a l e s ) ; c e l l s  o f  t h e  s u b s t a n t i a  g e l a t i n o s a  

c e l l s  o f  t h e  n u c l e u s  p r o p r i u s ;  c e l l s  a t  b a se  o f  

d o r s a l  h o r n  and i n  i n t e r m e d i a t e  g r e y  m a t t e r ;  c e l l s  o f  

t h e  v e n t r a l  h o r n ;  c e l l s  o f  t h e  l a t e r a l  h o r n .  The 

f i n d i n g s  i n  t h e s e  c e l l  g r o u p s  a r e  p r e s e n t e d  a t  t h e  

end o f  t h i s  s e c t i o n  i n  c o n d en se d  fo rm  i n  T ab le  A

s e l e c t i o n  o f  t h e  m a t e r i a l  w i l l  be p r e s e n t e d  w i t h  

p h o t o g r a p h s .

I n  i l l u s t r a t i n g  t h e s e  r e t r o g r a d e  c h ang es  i n  

c e l l s ,  t h e  p o i n t  h a s  b een  t o  show any c h an ges  i n
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g ro u p s  o f  c e l l s .  Low power p h o t o g r a p h s  o n ly  a r e  

g i v e n .  • The f i n e  d e t a i l s  o f  c y t o l o g y  a r e  n o t  

m e n t io n e d .  F o r ,  f rom  t h e  p o i n t  o f  v iew  o f  

d e t e r m i n a t i o n  o f  t h e  c e l l s  o f  o r i g i n  o f  d e g e n e r a t i n g  

f i b r e s  -  which i s  t h e  o n ly  p o i n t  o f  v iew  which  

i n t e r e s t s  u s  h e r e  -  t h e  q u e s t i o n  i s  t h e  s im p le  one;  

a r e  t h e s e  c e l l s  a f f e c t e d  by th e  l e s i o n  o r  n o t .

The c o rd  l e v e l  and t h e  e x t e n t  o f  th e  l e s i o n  

a r e  shown i n  s m a l l  d i a g r a m s  f o r  e ac h  c a s e .  I n  a l l  

g ro u p s  e x c e p t  C l a r k e ’ s column t h e  a r e a  i n  t h e  c o rd  

shown i n  t h e  p h o t o g r a p h  i s  a l s o  i n d i c a t e d  i n  a 

d i a g r a m .  T h i s  h a s  n o t  b e e n  done i n  t h e  c a se  o f  

C l a r k e ’ s column a s  t h e  s i t e  o f  t h i s  n u c l e u s  i s  

c o n s t a n t .

I n  t h e  d i s c u s s i o n  o f  e a c h  o f  t h e s e  c a s e s  th e  

p e r i o d  o f  s u r v i v a l ,  m easured  i n  d a y s ,  i s  g i v e n  a f t e r  

th e  f i g u r e  number.

I .  C e l l s  o f  C l a r k e ’ s Column. ( P l a t e s  83 - 9 6 )-

a)  Normal  c e l l s . ( P i g s . 1 5 0 , and 1 5 2 ) .

As t h e r e  i s  some d i s c r e p a n c y  i n  d i f f e r e n t  

t e x t b o o k s  a s  t o  t h e  d i s t r i b u t i o n  o f  t h e  c e l l s  o f  

C l a r k e ’ s column, p e r s o n a l  o b s e r v a t i o n s  on t h i s  p o i n t  

a r e  g iv e n  h e r e .  The u p p e r  l i m i t  o f  t h e  column i s  

u s u a l l y  a t  t h e  f i r s t  t h o r a c i c  segm en t ,  b u t  i t  i s



Q4

F I G  1 5 2

i i f i

*

V



o c c a s i o n a l l y  a t  th e  e i g h t h  c e r v i c a l  segm ent ;  th e  

lo w e r  l i m i t  i s  a t  t h e  f i r s t  o r  second  lumbar  

se g m en ts ,  o r  o c c a s i o n a l l y  a t  t h e  t h i r d  lum bar .  A 

few c e l l s ,  s i m i l a r  t o  t h o s e  o f  C l a r k e ’ s column i n  

a p p e a ra n c e  and s i t e ,  a r e  o c c a s i o n a l l y  s e e n  i n  t h e  

c e r v i c a l  and l u m b o - s a c r a l  s e gm en ts .  The c e l l s  o f  

C l a r k e ’ s column a r e  s p a r s e  i n  d i s t r i b u t i o n  from th e  

f i r s t  t o  t h e  s i x t h  t h o r a c i c  se g m en ts ;  i n  no rm al  

c o r d s  t h e  numbers  may v a r y ,  i n  a t r a n s v e r s e  s e c t i o n ,  

from 0 -8  i n  e a c h  C l a r k e ’ s column. Prom t h e  s e v e n t h  

t o  t h e  n i n t h  t h o r a c i c  segm en ts  t h e r e  a r e  u s u a l l y  

more numerous c e l l s  i n  b o t h  C l a r k e ' s  column i n  e ach  

s e c t i o n ,  most f r e q u e n t l y  2f - 1 0 , b u t  som etim es  no 

C l a r k e ’ s column c e l l  i s  p r e s e n t .  Prom t h e  t e n t h  

t h o r a c i c  t o  t h e  f i r s t  lum bar  segment  C l a r k e ’ s column 

i s  l a r g e r ,  c o n t a i n i n g  10 t o  20 c e l l s .  I n  some c o r d s  

no C l a r k e ’ s column c e l l s  a r e  s e e n  be low  t h e  f i r s t  

lum bar  seg m en t ,  i n  o t h e r s  numerous c e l l s  a r e  p r e s e n t  

i n  t h e  s e co n d  lum bar  se g m en t ,  and t h e r e  may be even  

a few i n  t h e  t h i r d  lum bar  segm ent .  The c e l l s  o f  

C l a r k e ’ s column a r e  much l a r g e r  i n  th e  l o w e r  t h o r a c i c  

and lum bar  seg m en ts  t h a n  i n  t h e  m id d le  and u p p e r  

t h o r a c i c  se g m en ts .  I n  t h e  n o rm al  c o rd  t h e  c e l l s  h a v e ,  

a s  i s  w e l l  knovm, an a p p e a ra n c e  which m igh t  i n  m o to r



1 8/f.

c e l l s  s u g g e s t  c h r o m a t o l y s i s .  The c e l l  i s  o f  

v e s i c u l a r  a p p e a r a n c e ,  t h e  n u c l e u s  i s  f r e q u e n t l y  

p l a c e d  e x c e n t r i c a l l y  i n  t h e  c e l l ,  t h e  n u c l e u s  i s  

e x c e n t r i c ,  and th e  N i s s l  g r a n u l e s  t e n d  t o  be 

c o n f i n e d  t o  t h e  p e r i p h e r y .

b )  Axonal  r e a c t i o n s  i n  c e l l s .

C h r o m a t o l y s i s  o f  t h e  c e l l s  o f  C l a r k e ’ s 

column i s  c h a r a c t e r i s e d  by b a l l o o n i n g  o f  t h e  c e l l ,  

marked p a l l o r  and t h e  d i s a p p e a r a n c e  o f  t h e  N i s s l  

s u b s t a n c e .  These c h a n g e s  make i t  c l e a r l y  

d i s t i n g u i s h a b l e  f rom t h e  n o rm a l  c e l l s .

C l a r k e ’ s column c e l l s  a p p e a r  t o  be 

p a r t i c u l a r l y  s e n s i t i v e  t o  damage o f  t h e i r  a xo n s ;  

f i v e  d a y s ,  o r  p o s s i b l y  s o o n e r ,  a f t e r  a l e s i o n  o f  

t h e i r  a x o n s ,  marked c h r o m a t o l y s i s  o f  many o f  t h e s e  

c e l l s  may o c c u r .

" D r o p p i n g - o u t"  o f  C l a r k e ’ s column c e l l s ,  

a s  shown i n  T ab le  3> may be w e l l  e s t a b l i s h e d  by 39 

d ay s  a f t e r  a l e s i o n .  Thus i n  r e g i o n s  where t h e r e  

a r e  n o r m a l l y  v e r y  few o f  t h e s e  c e l l s  i t  may be 

d i f f i c u l t  t o  e s t a b l i s h  t h e  l o s s  o f  c e l l s ,  u n l e s s  

e x a m i n a t i o n  o f  many s e c t i o n s  f rom e a c h  segment  i s  

u n d e r t a k e n .  C om par ison  o f  t h e  two s i d e s  may l i k e w i s e  

l e a d  t o  e r r o r  u n l e s s  a s m a l l e r  number o f  c e l l s  on one
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185 .

s id e  i s  a c o n s i s t e n t  f i n d i n g  t h r o u g h o u t  a l a r g e  

number o f  s e c t i o n s .

A f t e r  a l e s i o n  o f  t h e i r  axons  some o f  t h e  ; 

C l a r k e f s column c e l l s  a p p e a r  t o  p e r s i s t  i n d e f i n i t e l y  

i n  a p a l e - s t a i n i n g  g h o s t  form^ w i t h o u t  n u c l e i .

O th e r  c e l l s  p e r s i s t  i n  a sh ru n k e n  d a r k - s t a i n i n g  

p y k n o t i c  s t a t e .

E x t e n s i v e  b i l a t e r a l  l e s i o n s  o f  t h e  d o r s o - l a t e r a l  

and v e n t r o - l a t e r a l  c o lu m n s .

Case ^O: F i g s .  155 and '\51± ( 2J  d a y s ) .  I n  

t h i s  c a se  t h e r e  a r e  c h an g e s  i n  C l a r k e ’ s column c e l l s  

a t  a l l  l e v e l s  c a u d a l  to  t h e  l e s i o n .  Many c e l l s  a r e  

c h r o m a t o l y t i c ,  o t h e r s  a r e  p y k n o t i c ;  r o s e t t e s  o f  

g l i a  a r e  a l s o  p r e s e n t .

Case  1 J:  F i g . 155 ( 9 9 °  d a y s ) .  I n  t h i s  c a s e  

t h e r e  i s  a g r e a t  l o s s  o f  c e l l s  i n  C l a r k e ’ s column o f  

b o th  s i d e s ,  most  marked on t h e  r i g h t .  Some c e l l s  

p e r s i s t ,  m o s t ly  i n  a r a t h e r  s h ru n k e n  s t a t e .

These  two c a s e s  s e r v e  t o  i l l u s t r a t e  th e  

g e n e r a l  f i n d i n g  t h a t  when t h e r e  i s  an  e x t e n s i v e  

b i l a t e r a l  l e s i o n  o f  t h e  d o r s o - l a t e r a l  and t h e  v e n t r o 

l a t e r a l  co lum ns ,  many C l a r k e ’ s column c e l l s  c a u d a l  to  

th e  l e s i o n  a t  f i r s t  show c h r o m a t o l y t i c  c h a n g e s ,  and 

a t  l a t e r  s t a g e s  many d i s a p p e a r .



FIG 1 5  6 ( c a s e . 2 6 )
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1 8b •

Bilateral lesions of the dorso-lateral columns*
Case 2 6 : F i g . 156  (154 d a y s ) .  I n  t h i s  c a s e  

t h e r e  i s  a l o s s  o f  c e l l s  i n  C l a r k e ' s  column ffom 

i m m e d ia te ly  c a u d a l  t o  t h e  l e s i o n  t o  i t s  l o w e s t  l e v e l .

T h is  i s  most marked on t h e  r i g h t  s i d e .

Case  2 J:  F i g . 157  (42 d a y s ) .  I n  t h i s  c a se  

t h e r e  i s  marked b i l a t e r a l  c e l l  l o s s  and g l i o s i s  i n  

C l a r k e ' s  column a t  a l l  l e v e l s  c a u d a l  to  t h e  l e s i o n .

These two c a s e s  s e r v e  t o  i l l u s t r a t e  th e  

g e n e r a l  f i n d i n g  t h a t  i f  t h e r e  i s  a b i l a t e r a l  l e s i o n  

o f  t h e  d o r s o l a t e r a l  co lumns many C l a r k e ' s  column c e l l s  

i n  t h e  segment  c o n t a i n i n g  th e  l e s i o n  and a t  a l l  

l e v e l s  c a u d a l  to  th e  l e s i o n  show r e a c t i v e  c h a n g e s .  

B i l a t e r a l  l e s i o n s  o f  t h e  v e n t r o - l a t e r a l  c o lu m n s .

Case 18:  F i g . 158  (66  d a y s ) .  I n  t h i s  c a s e  

t h e r e  i s  b i l a t e r a l  l o s s  o f  C l a r k e ' s  column c e l l s ,  

some sh r u n k e n  p y k n o t i c  c e l l s ,  and an i n c r e a s e  o f  

g l i a l  c e l l s  a t  a l l  l e v e l s  c a u d a l  t o  t h e  l e s i o n .

Case 1 5 ? F i g . 159 0 5 9  d a y s ) .  I n  t h i s  c a se

t h e r e  i s  a marked b i l a t e r a l  l o s s  o f  C l a r k e ' s  column

c e l l s  a t  a l l  l e v e l s  c a u d a l  t o  the  l e s i o n .

Case  22: F i g . 1 6 0  (2 if d a y s ) .  I n  t h i s  c a s e

th e  l e s i o n  on t h e  l e f t  s i d e  m a in ly  i n v o l v e d  th e  

v e n t r o - l a t e r a l  column; on t h e  r i g h t  t h e  l e s i o n
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i n v o l v e d  th e  v e n t r o - l a t e r a l  column and a c o n s i d e r a b l e  

p a r t  o f  t h e  d o r s o - l a t e r a l  column a s  w e l l .  At a l l  

l e v e l s  c a u d a l  to  t h e  l e s i o n  many C la r i c e ’ s column 

c e l l s  on b o t h  s i d e s  a r e  c h r o m a t o l y t i c ,  and  t h e r e  i s  

an i n c r e a s e  o f  g l i a  i n  t h e  column; i t  i s  p o s s i b l e  

t h a t  t h e r e  i s  a l s o  a r e d u c t i o n  i n  t h e  t o t a l  number o f  

c e l l s .

These  t h r e e  c a s e s  s e r v e  t o  i l l u s t r a t e  t h e  

g e n e r a l  f i n d i n g  t h a t  i f  t h e r e  i s  a l e s i o n  o f  th e  

v e n t r o - l a t e r a l  column, many c e l l s  o f  C la r i c e ’ s column 

c a u d a l  t o  t h e  l e s i o n  e x h i b i t  r e a c t i v e  c h a n g e s .

W hether  t h e  l e s i o n s  i n v o l v e d  t h e  d o r s o 

l a t e r a l  co lum n o r  t h e  v e n t r o - l a t e r a l  column, no 

d i f f e r e n c e  c o u ld  be s e e n  i n  t h e  d i s t r i b u t i o n  o f  th e  

a l t e r e d  c e l l s  o r  o f  t h e  a r e a s  o f  c e l l  l o s s .  

S u p e r f i c i a l  b i l a t e r a l  l e s i o n s  o f  t h e  v e n t r o - l a t e r a l  

and t h e  d o r s o - l a t e r a l  c o lu m n s .

Case  2^:  P i g .161  ( j j  d a y s ) .  I n  t h i s  c a s e  

th e  l e s i o n  was e x t e n s i v e  b i l a t e r a l l y ,  b u t  was 

c o n f i n e d  t o  th e  p e r i p h e r y  o f  t h e  c o r d .  Many o f  t h e  

c e l l s  i n  C la r i c e ’ s column c a u d a l  t o  t h e  l e s i o n  have  

d e g e n e r a t e d  t o  ” g h o s t ” fo rm s ,  and a few c e l l s  a r e  

c h r o m a t o l y t i c .

T h i s  c a se  s e r v e s  t o  i l l u s t r a t e  t h a t  i f  t h e r e
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i s  a l e s i o n  o f  th e  p e r i p h e r y  o f  t h e  d o r s o - l a t e r a l  

and v e n t r o - l a t e r a l  co lum ns ,  many c e l l s  o f  C l a r k e ’ s 

column c a u d a l  to  t h e  l e s i o n  show r e a c t i v e  c h a n g e s .

A l l  t h e  c a s e s  c o n s i d e r e d  so f a r  had  

b i l a t e r a l  l e s i o n s ,  and so no e v id e n c e  i s  f o r t h c o m i n g  

from t h e s e  c a s e s  w h e th e r  t h e  c e l l s  o f  one s i d e  a r e  

showing c h an g e s  b e c a u s e  o f  i n j u r y  t o  t h e  i p s i l a t e r a l  

o r  to  t h e  c o n t r a l a t e r a l  t r a c t s .

I n  t h e  f o l l o w i n g  t h r e e  c a s e s  t h e  cordo tom y 

was u n i l a t e r a l .

U n i l a t e r a l  l e s i o n  o f  b o t h  t h e  d o r s o - l a t e r a l  and th e  

v e n t r o - l a t e r a l  co lum n .

Case 2*.: F i g .  1^2 (5 d a y s ) .  I n  t h i s  c a s e  t h e  

l e s i o n  was made a t  t h e  t h i r d  c e r v i c a l  s egm en t ,  o n ly  

f i v e  days  b e f o r e  d e a t h .  C h r o m a t o l y s i s  i s  p r e s e n t  

i n  th e  c e l l s  i n  t h e  c a u d a l  h a l f  o f  C l a r k e ’ s column.

I t  w i l l  be s e en  t h a t  most  o f  t h e  a f f e c t e d  c e l l s  were 

i p s i l a t e r a l  t o  th e  l e s i o n  (on t h e  l e f t  s i d e ) .  T h ere  

were a l s o  some d e g e n e r a t i n g  c e l l s  on t h e  c o n t r a l a t e r a l  

( r i g h t )  s i d e  i n  t h e  more c a u d a l  s e g m e n ts .

U n i l a t e r a l  l e s i o n s  o f  t h e  v e n t r o - l a t e r a l  co lum n.

Case 9 : F i g .  163  '(25 d a y s ) .  I n  t h i s  c a s e  

t h e  l e s i o n  m a in ly  i n v o l v e d  t h e  v e n t r o - l a t e r a l  column; 

There  was s l i g h t  in v o lv e m e n t  o f  t h e  d o r s o - l a t e r a l
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column. The C l a r k e ’ s column c e l l s  o f  t h e  l e f t ,  

( i p s i l a t e r a l )  column show v e r y  c o n s i d e r a b l e  c h a n g e s ;  

t h e r e  a r e  some c h r o m a t o l y t i c  c e l l s  and t h e r e  i s  a l s o  

some c e l l  l o s s .  I n  t h e  r i g h t  c o n t r a - l a t e r a l  column 

t h e r e  a r e  a few c e l l s  which  m ig h t  he c h r o m a t o l y t i c ,  

h u t  t h i s  i s  n o t  so d e f i n i t e  a s  i n  t h e  p r e v i o u s  c a s e .

Case 7 : F i g . l 6 l f  (112 d a y s ) .  I n  t h i s  c a s e  

t h e  l e s i o n  m a in ly  a f f e c t e d  t h e  v e n t r o - l a t e r a l  column. 

T here  i s  v e r y  d e f i n i t e  c e l l  l o s s  on t h e  l e f t ,  

( i p s i l a t e r a l )  C l a r k e ’ s co lumn, h u t  i t  i s  n o t  p o s s i b l e  

t o  say  w h e th e r  a few c e l l s  have  f a l l e n  o u t  f rom t h e  

r i g h t  ( c o n t r a l a t e r a l )  C l a r k e ’ s column o r  n o t .  T h i s  

c ase  i s  i n c l u d e d  t o  show t h e  d i f f i c u l t y  o f  

r e c o g n i s i n g  t h e  l o s s  o f  a few c e l l s  i n  C l a r k e ’ s column 

n u c l e u s ,  i f  no o t h e r  c e l l  c h a n g e s  o c c u r  c o n c u r r e n t l y .

The f i r s t  o f  t h e s e  3 u n i l a t e r a l  c a s e s  

s e r v e s  to  show t h a t  a l e s i o n  o f  th e  v e n t r o - l a t e r a l  

and t h e  v e n t r a l  p a r t  o f  t h e  d o r s o - l a t e r a l  columns 

i n  th e  u p p e r  c e r v i c a l  c o rd  c a u s e s  r e a c t i v e  ch an g e s  

i n  many c e l l s  o f  C l a r k e ’ s column on t h e  same s i d e ,  and 

i n  a few c e l l s  o f  C l a r k e ’ s column on t h e  o p p o s i t e  s i d e .  

The second  c a s e  g i v e s  some e v id e n c e  t h a t  when th e  

l e s i o n  i s  c o n f i n e d  t o  t h e  v e n t r o - l a t e r a l  column i n  

the  m i d - t h o r a c i c  l e v e l ,  r e a c t i v e  c h a n g e s  a r e  s e e n  i n



C l a r k e ’ s column c e l l s  o f  t h e  same s i d e ,  and p o s s i b l y  

i n  a few c e l l s  o f  t h e  o p p o s i t e  s i d e .  The l a s t  

o b s e r v a t i o n  i s  n o t  d e f i n i t e l y  p r o v e d .

The t h i r d  c a s e  m ig h t  be  e x p e c t e d  t o  show 

a s  w id e s p r e a d  an in v o lv e m e n t  o f  C l a r k e ’ s column as  

t h e  f i r s t  c a s e  d i d ,  b u t  a t  a l a t e r  s t a g e  o f  

d e g e n e r a t i o n .  On t h e  same s i d e  a s  t h e  o p e r a t i o n  

th e  column d oes  shov/ s e v e r e  l o s s  o f  n e r v e  c e l l s ,  b u t  

l o s s  o f  c e l l s  on t h e  o p p o s i t e  s i d e  c a n n o t  be d e f i n i t e l y  

e s t a b l i s h e d .

R e a c t i o n  o f  a s c e n d i n g  l a t e r a l  column f i b r e s  t o  

C l a r k e ’ s column c e l l s .

From a l l  t h e  c a s e s  shown so f a r ,  c e r t a i n  

c o n c l u s i o n s  c an  be  drawn. C e l l s  o f  C l a r k e ’ s column 

g iv e  r i s e  t o  f i b r e s  which  a s c e n d  th e  c o r d  b o t h  i n  th e  

d o r s o - l a t e r a l  and i n  t h e  v e n t r o - l a t e r a l  column. Some, 

a t  l e a s t ,  o f  t h e s e  f i b r e s ,  l i e  on t h e  p e r i p h e r y  o f  t h e  

c o r d .  Some, a t  l e a s t ,  o f  t h e s e  f i b r e s  r e a c h  th e  

p e r i p h e r y  o f  t h e  c o r d  i n  t h e  same segment  a s  t h e i r  

c e l l s  o f  o r i g i n .

The c o u r s e  o f  most  o f  t h e  f i b r e s  i n  t h e  c o r d  

i s  i p s i l a t e r a l  t o  t h e i r  c e l l s  o f  o r i g i n ;  a few have  

a c o n t r a l a t e r a l  c o u r s e .  T here  i s  no f i n a l  e v id e n c e  

w h e th e r  t h e  c o n t r a l a t e r a l  f i b r e s  r u n  i n  th e
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v e n t r o - l a t e r a l  o r  i n  t h e  d o r s o - l a t e r a l  column, "but 

some e v id e n c e  t h a t  a t  l e a s t  some ox t h e  c r o s s e d  

f i b r e s  ru n  i n  t h e  v e n t r o - l a t e r a l  column.

Ho c o r r e l a t i o n  was found  b e tw ee n  th e  s i t e  

o c c u p ie d  by t h e  a s c e n d i n g  f i b r e s ,  and t h e  d i s t r i b u t i o n  

o f  t h e  c e l l s  o f  C l a r k e ’ s column, i n  e i t h e r  a r o s t r o -  

c a u d a l ,  o r  i n  a d o r s o - v e n t r a l  d i r e c t i o n .

I I .  A p i c a l  C e l l s  o f  th e  D o r s a l  H o rn . ( c e l l u l a e  

p o s t e r o m a r g i n a l e s ) . ( P l a t e s  9 7~ 102) .

a) Formal c e l l s ; ( P i g s . 1 6 5  and 1 6 6 ) .

The number o f  s m a l l  and medium s i z e d  a p i c a l  

c e l l s  s e e n  i n  a t r a n s v e r s e  s e c t i o n  v a r y  from  none a t  

a l l  t o  a b o u t  e i g h t .  I n  t h e  c e r v i c a l  c o r d  t h e r e  a r e  

most commonly 0—If- c e l l s ;  i n  t h e  t h o r a c i c  c o r d  t h e r e  

a r e  f r e q u e n t l y  no l a r g e  o r  medium s i z e d  c e l l s  i n  a 

s e c t i o n ,  o r  t h e r e  may be one o r  two c e l l s .  I n  th e  

l u m b o - e a c r a l  c o rd  t h e r e  i s  a wide v a r i a t i o n  i n  th e  

number i n  d i f f e r e n t  s e g m e n ts ,  and i n  d i f f e r e n t  

s e c t i o n s ;  i n  th e  lum bar  segm en ts  t h e r e  a r e  most 

commonly 5 - 8  c e l l s ,  i n  t h e  s a c r a l  s e g m en ts  5 - 2 0  c e l l s .

As seo i  i n  t r a n s v e r s e  s e c t i o n  t h e  c e l l s  a r e  n a r ro w ,  

p o i n t e d  and d a r k  s t a i n i n g .

b)  Axonal  r e a c t i o n s  t o  c e l l s ; As can  be s e e n  i n  

Table  c h r o m a t o l y s i s  t e n d s  t o  o c c u r  r a t h e r  l a t e r  i n  the?
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1 92.

c e l l s  t h a n  i n  th e  c e l l s  o f  C l a r k e ’ s column. Owing 

to  t h e  g r e a t e r  number ,  and l a r g e r  s i z e ,  o f  t h e s e  

c e l l s  i n  lo w e r  segm en ts  i t  i s  e a s i e r  t o  r e c o g n i s e  th e  

o c c u r r e n c e  o f  r e t r o g r a d e  c h an g e s  a t  t h e s e  l e v e l s  t h a n  

i n  t h e  u p p e r  seg m en ts .  An i m p o r t a n t  f e a t u r e  i s  t h a t  

no m a t t e r  how e x t e n s i v e  th e  l e s i o n  i s ,  c h an g e s  a re  

p r e s e n t  i n  o n ly  some o f  t h e  c e l l s .  Owing t o  t h i s ,  

t h e  a c t u a l  l o s s  o f  c e l l s  i s  d i f f i c u l t  t o  d e t e c t ,  and 

s i m i l a r l y  t h e r e  may be no e v id e n c e  o f  any i n c r e a s e  

o f  g l i a l  n u c l e i .

E x t e n s i v e  b i l a t e r a l  l e s i o n s  o f  d o r s o - l a t e r a l  and 

v e n t r o - l a t e r a l  c o lu m n s .

Case 1 5 : F i g .  167  (53 d a y s ) .  No c h r o m a t o l y t i c  

c e l l s  have been  s e e n  i n  any s e c t i o n s  o f  t h e  t h o r a c i c  

se gm en ts .  I n  t h e  l u m b o - s a c r a l  seg m en ts  t h e r e  a r e  

f a i r l y  numerous c e l l s  show ing  c h r o m a t o l y s i s ,  as  shown 

i n  F i g . 1 6 7 *

B i l a t e r a l  l e s i o n s  o f  th e  d o r s o - l a t e r a l  c o lu m n s .

Case 2 6 : F i g s . 168  and 169  0 5 ^  d a y s ) .  I n  

t h i s  c a s e  a few c h r o m a t o l y t i c  c e l l s  a r e  p r e s e n t  i n  

th e  l u m b o - s a c r a l  s e g m e n ts .

Case  2J:  F i g s . 1 7 0  and (^-2 d a y s ) .  I n

t h i s  c a se  a l s o  some c h r o m a t o l y t i c  c e l l s  a r e  p r e s e n t  

i n  t h e  l u m b o - s a c r a l  s e g m e n ts .
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Bilateral lesions .of the ventro-lateral co lum ns.

Case 5 ^:  F i g . 172 (31 d a y s ) .  I n  t h i s  c a se  

t h e r e  a r e  few c h r o m a t o l y t i c  a p i c a l  c e l l s  p r e s e n t  

i n  a l l  segm en ts  c a u d a l  t o  t h e  l e s i o n s ;  t h e y  were 

p a r t i c u l a r l y  numerous i n  t h e  f o u r t h  lum bar  segm ent .

Case 1 8 : F i g . 173 (66  d a y s ) .  I n %t h i s  c a s e  

a few c h r o m a t o l y t i c  c e l l s  a r e  p r e s e n t  i n  a l l  segm ents  

c a u d a l  t o  t h e  t w e l f t h  t h o r a c i c  segment  on th e  r i g h t ,  

and t h e  seco n d  lum bar  segment on t h e  l e f t .

I n  a l l  t h e s e  c a s e s  showing c h r o m a t o l y s i s  i n  

t h e  a p i c a l  c e l l s ,  the  l e s i o n s  a r e  b i l a t e r a l .  I t  

w i l l  be s e e n  from T a b le  5 t h a t  i n  t h o s e  u n i l a t e r a l  

c a s e s  i n  which  r e t r o g r a d e  c h a n g e s  i n  t h i s  g roup  o f  

c e l l s  o c c u r ,  t h e  r e t r o g r a d e  c h an g e s  a r e  u s u a l l y  

c o n t r a l a t e r a l  t o  t h e  l e s i o n ,  a l t h o u g h  some a r e  

i p s i l a t e r a l .  I n  o n ly  one o f  t h e  c a s e s  i n  which  t h e  

l e s i o n  was a t  t h e  u p p e r  c e r v i c a l  l e v e l  h ave  any 

c han g es  b een  seen  i n  t h e  c e r v i c a l  s e g m e n t s .  I n  t h i s  

c a se  a vervf few c h r o m a t o l y t i c  c e l l s  were p r e s e n t  

c o n t r a l a t e r a l  to  t h e  l e s i o n .

R e l a t i o n  o f  a s c e n d i n g  l a t e r a l  column f i b r e s  t o  

a p i c a l  c e l l s  o f  d o r s a l  h o r n : R e t r o g r a d e  c h a n g e s  a r e

n o t  p ro no u n ce d  among t h e  a p i c a l  c e l l s ,  and i n  some 

c a s e s  no c h an g e s  have  b e e n  f o u n d .  From t h i s  m a t e r i a l
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i t  may be c o n c lu d e d  t h a t  a t  l e a s t  some o f  the  f i b r e s  

which a r i s e  i n  th e  a p i c a l  c e l l s  run  i n  th e  d o r s o 

l a t e r a l  and t h e  v e n t r o - l a t e r a l  columns.

The c o u r s e  o f  most  o f  t h e s e  f i b r e s  i n  the  

co rd  i s  c o n t r a l a t e r a l  to  t h e i r  c e l l s  o f  o r i g i n ,  some 

o f  th e  f i b r e s  have an i p s i l a t e r a l  c o u r s e ;  some o f  

th e  f i b r e s  r e a c h  the  l a t e r a l  column w i t h i n  t h e  same 

segment  a s  t h a t  c o n t a i n i n g  th e  a p i c a l  c e l l s  o f  o r i g i n .

I I I .  C e l l s  o f  th e  S u b s t a n t i a  G - e la t in o s a .

As i s  w e l l  known,' t h e  c e l l s  o f  t h e  s u b s t a n t i a  

g e l a t i n o s a  a r e  s m a l l ,  and changes  i n  such  sm a l l  

n e u ro n e s  a r e  v e r y  d i f f i c u l t  t o  d e t e r m i n e .  I n  t h i s  

work, c o n v in c in g  e v id e n c e  o f  marked changes  i n  th e  

s u b s t a n t i a  g e l a t i n o s a  have  n o t  been  se en .  I n  a few 

c a s e s ,  i t  a p p e a r s  t h a t  t h e r e  m igh t  be some l o s s  o f  

n e u r o n e s ,  and an i n c r e a s e  o f  g l i a l  c e l l s  on b o th  

s i d e s  o f  t h e  c o rd .  But no d e f i n i t e  c o n c l u s i o n s  have 

been  drawn i n  r e l a t i o n  to  a c o n n e c t i o n  be tw een  t h e s e  

c e l l s  and f i b r e s  o f  t h e  l a t e r a l  column.

IV. C e l l s  o f  th e  N u c le u s  P r o p r i u s  o f  D o r s a l  H orn .

( P l a t e s  103 - 1 0 6 ) .

a) Normal c e l l s . ( P i g . 17^)•

The number o f  c e l l s  s e e n  i n  a t r a n s v e r s e  

s e c t i o n  o f  t h i s  g roup  v a r i e s  from 0 t o  abou t  2 5 .
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I n  t h e  c e r v i c a l  c o rd  t h e r e  a re  most commonly 

2 -6  c e l l s ;  i n  th e  t h o r a c i c  c o rd  O-ifj i n  th e  lumbo

s a c r a l  c o rd  J - 2 0 ,  t h e  l a r g e r  number b e in g  found  i n  

t h e  s a c r a l  c o rd .

The c e l l s  a r e  m o s t ly  o f  medium s i z e  i n  the  

c e r v i c a l  c o r d ,  s m a l l e r  i n  th e  t h o r a c i c  c o r d ,  and 

medium o r  l a r g e  i n  t h e  l u m b o - s a c r a l  c o rd .  The c e l l s  

have  a c l e a r l y  d e f i n e d  n u c l e u s  and d e f i n i t e  N i s s l  

s u b s t a n c e .

b) Axonal  r e a c t i o n s  i n  c e l l s .

C h r o m a t o l y s i s  can  be e a s i l y  r e c o g n i s e d  i n  

t h e  c e l l s  o f  t h i s  g ro u p .  As w i t h  t h e  p r e v i o u s  group 

a few c h r o m a t o l y t i c  c e l l s  were found  i n  c a s e s  w i th  

w id e ly  d i f f e r e n t  p e r i o d s  o f  s u r v i v a l .  Examples o f  

t h e s e  c h r o m a t o l y t i c  c e l l s  a r e  shown on p l a t e s  10p~10o 

Case  k-: P i g .  175 (5 . d a y s )

Case 2: P i g . 176  (313  days )

Case 1 8 : P i g . 177 (66  day s )

Case Jk-t P i g .  178  (91 days )

Case 3^:  P i g .  179 (109 d a ys )

The few s c a t t e r e d  c h r o m a t o l y t i c  c e l l s  s e e n  

i n  segm ents  c a u d a l  t o  th e  l e s i o n  o c c u r r e d  i n  c a s e s  

w i t h  o n ly  d o r s o - l a t e r a l  l e s i o n s  and c a s e s  w i t h  o n ly  

v e n t r o - l a t e r a l  l e s i o n s ;  t h e y  were found  b i l a t e r a l l y
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i n  u n i l a t e r a l  c a s e s .  I n  t h e  c e r v i c a l  segments  

c h r o m a t o l y t i c  c e l l s  were a v e r y  r a r e  f i n d i n g .  I n  

a few c a s e s  t h e r e  i s  some g l i o s i s  i n . t h i s  s c a t t e r e d  

d i s t r i b u t i o n .  I t  was to o  s c a r c e  and i n c o n s t a n t  to  

p e r m i t  c o n c l u s i o n s  t o  be drawn a b o u t  t h e  number o f

f i b r e s  o r i g i n a t i n g  i n  t h i s  a r e a .  I n  no c a se  have many

c h r o m a t o l y t i c  c e l l s  b e en  s e e n ;  and i n  some c a s e s  

t h e r e  were no changes  to  be s e en  i n  t h i s  g roup  o f

c e l l s .  T h i s  a bsen ce  o f  a x o n a l  r e a c t i o n  among t h e s e

c e l l s  i s  q u i t e  d e f i n i t e ;  f o r  t h e y  were lo o ked  f o r  

i n  s e r i a l  s e c t i o n s  t h r o u g h o u t  many segm ents  i n  a l l  

c a s e s .  A l s o ,  t h e r e  was no l o s s  o f  c e l l s  (compared 

w i th  t h e  n o rm a l )  i n  t h i s  g ro u p .

R e l a t i o n  o f  a s c e n d i n g  l a t e r a l  column f i b r e s  to  c e l l s
o?  nucleus pro(*<"

I t  i s  c o n c lu d e d  t h a t  some f i b r e s  a s c e n d in g  

i n  t h e  d o r s o - l a t e r a l  and v e n t r o - l a t e r a l  columns t a k e  

o r i g i n  f rom th e  p r o p r i u s  c e l l s .  These f i b r e s  a re  

Doth i p s i l a t e r a l  and c o n t r a l a t e r a l .

V. C e l l s  a t  t h e  Base o f  t h e  Dorsa l : .  Horn  and i n

I n t e r m e d i a t e  Grey M a t t e r . ( P l a t e s  107-110)*

a) Normal, c e l l s . ( P i g s . 1 8 0  and 1 8 1 ) .

There  a r e  numerous c e l l  g ro u p s  i n  t h i s  

r e g i o n .  Many o f  t h e s e  g ro u p s  c o n s i s t  o f  s m a l l  c e l l s ,  

i n  which r e t r o g r a d e  chan g e s  c a n n o t  be r e c o g n i s e d .



There  a r e  a l s o  some medium s i z e d  and l a r g e r  c e l l s  

s c a t t e r e d  a b o u t  i n  t h i s  r e g i o n ,  b e in g  more numerous 

i n  t h e  c e r v i c a l  and l u m b o - s a c r a l  r e g i o n .  Average 

numbers p e r  s e c t i o n  i n  t h e  norm al  have  n o t  been  

c a l c u l a t e d  f o r  t h e s e  c e l l s .  The c e l l s  have d e f i n i t e  

n u c l e i ,  and i l i s s l  s u b s t a n c e .

b)  Axonal  r e a c t i o n s  i n  c e l l s .

C h r o m a t o l y s i s  i s  e a s i l y  r e c o g n i s e d  i n  th e  

c e l l s  o f  t h i s  r e g i o n ;  l o s s  o f  c e l l s  c o u ld  n o t  be s e e n  

o c c a s i o n a l l y  g l i o s i s  was n o t e d ,  b u t  i t  was a lways a 

r a r e  l o c a l i s e d  f i n d i n g ,  to o  i n c o n s t a n t  f o r  a 

d e f i n i t e  i n t e r p r e t a t i o n  o f  i t s  s i g n i f i c a n c e .

D e f i n i t e l y  c h r o m a t o l y t i c  c e l l s  were s e en  i n  

o n ly  8 o u t  o f  t h e  2^ c a s e s .  These c a s e s  had  p e r i o d s  

o f  s u r v i v a l  v a r y i n g  from 2^ to  170 d a y s .  The 

c h r o m a t o l y t i c  c e l l s  o c c u r  i n  o n ly  a few s e c t i o n s ,  and 

were n o t  i n  s u f f i c i e n t  numbers i n  any segment f o r  

t h e i r  s i g n i f i c a n c e  t o  be d e te r m in e d .

C h r o m a t o l y t i c  c e l l s  were s e e n  i n  c a s e s  w i th  

e x t e n s i v e  l e s i o n s  o f  th e  d o r s o - l a t e r a l  and v e n t r o 

l a t e r a l  co lum ns ,  and a l s o  i n  c a s e s  w i th  l e s i o n s  o f  

t h e  v e n t r o - l a t e r a l  column o n ly .  I n  n e i t h e r  o f  the  

c a s e s  ( c a s e s  26 and 2 7 ) w i t h  l e s i o n s  c o n f i n e d  t o  th e  

d o r s o - l a t e r a l  column were c e l l  changes  s e e n  i n  t h i s
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r e g i o n ,  a t  t h e  h a se  o f  t h e  d o r s a l  h o rn  and i n  the  

i n t e r m e d i a t e  g re y  m a t t e r .  C h r o m a to ly t i c  c e l l s  were 

se en  a f t e r  l e s i o n s  c o n f i n e d  t o  th e  p e r i p h e r y  of  the  

c o r d ,  e . g .  c a se  2j>: F i g s . 1 8 2  and 183 (39 d a y s ) .  I n  

th e  u n i l a t e r a l  c a s e s  a v e ry  few abnormal c e l l s  were

seoa i n  t h i s  r e g i o n  on b o t h  s i d e s  o f  t h e  c o rd .  I n

o n ly  one c a se  were any chang es  seen  i n  th e  c e r v i c a l  

c o r d ;  i n  t h i s  c ase  t h e r e  was s l i g h t  g l i o s i s  on b o th  

s i d e s .

Examples o f  t h e s e  c h r o m a t o l y t i c  c e l l s  a re  

shown f r o m :- '

Case  1 8 : F i g s .  184., 185 and 186 (66  days)

Case 3 3 : F i g .  187 (109  days )

Case 34-: F i g .  188 (91 days)

R e l a t i o n  o f  t h e  l a t e r a l  column to  c e l l s  a t  t h e  base  

o f  t h e  D o r s a l  Horn and c e l l s  o f  th e  I n t e r m e d i a t e  

Grey M a t t e r .

I t  i s  c o n c lu d e d  t h a t  some f i b r e s  a s c e n d in g  

i n  th e  v e n t r o - l a t e r a l  column, p o s s i b l y  o n ly  i n  i t s  

p e r i p h e r a l  p a r t ,  t a k e  o r i g i n  from c e l l s  o f  th e  b ase  

o f  t h e  d o r s a l  h o r n  and th e  i n t e r m e d i a t e  g rey  m a t t e r .  

These  f i b r e s  a r e  b o t h  i p s i l a t e r a l  and c o n t r a l a t e r a l .  

I t  h a s  n o t  been  p ro v en  w h e th e r  any f i b r e s  a r i s i n g  

from t h e s e  c e l l s  a sc e n d  i n  t h e  d o r s o - l a t e r a l  column 

o r  n o t .



VI. C e l l s  o f  th e  V e n t r a l  H orn . ( P l a t e  111 ) .

I n  many o f  t h e  c a s e s  one o r  more v e n t r a l  

n e r v e  r o o t s  were c u t  o r  p u l l e d  on a t  o p e r a t i o n .

A l s o ,  i n  many o f  t h e s e  c a s e s ,  th e  carc inom a which 

was t h e  c au se  o f  t h e  p a t i e n t ’ s p r e s e n c e  i n  t h i s  

s e r i e s  i n v o lv e d  p e r i p h e r a l  n e r v e s  o f  t h e  lumbo

s a c r a l  r e g i o n .  Hence,  any changes  o b se rved  i n  v e n t r a l  

h o r n  c e l l s  o f  t h i s  r e g i o n  m igh t  t h e n  be th e  r e s u l t  

o f  d e g e n e r a t i o n  i n  t h e  v e n t r a l  r o o t s .  I t  i s  c l e a r  

t h a t  such  c a s e s  c a n n o t  be u t i l i s e d  f o r  d e te r m in in g  

i f  r e t r o g r a d e  chan g e s  i n  v e n t r a l  h o rn  c e l l s  o c cu r  

a f t e r  a cordotom y.  I n  a few c a s e s ,  however, no 

e v id e n c e  o f  any in v o lv e m e n t  o f  any n e rv e  o f , lu m b o 

s a c r a l  o r i g i n  c o u ld  be found .

a) Normal C e l l s .

The c h a r a c t e r i s t i c s  and t h e  d i s t r i b u t i o n  o f  

t h e  c e l l s  o f  t h e  v e n t r a l  h o rn  a re  so w e l l  known t h a t  

no f u r t h e r  o b s e r v a t i o n s  on th e  norm al  w i l l  be g iven  

h e r e .

b)  Axonal  R e a c t i o n s  t o  c e l l s .

• C h r o m a t o l y s i s  i s  e a s i l y  r e c o g n i s e d  i n  t h e s e

c e l l s .  T h i s  was t h e  o n ly  d e f i n i t e  s t a g e  o f  r e t r o g r a d e

c e l l  change  t h a t  was s e e n .

The c a s e s  t h a t  c o u ld  be u se d  -  t h e r e  b e in g  no
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damage to  t h e  n e r v e s  -  were 1 , 2 , if, 5 and 7 . i n  

a l l  t h e s e  c a s e s  a few v e n t r a l  ho rn  c e l l s  showed 

c h r o m a t o l y s i s ;  t h e s e  changes  were b i l a t e r a l ,  b u t  

m o s t ly  c o n t r a l a t e r a l .

Case  1 h a s  n o t  been  i n c l u d e d  i n  Table  as 

th e  co m p le te  e x a m in a t io n  o f  s e r i a l  s e c t i o n s  o f  the. 

c o rd  h a s  n o t  b e en  c o m p le ted .

I n  c a se  Zj-: F i g .  189 O ^  days)  a few 

c h r o m a t o l y t i c  c e l l s  a r e  p r e s e n t  i n  th e  f o u r t h  lumbar 

segment and f i r s t  and second s a c r a l  segments .

These  c e l l s  a r e  p r e s e n t  i n  b o t h  th e  l a t e r a l  and the  

m e d ia l  g ro u p s  o f  v e n t r a l  h o rn  c e l l s ,  most o f  them 

b e i n g  on th e  s i d e  c o n t r a l a t e r a l  to  th e  l e s i o n .

I n  c a s e  5 a v e ry  few c h r o m a to l y t i c  c e l l s  a re  

p r e s e n t  i n  t h e  second lumbar  segment on th e  s id e  

c o n t r a l a t e r a l  t o  th e  l e s i o n .  I n  th e  o t h e r  3 c a s e s  

a v e r y  few c h r o m a t o l y t i c  c e l l s  a re  p r e s e n t  i n  the  

f i r s t  and second s a c r a l  segments  on th e  s id e  

c o n t r a l a t e r a l  to  th e  l e s i o n .  I n  a l l  t h e s e  c a s e s  one 

o r  two c h r o m a t o l y t i c  c e l l s  a r e  p r e s e n t  i n  th e  same 

segment on th e  i p s i l a t e r a l  s i d e .

R e l a t i o n  o f  A scend ing  l a t e r a l  column f i b r e s  t o  c e l l s  

o f  t h e  V e n t r a l  H orn .

I t  i s  c o n c lu d ed  t h a t  some f i b r e s  a sc e n d in g



i n  t h e  l a t e r a l  column, a r i s e  from c e l l s  o f  th e  

v e n t r a l  h o rn  o f  th e  l u m b o - s a c r a l  segments .  The 

m a j o r i t y  o f  t h e  f i b r e s  a r e  c o n t r a l a t e r a l ,  some a re  

i p s i l a t e r a l .  Some a t  l e a s t  o f  the  f i b r e s  run  in  

th e  v e n t r o - l a t e r a l  column; w h e th e r  o t h e r s  run  i n
GA

th e  d o r s o - l a t e r a l  column h a s  n o t  . b e ^ a s c e r t a in e d .

V I I .  C e l l s  o f  t h e  L a t e r a l  Horn .

The r e s e r v a t i o n s  made i n  r e s p e c t  o f  the  

v e n t r a l  h o r n  c e l l  changes  due to  p e r i p h e r a l  ne rve  

i n v o lv e m e n t  a p p ly  t o  t h i s  group a l s o .

a)  Normal c e l l s .

A d e f i n i t e  l a t e r a l  h o rn  i s  d i s t i n g u i s h a b l e  

o n ly  i n  t h e  t h o r a c i c  and th e  u p p e r  lumbar segments.

I n  t h e  u p p e r  segments  t h e  number o f  c e l l s  va ry  from 

a b o u t  )  t o  6 , and i n  th e  lower  segments  from about  

5 t o  16 . The c e l l s  a r e  sm a l l  and medium i n  s i z e ,  

t h e  l a r g e r  c e l l s  b e i n g  p r e s e n t  i n  th e  low er  segments .  

The c e l l s  t e n d  t o  be d a rk  s t a i n i n g ,  and o f  a somewhat 

v e s i c u l a r  a p p e a ra n c e ;  th e  n u c le u s  i s  e x c e n t r i c ,  and 

th e  N i s s l  s u b s ta n c e  p e r i p h e r a l .

b)  Axonal R e a c t i o n s  to  c e l l s .

I n  v iew o f  th e  a p p e a ra n c e s  o f  t h e s e  c e l l s ,  

c h r o m a t o l y s i s  i s  n o t  e asy  t o  r e c o g n i s e  u n l e s s  i t  

a f f e c t s  a number o f  c e l l s .



KEY

C -  chrom atolysis 

L -  lo s s  of c e l l s  

GH -  ghost c e l l s  

S -  shrunken c e l l s  

N -  neur on opha g ia  

GL -  g l io s i s  

V -  vacuolated c e l l s  

(X) -  s l ig h t  

X? -  query 

X+ -  marked
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I n  a few c a s e s  t h e r e  a re  one o r  two c e l l s  

which a r e  c h r o m a t o l y t i c ,  i n  a v e r y  l a r g e  number o f  

s e c t i o n s  o f  t h e  c o r d .  T here  a r e  so few t h a t  no 

c o n c l u s i o n s  can  be drawn r e g a r d i n g  them.

Summary.

A summary o f  t h e  t o t a l  e v id e n c e  o f  t h e  c e l l s  

o f  o r i g i n  o f  t h e  a s c e n d i n g  f i b r e s  i n  th e  l a t e r a l  

columns i s  p r e s e n t e d  i n  t a b u l a r  form as  T ab le  3.  

T y p i c a l  exam ples  o f  c h an g es  i n  a l l  t h e  c e l l  g roups  

have  b een  g i v e n  i n  t h i s  c h a p t e r .

The T ab le  h a s  b e en  d i v i d e d  i n t o  f o u r  p a r t s  

i n  a c c o rd a n c e  w i t h  t h e  f r e q u e n c y  o f  c e l l  changes  i n  

c e r t a i n  g ro u ps  o f  c e l l s ;  marked c h a n g e s ,  some 

d e f i n i t e  c h a n g e s ,  o n ly  s l i g h t  c h a n g e s ,  some chan ges  -  

f r e q u e n t  p e r i p h e r a l  n e r v e  in v o lv e m e n t .  T here  i s  

c o n s i s t e n t  e v id e n c e  r e l a t i n g  t o  c e l l s  o f  C l a r k e ’ s 

column. The c e l l  b o d i e s  a p p e a r  t o  be s e n s i t i v e  to  

i n j u r y  o f  t h e i r  a x o n s ,  and many becdme 

c h r o m a t o l y t i c  and d i s a p p e a r  w i t h i n  40  days  o f  th e  

l e s i o n .  F i b r e s  a r i s i n g  from c e l l s  o f  t h i s  group  

a sc e n d  th e  co rd  i n  t h e  v e n t r o - l a t e r a l  column a s  w e l l  

a s  i n  t h e  d o r s o - l a t e r a l  column. The c o u r s e  o f  most 

o f  t h e  f i b r e s  i s  i p s i l a t e r a l  t o  t h e i r  c e l l s  o f  

o r i g i n ,  b u t  a few have a c o n t r a l a t e r a l  c o u r s e .  Some
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o f  th e  c o n t r a l a t e r a l  f i b r e s  p r o b a b l y  a s c e n d  i n  t h e  

v e n t r o l a t e r a l  column;  i t  h a s  n o t  been  d e t e r m i n e d  

i f  some c o n t r a l a t e r a l  f i b r e s  a l s o  a sce n d  i n  th e  

c o n t r a l a t e r a l  column o r  n o t .  Some o f  t h e  f i b r e s  

a s c e n d  i n  t h e  p e r i p h e r a l  l a y e r s  o f  t h e  column.

Some o f  t h e  f i b r e s  r e a c h  t h e  l a t e r a l  column i n  th e  

same segment a s  t h e i r  c e l l s  o f  o r i g i n .

The e v id e n c e  o f  t h e  o r i g i n  o f  t h e  f i b r e s  

o f  t h e  l a t e r a l  column, o t h e r  t h a n  t h o s e  from C l a r k e ’ s 

column i s  s t i l l  r a t h e r  i n a d e q u a t e .  The changes  i n  

t h e s e  o t h e r  g ro u p s  a p p e a r  t o  o c c u r  i n  a few c e l l s  

o v e r  a l o n g e r  r an g e  o f  p e r i o d s  o f  s u r v i v a l ,  and a t  

no t im e  does  any g roup  show such e x t e n s i v e  

i n c o n t r o v e r t i b l e  i n d i c a t i o n  o f  axon damage. When 

d e f i n i t e  c h ang es  have  b e e n  s e e n ,  d e f i n i t e  c o n c l u s i o n s  

t h a t  t h e r e  i s  axon damage may be drawn,  b u t  when no 

c h an g e s  a r e  s e e n  no c o n c l u s i o n  a s  t o  w h e th e r  t h e  

axon i s  i n j u r e d  o r  n o t  can  be drawn. T h i s  h a s  been  

d i s c u s s e d  i n  C h a p te r  V I I .

I t  h a s  b e en  shown t h a t  f i b r e s  a r i s i n g  from 

a p i c a l  c e l l s  and f i b r e s  a r i s i n g  from c e l l s  o f  th e  

n u c l e u s  p r o p r i u s  o f  t h e  d o r s a l  h o rn  a s c e n d  i n  th e  

d o r s o - l a t e r a l  and i n  t h e  v e n t r o - l a t e r a l  co lumns.

Most o f  t h e  f i b r e s  from th e  a p i c a l  c e l l s  a sce n d  on



t h e  c o n t r a l a t e r a l  s i d e ,  and a few on t h e  i p s i l a t e r a l  

s i d e .  The f i b r e s  f rom t h e  c e l l s  o f  t h e  n u c l e u s  

p r o p r i u s  a r e  b o t h  i p s i l a t e r a l  and c o n t r a l a t e r a l .

I t  h a s  a l s o  b een  shown t h a t  f i b r e s  a r i s e  

f rom c e l l s  a t  t h e  b a s e  o f  th e  d o r s a l  h o rn  and i n  th e  

i n t e r m e d i a t e  g r e y  m a t t e r  and a sce n d  on b o t h  s i d e s  o f  

t h e  c o r d ,  i n  t h e  v e n t r o - l a t e r a l  column. I t  h a s  n o t  

b e e n  d e te r m in e d  i f  any f i b r e s  from t h e s e  c e l l s  

a sc e n d  in. t h e  d o r s o - l a t e r a l  column o r  n o t .  Some 

f i b r e s  a r i s e  f rom v e n t r a l  h o rn  c e l l s  o f  th e  lumbo

s a c r a l  segm ents  and a s c e n d  i n  t h e  l a t e r a l  column, 

most '  p r o b a b l y  i n  th e  v e n t r a l  p a r t .  Most o f  t h e s e  

a s c e n d  on th e  c o n t r a - l a t e r a l  s i d e .

No c o n c l u s i o n s  have been  drawn r e g a r d i n g  

a s c e n d i n g  f i b r e s  and th e  c e l l s  o f  th e  l a t e r a l  h o r n .

I n  view o f  t h e  p a u c i t y  o f  c e l l  changes  i n  

t h e  g ro up s  o t h e r  t h a n  C l a r k e ’ s column and th e  a p i c a l  

c e l l s ,  no c o n c l u s i o n s  can be drawn a s  t o  th e  

p r o p o r t i o n  o f  l a t e r a l  column f i b r e s  a r i s i n g  from 

t h e s e  c e l l s .  Not a l l  t h e  f i b r e s  a s c e n d i n g  i n  th e  

l a t e r a l  column go t o  the  c e r e b e l lu m .  I t  i s  n o t  

p o s s i b l e  t o  say  d e f i n i t e l y  which o f  t h e  f i b r e s  

a r i s i n g  from which c e l l s  go to  th e  c e r e b e l lu m .  But 

i n  v iew o f  th e  v e ry  l a r g e  number o f  c e l l s  i n  C l a r k e ’ s



column which d e g e n e r a t e ,  and th e  l a r g e  number o f  

l a t e r a l  column f i b r e s  which  go t o  t h e  c e r e b e l lu m ,  

i t  may be deduced  t h a t  many o f  t h e s e  f i b r e s  a r i s e  

f rom  C l a r k e ' s  column c e l l s «



CHAPTER XII

CONCLUSIONS.

I t  now rem a in s  t o  p r e s e n t  t h e  c o n c l u s i o n s  

drawn from t h i s  i n v e s t i g a t i o n  o f  t h e  s p i n o - c e r e b e l l a r  

t r a c t s  i n  man.

The u s u a l  manner  o f  d i v i d i n g  t h e  s p i n o 

c e r e b e l l a r  i n t o  two d i s t i n c t  t r a c t s  -  t h e  d o r s a l  and 

th e  v e n t r a l  -  d o es  n o t  g iv e  a t r u e  r e p r e s e n t a t i o n  o f  

t h e  f a c t s .  I  have b e en  f o r c e d  t o  conclude^ t h a t  th e  

f o l l o w i n g  manner o f  c o n s i d e r i n g  th e  s p i n o - c e r e b e l l a r  

t r a c t  i s  one which more c l o s e l y  a c c o r d s  w i t h  t h e  

f a c t s .

The lo n g  s p i n o - c e r e b e l l a r  f i b r e s  m ight  b e s t  

be c o n s i d e r e d  a s  b e i n g  i n  t h r e e  g ro u p s .  I t  i s ,  

how ever ,  n o t  s u g g e s t e d  t h a t  th e  u s u a l  c o n c e p t i o n  o f  

two p a r t s  o f  t h e  s p i n o - c e r e b e l l a r  t r a c t  s h o u ld  be 

r e p l a c e d  by a c o n c e p t i o n  o f  t h r e e  s p i n o - c e r e b e l l a r  

t r a c t s .  T h is  would n o t  f i t  t h e  f a c t s  f o r  t h e  

f o l l o w i n g  r e a s o n .  There  i s  a g e n e r a l  t en d e n c y  f o r  

th e  v e n t r a l  f i b r e s  t o  move d o r s a l l y  i n  th e  s p i n a l  

c o r d .  R o s t r a l  t o  t h e  u p p e r  p a r t  o f  t h e  t h i r d  

c e r v i c a l  segment ,  t h e r e  i s  a com ple te  i n t e r m i n g l i n g  

o f  t h e  m a j o r i t y  o f  t h e  s p i n o - c e r e b e l l a r  f i b r e s ;  t h u s



a t  t h e s e  l e v e l s  i t  ?/ould "be i m p o s s i b l e  t o  p i n - p o i n t  

any f i b r e  and say  where i t  o r i g i n a t e d  and where i t  

l a y  a t  more c a u d a l  l e v e l s .  The f i b r e s  t h a t  e n t e r  

t h e  c e r e b e l l u m  v i a  t h e  r e s t i f o r m  body a r e  i n t e r m i n g l e d ,  

and come f rom a l l  l e v e l s  o f  th e  c o rd .  Only a few 

f i b r e s  e n t e r  t h e  c e r e b e l l u m  v i a  th e  b rac h iu m  

c o n ju n c t iv u m .  These f i b r e s  a re  n o t  t h o s e  o f  th e  

" v e n t r a l  s p i n o - c e r e b e l l a r  t r a c t "  o f  o t h e r  w o rk e r s ,  

b u t  a p p e a r  to  l i e  d e e p e r  t o  a v e n t r o - l a t e r a l  group  o f  

f i b r e s  i n  t h e  c o r d .  However,  f o r  d e s c r i p t i v e  

p u r p o s e s  i n  t h e  c o rd  i t  i s  c o n v e n i e n t  t o  d i s c u s s  

f i b r e s  o c cu py in g  th e  d o r s o - l a t e r a l  column and two 

g ro u p s  o f  f i b r e s  o c cu p y in g  th e  v e n t r o - l a t e r a l  column. 

These te rm s  a r e  n o t  synonymous w i th  t h e  t e rm s  " d o r s a l  

s p i n o - c e r e b e l l a r  t r a c t "  and " v e n t r a l  s p i n o - c e r e b e l l a r  

t r a c t "  o f  o t h e r  w o r k e r s .

The r e g i o n  o f  th e  c o rd  on th e  p e r i p h e r y  

b e tw ee n  t h e  d o r s a l  h o r n  and a l i n e  r u n n i n g  t r a n s v e r s e l y  

th r o u g h  t h e  c e n t r a l  c a n a l  i s  a lm o s t  e n t i r e l y  

o c c u p ie d  by s p i n o - c e r e b e l l a r  f i b r e s .  Most o f  th e  

f i b r e s  o f  t h i s  r e g i o n  a r i s e  from c e l l s  o f  C l a r k e ' s  

column; t h e y  a r e  m o s t ly  i p s i l a t e r a l  ( t o  t h e i r  c e l l s  

o f  o r i g i n )  some may be  c o n t r a l a t e r a l .  Some f i b r e s  

a r i s e  from th e  a p i c a l  c e l l s  o f  t h e  d o r s a l  h o r n  and



from th e  c e l l s  o f  th e  n u c l e u s  p r o p r i u s .  I t  i s  

l i k e l y  t h a t  most  -  though  n o t  a l l  -  o f  t h e  f i b r e s  

a r i s i n g  from t h e  a p i c a l  c e l l s  ru n  c o n t r a l a t e r a l  t o  

t h e i r  c e l l s  o f  o r i g i n ,  and t h a t  t h e  f i b r e s  a r i s i n g  

from t h e  n u c l e u s  p r o p r i u s  r u n  b o t h  c o n t r a l a t e r a l l y  

and i p s i l a t e r a l l y .  Which p a r t  o f  th e  column i s  

o c c u p ie d  by th e  f i b r e s  f rom th e  d i f f e r e n t  c e l l  g roups  

h a s  n o t  b een  d e t e r m i n e d .  Many o f  t h e  f i b r e s  i n  t h i s  

d o r s o - l a t e r a l  group a r e  o f  l a r g e  c a l i b r e .  Some o f  

f i b r e s  move d o r s a l l y  a s  t h e y  a sce n d  th e  c o rd .  The 

f i b r e s  which e n t e r  t h e  c o rd  a t  d i f f e r e n t  l e v e l s  and 

which s h i f t  d o r s a l l y  a l l  come t o  be i n t e r m i n g l e d  i n  

th e  d o r s o - l a t e r a l  co lumn, and t h e r e  i s  no l a m i n a t i o n  

o f  f i b r e s  d e r i v e d  from d i f f e r e n t  s e g m e n ta l  l e v e l s .

Some f i b r e s  o f  t h i s  group  a r e  a l r e a d y  

s i t u a t e d  i n  t h e  d o r s o - l a t e r a l  zone a s  low as  th e  

f i r s t  lum bar  segm ent ;  more f i b r e s  a r e  added th r o u g h o u t  

t h e  t h o r a c i c  c o r d ,  many more a r i s i n g  i n  t h e  more 

c a u d a l  segm ents  t h a n  i n  the  u p p e r  t h o r a c i c  seg m en ts .

No l e s i o n  c o n f i n e d  to  th e  d o r s a l  s e c t o r  o f  t h e  c o rd  i n  

t h e  c e r v i c a l  r e g i o n  h a s  been  exam ined ,  so i t  i s  n o t  

p o s s i b l e  t o  say  d e f i n i t e l y  w h e th e r  any f i b r e s  o f  the  

d o r s o - l a t e r a l  g roup  a r i s e  a t  t h i s  l e v e l  o r  n o t .

I n  t h e  f o u r t h  and t h i r d  c e r v i c a l  segm ents



t h e  d o r s o - l a t e r a l  f i b r e s  move v e n t r a l l y ;  t h e y  become 

s e p a r a t e d  from th e  d o r s a l  h o rn  by th e  l a t e r a l  c o r t i c o 

s p i n a l  t r a c t ,  which i n  t h e s e  segm ents  r e a c h e s  th e  

s u r f a c e  o f  th e  c o rd .  I n  t h e i r  more v e n t r a l  p o s i t i o n ,  

t h e y  form a compact  mass o f  f i b r e s  w i t h  t h o s e  o f  th e  

v e n t r o - l a t e r a l  column. These d o r s a l  f i b r e s  t h e n  

r e t u r n  t o  t h e i r  more d o r s a l  p o s i t i o n  a b u t t i n g  a g a i n s t  

t h e  d o r s a l  h o r n  a t  t h e  f i r s t  c e r v i c a l  segm ent .  I n  

t h e  m e d u l l a ,  t h e y  e n t e r  t h e  r e s t i f ' o r m  body ,  most  o f  

them p a s s i n g  t h e  d e s c e n d i n g  n u c l e u s  o f  t h e  f i f t h  

n e rv e  on i t s  l a t e r a l  a s p e c t .  As t h e y  e n t e r  th e  

c e r e b e l lu m ,  th ey  a t  f i r s t  occupy an a r e a  im m e d ia te ly  

c a u d a l  t o  t h e  a n t e r i o r  l o b u l e s  o f  t h e  a n t e r i o r  l o b e ,  

d o r s a l  t o  th e  d e n t a t e  n u c l e u s .  The d i s t r i b u t i o n  o f  

th e  f i b r e s  w i l l  be c o n s i d e r e d  l a t e r ,  t o g e t h e r  w i th  

th e  r e s t  o f  th e  s p i n o - c e r e b e l l a r  f i b r e s .

The a s c e n d i n g  f i b r e s  o f  th e  v e n t r o - l a t e r a l  

column a r e  i n t e r m i n g l e d  w i th  f i b r e s  o f  o t h e r  a s c e n d i n g  

s y s te m s ,  such  a s  th e  s p i n o - r e t i c u l a r ,  s p i n o - t e c t a l  and 

s p i n o - t h a l a m i c .  I t  h a s  n o t  b e e n  p o s s i b l e  to  

s e p a r a t e  c o m p le t e ly  which f i b r e s  o f  th e  v a r i o u s  sys tem s 

a r i s e  from which g ro u p s  o f  c e l l s .  I t  a p p e a r s  t h a t  

t h e r e  a r e  two g ro u ps  o f  s p i n o - c e r e b e l l a r  f i b r e s  i n  th e  

q u a d r a n t  o f  th e  c o r d ,  a p e r i p h e r a l  o r  l a t e r a l  g ro up ,



and a d e e p e r  g roup .  Many o f  t h e  f i b r e s  o f  th e  

p e r i p h e r a l  group  a r i s e  from c e l l s  o f  C l a r k e ' s  column: 

most o f  them a r i s e  i p s i l a t e r a l l y ,  b u t  some a r i s e  

c o n t r a l a t e r a l l y .  F i b r e s  o f  th e  whole v e n t r o 

l a t e r a l  a s c e n d i n g  sy s te m  a r i s e  from a p i c a l  c e l l s  o f  

th e  d o r s a l  h o r n ,  m o s t ly ,  though  n o t  e n t i r e l y ,  

i p s i l a t e r a l l y ;  from c e l l s  o f  th e  n u c l e u s  p r o p r i u s  

b o t h  i p s i l a t e r a l l y  and c o n t r a l a t e r a l l y ;  from c e l l s  

a t  t h e  b ase  o f  th e  d o r s a l  h o r n  and th e  i n t e r m e d i a t e  

g re y  m a t t e r ;  and from c e l l s  o f  t h e  v e n t r a l  h o r n ,  

m a in ly  though  n o t  e n t i r e l y ,  c o n t r a l a t e r a l l y .

Some a s c e n d i n g  f i b r e s  o f  th e  v e n t r o l a t e r a l  

column a re  a l r e a d y  p r e s e n t  a s  low a s  th e  f i r s t  lumbar  

segm en t .  F i b r e s  a r e  added th r o u g h o u t  t h e  t h o r a c i c  

c o r d ,  and t h e r e  i s  some e v id e n c e  t h a t  a few f i b r e s  

a l s o  a r i s e  i n  th e  c e r v i c a l  c o rd .  Some o f  t h e s e  

f i b r e s  r e a c h  th e  l a t e r a l  column i n  t h e  same segment 

a s  t h e i r  c e l l s  o f  o r i g i n .  D u r in g  t h e i r  c o u r s e  i n  the  

c o rd  th e  f i b r e s  move d o r s o l a t e r a l l y .  There  i s  no 

l a m i n a t i o n  o f  f i b r e s  i n  t h i s  p e r i p h e r a l  g ro u p .  I n  

t h e  d e e p e r  and more m e d ia l  g ro u p ,  however ,  t h e r e  i s  

a c e r t a i n  deg re e  o f  d o r s o - l a t e r a l ,  v e n t r o - m e d i a l  

l a m i n a t i o n  o f  f i b r e s ,  th o s e  from th e  most c a u d a l  

segm ents  l y i n g  d o r s o - l a t e r a l l y  to  th o s e  from th e  more



r o s t r a l  segm en ts .  The s i z e  o f  the  f i b r e s  i n  th e  

v e n t r o - l a t e r a l  column v a r i e s  from l a r g e  t o  v e r y  f i n e .  

There  a r e  more l a r g e  f i b r e s  i n  t h e  p e r i p h e r a l  zone and 

more f i n e  f i b r e s  i n  t h e  m e d ia l  zone.  The m a j o r i t y  o f  

th e  s p i n o - c e r e b e l l a r  f i b r e s  l i e  i n  t h e  p e r i p h e r a l  

zone.

I n  t h e  lo w e r  t h o r a c i c  seg m en ts ,  most  o f  t h e  

p e r i p h e r a l l y  l y i n g  v e n t r o - l a t e r a l  f i b r e s  move d o r s a l l y  

i n t o  t h e  d o r s o - l a t e r a l  column. At o t h e r  l e v e l s  o f  

t h e  c o rd  t h e  f i b r e s  o f  t h e  v e n t r o - l a t e r a l  column, 

l y i n g  v e n t r a l  t o  a l i n e  th r o u g h  t h e  c e n t r a l  c a n a l ,  

r em a in  i n  t h i s  column u n t i l  t h e  f o u r t h  c e r v i c a l  

segm ent .  I n  t h e  f o u r t h  and t h i r d  c e r v i c a l  segments  

some f i b r e s  o f  th e  v e n t r o - l a t e r a l  column move more 

m e d i a l l y ,  fo rm ing  a compact mass w i th  t h e  f i b r e s  o f  

the  d o r s o - l a t e r a l  column. I n  th e  second  and f i r s t  

c e r v i c a l  segm ents  many o f  t h e  f i b r e s  move d o r s a l l y  

w i t h i n  two segments  t o  r e a c h  t h e  most d o r s a l  zone o f  

th e  d o r s o - l a t e r a l  column, i n t e r m i n g l i n g  c o m p le t e ly  

¥i t h  t h e  f i b r e s  which a sc e n d e d  th e  c o rd  i n  th e  d o r s o 

l a t e r a l  column. Many o f  t h e  f i b r e s  o f  l a r g e r  

c a l i b r e  i n  t h e  v e n t r o - l a t e r a l  column m i g r a t e  back  i n  

t h i s  manner. I n  th e  m ed u l la  t h e s e  f i b r e s  from the  

v e n t r o - l a t e r a l  column o f  t h e  cord  a r e  c o m p l e t e ly



i n t e r m i n g l e d  w i th  t h e  d o r s o - l a t e r a l  f i b r e s  i n  the  

zone i m m e d ia te ly  v e n t r a l  t o  th e  s p i n a l  n u c l e u s  o f  

th e  f i f t h  n e r v e .  Thus a t  t h i s  l e v e l  n e a r l y  a l l  

t h e  s p i n o - c e r e b e l l a r  f i b r e s  a re  i n  t h a t  p o s i t i o n  

u s u a l l y  a t t r i b u t e d  t o  o n ly  the  d o r s a l  ^ n d ^ s p in o -  

c e r e b e l l a r  t r a c t .  V e n t r a l  t o  t h e s e  f i b r e s  a re  some 

r e m a in in g  a s c e n d i n g  f i b r e s  from th e  v e n t r o - l a t e r a l  

column, which r e a c h  th e  r e s t i f o r m  body a t  a s l i g h t l y  

more r o s t r a l  l e v e l :  t h e y  t h e n  m in g le  w i t h  t h e  o t h e r

s p i n o - c e r e b e l l a r  f i b r e s  w i t h i n  t h e  r e s t i f o r m  body.

A s m a l l  b u n d le  o f  th e  f i b r e s  from th e  v e n t r o - l a t e r a l  

column rem a in s  d o r s a l  t o  t h e  o l i v e .  Only a few o f  

t h e s e  a r e  s p i n o - c e r e b e l l a r ;  t h e  o t h e r s  a r e  s p i n o 

r e t i c u l a r ,  s p i n o - t e c t a l  and s p i n o - t h a l a m i c .  I n  t h e  

pons t h e s e  f i b r e s  p a s s  o b l i q u e l y  d o r s a l l y ,  so t h a t  

t h e y  come t o  T ie  i n  t h e  d o r s a l  a s p e c t  o f  t h e  pons .

As t h e y  a sc e n d ,  a few f i b r e s  p a s s  i n t o  th e  c e r e b e l lu m  

v i a  t h e  b rach ium  p o n t i s .  The r e m a in in g  s p i n o 

c e r e b e l l a r  f i b r e s  p a s s  d o r s a l l y  and c a u d a l l y  i n t o  the  

b ra c h iu m  c o n ju n c t iv u m .  As t h e s e  f i b r e s  e n t e r  t h e  

c e r e b e l l u m  t h e y  l i e  v e n t r o - m e d i a l  t o  t h e  f i b r e s  which 

e n t e r  by th e  r e s t i f o r m  body. Thus,  th e  f i b r e s  

e n t e r i n g  th e  c e r e b e l l u m  v i a  d i f f e r e n t  p e d u n c l e s  come 

t o  i n t e r m i n g l e .



The f i b r e s  which e n t e r e d  t h e  c e r e b e l l u m  by 

th e  r e s t i f o r m  body ,  l i e  v e n t r a l  t o  t h e  a n t e r i o r  p a r t  

o f  t h e  a n t e r i o r  l o b e ,  t u r n  s h a r p l y  m e d i a l l y  t o  ru n  

a t  r i g h t  a n g l e s  t o  t h e  m e d ia l  p l a n e  o f  t h e  v e rm is .

They a r e  a t  f i r s t  p a c k e d •com pac t ly  i n t o  a mass,  o v a l  

i n  c r o s s  s e c t i o n ,  and t h e n  th e y  g r a d u a l l y  s p r e a d  ou t  

a lo n g  th e  b ase  o f  th e  a n t e r i o r  l o b u l e s  o f  th e  a n t e r i o r  

l o b e .  I n  t h e  most l a t e r a l  p a r t  o f  t h e i r  c o u rs e  i n  

th e  c e r e b e l lu m ,  a l a r g e  b u nd le  l e a v e s  t h e  main mass 

and p a s s e s  d o r s o - c a u d a l l y  t o  e n t e r  th e  most l a t e r a l  

p a r t  o f  t h e  py ram is  and m e d ia l  p a r t  o f  t h e  b i v e n t r a l  

l o b u l e .  Some o f  t h e  f i b r e s  i n  th e  f o l i a  ru n  

l a t e r a l l y  and m e d i a l l y  so t h a t  t h e y  t e r m i n a t e  i n  the  

l a t e r a l  p a r t s  o f  t h e  b i v e n t r a l  l o b u l e  and more m e d ia l  

p a r t s  o f  th e  p y r a m is .  At th e  l e v e l  where t h i s  b u n d le  

e n t e r s  t h e  pyramis , a v e ry  few f i b r e s  ]e ave th e  main 

g ro u p s  and e n t e r  t h e  w h i te  m a t t e r  o f  t h e  a n t e r i o r  

l o b e .  F u r t h e r  m e d i a l l y  numerous f i b r e s  l e a v e  the  

g roup  and p a s s  i n t o  t h e  l i n g u l a ,  t h e  c e n t r a l  l o b u le  

and t h e  culmen; i n  t h e  culmen most  f i b r e s  e n t e r  t h e  

most a n t e r i o r  p a r t .  Some few f i b r e s  a l s o  go th e  

d e c l i v e ,  m o s t ly  t o  i t s  r o s t r a l  p a r t ,  and a few f i b r e s  

e n t e r  th e  f o l iu m  and th e  t u b e r .  Some o f  t h e s e  f i b r e s  

s p r e a d  out  t o  t e r m i n a t e  i n  th e  h e m is p h e r e s .



Numerous f i b r e s  c o n t i n u e  t o  e n t e r  th e  most  a n t e r i o r  

l o b u l e  o f  th e  a n t e r i o r  l o b e .  Fewer f i b r e s  p a s s  i n t o  

t h e  most m e d ia l  p a r t  o f  t h e  a n t e r i o r  l o b e ,  t h a n  i n t o  

t h e  more l a t e r a l  p a r t .  A number o f  t h e  f i b r e s  c r o s s  

t o  t h e  c o n t r a l a t e r a l  s i d e .

The p a t t e r n  o f  d i s t r i b u t i o n  o f  t h e  f i b r e s  i s  

t h e  same on th e  c o n t r a l a t e r a l  a s  t h e  i p s i l a t e r a l  s i d e ,  

though  t h e r e  a r e  f e w e r  c o n t r a l a t e r a l  f i b r e s .

The f i b r e s  which e n t e r  th e  c e r e b e l l u m  by way 

o f  t h e  b rach ium  c o n ju n c t iv u m  a re  a l s o  d i s t r i b u t e d  i n  

t h e  a n t e r i o r  l o b e .  T h e i r  d i s t r i b u t i o n  i s  

a p p r o x i m a t e ly  th e  same a s  t h a t  o f  t h e  f i b r e s  e n t e r i n g  

th e  c e r e b e l lu m  by th e  r e s t i f o r m  body;  b u t  t h e y  do 

n o t  e x te n d  as  f a r  l a t e r a l l y  a s  t h e  r e s t i f o r m  body 

f i b r e s ;  and a l s o  a l a r g e r  p r o p o r t i o n  o f  t h e  f i b r e s  

go t o  t h e  l i n g u l a  t h a n  t o  th e  o t h e r  l o b u l e s  o f  th e  

a n t e r i o r  l o b e .  A s m a l l  number o f  f i b r e s  a l s o  go to  

th e  d e c l i v e ,  e s p e c i a l l y  to  i t s  r o s t r a l  a s p e c t ,  and a 

few f i b r e s  go t o  th e  f o l i a  and t o b e r .  A s m a l l  

p r o p o r t i o n  o f  t h e s e  f i b r e s  c r o s s  i n  t h e  superior 

medullary velum and a r e  d i s t r i b u t e d  m a in ly  t o  th e  

c o n t r a l a t e r a l  l i n g u l a  w i th  a s m a l l e r  number go in g  t o  

th e  c e n t r a l  l o b u le  and th e  culmen. I t  h a s  n o t  been  

d e c i d e d  i f  some o f  t h e  f i b r e s  e n t e r i n g  by the
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b rac h iu m  c o n ju n c t iv u m  go t o  th e  p y ram is  o r  n o t .

I f  any do,  t h e y  must be few, and m a in ly  i p s i l a t e r a l .

A few f i b r e s  go i n t o  t h e  f a s t i g i a l  n u c l e u s ,  b u t  

w h e th e r  t h e y  a c t u a l l y  end t h e r e  o r  n o t  h a s  n o t  b e en  

d e c i d e d .  No f i b r e s  from e i t h e r  t h e  r e s t i f o r m  body 

g roup  n o r  t h e  c o n ju n c t iv u m  group have  been  d e f i n i t e l y  

t r a c e d  to  o t h e r  n u c l e i  o f  th e  c e r e b e l lu m .

No f i b r e s  o f  e i t h e r  group have b e e n  t r a c e d  

t o  th e  u v u l a  o r  t h e  n o d u lu s .

No s o m a to to p ic  l o c a l i s a t i o n  o f  any f i b r e s  

o f  th e  s p i n o - c e r e b e l l a r  f i b r e s  i n  th e  c e r e b e l lu m  h a s  

b een  found .  The d i s t r i b u t i o n  o f  th e  f i b r e s  h a s  

b e en  t h e  same r e g a r d l e s s  o f  th e  r o s t r o - c a u d a l  o r  

t h e  d o r s o - v e n t r a l  s i t e  o f  the  l e s i o n .  I n  a l l  c a s e s  

t h e  b u l k  o f  th e  f i b r e s  have been  found  t o  p r o j e c t  

t o  th e  a n t e r i o r  l o b e ,  i n  p a r t i c u l a r  t o  i t s  r o s t r o -  

m e d ia l  p a r t ,  and t o  th e  pyram is  and  medial ,  . p a r t  o f  

t h e  b i v e n t r a l  l o b u l e .

The c o u r s e  a n a  d i s t r i b u t i o n  o f  t h e  s p i n o 

c e r e b e l l a r  f i b r e s ,  a s  d e s c r i b e d  a b o v e ,  i s  shown i n  

t h e  d i a g r a m  on t h e  o p p o s i t e  p a g e .



CHAPTER X III

DISCUSSION.

My main p u rp o se  i n  t h i s  t h e s i s  h a s  been  t o  

p r e s e n t  new f a c t s  on t h e  anatomy o f  th e  s p i n o 

c e r e b e l l a r  t r a c t s  i n  man. Hence, a d e t a i l e d

com p ar iso n  o f  t h e  f a c t s  shown h e r e  and th e  o b s e r v a t i o n s

o f  e a r l i e r  w o rk e r s ,  most o f  whom worked on a n im a l s ,  

w i l l  n o t  be g iv e n .  Some a s p e c t s  o f  th e  f i n d i n g s  and 

d i s c r e p a n c i e s  b e tw een  th e  f a c t s  a s  I  have  found  them, 

and t h e  f a c t s  r e p o r t e d  by o t h e r s ,  however ,  do demand 

f u r t h e r  c o n s i d e r a t i o n .

I t  was p o i n t e d  ou t  on page 26 t h a t  the  

s p i n o - c e r e b e l l a r  t r a c t  i s  u n i v e r s a l l y  c o n s i d e r e d  as  

c o n s i s t i n g  o f  two d i s t i n c t  p a r t s  -  t h e  d o r s a l  and th e

v e n t r a l  s p i n o - c e r e b e l l a r  t r a c t s .  The work which I

have  p r e s e n t e d  h e r e  h a s  l e d  me to  r e g a r d  t h i s  v iew o f  

th e  s p i n o - c e r e b e l l a r  t r a c t  a s  u n t e n a b l e .  My views 

on a t r u e r  c o n c e p t i o n  o f  t h i s  t r a c t  have  b e en  

summarized i n  C h a p t e r  X I I .  There  a r e  c o n s i d e r a b l e  

d i f f e r e n c e s  i n  th e  two v iew s .  The e s s e n t i a l  

d i f f e r e n c e  r e s i d e s  i n  th e  c o n c e p t  o f  t h e  v e n t r a l  f i b r e s  

o f  tb© s p i n o - c e r e b e l l a r  sys tem .  A c co rd in g  t o  o t h e r  

w o r k e r s ,  t h e s e  f i b r e s  p u r su e  a c o u r s e  i n  th e  co rd
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i n d e p e n d e n t  o f  th e  d o r s a l  f i b r e s .  F u r t h e r ,  t h e y  

a r e  h e l d  t o  e n t e r  t h e  c e r e b e l lu m  by way o f  th e  

b rac h iu m  c o n ju n c t iv u m .  I n  my view ,  most o f  t h e  

f i b r e s  a s c e n d i n g  th e  c o rd  i n  th e  p e r i p h e r a l  p a r t  o f  

th e  v e n t r o - l a t e r a l  column p a s s  d o r s a l l y  and j o i n  

t h o s e  o f  th e  d o r s o - l a t e r a l  column. I n  t h e  second  

c e r v i c a l  segment th e  f i b r e s  from th e  v e n t r o - l a t e r a l  

and d o r s o - l a t e r a l  columns a re  m ing led  t o g e t h e r ,  and 

th e y  a l l  e n t e r  th e  c e r e b e l l u m  by way o f  t h e  r e s t i f o r m  

body. Thus,  th e  t r a c t  which o t h e r  w o rk e rs  c a l l  t h e  

v e n t r a l  ( o r  i n d i r e c t )  s p i n o - c e r e b e l l a r  t r a c t  i n  f a c t  

l o s e s  i t s  i d e n t i t y  i n  th e  most c r a n i a l  segm ents  o f  

t h e  c o rd ;  and i t  d oes  n o t  e n t e r  th e  c e r e b e l l u m  v i a  

th e  b rac h iu m  c o n ju n c t iv u m ,  b u t  v i a  t h e  r e s t i f o r m  

body.  There  a r e ,  however ,  some v e n t r a l  f i b r e s  which 

e n t e r  t h e  c e r e b e l lu m  v i a  th e  b rac h iu m  c o n ju n c t iv u m .  

These  f i b r e s ,  i t  i s  t r u e ,  do come from th e  v e n t r o 

l a t e r a l  p a r t  o f  t h e  c o rd ;  b u t  t h e y  l i e  deep t o  th o se  

u s u a l l y  d e s i g n a t e d  a s  th e  v e n t r a l  s p i n o - c e r e b e l l a r  

t r a c t .  They a r e  f i n e r  f i b r e s  t h a n  t h o s e  o f  .the 

o t h e r  two g ro u p s ,  and th e y  a re  few i n  number.

I t  m ight  be a sked  why o t h e r  w o rk e rs  have 

n o t  found t h e s e  f a c t s .  I t  seems t o  me t h a t  the  

r e a s o n s  a re  th e  f o l l o w i n g .  The m a j o r i t y  o f



o b s e r v a t i o n s  have been  made on a n im a l s  and n o t  on man.

I t  i s  ob v io u s  t h a t  i t  i s  u n j u s t i f i e d  e i t h e r  t o  a p p ly  

such  (O bserva t ions  t o  man o r  to  a p p ly  f i n d i n g s  from man 

t o  o t h e r  s p e c i e s .

A l l  t h o s e  who worked on man ( e x c e p t  C o l l i e r  

and B uzza rd )  r e p o r t e d  t h e i r  f i n d i n g s  on o n ly  one ,  o r  

r a r e l y ,  two c a s e s .  I n  o r d e r  t o  l e a r n  t h e  f a c t s  

a b o u t  th e  o r i g i n  and t e r m i n a t i o n  o f  th e  t r a c t ,  one 

c a se  may be u s e f u l .  But  to  l e a r n  a bou t  th e  r e l a t i o n s h i p  

o f  t h e  f i b r e s  from d i f f e r e n t  p a r t s  o f  th e  body t o  one 

a n o t h e r  i n  t h e  s p i n a l  c o r d ,  s e v e r a l  c a s e s  a r e  n e c e s s a r y .  

I t  h a s  been  s e e n  i n  C h a p te r  V I I I  t h a t  t h e  r e l a t i o n s h i p s  

d e s c r i b e d  h e r e  c o u ld  be worked ou t  o n ly  on m a t e r i a l  

c o n s i s t i n g  o f  s e v e r a l  c a s e s :  the  m a t e r i a l  u s e d  t o

work o u t  t h e  c o u rs e  o f  th e  f i b r e s  a s  d e s c r i b e d  h e r e  

c o n s i s t e d  o f  t h i r t y - f o u r  c a s e s .  I t  i s  c l e a r  t h a t  a 

l a r g e  l e s i o n  w i l l  c o n c e a l  th e  d i f f e r e n t  c o u r s e s  o f  

f i b r e s  which might  be shown up by s m a l l  l e s i o n s .

Thus a l e s i o n  i n v o l v i n g  b o t h  th e  d o r s o - l a t e r a l  and 

v e n t r o - l a t e r a l  columns n e c e s s a r i l y  masks t h e  c h an g in g  

c o u r s e  o f  most o f  t h e  v e n t r o - l a t e r a l  s p i n o - c e r e b e l l a r  

f i b r e s ,  owing t o  th e  c o n c o m i ta n t  d e g e n e r a t i o n  o f  

f i b r e s  o f  th e  d o r s o - l a t e r a l  column.

I n  no c a s e ,  i n  man, h a s  t h e r e  e v e r  been  made
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a d e t a i l e d  s t u d y  o f  a s c e n d i n g  d e g e n e r a t i o n  o f  the  

l a t e r a l  column, i n  which th e  l e s i o n  was c o n f i n e d  t o  

t h e  v e n t r o - l a t e r a l  zone .  I t  may be n o t e d  h e r e ,  t h a t  

i n  a n i m a l s ,  a l s o ,  s t u d i e s  o f  a s c e n d in g  d e g e n e r a t i o n  

a f t e r  o n ly  v e n t r o - l a t e r a l  l e s i o n s  a r e  r a r e .  I t  i s  

t r u e  t h a t  i n  t h e  c a s e  r e p o r t e d  by G a rd n e r  and Cuneo 

and t h a t  r e p o r t e d  by Rasmussen and P e y to n ,  th e  l e s i o n  

d i d  m a in ly  in v o lv e  t h e  v e n t r o - l a t e r a l  column. But  

u n f o r t u n a t e l y  t h e s e  w o rk e r s  f a i l e d  to  examine e v e r y  

c e r v i c a l  segment :  one o r  two l e v e l s  a r e  shown as

t y p i c a l  o f  Tt h e  c e r v i c a l  c o r d ’ . I t  w i l l  be remembered 

t h a t  t h e  m a jo r  s h i f t  o f  v e n t r o - l a t e r a l  column f i b r e s  

t o  j o i n  th e  d o r s o - l a t e r a l  column o c c u r s  i n  t h e  u p p e r  

two c e r v i c a l  s e g m e n ts .  Any one ex am in in g  o n ly  th e  

lo w e r  c e r v i c a l  r e g i o n  w i l l  see the  p i c t u r e  o f  two 

s e p a r a t e  and c o n t i g u o u s  g roups  o f  s p i n o - c e r e b e l l a r  

f i b r e s ,  which i s  i l l u s t r a t e d  i n  e v e r y  t e x t - b o o k  o f  

n e u ro -a n a to m y .

A f u r t h e r  r e a s o n  why t h i s  d o r s a l  s h i f t  o f  the  

v e n t r o - l a t e r a l  p e r i p h e r a l  mass o f  a s c e n d i n g  f i b r e s  

h a s  n o t  been  n o t e d  i s  th e  f o l l o w i n g .  I n  dogs and 

monkeys i t  was known t h a t  f i b r e s  move d o r s a l l y  from 

t h e  v e n t r a l  p a r t  o f  t h e  d o r s o - l a t e r a l  column as  t h e y  

a s c e n d .  Any t r a n s f e r e n c e  o f  f i b r e s  from more v e n t r a l



r e g i o n s  o f  th e  p e r i p h e r a l  p a r t  o f  t h e  c o rd  was n o t  

r e c o g n i s e d  a s  su c h ,  h u t  was th o u g h t  t o  be m e re ly  a 

p a r t  o f  th e  s h i f t i n g  o f  p o s i t i o n  w i t h i n  th e  d o r s o 

l a t e r a l  group  o f  f i b r e s .  None o f  t h e s e  w ork e rs  

o b s e r v e d  th e  d e f i n i t e  s h i f t  o f  t h e  f i b r e s  o f  th e  

v e n t r o - l a t e r a l  q u a d r a n t  i n t o  th e  d o r s o - l a t e r a l  

q u a d r a n t  i n  t h e  second  and f i r s t  c e r v i c a l  segm ents .  

And i t  i s  t h i s  i n t e r m i n g l i n g  o f  t h e  f i b r e s  o f  t h e  

s o - c a l l e d  v e n t r a l  s p i n o - c e r e b e l l a r  t r a c t  w i t h  t h e  

f i b r e s  o f  th e  s o - c a l l e d  d o r s a l  s p i n o - c e r e b e l l a r  

t r a c t  which -  i f  i t  had  been  o b se rv e d  -  would have 

c a s t  doub t  on th e  v a l i d i t y  o f  the  c u r r e n t  c o n c e p t i o n  

o f  t h e  whole sys tem .

I t  i s  t o  be r e c o r d e d  however ,  t h a t  F o e r s t e r  

and Gagel  d i d  o b se rv e  t h i s  p a t t e r n  o f  d e g e n e r a t i o n  

o f  t h e  a s c e n d in g  f i b r e s .  They d e s c r i b e d  t h e s e  

f i b r e s  which s h i f t e d  from th e  v e n t r o - l a t e r a l  to  th e  

d o r s o - l a t e r a l  column a s  ” a b e r r a n t  f i b r e s 1’ ; i t  c o u ld  

n o t  be d e te rm in e d  by t h e s e  w orke rs  w h e th e r  t h e s e  

f i b r e s  went t o  th e  c e r e b e l lu m  o r  n o t .

I n  t h i s  d i s c u s s i o n  o f  th e  r e a s o n s  f o r  th e  

C o n c e p t io n  o f  two c l e a r l y  s e p a r a t e  t r a c t s ,  we have 

n o t  c o n s i d e r e d  th e  views o f  Schaf&r and B ruce .  They, 

a lo n e  and t o g e t h e r ,  c l e a r l y  s t a t e d  t h e i r  c o n c e p t i o n



o f  t h e  d o r s a l  and th e  v e n t r a l  s p i n o - c e r e b e l l a r  t r a c t s  

i n  monkeys a s  m e re ly  components o f  one and th e  same 

t r a c t .  Some e a r l i e r  w ork e r s  had a l s o  n o t e d  t h a t  

some v e n t r a l  q u a d ra n t  f i b r e s  e n t e r  th e  r e s t i f o r m  

body,  b o t h  i n  man ( B a r b a c c i ,  Rosso l im o)  and i n  

a n im a l s  (Kohnstamm, T scherm ak) .  I n  v iew  o f  the  

e v id e n c e  p roduced  h e r e  i t  i s  s u r p r i s i n g  t h a t  th e
cAl

o b s e r v a t i o n s  o f  / t h e s e  w ork e rs  n e v e r  r e c e i v e d  more 

r e c o g n i t i o n .  One r e a s o n  f o r  t h i s  n e g l e c t  m ight  be 

t h a t  t h e i r  o b s e r v a t i o n s  were u n s u p p o r t e d  by any 

a d e q u a te  s e r i e s  o f  i l l u s t r a t i o n s ;  t h e  c o n c l u s i o n s  

were m ere ly  s t a t e d .

A t r a n s f e r e n c e  o f  f i b r e s  f rom  th e  v e n t r a l  

zone o f  d e g e n e r a t i o n  i n t o  th e  r e s t i f o r m  body h a s  been  

o b se rv e d  i n  t h i s  s e r i e s  o f  c a s e s .  T h i s  h a s  p r o b a b ly  

been  p r a c t i c a l l y  c o m p le t e ly  u n n o t i c e d  i n  o t h e r  human 

m a t e r i a l ,  beca u se  so few c a s e s  have  b e e n  s t u d i e d .  

S c h a f e r  and Bruce r e c o r d e d  a s i m i l a r  f i n d i n g  i n  

monkeys.

O c c a s i o n a l l y  w o rk e rs  have o b s e r v e d ,  b o t h  i n  

man and i n  a n im a l s ,  t h a t  some f i b r e s  l e a v e  th e  v e n t r a l  

g roup  and e n t e r  th e  b rach ium  p o n t i s .  I n  t h i s  s e r i e s  

o f  c a s e s  a few f i b r e s  t a k i n g  t h i s  c o u r s e  was o b s e rv e d .  

O th e r  w ork e rs  have f a i l e d  to  see  t h e s e  f i b r e s ,



d o u b t l e s s  owing to  t h e i r  b e in g  few and t o  th e  f a c t  

t h a t  t h e  b ra c h iu m  p o n t i s  i s  v e ry  l a r g e ;  a t  most o n ly  

v e r y  few f i b r e s  a r e  l i k e l y  t o  be fou n d  i n  any one 

s e c t i o n .

I t  i s  d i f f i c u l t  t o  see  why t h e r e  i s  a 

d e f i n i t e  s e p a r a t i o n  o f  s p i n o - c e r e b e l l a r  f i b r e s ,  

a r i s i n g  from C l a r k e ’ s column c e l l s ,  i n t o  two g roups  

i n  th e  c o r d ,  f o r  t h e  g r e a t e r  p a r t  o f  t h e i r  c o u r s e ,  

and t h e n  a com ple te  i n t e r m i n g l i n g  o f  t h e s e  f i b r e s  i n  

t h e  u p p e r  c e r v i c a l  s e g m en ts .  The u n d e r l y i n g  r e a s o n s  

f o r  t h i s  t em p ora ry  s e p a r a t i o n  may p e r h a p s  be found  

r a t h e r  i n  e l e c t r o p h y s i o l o g i c a l  work t h a n  i n  a n a t o m i c a l  

s t u d i e s .

L i t t l e  e v id e n c e  h as  been  p ro d u c e d  t o  show 

t h a t  any s p i n o - c e r e b e l l a r  f i b r e s  a r i s e  from th e  u p p e r  

l im b s .  The c a s e s  showing c e l l  changes  i n  t h e  

c e r v i c a l  r e g i o n  a re  to o  few, and th e  ch an g e s  too  

. sc an ty ,  t o  p r o v id e  d e f i n i t e  c o n c l u s i o n s .  The f a c t  

t h a t  c e r v i c a l  l e s i o n s  cause  more p r o f u s e  d e g e n e r a t i o n  

i n  t h e s e  t r a c t s  t h a n  t h o r a c i c  l e s i o n s  does  s u g g e s t  

t h a t  f i b r e s  c o n t i n u e  t o  j o i n  th e  t r a c t  i n  th e  

c e r v i c a l  c o rd .

My ev id e n ce  on the  d i s t r i b u t i o n  o f  the  s p i n o 

c e r e b e l l a r  f i b r e s  w i t h i n  th e  c e r e b e l lu m  h a s  been



p r e s e n t e d  i n  C h a p te r  X, and th e  g e n e r a l  c o n c l u s i o n s  

were g iv e n  i n  C h a p te r  X I I .  I t  h a s  a l r e a d y  been  

p o i n t e d  o u t  i n  C h a p t e r  I I  t h a t  t h e r e  i s  o n ly  i n a d e q u a t e  

knowledge c o n c e r n i n g  t h i s  s u b j e c t  i n  man.

I t  i s  p e r h a p s  j u s t i f i e d  to  s t a t e  t h a t  t h e  

work r e p o r t e d  h e r e  i s  t h e  on ly  s y s t e m a t i c  s tu d y  o f  

t h e  human c e r e b e l l u m  p la n n e d  t o  f i n d  o u t  the  

d i s t r i b u t i o n  o f  th e  s p i n o - c e r e b e l l a r  f i b r e s  -  a s  f a r  

as  I  know. I t  i s  a l s o  th e  f i r s t  i n v e s t i g a t i o n  

where s e r i a l  s e c t i o n s  were made o f  t h i s  p a r t  o f  th e  

b r a i n .  I n  t h i s  s e r i e s ,  t h e  c e r e b e l l a  o f  tw e n ty  

c a s e s  were exam ined ,  and o f  t h e s e  tw e n ty ,  tw e lve  

were examined i n  s e r i a l  s e c t i o n .  A lso ,  t h i s  seems 

to  be t h e  f i r s t  s e r i e s  i n  which th e  a c t u a l  e v id e n c e  

h a s  b e en  p r e s e n t e d  i n  th e  form o f  p h o t o g r a p h s .

T h is  work o f  t r a c i n g  t h e  d e g e n e r a t e  f i b r e s  

t h r o u g h o u t  such a c o m p l i c a te d  o rg a n  as  th e  c e r e b e l lu m  

was h e l p e d  c o n s i d e r a b l y  by the  making o f  t h e  c o lo u r e d  

maps (shown on P l a t e s  11 -2 if) .  W ith ou t  such  maps, 

i t  would have been  most d i f f i c u l t  t o  r e c o g n i s e  which 

l o b u l u s  was b e in g  examined.  T h i s  a p p l i e s  l e s s  t o  

t h e  v e rm is ;  and t h i s  i s  d o u b t l e s s  one o f  t h e  r e a s o n s  

why most f i b r e s  have p r e v i o u s l y  been  t r a c e d  t o  t h e  

m id -v e rm is  o n ly .



A l l  t h o s e  who s t u d i e d  th e  t e r m i n a t i o n  o f  the  

s p i n o - c e r e b e l l a r  t r a c t  i n  man, w i t h  th e  e x c e p t i o n  o f  

f o u r  w o r k e r s ,  made t h e i r  o b s e r v a t i o n s  on o n ly  one 

c a s e .  The e x c e p t i o n s  a r e  F l e c h s i g ,  whose work was 

done on th e  embryo,  Hoche who s t u d i e d  two c a s e s ,  and 

C o l l i e r  and B u z za rd ,  who a n a ly s e d  tw e n ty  c a s e s  o f  

d i f f e r e n t  co rd  l e s i o n s ;  the  e v id e n c e  t h e y  p r e s e n t e d  

c o n s i s t e d  o f  d raw in g s  o f  one c a s e ;  i t  c a n n o t  be 

d e te r m in e d  from t h e i r  p a p e r  how many c a s e s  were 

s t u d i e d ,  t h e i r  v iews were g iv e n  as  g e n e r a l  s t a t e m e n t s ,  

b u t  t h e y  a p p e a r  t o  have  been  d e r i v e d  from t h i s  one 

c a s e .

A l l  t h o s e  who s t u d i e d  m a t e r i a l  f rom man have  

p r e s e n t e d  f i n d i n g s  which v a ry  i n  some^ r e s p e c t s  from 

e ac h  o t h e r . ;  The o n ly  o b s e r v a t i o n  common to  a l l ,  i s  

t h a t  f i b r e s  o f  th e  " d o r s a l "  s p i n o - c e r e b e l l a r  t r a c t  

go t o  some p a r t  o f  t h e  a n t e r i o r  l o b e .  Some w orke rs  

t h i n k  th e y  ru n  o n ly  t o  t h e  v e r m is ,  w h i le  o t h e r s  have 

fo u nd  f i b r e s  p r o j e c t i n g  a l s o  t o  more l a t e r a l  r e g i o n s .  

F i b r e s  a re  v a r y i n g l y  d e s c r i b e d  as  g o in g  a l s o  t o  t h e  

n o d u l u s  and u v u l a ,  a l s o  th e  t h e  whole o f  th e  r e s t  o f  

t h e  v e rm is ,  o r  to  be d i s t r i b u t e d  to  t h e  whole ve rm is  

and a l s o  th e  l a t e r a l  l o b e s .  I n  so f a r  a s  i t  was 

m e n t io n e d ,  t h e  f i b r e s  were found  t o  be d i s t r i b u t e d



m a in ly  i p s i l a t e r a l l y  t o  t h e i r  c o u rs e  i n  th e  c o rd .

The " v e n t r a l "  t r a c t  h a s  been  d e s c r i b e d ,  by w o rk e rs  

on human m a t e r i a l ,  a s  g o in g  to  th e  c o n t r a l a t e r a l  

s u p e r i o r  v e r m is ,  t o  t h e  i p s i l a t e r a l  l i n g u l a ,  o r  t o  

t h e  s u p e r i o r  v e rm is  and th e  f l o c c u l u s ,  th e  s id e  

b e i n g  u n s t a t e d .

I t  i s  n e ce ssa ry *  to  r e c a p i t u l a t e  b r i e f l y  th e  

f i n d i n g s  from my s e r i e s  o f  c a s e s .  The f i b r e s  e n t e r i n g  

t h e  c e r e b e l lu m  by th e  r e s t i f o r m  body go t o  th e  

a n t e r i o r  lobe  and t o  t h e  py ram is ;  a v e r y  few go to  

t h e  d e c l i v e ,  t h e  f o l iu m  and th e  t u b e r .  The 

d i s t r i b u t i o n  o f  t h e s e  f i b r e s  t o  t h e s e  r e g i o n s  was 

f i v e  I p s i l a t e r a l  t o  one c o n t r a l a t e r a l .  No f i b r e s  

were found g o in g  t o  o t h e r  p a r t s  o f  th e  v e rm is .  The 

f i b r e s  e n t e r i n g  t h e  c e r e b e l lu m  by th e  b rac h iu m  

c o n ju n c t iv u m "g o  t o  t h e  a n t e r i o r  l o b e ,  th e  m a j o r i t y  

g o in g  to  th e  l i n g u l a ;  abou t  one i n  t e n  c r o s s  t o  th e  

c o n t r a l a t e r a l  s i d e .  Some f i b r e s  may ru n  t o  t h e  

p y r a m i s ,  b u t  t h i s  r e m a in s  un p ro ven .

The d i s c r e p a n c i e s  be tw een  my f i n d i n g s  and 

t h o s e  o f  p r e v i o u s  w o rk e rs  may be a t t r i b u t e d  t o  the  

f o l l o w i n g  c a u s e s .

When th e  c e r e b e l lu m  i s  s e c t i o n e d  i n  th e  

s a g i t t a l  p l a n e ,  th e  i m p r e s s io n  g a in e d  o f  th e



d i s t r i b u t i o n  o f  th e  f i b r e s  v a r i e s  c o n s i d e r a b l y  

a c c o r d i n g  t o  t h e  p l a n e  o f  s e c t i o n .  F o r  exam ple ,  

a s e c t i o n  t a k e n  i n  t h e  most m e d ia l  p l a n e  o f  th e  

c e r e b e l l u m  would show some f i b r e s  i n  th e  a n t e r i o r  

l o b e ,  and p r a c t i c a l l y  none e l s e w h e re  i n  th e  v e rm is .  

But  a s e c t i o n  t a k e n  s l i g h t l y  more l a t e r a l l y  on th e  

s i d e  o f  e n t r a n c e  o f  t h e  f i b r e s ,  would p r e s e n t  a 

p i c t u r e  o f  much more abundan t  d e g e n e r a t i o n .  T h is  

i s  due t o  t h e  f a c t  t h a t  the  most m e d ia l  s t r i p  o f  

t h e  v e rm is  r e c e i v e s  f ew er  f i b r e s  t h a n  more l a t e r a l  

z o n e s .  I n  e i t h e r  o f  t h e s e  two p l a n e s  o f  s e c t i o n  

t h e r e  may be no o r  a lm o s t  no f i b r e s  i n  th e  p y ra m is .  

But i f  a s e c t i o n  i s  t a k e n  f u r t h e r  l a t e r a l l y ,  t h r o u g h  

th e  l a t e r a l  b o r d e r  o f  t h e  v e rm is ,  t h e n  a l a r g e  

number o f  f i b r e s  w i l l  be seen  e n t e r i n g  t h e  p y r a m is ,  

and o n ly  a few e n t e r i n g  th e  a n t e r i o r  l o b e .  T h is  

may acco u n t  f o r  some o f  t h e  v a r i a b l e  f i n d i n g s .  

F u r t h e r ,  when s e c t i o n s  a r e  c u t  i n  t h e  h o r i z o n t a l  

p l a n e ,  a n o t h e r  r e a s o n  f o r  f a l s e  f i n d i n g s  i s  e a r l y  

e s t a b l i s h e d .  When h o r i z o n t a l  s l i c e s  a re  c u t  c a u d a l  

t o  th e  main mass o f  th e  c e n t r a l  w h i te  m a t t e r  o f  t h e  

c e r e b e l l u m ,  t h e r e  i s  no c o n t i n u o u s  w h i te  m a t t e r  to  

keep  th e  f o l i a  i n  c o n t i n u i t y .  I t  i s  t h e r e f o r e  

v e r y  e a s y  t o  l o s e  p i e c e s  d u r i n g  th e  t e c h n i c a l



p r o c e s s e s  o f  d e h y d r a t i o n  and embedding; and so the  

most c a u d a l  p a r t  o f  t h e  c e r e b e l lu m  i s  n o t  exam ined .

These o b s e r v a t i o n s  a re  s u f f i c i e n t  to  

e x p l a i n  most o f  t h e  d i f f e r e n c e s  be tw een  th e  e v id e n c e  

from my c a s e s  and t h e  o b s e r v a t i o n s  o f  o t h e r  w o rk e r s .  

But  some w o rk e rs  have  found  a much more e x t e n s i v e  

d i s t r i b u t i o n  o f  d e g e n e r a t i n g  f i b r e s  i n  t h e  v e rm is  

t h a n  h a s  been  found i n  th e  p r e s e n t  s e r i e s .  As no 

p h o to g r a p h s  were g i v e n  by p r e v i o u s  w o r k e r s ,  i t  i s  

i m p o s s i b l e  t o  a s s e s s  th e  e v id e n c e  d e s c r i b e d .  I t  

would a p p e a r  s u r p r i s i n g  i f  t h e r e  i s  a more e x t e n s i v e  

p r o j e c t i o n  o f  f i b r e s  i n  th e  v e rm is ,  i n  p a r t i c u l a r  t o  

t h e  u v u l a  th e  n o d u lu s  and the  f l o c c u l u s ,  t h a n  was 

o b s e r v e d  i n  any o f  t h e  c a s e s  r e p o r t e d  h e r e .

No c r i t i c i s m  i s  i n t e n d e d  o f  e a r l i e r  work,  

which  h a s  l a i d  th e  f o u n d a t i o n s  o f  o u r  knowledge,  b u t  

i t  i s  n e c e s s a r y  to  p o i n t  ou t  the  d i f f i c u l t y  i n v o lv e d  

i n  a s s e s s i n g  th e  s i g n i f i c a n c e  o f  f i n d i n g s  s t a t e d  b u t  

n o t  s u p p o r t e d  by a c t u a l  e v id e n c e .  Yet i t  i s  t h e s e  

s t a t e m e n t s  which have  become th e  a u t h o r i t y  f o r  t h e  

c o n c e p t i o n  o f  th e  s p i n o - c e r e b e l l a r  t r a c t .

I t  now re m a in s  t o  c o n s i d e r  my f i n d i n g s  

r e g a r d i n g  th e  c e l l s  o f  o r i g i n  o f  t h e  t r a c t  i n  

r e l a t i o n  to  p r e v i o u s  work. The most s t r i k i n g



o b s e r v a t i o n  made h e r e  i s  t h a t  some o f  t h e  f i b r e s  

l y i n g  i n  th e  v e n t r o - l a t e r a l  r e g i o n  o f  t h e  c o rd  a r i s e  

from c e l l s  o f  C l a r k e ’ s column b o th  o f  th e  same, and,  

t o  a l e s s e r  e x t e n t ,  o f  t h e  o p p o s i t e  s i d e .  No such 

o b s e r v a t i o n s  have  be en  made b e f o r e ,  i n  man, a l t h o u g h  

some w o rk e rs  have d e s c r i b e d  s i m i l a r  f i n d i n g s  i n  

a n im a l s .

I t  would seem t h a t  th e  main r e a s o n  why t h i s  

was n o t  o b s e rv e d  b e f o r e  i s  t h a t  m en t ion ed  w i th  r e g a r d  

t o  t h e  mapping o f  t h e  a s c e n d in g  f i b r e s :  t h e  f a c t

t h a t  l e s i o n s  o f  t h e  v e n t r o - l a t e r a l  columns a re  a lm o s t  

a lw ays  accompanied by l e s i o n s  o f  t h e  d o r s o - l a t e r a l  

column. Any changes  found  i n  C l a r k e ’ s column have 

t h e n  been  a t t r i b u t e d  t o  damage t o  th e  f i b r e s  o f  t h e  

d o r s o - l a t e r a l  column. Hogg, who s t u d i e d  th e  

deve lopm en t  o f  C l a r k e ’ s column i n  man, found  t h a t  most 

o f  t h e  f i b r e s  l e a v i n g  th e  n u c le u s  p a s s e d  t o  t h e  d o r s a l  

p a r t  o f  th e  l a t e r a l  column. Only a v e r y  few f i b r e s  

were sometimes s e e n  t o  p a s s  t o  th e  more v e n t r a l  

p a r t .  I n  view o f  th e  c o n s i s t e n t  f i n d i n g s  i n  t h i s  

s e r i e s  o f  changes  i n  the  n u c l e u s  a f t e r  l e s i o n s  l i m i t e d  

t o  th e  v e n t r o - l a t e r a l  columns,  i t  i s  s u r p r i s i n g  t h a t  

Hogg d i d  n o t  f i n d  more f i b r e s  g o in g  t o  th e  v e n t r a l  

p a r t  o f  th e  l a t e r a l  column. I t  i s  p o s s i b l e  t h a t



m y e l i n a t i o n  s t u d i e s  i n  man, w i th  more e x t e n s i v e  

e x a m in a t io n  o f  segm ents  a t  d i f f e r e n t  l e v e l s  o f  t h e  

c o r d ,  would r e v e a l  f i n d i n g s  i n  k e e p in g  w i t h  th o s e  

made i n  d e g e n e r a t i o n  s t u d i e s .  I n  monkeys, S c h a f e r  

and Bruce made s i m i l a r  o b s e r v a t i o n s  to  t h o s e  which 

I  have  made i n  man; t h e y  a l s o  found c h r o m a t o l y s i s  

o f  th e  C l a r k e ’ s column c e l l s  a f t e r  l e s i o n s  c o n f in e d  

t o  t h e  v e n t r a l  q u a d r a n t .

V i t h  r e s p e c t  to  the  o t h e r  c e l l  g ro up s  

showing r e a c t i v e  changes  a f t e r  co rd  l e s i o n s ,  l i t t l e  

e v id e n c e  h a s  been  o b t a i n e d  from t h e  p r e s e n t  s e r i e s  t o  

show which o f  th e  a s c e n d in g  f i b r e  sy s tem s  a r i s e  f rom 

which group o f  c e l l s .  I t  i s  o n ly  p o s s i b l e  t o  say  

t h a t  some f i b r e s  o f  th e  d o r s o - l a t e r a l  column and o f  

th e  v e n t r o - l a t e r a l  column a r i s e  from th e  c e l l s  a t  t h e  

apex  and i n  th e  n u c l e u s  p r o p r i u s  o f  th e  d o r s a l  h o r n .  

But w h e th e r  t h e s e  f i b r e s  l i e  i n  t h e  d o r s a l  o r  t h e  

v e n t r a l  p a r t  o f  th e  two columns h a s  n o t  b een  d e c i d e d ;  

n o r  c o u ld  i t  be d e c i d e d  w he th e r  t h e y  go t o  th e  

c e r e b e l l u m  o r  n o t .  I t  ha s  been  shown t h a t  some 

f i b r e s  a r i s e  from c e l l s  a t  the  base  o f  t h e  d o r s a l  

h o r n  and i n  t h e  i n t e r m e d i a t e  g rey  m a t t e r ;  b u t  i t  

c o u ld  n o t  be d e te rm in e d  a l s o  i n  t h i s  c a se  which group 

o f  f i b r e s  o r i g i n a t e d  i n  t h e s e  c e l l s .



O th e r  w ork e rs  have a l s o  found  t h i s  

d i f f i c u l t y  i n  d e t e r m i n i n g  which f i b r e s  a r i s e  f rom 

which group o f  c e l l s .  F o e r s t e r  and G-agel assumed 

t h a t  th e  s p i n o - t h a l a m i c  t r a c t  a r i s e s  from c e l l s  o f  

t h e  d o r s a l  h o r n ;  b u t  th ey  had even  l e s s  e v id e n c e  

t h a n  t h a t  p r e s e n t e d  h e r e ,  as  a b a s i s  f o r  t h e i r  

c o n c l u s i o n s .  Kuru drew more d e t a i l e d  c o n c l u s i o n s  

f rom f a r  l e s s  e v id e n c e .  He a l l o c a t e d  th e  d i f f e r e n t  

g ro u p s  o f  v e n t r o - l a t e r a l  f i b r e s  to  d i f f e r e n t  c e l l  

g ro u p s  on t h e  b a s i s  o f  l i n k i n g  c e l l  l o s s  i n  c e r t a i n  

segm ents  w i t h  maximum a l t e r a t i o n  i n  c e r t a i n  m o d a l i t i e  

o f  s e n s a t i o n  i n  t h e  same segm ents .  I t  i s  v e r y  

d o u b t f u l  w h e th e r  any o f  h i s  d e d u c t io n s  a r e  v a l i d .

H is  method o f  s e n s o r y  t e s t i n g  h a s  been  c r i t i c i s e d  

on c l i n i c a l  g ro u nd s .  And i n  view o f  th e  v e r y  

d e f i n i t e  p o v e r t y  i n  c e l l  changes  found i n  t h i s  

s e r i e s ,  o u t s i d e  C l a r k e ’ s column, i t  i s  q u e s t i o n a b l e  

w h e th e r  h i s  o b s e r v a t i o n  o f  abundant  c e l l  c h a n g e s ,  

found  i n  two c a s e s ,  was n o t  b a se d  on a to o  l i b e r a l  

i n t e r p r e t a t i o n  o f  c e r t a i n  c e l l  a p p e a ra n c e s  as  

p a t h o l o g i c a l .

From an im al  work a c o r r e l a t i o n  be tw een  

c e r t a i n  v e n t r a l  h o rn  c e l l s  and f i b r e s  o f  t h e  v e n t r o 

l a t e r a l  column was to  be e x p e c te d  i n  man. B ing ,



from h i s  c a se  o f  p o l i o m y e l i t i s  a f f e c t i n g  C l a r k e ’ s 

column c e l l s  and v e n t r a l  h o rn  c e l l s ,  deduced t h a t  

t h e  ’ v e n t r a l ’ s p i n o - c e r e b e l l a r  t r a c t  a r i s e s  from 

v e n t r a l  h o r n  c e l l s ,  i n  man. H is  c o n c l u s i o n s  may he 

c o r r e c t ,  and i n  v iew o f  the  o b s e r v a t i o n s  made h e r e ,  

and summarised i n  C h a p te r  X I I ,  some f i b r e s  o f  t h e  

v e n t r o - l a t e r a l  column p r o b a b ly  do a r i s e  from v e n t r a l  

h o r n  c e l l s .  But  i t  must a l s o  be m en t ion ed  t h a t  i n  

B i n g ’ s c ase  some o f  t h e  v e n t r o - l a t e r a l  column 

d e g e n e r a t i o n  may have r e s u l t e d  from th e  in v o lv e m en t  

o f  C l a r k e ’ s <x> lumn c e l l s .  I t  i s  n o t a b l e  t h a t  t h e  

d i f f i c u l t y  i n  d e t e r m i n i n g  which c e l l s  o f  th e  c o rd  

g iv e  r i s e  t o  each  o f  th e  l a t e r a l  column a s c e n d i n g  

f i b r e s  i s  found  i n  an im a l  work as  much a s  i n  human 

work. From th e  t im e o f  B d in g e r  many o b s e r v e r s  

have  t r a c e d  f i b r e s  f rom c e l l s  o f  t h e  d o r s a l  h o rn  and 

i n t e r m e d i a t e  g r e y  m a t t e r  i n t o  t h e  l a t e r a l  column.

But th e  i n t e r p r e t a t i o n  o f  such f i n d i n g s  h a s  b een  

e n t i r e l y  s u b j e c t i v e ;  and i n c i d e n t a l l y ,  i t  i s  a lw ays  

c o m p l i c a t e d  by th e  w o r k e r s ’ c o n c e p t i o n  o f  what 

’’Gow ers’ t r a c t ” a c t u a l l y  i s .  I t  h a s  been  shown t h a t  

many f i b r e s  <ff t h e  v e n t r o - l a t e r a l  column a r i s e  from 

C l a r k e ’ s column. C e r t a i n  c e l l  g rou p s  a l s o  g i v i n g  

r i s e  to  f i b r e s  i n  t h e  v e n t r o - l a t e r a l  column have



b e en  d e te r m in e d .  But  t h e  f i n a l  d e c i s i o n  a s  to  

w h e th e r  any o f  t h e  s p i n o - c e r e b e l l a r  f i b r e s  a r i s e  

f rom t h e s e  o t h e r  c e l l  g roups  as  w e l l  as  f rom C l a r k e ’ s 

column must w a i t  f o r  e v id e n c e  o b t a i n e d  from c a s e s  

w i t h  l e s i o n s  o f  th e  g re y  m a t t e r  o f  t h e  c o r d ,  and 

f rom casesJi^of t h e  c e r e b e l l a r  p e d u n c l e s .

From t h e  s e r i e s  o f  c a s e s  r e p o r t e d  h e r e ,  no 

e v id e n c e  h a s  been  o b t a i n e d  o f  any s o m a to to p ic  

l o c a l i s a t i o n  o f  s p i n o - c e r e b e l l a r  f i b r e s ,  e i t h e r  i n  the  

c o r d  o r  i n  th e  c e r e b e l lu m .  The o n ly  f i b r e s  showihg 

some v a r i a t i o n  i n  t h e i r  s i t e  i n  t h e  c o r d ,  a s s o c i a t e d  

w i t h  t h e  l e v e l  o f  o r i g i n ,  have been  found  t o  b e lo n g  

n o t  to  th e  s p i n o - c e r e b e l l a r ,  b u t  t o  th e  s p i n o 

t h a l a m i c  o r  s p i n o - t e c t a l  sy s tem s .  Ho o t h e r  w orke r  

on human m a t e r i a l  h a s  r ec o rd e d  any so m a to to p ic  

l o c a l i s a t i o n ,  a l t h o u g h  i t  h a s  been  d e s c r i b e d  i n  

a n im a l s .

S t r o n g  (1929)? i n th e  o p e n in g  c h a p t e r  o f  

t h e  A s s o c i a t i o n  f o r  R e se a rc h  i n  Nervous  and M en ta l  

D i s e a s e  p u b l i c a t i o n  'The C e r e b e l lu m ’ w r o t e : -

”We do n o t  know th e  so u rc e  and n a t u r e  o f  

many o f  th e  im p u lse s  p r o j e c t e d  upon t h e  c e r e b e l lu m  

by i t s  v a r i o u s  a f f e r e n t  p a t h s ;  we do n o t  know 

a c c u r a t e l y  th e  a r e a l  p r o j e c t i o n s  o f  t h e s e  v a r i o u s



a f f e r e n t  p a t h s  upon the  c e r e b e l l a r  c o r t e x ;  we do 

n o t  know many i m p o r t a n t  d e t a i l s  a s  to  th e  

d i s t r i b u t i o n  o f  th e  c e r e b e l l a r  o u t f lo w .  C o n s e q u e n t ly  

we do n o t  know how f a r  t h e r e  i s  t o p o g r a p h i c  

r e p r e s e n t a t i o n ,  how f a r  t h e r e  i s  a b l e n d i n g  o r  non

b l e n d i n g  o f  d i f f e r e n t  forms and c o m b in a t io n s  o f

a c t i v i t y  ”

Towards a f i l l i n g  o f  Some o f  t h e s e  gaps  

i n  o u r  knowledge,  t h i s  t h e s i s  i s  p r e s e n t e d .



CHAPTER XIV.

SUMMARY.

I* O b s e r v a t i o n s  made on c e r t a i n  h i s t o l o g i c a l

t e c h n i q u e s  employed t o  d e m o n s t r a te  d e g e n e r a t i o n  o f  

n e rv e  f i b r e s  i n  th e  c e n t r a l  n e rv o u s  sy s te m  a re  

r e p o r t e d .

A. The Marchi method:  The f o l l o w i n g  o b s e r v a t i o n s  ore

made:

a)  Large b l o c k s  o f  t i s s u e  can  be i n v e s t i g a t e d  

i f  t h e y  a re  s u f f i c i e n t l y  t h i n ,  and i f  c e r t a i n  

o t h e r  p r e c a u t i o n s  a re  t a k e n .

b) The p r e c a u t i o n s  which have b een  found  t o  

be n e c e s s a r y  t o  av o id  a r t e f a c t  f o r m a t i o n  a re  

d i s m i s s e d .

c)  C e r t a i n  c r i t e r i a  by which th e  s t a i n i n g  

s i g n i f y i n g  genu ine  d e g e n e r a t i o n  can  be 

d i s t i n g u i s h e d  from a r t e f a c t  s t a i n i n g  a re  

d i s c u s s e d .  The d i f f e r e n t  forms o f  a r t e f a c t  

s t a i n i n g  a r e  i l l u s t r a t e d .

d) The l e n g t h  o f  t h e  p e r i o d  o f  s u r v i v a l  d u r i n g  

which the  Marchi method i s  a p p l i c a b l e ,  i n  

human t i s s u e ,  i s  d i s c u s s e d .
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e )  The e f f e c t  o f  p ro lo n g e d  s t o r a g e  o f  

m a t e r i a l  i n  fo rm ol  s a l i n e  i s  d i s c u s s e d ,  and 

th e  v a lu e  o f  t h e  Marchi method on such 

m a t e r i a l  i s  i l l u s t r a t e d .

f )  The o c c u r r e n c e  of  d e g e n e r a t i n g  f i b r e s ,  

a s  shown by t h e 'M a r c h i  method,  i n  c o n t r o l  

m a t e r i a l ,  w i t h o u t  o p e r a t i v e  l e s i o n s ,  i s  

d i s c u s s e d .

B. The Gros B ie lsch o w sk y  s i l v e r  im p r e g n a t i o n  

method i s  d i s c u s s e d .  C e r t a i n  new o b s e r v a t i o n s  on 

o b t a i n i n g  c o n s i s t e n t l y  good p r e p a r a t i o n s  w i t h  t h i s  

t e c h n iq u e  a r e  p r e s e n t e d .

I I .  . A method by which maps were made o f  s l i c e s  

o f  th e  c e r e b e l lu m ,  c u t  i n  d i f f e r e n t  p l a n e s ,  i s  

d e s c r i b e d .  These maps were u s e d  t o  t r a c e  th e  

t e rm in a t io n ^  o f  th e  s p i n o - c e r e b e l l a r  t r a c t s  i n  th e  

c e r e b e l lu m .  A s e r i e s  o f  t h e s e  maps i s  appended.

I I I .  The s p i n a l  c o rd s  and b r a i n s  from JA p a t i e n t s  

who had  th e  o p e r a t i o n  o f  v e n t r o - l a t e r a l  cordotom y,  

were u t i l i s e d  t o  d e m o n s t r a te  th e  a s c e n d i n g  d e g e n e r a t i o n  

i n  t h e  l a t e r a l  columns.

The f o l l o w i n g  c o n c l u s i o n s  a re  drawn: The

u s u a l  c o n c e p t i o n  o f  s e p a r a t e  d o r s a l  and v e n t r a l  

s p i n o - c e r e b e l l a r  t r a c t s  i s  m i s l e a d i n g .  F i b r e s  o f
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t h e  v e n t r a l  s p i n o - c e r e b e l l a r  t r a c t  e n t e r  th e  

c e r e b e l l u m  i n  the  r e s t i f o r m  body a lo n g  w i t h  t h e  

f i b r e s  o f  t h e  d o r s a l  s p i n o - c e r e b e l l a r  t r a c t .

Only a sm a l l  p r o p o r t i o n  o f  th e  f i b r e s  from t h e  v e n t r o 

l a t e r a l  column o f  t h e  c o rd  e n t e r  th e  c e r e b e l l u m  by 

th e  b rach iu m  c o n ju n c t iv u m .  Many f i b r e s  a scen d  i n  

th e  v e n t r o - l a t e r a l  column o f  th e  c o rd  u n t i l  t h e  

l e v e l  o f  th e  t h i rd  c e r v i c a l  segm ent ,  and t h e n  

t r a n s f e r  i n t o  th e  d o r s o - l a t e r a l  column, becoming 

i n t e r m i n g l e d  w i th  th e  f i b r e s  a l r e a d y  t h e r e .  T h is  

t r a n s f e r e n c e  o f  f i b r e s  i n  th e  u p p e r  c e r v i c a l  segm ents  

h a s  n o t  been  n o t i c e d  b e f o r e  as  e x a m in a t io n  o f  a l l  

t h r e e  u p p e r  c e r v i c a l  segments  h a s  n o t  u s u a l l y  been  

u n d e r t a k e n .  C e r t a i n  changes  i n  t h e  r e l a t i o n s  o f  

t h e  f i b r e s  o f  t h e  d o r s o - l a t e r a l  column, a l s o ,  i n  t h e  

u p p e r  c e r v i c a l  seg m en ts ,  have been  d e s c r i b e d .  The 

f i b r e s  o f  the  d o r s o - l a t e r a l  column a re  i n  

j u x t a p o s i t i o n  w i th  t h e  d o r s a l  h o rn  a t  th e  f i f t h  and 

a t  t h e  second c e r v i c a l  segm ents ,  b u t  a r e  s e p a r a t e d  

from the  d o r s a l  h o r n  by the  c r o s s e d  c o r t i c o - s p i n a l  

t r a c t ,  which comes to  th e  s u r f a c e  o f  th e  c o rd  i n  th e  

t h i r d  and f o u r t h  c e r v i c a l  segm ents .  Minor 

a l t e r a t i o n s  i n  th e  c o u rs e  o f  th e  f i b r e s ,  i n  th e  

d i f f e r e n t  p a r t s  of  th e  l a t e r a l  column, d u r i n g  t h e i r



a s c e n t ,  a re  a l s o  a n a l y s e d .  Many o f  t h e  f i b r e s  o f  

th e  v e n t r o - l a t e r a l  column a r i s e  from t h e  c e l l s  o f  

C la r ice ’ s column.

O th e r  g roups  o f  c e l l s  showing changes  a re  

d i s c u s s e d .

The t e r m i n a t i o n  o f  t h e  f i b r e s  i n  the  

c e r e b e l lu m  h a s  been  s t u d i e d .  The m a j o r i t y  o f  th e  

f i b r e s  p r o j e c t  t o  t h e  r o s t r a l  p a r t  o f  t h e  a n t e r i o r  

lobe  and to  th e  l a t e r a l  p a r t  o f  th e  p y ra m is ,  on 

b o th  s i d e s .  More o f  t h e  f i b r e s  have  been  found  t o  

end i p s i l a t e r a l  to  t h e i r  c o u rse  i n  th e  c o rd  t h a n  

c o n t r a l a t e r a l  t o  i t .  The d e t a i l s  o f  t h e  d i s t r i b u t i o n  

o f  t h e  f i b r e s ,  i n  r e l a t i o n  to  the  v a r i e d  to p o g rap h y  

o f  th e  l e s i o n s  have been  s t u d i e d .

I t  h a s  been  found t h a t  f i b r e s  p r o j e c t  t o  t h e  

same a r e a s  o f  th e  c e r e b e l lu m ,  w h e th e r  th e  l e s i o n  

i n v o l v e s  th e  v e n t r o - l a t e r a l  column o r  th e  d o r s o 

l a t e r a l  column, and w h e th e r  i t  was made a t  t h e  f i r s t  

lum bar  segment o r  a t  th e  f i r s t  c e r v i c a l  segment ,  o r  

a t  any l e v e l  be tw een  th e s e  two.
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