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A c u te  and  c h r o n i c  a n im a l  p r e p a r a t i o n s  w e re  u s e d  i n  

t h i s  m u l t i p h a s i c  s t u d y .  I n  /h a s e  I ,  c o n d i t i o n i n g  sh o c k s  to  

n .  V e n t r a l i s  L a t e r a l i s  (VL) w e re  found  to  p ro d u c e  d e c r e a s e s  

i n  l a t e n c y  and  i n c r e a s e s  i n  a m p l i tu d e  o f  t h e  c o n t r a l a t e r a l  

f o r e l im b  f l e x i o n  e l i c i t e d  by  t e s t  sh o ck s  t o  t h e  m o to r  

c o r t e x  (MC). I n  p h a s e  I I ,  o t h e r  c a t s  w ere  t r a i n e d  e i t h e r  t o  

p r e s s  b u t t o n s  i n  s e r i a l  o r d e r ,  o r  to  ru n  a  n a rro w  e l e v a t e d  

ram p, o r  b o t h ,  f o r  fo o d  r e i n f o r c e m e n t  ( F r i s k i e s ) .

U n i l a t e r a l  VL l e s i o n s  w ere  th e n  made i n  t h e s e  a n im a ls  a t  t h e  

e l e c t r o d e  lo c u s  y i e l d i n g  maximum a u g m e n ta t io n  o f  t h e  sh o c k -  

e l i c i t e d  r e s p o n s e  i n  MC. P o s t o p e r a t i v e l y ,  t h e s e  c a t s  showed 

m arked  d e f i c i t s  i n  t h e  f o r e l im b  c o n t r a l a t e r a l  t o  t h e  VL 

l e s i o n  on b o t h  p e r fo rm a n c e  t e s t s .  T h is  b e h a v i o r a l  d e f i c i t  

was acco m p an ied  by  a  p e r s i s t e n t  a b s e n c e  o f  c o n t a c t  p l a c i n g  

i n  t h e  same l im b .  I n  t h e s e  same a n im a l s ,  t e r m i n a l  a c u t e  

e x p e r im e n ts  showed t h a t  l o n g e r  l a t e n c y ,  s m a l l e r  a m p l i tu d e  

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

th e  VL l e s i o n  w e re  o b s e r v e d  when com pared to  th e  e f f e c t s  o f  

c o n t r a l a t e r a l  ( c o n t r o l )  s t i m u l a t i o n .  I n  a d d i t i o n a l  c a t s ,  

c o n t r o l  l e s i o n s  i n  n .  M e d i a l i s  D o r s a l i s  (MD) d id  n o t  p ro d u c e  

th e  same b e h a v i o r a l  o r  e l e c t r o p h y s i o l o g i c a l  e f f e c t s .  T hese  

r e s u l t s  i n d i c a t e  t h a t  t h e  i n t e g r i t y  o f  th e  VL com plex  i s  

e s s e n t i a l  f o r  n o rm a l  c o o r d i n a t e d  movement and  s u g g e s t  t h a t  

i t  o p e r a t e s  v i a  a f f e r e n t - e f f e r e n t  c o n n e c t i o n s  to  t h e  m o to r  

c o r t e x  and  p e r i p h e r y .
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I n  th e  n e u r o b e h a v i o r a l  l i t e r a t u r e  o f  r e c e n t  y e a r s ,  

c o n s i d e r a b l e  r e s e a r c h  e n e rg y  h a s  b e e n  d e v o te d  t o  th e  

p ro b le m  o f  d e s c r i b i n g  t h e  mode o f  o p e r a t i o n  o f  some m a jo r  

th a l a m ic  n u c l e i  i n  r e l a t i o n  to  s k i l l e d  movement. The 

r e s e a r c h  r e p o r t e d  i n  t h i s  d i s s e r t a t i o n  was u n d e r t a k e n  i n  an 

a t t e m p t  t o  c l a r i f y  t h e  p o s s i b l e  r o l e  o f  one th a la m ic  

n u c l e u s ,  V e n t r a l i s  L a t e r a l i s ,  on c o o r d i n a t e d  m o to r  a c t i v i t y .  

The d e t a i l s  o f  th e  r e s e a r c h  w i l l  be  p r e s e n t e d  a f t e r  a  

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

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

P h y s i o l o g i c a l  and  A n a to m ic a l  B ackground

S in c e  S h e r r i n g t o n ' s  o r i g i n a l  d e s c r i p t i o n  o f  

d e c e r e b r a t e  r i g i d i t y  f o l lo w in g  m id b r a in  t r a n s e c t i o n ,  th e  

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

m o to r  movement h a s  b e e n  e x p r e s s e d  i n  te rm s  o f  th e  i n t e r ­

a c t i o n  b e tw ee n  two f u n c t i o n a l  sy s te m s  (1 9 4 7 ) .  One sy s te m , 

t h e  p y r a m id a l ,  c o n s i s t s  o f  lo n g  d e s c e n d in g  f i b e r s  o r i g i n a t ­

i n g  m a in ly  i n  t h e  p r im a r y  m o to r  a r e a  o f  t h e  c o r t e x  and 

t e r m i n a t i n g  upon th e  v e n t r a l  h o rn  c e l l s  i n  th e  s p i n a l  c o r d .  

The o t h e r  sy s te m , th e  e x t r a p y r a m i d a l ,  a r i s e s  from  more 

d i f f u s e  o r i g i n s  ( c e r e b e l lu m ,  m id b r a in  tegm entum , b a s a l  

g a n g l i a ,  e t c . )  and  a l s o  d e s c e n d s  t o  f i n a l l y  t e r m i n a t e  upon  

t h e  s p i n a l  m o to n eu ro n  ( t h e  f i n a l  common p a th w a y ) . I n  

c l a s s i c a l  t h e o r y ,  t h e  p y r a m id a l  sy s te m  c o n t r o l s  m o to r  pow er, 

w h i l e  t h e  e x t r a p y r a m i d a l  sy s te m  " m o d u la te s "  i t  t o  make 

sm ooth  c o o r d i n a t e d  movements p o s s i b l e  ( Ju n g  & H a s s l e r ,
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1960) . E x a m in a t io n  o f  a n im a ls  o r  p a t i e n t s  w i t h  l e s i o n s  erf 

th e  p y ra m id a l  s y s te m  r e v e a l s  a  n o t i c e a b l e  d e f i c i t  i n  m o to r  

power ( p a r e s i s )  (Berm an, K ru g e r ,  & F u l t o n ,  1954; T r a v i s ,

1955; Hamuy, 1956; K ru g e r  & P o r t e r ,  1958; and  W oolsey ,

1 9 5 8 ) ,  w h i l e  c a s e s  o f  e x t r a p y r a m id a l  l e s i o n s  show d e f i c i t s  

p r i m a r i l y  o f  c o o r d i n a t e d  m ovem ents, i . e . ,  P a rk in so n ism -  

(Ju n g  & H a s s l e r ,  1960; P a t t o n  & A m ass ian , 1 9 6 0 ) .

W ith  th e  a d v e n t  o f  s o p h i s t i c a t e d  s t i m u l a t i o n  and 

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

a ro u n d  t h e  f u n c t i o n a l  r e l a t i o n s h i p s  b e tw ee n  th e  " s p e c i f i c "  

so m a to s e n s o ry  and  m o to r  ( p y r a m id a l )  sy s te m s  and  th e  more 

" d i f f u s e "  sy s te m s  a r i s i n g  i n  t h e  b r a i n s t e m  o r  c e r e b e l lu m .  

T hus, f o r  e x am p le , Magoun and  R h in e s  (1948) showed t h a t  

s t i m u l a t i o n  o f  t h e  m e s e n c e p h a l ic  r e t i c u l a r  f o r m a t io n  c o u ld  

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

r e f l e x  d e p e n d in g  upon  t h e  lo c u s  o f  t h e  s t i m u l a t i n g  

e l e c t r o d e s .  A long  t h e s e  l i n e s ,  t h e  o b s e r v a t i o n s  o f  M oruzz i  

(1950) i n d i c a t e d  t h a t  t h e  e f f e c t  o f  c e r e b e l l a r  s t i m u l a t i o n  

upon  th e  m o to r  r e s p o n s e  c o u ld  be  e i t h e r  f a c i l i t o r y  o r  

i n h i b i t o r y  i n  n a t u r e  ( s e e  a l s o ,  L i  & Tew, 1 9 6 6 ) .  S i m i l a r l y ,  

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

o f  t h e  b a s a l  g a n g l i a  have  d e m o n s t r a te d  b o t h  f a c i l i t a t i o n  and  

i n h i b i t i o n  o f  o n g o in g  m o to r  a c t i v i t y  d e p e n d in g  upon  s t i m u l u s  

p a r a m e te r s  and  lo c u s  (M o riso n , e t . a l . ,  1941; M e t t l e r  & 

Zimmerman, 1943; Forman & Ward, 1957; G le e s ,  1 9 6 1 ) .

S t im u lu s  p a r a m e t e r s  a r e  i m p o r t a n t  i n  t h e  s p e c i f i c  s y s te m  a s  

w e l l .  G e l lh o r n  (1953) showed t h a t  c o r t i c a l l y  e l i c i t e d  move­
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m e n ts  ( i . e . ,  from  t h e  s t i m u l a t i o n  o f  th e  m o to r  c o r t e x )  w ere  

d e p e n d e n t  upon  n o t  o n ly  th e  s t i m u l u s  f r e q u e n c y ,  a m p l i tu d e ,  

and  p u l s e  w id th ,  b u t  a l s o  upon  th e  p r o p r i o c e p t i v e  " f e e d b a c k "  

from  t h e  m oving body  p a r t s .  He s u g g e s t e d ,  t h e r e f o r e ,  t h a t  

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

l e v e l s  b e tw ee n  t h e  p y ra m id a l  and  more d i f f u s e  s y s te m s .

I n  m ore r e c e n t  y e a r s ,  c o n s i d e r a b l e  i n t e r e s t  h a s  c e n t e r ­

ed  upon  t h e  f u n c t i o n a l  s i g n i f i c a n c e  o f  t h e  n u c le u s  V e n t r a l i s  

L a t e r a l i s  (VL a c c o r d i n g  to  t h e  t e r m in o lo g y  o f  W a l k e r - - p . 184, 

1938) . T h is  n u c l e u s  d e r i v e s  i t s  m o st  i m p o r t a n t —a f f e r e n t  

s u p p ly  from  t h e  r o s t r a l  end  o f  t h e  r e d  n u c le u s  (RN) and  more 

d i r e c t l y  from  th e  c e r e b e l lu m  by  c r o s s e d  f i b e r s  i n  th e  

b ra c h iu m  c o n ju n c t iv u m  ( C a r p e n t e r  6c S t e v e n s ,  1957; Blum, 

e t . a l . ,  1968) and  h a s  d i r e c t  p r o j e c t i o n s  t o  th e  m o to r  c o r t e x  

(W a lk e r ,  1 9 3 8 ) .  A n a to m ic a l ly ,  t h e r e f o r e ,  i t  c o u ld  f u n c t i o n  

a s  a c o n v e r g e n t  fo c u s  f o r  i n t e r a c t i o n s  b e tw ee n  t h e  s p e c i f i c  

( p y r a m id a l )  m o to r  sy s te m , th e  more d i f f u s e  e le m e n ts  o f  th e  

e x t r a p y r a m i d a l  sy s te m , and  th e  c l a s s i c a l  s e n s o r y  system s^".

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

hav e  shown t h a t  s t i m u l a t i o n  o f  m e d i a l - t h a l a m i c  (n o n ­

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

e f f e c t s  i n  VL. Cohen, e t . a l .  ( 1 9 6 2 ) ,  f o r  exam ple , showed 

t h a t  low f r e q u e n c y  m e d i a l - t h a l a m i c  s t i m u l a t i o n  p ro d u c e d  

e a r l y  f a c i l i t a t i o n  and  lo n g  l a t e n c y  i n h i b i t i o n  o f  b ra c h iu m

^B use r  (1966) h a s  r e c o r d e d  s e n s o r y  r e s p o n s e s  a t  th e  
l e v e l  o f  VL w h ic h  a r e  c o m p a ta b le  i n  t h e i r  l a t e n c i e s  and  
sh a p e  w i t h  t h e  h y p o t h e s i s  t h a t  t h e y  r e p r e s e n t  t h e  a c t i v i t y  
o f  an  a s c e n d in g  s e n s o r y  p a thw ay  t o  t h e  m o to r  c o r t e x  ( s e e  
d i s c u s s i o n  a b o u t  a s c e n d in g  f i b e r s  l a t e r ) .
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c o n ju n c t iv u m  evoked  a c t i v i t y  i n  VL. S i m i l a r  s t i m u l i  a p p l i e d  

to  t h e  b ra c h iu m  c o n ju n c t iv u m  e l i c i t e d  s h o r t  l a t e n c y  (1  m sec) 

a c t i v i t y  i n  VL and  s p e c i f i c  r e s p o n s e s  i n  m o to r  c o r t e x .

T h ese  r e s p o n s e s  w e re  a s s o c i a t e d  w i t h  3 -4  m sec , l a t e n c y  

r e l a y e d  d i s c h a r g e s  i n  th e  p y r a m id a l  t r a c t .  F u r t h e r ,  i t  h a s  

b e e n  d e m o n s t r a te d  t h a t  a  s i n g l e  s t i m u l u s  a p p l i e d  to  t h e  h e a d  

o f  t h e  c a u d a te  n u c l e u s  o r  to  t h e  m i d l i n e  th a la m u s  e l i c i t s  a
O

r e s p o n s e  i n  th e  r e g i o n  o f  VL and V e n t r a l i s  A n t e r i o r  (VA 

(B uchw ald , e t . a l . ,  1961; H e u se r ,  e t . a l . ,  1961; P u r p u r a ,

1962; B u s e r ,  1 9 6 6 ) .  C o l l e c t i v e l y ,  t h e s e  o b s e r v a t i o n s  s u p ­

p o r t  t h e  a n a t o m i c a l  e v id e n c e  t h a t  c o n n e c t i o n s  e x i s t  b e tw ee n  

b o t h  s t r u c t u r e s  and  t h e  v e n t r a l  th a la m u s ,  w h i l e  a  f u n c t i o n a l  

b lo c k a g e  o f  VL-VA (b y  c o a g u l a t i o n )  s u p p r e s s e s  r e c r u i t i n g
O

r e s p o n s e s  on t h e  m o to r  c o r t e x  ( B u s e r ,  1 9 6 6 ) .  O th e r  s t u d i e s  

h av e  shown t h a t  s t i m u l a t i o n  o f  VL i n h i b i t s  th e  a c t i v i t y  o f  

c o r t i c a l  i n t e r n e u r o n s  ( L i ,  1956 & 1958; P a t t o n  & A m ass ian , 

1960; A m ass ian , 1 9 6 6 ) ,  w h ic h  i n  t u r n  p r e v e n t  r e - e x c i t a t i o n  

o f  p y r a m id a l  n e u ro n s  (B ra n c h  & M a r t in ,  1958; L i ,  1958) by

O
A n a to m ic a l  d a t a  r e g a r d i n g  VA i n d i c a t e  t h a t  i t  a l s o  

p r o j e c t s  to  th e  f r o n t a l  c o r t e x ,  a l t h o u g h  t h e  e x t e n t  o f  t h e s e  
p r o j e c t i o n s  i s  n o t  so  c l e a r l y  d e l i m i t e d  a s  f o r  VL ( H a s s l e r ,  
1949; S c h e ib e l  & S c h e i b e l ,  1 9 6 6 ) .  E l e c t r o p h y s i o l o g i c a l  
f i n d i n g s  h av e  e m p h a s ize d  t h e  r o l e  o f  VA a s  a s i t e  o f  p a s s a g e  
o r  a s  a  r e l a y  s t a t i o n  f o r  im p u ls e s  from  t h e  n o n - s p e c i f i c  
th a la m u s  t h a t  p r o j e c t  t o  t h e  a n t e r i o r  c o r t e x  ( J a s p e r ,  1 9 6 0 ) .

O
S t i m u l a t i o n  o f  n o n - s p e c i f i c  th a l a m ic  n u c l e i  a t  p u l s e  

r a t e s  o f  5 - 1 0 / s e c .  c an  t r i g g e r  wave d i s c h a r g e s  w h ic h  a r e  
r e c o r d e d  b i l a t e r a l l y  o v e r  w id e s p r e a d  c o r t i c a l  r e g i o n s .
T h ese  w aves a r e  s u r f a c e  n e g a t i v e .  W ith  s u c c e s s i v e  d i s ­
c h a r g e s ,  t h e  w aves i n c r e a s e  i n  s i z e  due t o  t h e  r e c r u i t m e n t  
o f  m ore n e u ro n s  i n t o  t h e  g ro u p  g i v i n g  r i s e  to  th e  d i s c h a r g e .  
T h ese  i n c r e m e n t in g  w aves a r e  r e f e r r e d  t o  a s  r e c r u i t i n g  
r e s p o n s e s .
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p o l a r i z i n g  t h e  p y r a m id a l  c e l l  membrane so  a s  to  a f f e c t  s u b ­

s e q u e n t  a c t i v i t y  ( P u r p u r a  & Shofe r*  1 9 6 4 ) .  C le a r ly *  then* 

a n a t o m i c a l  (W alle r*  1940) and  e l e c t r o p h y s i o l o g i c a l  

(B ro o k h a r t*  e t . a l . *  1958; B r o o k h a r t  & Z a n c h e t t i*  1956;

B ra n ch  & M artin*  1958; P u rpu ra*  S h o f e r  & Musgrave* 1964; 

H a n b e r ry  & J a s p e r*  1963; S c h la g  & B a lv in *  1964) s t u d i e s  

c o n f i r m  t h a t  VL p r o j e c t s  t o  t h e  m o to r  c o r t e x .  For example* 

a  low f r e q u e n c y  ( 5 - 1 0 / s e c . )  g a t e d  s t i m u l u s  b u r s t  ( i . e . *  more 

t h a n  t h r e e  im p u ls e s )  t o  VL e l i c i t s  an au g m en tin g  r e s p o n s e ^  

i n  th e  p e r i c r u c i a t e  a r e a  i n  c a t s  (Dempsey & M orison* 

1942a*b*c; M orison* e t . a l . *  1941; M o riso n  & Dempsey* 1942; 

B r o o k h a r t  & Z a n c h e t t i*  1956; J a s p e r ,  1960 & 1961; S p e n c e r  & 

B ro o k h a r t*  1961; S p u l e r ,  e t . a l . *  1962; P u r p u ra  & Shofe r*

1964; P u rp u ra*  e t . a l . ,  1964) and i n  t h e  l a t e r a l  m o to r  a r e a  

i n  humans (H o u sp ia n  & P u rp u ra*  1963 and Yoshida* e t . a l . *  

1 9 6 4 ) .^  The s t i m u l a t i o n  o f  VL a l s o  a l t e r s  p e r i p h e r a l  

a c t i v i t y *  su c h  a s  th e  r a t e  o f  m u sc le  s p i n d l e  d i s c h a r g e  

( G r a n i t  & K aada, 1952; E ld re d *  e t . a l . *  1953; S t e r n  & Ward* 

1960) and  th e  f r e q u e n c y  o f  d i s c h a r g e  o f  th e  gamma m o to ­

n e u ro n s  ( S t e r n  & Ward* 1960; Buchwald & E ld red*  1961; 

Shimazu* e t . a l . *  1962; Yanagisawa* e t . a l . *  1963; L a n g f i t t *  

e t . a l . ,  1 9 6 3 ) .  F o r e xample* Yanagisawa* e t . a l . *  (1963)

n e g a t i v e - p o s i t i v e  p o t e n t i a l  com plex  w i t h  i n i t i a l  
s h o r t  l a t e n c y  p o s i t i v i t y  and o f  l o c a l i z e d  u n i l a t e r a l  
d i s t r i b u t i o n .

^ I n  a d d i t i o n *  VL and  p a r t  o f  VA s e r v e  a s  an  i n t r i n s i c  
r e l a y  n u c le u s  f o r  t h e  c e r e b e l l o - c o r t i c a l  pa thw ay  o r i g i n a t i n g  
from  c e r e b e l l a r  n u c l e i  (Combs* 1959; D en nery  & Combs, 1961; 
S c h e ib e l  & S c h e ib e l*  1966; P u rp u ra*  e t . a l . ,  1 9 6 6 ) .
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showed n o n - r e c i p r o c a l  f a c i l i t a t i o n  o f  th e  gamma m o to r  sy s te m  

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

p e n t o b a r b i t a l  a n e s t h e s i a . 6 They s u g g e s t  t h a t  th e  d i f f u s e  

s u p p r e s s i o n  o f  m u sc le  s p i n d l e  a c t i v i t y  p ro d u c e d  by  low 

f r e q u e n c y  s t i m u l a t i o n  o f  VL m ig h t  b e  s i m i l a r  to  th e  

s u p p r e s s i o n ,  r e p o r t e d  by  Hongo, e t . a l .  ( 1 9 6 3 ) ,  r e s u l t i n g  

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

g a n g l i a .  I n  a g re e m e n t ,  Ohye, e t . a l .  ( 1 9 6 4 ) ,  i n  human 

s u r g e r y ,  a l s o  o b s e rv e d  n o n - r e c i p r o c a l  i n c r e a s e s  i n  m u sc le  

to n e  i n  th e  c o n t r a l a t e r a l  f o r e l i m b  m u s c le s  when VL was 

s t i m u l a t e d  by h i g h  f r e q u e n c i e s .

I n t e r e s t  h a s  f o c u s e d  upon  p y r a m id a l  t r a c t  (PT) n e u ro n s  

b e c a u s e  t h e y  p r o v i d e  a n  o p p o r t u n i t y  t o  sam p le  an  i m p o r t a n t  

o u t f lo w  from  t h e  c e r e b r a l  c o r t e x  t o  lo w er  m o to r  c e n t e r s .  

E a r l y  b u l b a r  PT r e s p o n s e s  t o  t h a l a m ic  s t i m u l a t i o n  c a n  o c c u r  

w i t h o u t  t h e  a r t i f i c i a l  en h an c em en t o f  a " c o n v u l s a n t "  

a n e s t h e t i c  su c h  a s  C h l o r a l o s e .  S p e c i f i c a l l y ,  B r o o k h a r t  & 

Z a n c h e t t i  ( 1 9 5 6 ) ,  P u r p u r a  ( 1 9 5 8 ) ,  Cohen, e t . a l .  ( 1 9 6 2 ) ,  and 

S c h la g  & B a lv in  (1964) d e m o n s t r a te d  b u l b a r  PT r e s p o n s e s  w i t h  

o v e r a l l  l a t e n c i e s  o f  2 -4  m sec , f o l l o w in g  s t i m u l a t i o n  o f  

s e v e r a l  th a l a m ic  m i c l e i  i n c l u d i n g  VL and  VA. S t i m u l a t i o n  o f  

th e  th a la m u s  y i e l d s  sh o r t  l a t e n c y  r e s p o n s e s  w h ic h  may n o t  be

^The gamma e f f e r e n t  s y s te m  h a s  g a in e d  im p o r ta n c e  
r e c e n t l y  i n  n e u r o p h y s i o l o g i c a l  i n v e s t i g a t i o n s  o f  m u sc le  
i n n e r v a t i o n  v i a  s e g m e n ta l  and  i n t r a s e g m e n t a l  r e f l e x e s  and 
s u p r a s p i n a l  m echanism s ( G e l l h o r n ,  1 9 5 3 ) .  Gamma m o to r  f i b e r s  
a r e  s m a l l  v e n t r a l  r o o t  f i b e r s  w i t h  an  a v e r a g e  d i a m e te r  o f  5 î 
and  c o n d u c t io n  v e l o c i t i e s  o f  2 0 -4 4  m e t e r s / s e c o n d .  They 
i n n e r v a t e  t h e  m u s c u la r  p o r t i o n  o f  th e  m u sc le  s p i n d l e .
C hanges i n  th e  gamma e f f e r e n t  i n n e r v a t i o n  th u s  a f f e c t  
s p i n d l e  d i s c h a r g e .
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due to  s y n a p t i c  a c t i v a t i o n ,  b u t  r a t h e r ,  th e  d i r e c t  a c t i v a ­

t i o n  o f  c o l l a t e r a l s  o f  PT axons i n  t h e  v e n t r o l a t e r a l  n u c le u s  

( C l a r e ,  e t . a l . ,  1 9 6 4 ) .  The low t h r e s h o l d  and s h o r t  l a t e n c y  

o f  PT r e s p o n s e s  r e s u l t i n g  from  s t i m u l a t i o n  o f  t h e _ - a n te r io r  

p a r t  o f  VL and  th e  l a t e r a l  p a r t  o f  VA s u g g e s t  t h a t  th e  

a f f e r e n t  p r o j e c t i o n  o r i g i n a t e s  i n  t h e s e  n u c l e i .  T hese  

f i n d i n g s ,  how ever ,  do n o t  e x c lu d e  t h e  p o s s i b i l i t y  t h a t  

r e s p o n s e s  to  s t i m u l a t i o n  o f  th e  l a t e r a l  p a r t  o f  VA a r e  

m e d ia te d  by ax on s  o f  p a s s a g e  from  VL.

I n  so  f a r  a s  s e n s o r y  i n p u t s  t o  th e  v e n t r o l a t e r a l  

com plex  o f  t h e  th a la m u s  a r e  c o n c e rn e d ,  much d i s c u s s i o n  h a s  

d e a l t  w i t h  d i r e c t  s e n s o r y  and  a s c e n d in g  p y r a m id a l  i n p u t s . 

B r o d a l  and  W alberg  ( 1 9 5 2 ) ,  f o r  ex am p le ,  t r a c e d  d e g e n e r a t i o n  

from  l e s i o n s  i n  th e  c o rd  and  n u c l e i  o f  t h e  d o r s a l  f u n i c u l i  

i n  a d u l t  c a t s  and found  a  s i g n i f i c a n t  number o f  f i b e r s  

p r o j e c t i n g  to  th e  s e n s o r y  c o r t e x .  They s u g g e s t  t h a t  th e  

new p a th w ay s  d e m o n s t r a te d  m ig h t  b e  o f  im p o r ta n c e  f o r  th e  

c o o r d i n a t i o n  o f  d i f f e r e n t i a t e d  movement and  f u r t h e r ,  m ig h t  

be  c o n c e rn e d  i n  c e r t a i n  r e f l e x e s  h a v in g  t h e i r  c e n t e r  i n  th e  

c e r e b r a l  c o r t e x ,  su c h  a s  p l a c i n g  and  h o p p in g  r e a c t i o n s  i n  

a n im a ls  and  th e  p l a n t a r  r e f l e x  i n  man ( s e e  a l s o :  W oolsey  & 

B a rd ,  1 9 3 6 ) .  B r o d a l  and  K aada (1953). u s e d  evoked  p o t e n t i a l  

t e c h n iq u e s  t o  c o n f i r m  th e  e x i s t e n c e  o f  th e  a n a t o m i c a l l y  

d e m o n s t r a te d  a s c e n d in g  f i b e r s  i n  t h e  p y ra m id .  They o b s e rv e d  

t h a t  t h e r e  was a g r e a t e r  p y r a m id a l  r e s p o n s e  t o  f o r e l e g  

s t i m u l a t i o n  and  t h a t  th e  r e s p o n s e  was g r e a t e r  from  th e  more 

d i s t a l  p a r t s  o f  th e  l im b s .  P a t t o n  and  A m assian  (1955)
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d i s a g r e e d ,  w h i l e  Landau (195 6 )  f e l t  t h a t  t h e  p ro b le m  was a 

l a c k  o f  p r e c i s e  a n a t o m i c a l  c o n t r o l .  Cohen (1 9 5 5 ) ,  how ever, 

a g a i n  c o n f i rm e d  th e  e x i s t e n c e  o f  a s c e n d in g  p a th w ay s  to  th e  

th a la m u s .  I n  f u r t h e r  s u p p o r t  f o r  t h e  p r e s e n c e  o f  so m a t ic  

a f f e r e n t s  i n  t h e  th a la m u s ,  K ru g e r  and  A l b e - F e s s a r d  (1960) 

fo u n d  n o n - t a c t i l e  r e s p o n s e s  o f  l o n g e r  l a t e n c y  w i t h  r e a s o n ­

a b l e  c o n s i s t e n c y  i n  t h e  VL com plex  and  r e d  n u c l e u s  a s  w e l l  

a s  i n  o t h e r  th a la m ic  and s u b th a la m ic  n u c l e i .  S u b s e q u e n t ly ,  

B a t s e l  (1963) s p e c u l a t e d  t h a t  th e  a s c e n d in g  p y r a m id a l  f i b e r s  

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

sy s te m "  a t  l e v e l s  r o s t r a l  t o  t h e  pons  and  C l a r e ,  e t . a l .

(1964 )  p r e s e n t e d  s u b s t a n t i a l  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  

f o r  th e  p y r a m id a l  t r a c t  c o l l a t e r a l  p a th w a y .  They s t i m u l a t e d  

VL i n  c a t s ,  r e c o r d e d  evoked  p o t e n t i a l s  i n  s e n s o r i m o to r  

c o r t e x  and  th e  p y ra m id a l  t r a c t ,  and  e v a l u a t e d  t h e  r e s u l t s  i n  

te rm s  o f  i s o l a t i o n  o f  t h e  s t i m u l i  and  th e  t im e  c o u r s e s  o f  

th e  r e s p o n s e s .

F i n a l l y ,  i t  h a s  b e e n  shown t h a t  t h e  n e o c e r e b e l l o -  

c o r t i c a l  pa thw ay  c a n  a c t  upon  th e  e x c i t a b i l i t y  o f  th e  

p y r a m id a l  sy s te m  (C asey  & Towe, 1961; B u s e r ,  1966; S c h a lg ,  

1966; M arco, e t . a l . ,  1967) so  a s  to  m o d ify  th e  o u t f lo w  to  

th e  p e r i p h e r y .

In  summary, p r e s e n t  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  

s u g g e s t s  t h a t  th e  v e n t r o l a t e r a l  n u c l e u s  o f  t h e  th a la m u s  may 

be  a  p r im a ry  a r e a  f o r  t h e  s e n s o r y  a c t i v a t i o n  o f  th e  c o r t i c a l  

n e u ro n s  (B u s e r ,  1 9 6 6 ) ,  o r  may i n f l u e n c e  t h e  s e n s o r im o to r  

i n t e g r a t i o n  a t  t h e  s p i n a l  l e v e l ,  o r  may h av e  b o t h  a c t i o n s
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( G r a n i t ,  1955; Ju n g  & H a s s l e r ,  1960; S t e m  6c Ward, 1960; 

Hofmann, 1962b; S u g c z y n sk i ,  e t . a l . ,  1963; Y an ag isaw a , 

e t . a l . ,  1963; Ohye, e t . a l . ,  1964; Denny-Brown, 1965; B u s e r ,  

1966; P u r p u r a ,  e t . a l . ,  1 9 6 6 ) .  T hese  d a t a  w ould  f u r t h e r  

s u g g e s t  t h a t  d e s t r u c t i o n  o f  t h i s  n u c le u s  w ould  p r o d u c e  

d i s o r d e r s  i n  m o b i l i t y .  On t h i s  i s s u e  some c l i n i c a l  

i n f o r m a t i o n  i s  a v a i l a b l e .



10

C l i n i c o - p a t h o l o g i c a l  B ackground  o f  P ro b lem

S t e r e o t a x i c  d e s t r u c t i o n  o f  VL i s  p r e s e n t l y  th e  m ost 

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

h y p o k i n e s i a ,  and  t r e m o r  i n  p a t i e n t s  w i t h  P a r k in s o n i s m  

(C o o p e r ,  1956; Jung  & H a s s l e r ,  1960; S p i e g e l  & W ycis , 1958; 

S t e r n  & Ward, 1960; D i e r s s e n ,  e t . a l . ,  1 9 6 2 ) .  D u r in g  su c h  

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

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

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

t e c h n i q u e s .  S p e c i f i c a l l y ,  h ig h  f r e q u e n c y  s t i m u l a t i o n  o f  VL 

h a s  b e e n  found  to  p ro d u c e  a  ch an g e  i n  m u sc le  to n e  a n d / o r  

t r e m o r  i n  th e  p a t i e n t ?  (Adey, e t . a l . ,  1959; Ohye, e t . a l . ,  

1 9 6 4 ) ,  and  low f r e q u e n c y  s t i m u l a t i o n  h a s  e l i c i t e d  an  

a u g m e n tin g  r e s p o n s e  from  t h e  m o to r  c o r t e x  w h ic h  r e s e m b le s  

t h a t  fo und  i n  t h e  e x p e r i m e n t a l  a n im a l  ( B r o o k h a r t  & Z a n c h e t t i ,  

1956 ; B r o o k h a r t ,  e t . a l . ,  1958; Y o s h id a ,  1 9 6 4 ) .  F o r  t h i s  

r e a s o n ,  i t  h a s  b e en  s u g g e s t e d  t h a t  P a r k i n s o n i a n  symptoms 

m ig h t  be  t h e  r e s u l t  o f  an  a b n o r m a l i t y  i n  t h e  s u p r a n u c l e a r  

c o n t r o l  o f  th e  gamma m o to n e u ro n s  (Hofmann, 1 9 6 2 a ,b ;

L a n g f i t t ,  e t . a l . ,  1963; Y an ag isaw a , e t . a l . ,  1963; Y o s h id a ,  

e t . a l . ,  1 9 6 4 ) .  A long t h e s e  l i n e s ,  Jung  and  H a s s l e r  (1960) 

h a v e  s u g g e s t e d  t h a t  P a r k i n s o n i a n  r i g i d i t y  i s  d u e ,  a t  l e a s t  

t o  some e x t e n t ,  to  i n s u f f i c i e n t  gamma m o to n eu ro n  e x c i t a t i o n .

?An u n p u b l i s h e d  s tu d y  by t h e  a u t h o r  and  A . J .  Berman h a s  
c o n f i rm e d  t h e s e  o b s e r v a t i o n s  i n  hu m ans . S t i m u l a t i o n  o f  VL 
w i t h  1 0 0 / s e c .  p u l s e s  was fo und  to  i n h i b i t  t r e m o r  o f  t h e  
c o n t r a l a t e r a l  f o r e l i m b ,  w h i l e  1 0 / s e c .  s t i m u l a t i o n  was fo und  
t o  i n c r e a s e  t h e  a m p l i tu d e  o f  th e  t r e m o r .
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I n  a g re e m e n t ,  S t e r n  and  Ward (1960) s u g g e s t e d  t h a t  l e s i o n s  

i n  VL m ig h t  r e l i e v e  r i g i d i t y  by  e l i m i n a t i n g  an i n h i b i t o r y  

i n p u t  t o  t h e  gamma m o to n e u ro n s .  T h us , t h e  e l e c t r o ­

p h y s i o l o g i c a l  d a t a  i n d i c a t e  t h a t  VL, e i t h e r  d i r e c t l y  o r  

i n d i r e c t l y ,  t h ro u g h  c e r e b r a l  o r  p e r i p h e r a l  p a th w a y s ,  o r  

b o t h ,  c an  h ave  s i g n i f i c a n t  i n f l u e n c e s  on t h e  i n t e g r a t i v e  

a c t i v i t i e s  b e tw ee n  t h e  s o m a to s e n s o ry  and  m o to r  c o r t i c a l  

r e g i o n s  and  th e  m u s c le s  in v o lv e d  i n  movement (A n d e rse n  & 

E c c l e s ,  1962; B r o o k h a r t ,  e t . a l . ,  1958; Ju n g  & H a s s l e r ,  1960; 

Ohye, e t . a l . ,  1964; S c h la g  & B a lv i n ,  1964; S t e r n  & Ward, 

1960; Y an ag isaw a , e t . a l . ,  1 9 6 3 ) .  T h e re  i s  a v a i l a b l e ,  i n  

b r i e f ,  c o n s i d e r a b l e  i n f o r m a t i o n  a b o u t  t h e  v a r i o u s  com ponen ts  

o f  th e  com plex  sy s te m s  t h a t  may be  in v o lv e d  i n  P a r k in s o n i s m ,  

b u t  no d a t a  c an  be  fo un d  on t h e  r o l e  o f  VL i n  n o rm a l  com plex  

m o to r  b e h a v i o r .

VL i n t e g r i t y  i s  n e c e s s a r y  f o r  n o rm a l  c o o r d i n a t e d  m o to r  

m ovement. O b s e r v a t io n s  o f  p a t h o l o g i c a l  c a s e s  s u g g e s t  t h a t  

VL somehow m o d i f i e s ,  c o n t r o l s ,  o r  c h a n g e s  m o to r  a c t i v i t y .  

Such o b s e r v a t i o n s ,  h o w ever ,  o f  n e c e s s i t y ,  h av e  b e e n  l i m i t e d  

to  p a t i e n t s  w i t h  p r e e x i s t i n g  d i s o r d e r s  o f  th e  e x t r a p y r a m i d a l  

s y s te m .  A t h e r a p e u t i c  l e s i o n  i n  VL i s  b e n e f i c i a l  t o  th e  

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

d i s a b l i n g  symptoms. The q u e s t i o n  i s  r a i s e d ,  h o w ev er ,  a s  to  

w h a t  w ou ld  be  t h e  e f f e c t s  o f  VL l e s i o n s  i n  o rg a n is m s  i n

w h ic h  th e  r e s t  o f  t h e  b r a i n  was n o r m a l  i . e . ,  t h e  e f f e c t s

o f  e x p e r i m e n t a l l y  in d u c e d  l e s i o n s .

I n  v iew  o f  th e  w e a l t h  o f  e l e c t r o p h y s i o l o g i c a l ,
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a n a t o m i c a l ,  and  c l i n i c o - p a t h o l o g i c a l  d a t a ,  i t  i s  in d e e d  

s u r p r i s i n g  t h a t ,  so  f a r ,  no s u c h  e x p e r i m e n t a l  s t u d i e s  h a v e  

b e e n  c o n d u c te d .  I t  w ou ld  seem i m p o r t a n t ,  t h e r e f o r e ,  t o  

i n v e s t i g a t e  t h i s  p ro b le m  by  e x am in in g  th e  f i n a l  o u t p u t  ( t h e  

m o to r  b e h a v i o r ) ,  s i n c e  i t  w ou ld  be  a f f e c t e d  by  a l l  p r e c e d i n g  

a c t i v i t y  and  i n t e r a c t i o n  b e tw e e n  VL, c o r t e x ,  s p i n a l  c o r d ,  

e t c . ,  and  w ou ld  h a v e  s i g n i f i c a n c e  f o r  a l l  o f  t h e  s t u d i e s  

c i t e d  a b o v e .
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E f f e c t s  o f  E x p e r i m e n t a l l y  In d u c e d  L e s io n s  i n  VL

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

m e d ia te d  by  VL, f o r  t h e  m o s t  p a r t ,  h a v e  b e e n  p r i m a r i l y  

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

o b s e r v a t i o n s  h av e  b e e n  made on p a t i e n t s  d u r in g  o r  s u b s e q u e n t  

to  s u r g i c a l  a b l a t i o n  o f  VL i n  th e  a t t e m p t  t o  a l l e v i a t e  some 

o f  t h e  m o to r  symptoms o f  P a r k i n s o n ’ s D i s e a s e  ( D i e r s s e n ,  

e t . a l . ,  1 9 6 2 ) .  Cohen, e t . a l .  ( 1 9 6 2 ) ,  h ave  s u g g e s t e d  th e  

p o s s i b l e  e x i s t e n c e  o f  e x c i t a t o r y  and  i n h i b i t o r y  i n t e r a c t i o n s  

i n v o l v i n g  th e  m e d ia l  t h a l a m ic  ( n o n - s p e c i f i c )  and  VL n u c l e i .  

T h ese  e l e c t r o p h y s i o l o g i c a l  i n t e r a c t i o n s  o p e r a t e  upon  r e l a y  

e le m e n ts  i n  t h e  c e r e b e l l o - c o r t i c a l  p r o j e c t i o n  so  a s  to  

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

b e h a v i o r a l  s t u d y  o f  T a r n e c k i  (1962) on i n s t r u m e n t a l l y  

c o n d i t i o n e d  r e s p o n s e s  d e m o n s t r a te d  t h a t  c a t s  w i t h  b i l a t e r a l  

l e s i o n s  w i t h i n  t h e  VL com plex  showed p e r fo rm a n c e  d e f i c i t s  

s i m i l a r  t o  t h o s e  s e e n  i n  a n im a ls  w i t h  m o to r  c o r t e x  l e s i o n s  

(Berm an, e t . a l . ,  1954; T r a v i s ,  1955; K ru g e r  & P o r t e r ,  1958; 

F o rw ard ,  e t . a l . ,  1 9 6 2 ) .  Hofm ann’ s (1 9 6 2 a ,b )  s tu d y  o f  

p a t i e n t s  w i t h  p a r k i n s o n i a n  r i g i d i t y  p r o v i d e s  some e v id e n c e  

w h ic h  s u g g e s t s  t h a t  t h e  r i g i d i t y  may b e  a s s o c i a t e d  w i t h  

d e f e c t i v e  b i a s  on m u sc le  l e n g t h  s e n s o r s  due to  c h a n g e s  i n  

t h e  n a t u r e  o f  VL rh y th m s ,  e t c .  B u se r  (1966) b e l i e v e s  t h a t  

t h e  l e v e l  o f  th e  VL com plex  may b e  o f  p a r t i c u l a r  im p o r ta n c e  

i n  i t s  e x e r t i n g  a  " g a t i n g ” e f f e c t  on t h e  a s c e n d in g  pa th w ay  

t o  t h e  m o to r  c o r t e x ;  i . e . ,  t h a t ,  a t  t h i s  l e v e l ,  b o th  

s e n s o r y  and  c e r e b e l l a r  c o n t r o l s  o f  th e  p y r a m id a l  s y s te m  may
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b e  i n f l u e n c e d  by a  num ber o f  m echan ism s.

W ith  t h e  above  i n f o r m a t i o n  i n  m ind , i t  i s  c l e a r  t h a t  a 

t r a i n e d  r e s p o n s e  u s i n g  i n s t r u m e n t a l  t e c h n iq u e s  w ould  seem to  

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

a s s e s s i n g  th e  f u n c t i o n a l  e f f e c t s  o f  l a t e r a l  t h a la m ic  

l e s i o n s .

T h e re  h av e  b e e n  o t h e r  s t u d i e s ,  o u t s i d e  o f  VL and  m o to r  

c o r t e x ,  i n  w h ic h  m o to r  a c t i v i t y  h a s  b e e n  e v a l u a t e d .  I t  

m ig h t  be  w o r th w h i le  t o  b r i e f l y  r e v ie w  s e v e r a l  o f  them to  

g a i n  some i d e a  o f  t e c h n iq u e s  u s e d .  F o r ex am p le , S c h r e i n e r  

and K l in g  (1953) s t u d i e d  m a n i p u l a t o r y  b e h a v i o r  i n  c a t s  a f t e r  

l e s i o n s  w e re  made i n  t h e  r h in e n c e p h a lo n  and  B each , e t . a l .  

(1955) ev en  found  t h a t  d e s t r u c t i o n  o f  th e  f r o n t a l  l o b e s  

r e d u c e d  t h e  f r e q u e n c y  o f  i n t r o m i s s i o n  by  m a le  c a t s  i n  m a t in g  

t e s t s .  Y e t ,  t h e r e  i s  o n ly  one known study** ( T a r n e c k i ,  1962) 

o f  t h e  b e h a v i o r a l  e f f e c t s  o f  l e s i o n s  i n  VL, and  t h i s  s tu d y  

o n ly  r e q u i r e d  a  s im p le  h i n d - l i m b  s c r a t c h  r e f l e x  r e s p o n s e  by 

t h e  a n im a l .  U n f o r t u n a t e l y ,  t h e  t a s k  o b s e rv e d  was n e i t h e r  

c o m p a ra b le  t o  human m o to r  p a t t e r n s ,  n o r  o f  s u f f i c i e n t  

c o m p le x i ty  t o  r e v e a l  p o s s i b l e  lo n g  te rm  e f f e c t s .  No e v a l ­

u a t i o n  was made o f  t h e  a n i m a l s 1 a b i l i t y  t o  u s e  i t s  f o r e l i m b s  

i n  a  com plex  c o o r d i n a t e d  m an n e r .  The a u t h o r  d i d  o b s e r v e ,  

h o w ev er ,  t h a t  t h e  e f f e c t  o f  t h e  l e s i o n  was a  d i f f i c u l t y  w i t h  

t h e  p e r fo rm a n c e  o f  th e  movement i t s e l f ,  an d  n o t  w i t h  

p o s t u r a l  a d j u s t m e n t s .  I t  i s  e v i d e n t ,  t h e r e f o r e ,  t h a t  i f  one

^ A f t e r  an  e x h a u s t i v e  s e a r c h  o f  t h e  l i t e r a t u r e ,  t h i s  was 
t h e  o n ly  s tu d y  fo un d  w h ic h  a t t e m p t e d  t o  r e l a t e  c h r o n i c  VL 
l e s i o n s  to  o b s e rv e d  b e h a v i o r a l  d e f i c i t s .
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i s  t o  t a k e  a d v a n ta g e  o f  t h e  enorm ous body o f  p u b l i s h e d  

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

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

n e c e s s a r y  t o  d e v i s e  much more com plex  b e h a v io r  t a s k s  w h ic h  

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

r e s u l t i n g  from  s u r g i c a l  l e s i o n s  i n  t h e  VL com plex .
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I n t r o d u c t i o n  to  th e  P r e s e n t  S tu d y

The p r e s e n t  s t u d y  i s  c o n c e rn e d  p r i m a r i l y  w i t h  th e  

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

com plex  c o o r d i n a t e d  m o to r  t a s k s  f o l lo w in g  c h r o n i c  l e s i o n s  i n  

VL and th e  e v a l u a t i o n  o f  any  o b s e r v e d  d e c re m e n ts  i n  th e  

m ea su re d  p e r f o rm a n c e .  I t  a l s o  e v a l u a t e s ,  e l e c t r o p h y s i o -  

l o g i c a l l y ,  i n t e r a c t i o n s  b e tw ee n  VL and m o to r  c o r t e x  e l i c i t e d  

m ovem ents .

To d e m o n s t r a te  t h a t  l e s i o n s  e l s e w h e r e  i n  th e  th a la m u s  

w ou ld  n o t  r e s u l t  i n  t h e  same e f f e c t s  a s  th o s e  i n  VL, c o n t r o l  

l e s i o n s  w ere  made i n  n .  M e d i a l i s  D o r s a l i s  (MD) . T h is  

n u c l e u s  was s e l e c t e d  s i n c e  i t s  p r o j e c t i o n s  to  th e  f r o n t a l  

a r e a  o f  th e  c o r t e x  h ave  a l r e a d y  b e e n  d e m o n s t r a te d  b o t h  

e l e c t r o p h y s i o l o g i c a l l y  and  a n a t o m i c a l l y  (H a n b e r ry  & J a s p e r ,  

1 9 6 3 ) .  U n l ik e  VL, ho w ever ,  s t i m u l i  a p p l i e d  to  MD e l i c i t  

r e c r u i t i n g  r e s p o n s e s  w h ic h  can  be  r e c o r d e d  o v e r  m ost  o f  th e  

a n t e r i o r  c o r t e x .  I n  a d d i t i o n ,  some p o s s i b l e  e f f e c t s  upon  

m o to r  a b i l i t y  h av e  b een  s t a t e d  by  S c h r e i n e r ,  e t . a l . ,  ( 1 9 5 3 ) .

I t  w ould  a p p e a r  n e c e s s a r y ,  t h e r e f o r e ,  to  com pare  t h e s e  

two th a la m ic  s i t e s  i n  o r d e r  to  s p e c i f y  t h a t  any  e f f e c t s  

o b t a i n e d  w e re  s p e c i f i c  to  VL and  n o t  t o  some e f f e c t s  r e l a t e d  

t o  a n t e r i o r  th a la m ic  a c t i v i t y  i n  g e n e r a l .

W ith  t h e s e  th o u g h t s  i n  m ind , th e  p r e s e n t  s t u d y  was 

d e s ig n e d  i n  te rm s  o f  f o u r  s p e c i f i c  e x p e r im e n t s  a s  d e s c r i b e d  

b e lo w .
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E x p e r im e n t  #1 

Method

S u b j e c t s . —T w e n ty - fo u r  m ale  a d u l t  c a t s  ( 1 . 9 - 3 . 3  k g s . )  

o f  unknown age  w e re  u s e d  i n  v a r i o u s  a s p e c t s  o f  t h i s  a c u t e  

s t u d y .

A p p a r a t u s . —A lm o st a l l  c a t s  w ere  i n i t i a l l y  a n e s t h e t i z e d

w i t h  i n t r a p e r i t o n e a 1 i n j e c t i o n s  o f  N em buta l^  ( 2 5 m g . /k g . )  and

r e c e i v e d  i n t e r m i t t e n t  I . P .  s u p p le m e n ta t io n s  ( 0 . 5  to  2 .0  mg.)

a s  r e q u i r e d  to  m a i n t a i n  a  r e l a t i v e l y  c o n s t a n t  a n e s t h e s i a

l e v e l  a s  i n d i c a t e d  by  t h e  EEG a c t i v i t y  r e c o r d e d  from  th e

m o to r  c o r t e x  (MC) ( G o ld r in g  & O 'L e a ry ,  1951; King., 1956; and

F a u lc o n e r  & B i c k f o r d ,  1 9 6 0 ) .  The EEG was sam pled  b e f o r e  and

a f t e r  e a c h  e x c i t a b i l i t y  s e r i e s  was r u n  ( F i g .  1 ) .  The

a n im a ls  w e re  p l a c e d  i n  a  s t e r e o t a x i c  i n s t r u m e n t  (K o p f) ,

c o n t a c t  p o i n t s  and  s k i n  m a rg in s  w e re  i n f i l t r a t e d  w i t h

P r o p i t i c a i n e ^ ®  and n o rm a l  body  t e m p e r a tu r e  was m a in t a in e d

w i t h  a h e a t  b l a n k e t .  A l e f t  u n i l a t e r a l  e x p o s u re  o f  th e

c o r t e x  was made e x te n d in g  from  t h e  f r o n t a l  s i n u s  ( e n t i r e

c r u c i a t e  g y r u s  e x p o sed )  p o s t e r i o r  a b o u t  3 cm. and  l a t e r a l

from  th e  m i d l i n e  a b o u t  2 cm. ( F i g .  2 ) .  A f t e r  t h e  b i p o l a r

d e p th  and  s u r f a c e  e l e c t r o d e s  w ere  i n  p l a c e ,  a  p l a s t i c

b a r r i e r  was c o n s t r u c t e d  to  k e ep  th e  c o r t e x  m o i s t  th r o u g h o u t
11t h e  e x p e r im e n t .  A l i n e a r  a c c e l e r o m e t e r  was a t t a c h e d  to

^ A b b o t t— Sodium p e n t o b a r b i t a l .

■ ^ A s t r a - - X y lo c a in e  d e r i v a t i v e .

^ D e v i s e d  by  t h e  a u t h o r - - S e e  A ppend ix  D.



F i g .  1 . Sample o f  s u c c e s s i v e  EEG r e c o r d i n g s  from  MC 
d u r i n g  e l e c t r o p h y s i o l o g i c a l  i n t e r a c t i o n  s t u d i e s .  ( B i p o l a r  
b a l l  t i p p e d  e l e c t r o d e s - - S c o p e :  V e r t i c a l - 2 0 0  u V /c m .; 
H o r i z o n t a l - 2 0 0  m s e c . / c m . .





F i g .  2 .  I l l u s t r a t i o n  o f  s u r g i c a l  e x p o s u re  o f  c o r t e x  
f o r  a l l  u n i l a t e r a l  o p e r a t i v e  p r o c e d u r e s .  ( R ig h t  h e m is p h e re  
e x p o s u re  s h o w n .) .





22

t h e  r i g h t  f o r e l e g  s u c h  t h a t  f l e x i o n  o r  e x t e n s i o n  o f  th e  lim b 

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

t h e  l im b .

I n  a l l  t h e  e x p e r im e n t s ,  b i p o l a r  s t i m u l a t i o n  was a p p l i e d  

t o  th e  th a la m u s  (VL) and  to  t h e  s u r f a c e  o f  t h e  p e r i c r u c i a t e  

g y ru s  (MC). The b i p o l a r  d e p th  e l e c t r o d e  was made from  two 

5 m i l .  t u n g s t e n  w i r e s ,  i n s u l a t e d  w i t h  Form var e x c e p t  f o r  th e  

f l u s h  c u t  t i p s ,  w h ic h  w ere  s e t  0 .2 5  to  0 .5 0  mm. a p a r t .  The 

i n t e r e l e c t r o d e  im pedence  i n  n o rm a l  s a l i n e  was b e tw e e n  20 and  

70 th o u s a n d  ohms. The b i p o l a r  c o r t i c a l  e l e c t r o d e  was made 

o f  two s t a i n l e s s  s t e e l  w i r e s  w i t h  0 .5  mm. b a l l e d  t i p s  p l a c e d  

2 to  3 mm. a p a r t  on t h e  p i a l  s u r f a c e .  The b i p o l a r  s u r f a c e  

e l e c t r o d e  was f i r s t  p o s i t i o n e d  o v e r  MC f o r  maximum f o r e l e g  

f l e x i o n  r e s p o n s e  t o  s t i m u l a t i o n .  The b i p o l a r  d e p th  

e l e c t r o d e  was th e n  d i r e c t e d  a t  VL, by  s t e r e o t a x i c  c o o r d i n ­

a t e s  ( F = l l ,  L=4, H =+2). I t  was moved, i f  n e c e s s a r y ,  u n t i l  

an  a u g m e n tin g  r e s p o n s e  o f  t h e  p r o p e r  c h a r a c t e r i s t i c s
12( F i g .  3) c o u ld  be  r e c o r d e d  a t  t h e  c o r t i c a l  e l e c t r o d e s .

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

p la c e m e n t ,  w e re  m ono phas ic  s q u a r e  w aves a t  10 c p s . ,

200 m sec , t r a i n  (3  i m p u l s e s ) ,  w i t h  an  a m p l i tu d e  o f  2 to  

12 v o l t s ,  -*-3 a  p u l s e  w i d t h  o f  0 .5  m s e c . ,  and  a  r e c y c l i n g  r a t e

•^A ugm enting  r e s p o n s e - - n e g a t i v e - p o s i t i v e  p o t e n t i a l  
com p les  w i t h  i n i t i a l  s h o r t  l a t e n c y  p o s i t i v i t y  and  o f  s h a r p l y  
l o c a l i z e d  d i s t r i b u t i o n  i n  t h e  p e r i c r u c i a t e  a r e a  w h ic h  
in c r e m e n t s  i n  a m p l i tu d e  o v e r  th e  f i r s t  s e v e r a l  r e s p o n s e s .

■^The s t i m u l u s  a m p l i tu d e  r e q u i r e d  to  e l i c i t  an  a d e q u a te  
r e s p o n s e  v a r i e d  w i t h  t h e  p a r t i c u l a r  a n im a l  and  w i t h  th e  
e x a c t  e l e c t r o d e  p la c e m e n t .



F i g .  3 .  I l l u s t r a t i o n  o f  an  a u g m e n tin g  r e s p o n s e  
r e c o r d e d  a t  MC w i t h  VL s t i m u l a t i o n .  (3  p u l s e s  a t  10 p e r  
s e c .  r a t e ,  5 v o l t s ,  0 .5  m sec , p u l s e  w i d t h — 10 su p e r im p o se d  
sw eeps;  100 uV /cm ., 50 m s e c . / c m . . ) .
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o f  one  i n  t e n  s e c o n d s .  The s u r f a c e  e l e c t r o d e  was t h e n  

moved, i f  n e c e s s a r y ,  f o r  th e  b e s t  com prom ise b e tw e e n  maximum 

lim b  f l e x i o n  and  h ig h  a m p l i tu d e  a u g m e n tin g  r e s p o n s e s  from  VL 

s t i m u l a t i o n .  I n  p r a c t i c e ,  t h e  movement o f  t h e  e l e c t r o d e  was 

a  few mm. a t  m o s t .

S t im u lu s  r e l a t i o n s h i p s  and  o v e r a l l  t im in g  w ere  

c o n t r o l l e d  by  a  c o m b in a t io n  o f  T e k t r o n i x  Waveform (Model 

162) an d  P u l s e  (Model 161) g e n e r a t o r s  w h ic h  program m ed a 

p a i r  o f  G ra s s  S -4  s t i m u l a t o r s  w i t h  R. F .  i s o l a t i o n  u n i t s .

The d e l a y  c i r c u i t  on t h e  T e k t r o n i x  p u l s e  g e n e r a t o r  u n i t s  

w e re  u s e d  t o  v a r y  i n t e r v a l s  b e tw e e n  c o n d i t i o n i n g  and  t e s t  

sh o c k  t r a i n s ,  w h i l e  t h e  p u l s e  w i d t h  c o n t r o l s  d e te r m in e d  th e  

t r a i n  d u r a t i o n  ( F i g .  4 ) .  W ith  i n f r e q u e n t  e x c e p t i o n s ,  a l l  

e x c i t a b i l i t y  c y c l e  s t u d i e s  w e re  d e te r m in e d  w i t h  t h e  th a la m u s  

an d  p i a l  s u r f a c e  s t i m u l a t e d  w i t h  t h r e e  t o  f i v e  m on oph as ic  

s q u a r e  wave p u l s e s  a t  a  1 k c p s .  r a t e .  P u l s e  w i d t h  was 

0 .2 5  m se c ,  and  a m p l i tu d e  was w i t h i n  t h e  r a n g e  o f  2 "to 10 

v o l t s .  When b o t h  c o n d i t i o n i n g  and t e s t  s t i m u l i  w e re  

a p p l i e d ,  t h e  d e l a y  i n t e r v a l  b e tw ee n  VL and  MC s t i m u l a t i o n  

was v a r i e d  from  0 t o  500 m sec , i n  o r d e r  t o  d e te r m in e  t h e  

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

t h e  m o to r  r e s p o n s e s  e l i c i t e d  by  c o r t i c a l  s t i m u l a t i o n .  A f t e r  

t h e  e x c i t a b i l i t y  s e r i e s  was r u n  a t  th e  i n i t i a l  d e p th  s e t ­

t i n g ,  t h e  d e p th  e l e c t r o d e  was lo w e re d  i n  1 mm. s t e p s ,  t h e  

e x c i t a b i l i t y  s e r i e s  r e r u n ,  and  t h e  p r o c e s s  r e p e a t e d  u n t i l  an  

a u g m e n tin g  r e s p o n s e  c o u ld  no l o n g e r  b e  e l i c i t e d  by  VL 

s t i m u l a t i o n .



F i g .  4 .  A ssem bly  and  i n t e r c o n n e c t i o n  o f  e l e c t r o -  
p h y s i o l o g i c a l  s t i m u l a t i n g  an d  r e c o r d i n g  s y s te m .



Two S c o p e s  
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T o g e t h e r
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Se l f  C o n t a i n e d  
I n t e r va  l o m e t  e r

P r e a m p S y n c .  L e a d

162 161 360161162

G a t eG a t eT i m e - B a s o  
G e n e  r a  t o  r 
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Timer
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Probe Co n t  r o IC o n t r o I
S t i m u l u s  
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The r e c o r d i n g  s y s te m  c o n s i s t e d  o f  G ra s s  c a th o d e  

f o l l o w e r  and  d i f f e r e n t i a l  A. C. p r e a m p l i f i e r s  (xlOOO g a i n ) ,  

f o l lo w e d  by  T e k t r o n ix  Model 561a and  564 o s c i l l o s c o p e s .  

Im ages  w e re  s u c c e s s i v e l y  a c c u m u la te d  on t h e  564 s t o r a g e  

sc o p e  and  sum m ations o f  f i v e  o r  t e n  t r i a l s  a t  e a c h  d e l a y  

i n t e r v a l  w e re  th e n  p h o to g ra p h e d .  A l l  r e c o r d s  w e re  p h o t o ­

g r a p h i c a l l y  e n l a r g e d  (4x) f o r  t h e  m ea su re m e n t o f  t h e  

a m p l i tu d e  and  t im e  c o u r s e  o f  th e  r e c o r d e d  r e s p o n s e .  The 

movement r e s p o n s e  i s  d e f i n e d  by  t h e  ch an g e  i n  e l e c t r i c a l  

o u t p u t  ( d e v i a t i o n  from  z e ro )  o f  t h e  l i n e a r  a c c e l e r o m e t e r ,  

d u r i n g  t h e  i n t e r v a l  from  s t i m u l u s  (MC) o n s e t  to  t h e  f i r s t  

two a m p l i tu d e  maxima a s  d i s p l a y e d  on t h e  o s c i l l o s c o p e .

A t t h e  c o m p le t io n  o f  e a c h  e x p e r im e n t ,  t h e  d e p th  

e l e c t r o d e  was p l a c e d  a t  t h e  p o s i t i o n  (H o r  d e p th  p l a n e )  o f  

t h e  b e s t  a u g m e n tin g  r e s p o n s e  and  a  s m a l l  l e s i o n  was made by  

p a s s i n g  a  D. C. c u r r e n t  o f  0 .5  ma. b e tw ee n  one  p o l e  o f  t h e  

d e p th  e l e c t r o d e  and  t h e  e a r  b a r s  f o r  30 s e c o n d s .  (The 

e l e c t r o d e  was a n o d a l„ )  The a n im a l  was t h e n  k i l l e d ,  

d e c a p i t a t e d ,  and  t h e  h e a d  p l a c e d  i n  a  10% b u f f e r e d  f o r m a l i n  

s o l u t i o n .  The b r a i n s  w e re  s u b s e q u e n t ly  rem oved , s l i c e d  i n  

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

v e r i f i c a t i o n  o f  th e  e l e c t r o d e  t r a c t s . ^

A n a l y s i s  o f  t h e  d a t a  was made i n  te rm s  o f  t h e  m ed ian  

a m p l i tu d e  o f  d e f l e c t i o n s  from  t h e  a c c e l e r o m e t e r  a t  e a c h

■ ^ P le a s e  r e f e r  t o  A p pend ix  C, f o r  d e t a i l s  on t h e  
b l o c k i n g  o f  t h e  b r a i n  i n  t h e  p r o p e r  s t e r e o t a x i c  o r i e n t a t i o n  
and  t h e  h i s t o l o g i c  p r o c e d u r e s .
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d e l a y  i n t e r v a l  an d  p e n e t r a t i o n  l e v e l .  T h a t  i s  b a s e l i n e  

a m p l i tu d e  was c o n s i d e r e d  a s  z e r o  d e f l e c t i o n  an d  t h e  maximum 

m ed ian  d e f l e c t i o n  o f  th e  t r a c e  i n  t h e  e x c i t a b i l i t y  s tu d y  was 

t a k e n  a s  th e  100% l e v e l  ( F i g s .  5 & 6 ,  f o r  e x a m p le ) .  T hus, 

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

e v a l u a t e d  i n  te rm s  o f  p e r c e n t a g e  ch an g e  from  z e r o  d e f l e c t i o n  

(T a b le  1) .

R e s u l t s  o f  E x p e r im e n t  #1

The r e s u l t s  o f  th e  e x c i t a b i l i t y  e x p e r im e n t s  on c a t s  

show t h a t  t h e r e  was a  d e f i n i t e  en hancem en t o f  t h e  c o r t i c a l l y  

e l i c i t e d  m o to r  r e s p o n s e  when i t  was p r e c e d e d  i n  t im e  by VL 

s t i m u l a t i o n  ( F i g .  7 and T a b le  1 ) .  T h is  enh an cem en t o f  th e  

a m p l i tu d e  o f  t h e  r e s p o n s e  was d e p e n d e n t  upon  t h e  d e la y  

i n t e r v a l  b e tw ee n  c o n d i t i o n i n g  and  t e s t  s t i m u l a t i o n  a n d ,  i n  

g e n e r a l ,  seemed to  be o f  a  two com ponent n a t u r e .  T h ere  was 

a  r a p i d  enhancem en t e f f e c t  b e tw ee n  0 and  10 m sec , d e l a y  and 

a  s lo w e r ,  l o n g e r  l a s t i n g  en h an cem en t becom ing  c l e a r  a t  a b o u t  

100 m sec , d e l a y  an d  som etim es c o n t i n u i n g  beyond  500 msec.'*"'* 

( F i g .  6 , f o r  e x a m p le ) . On s e v e r a l  o c c a s s i o n s ,  i t  was n o t e d  

t h a t  s t i m u l a t i o n  o f  VL a lo n e  r e s u l t e d  i n  l im b  movement, 

a l t h o u g h  t h i s  was n o t  t h e  u s u a l  c a s e .

3-5fhe p r im a r y  en h an cem en t o b s e rv e d  was q u i t e  s t a b l e  i n  
a l l  c a t s .  I n  a  few c a t s ,  t h e  s e c o n d a ry  r e s p o n s e  was n o t  
o b s e r v e d .  T h is  may h a v e  b e e n  due to  c h a n g e s  i n  a n e s t h e s i a  
l e v e l .



F i g .  5 .  G raph  o f  e f f e c t  o f  c o n d i t i o n i n g  s t i m u l i  
a p p l i e d  t o  VL on c o r t i c a l l y  e l i c i t e d  l im b  m ovem ents. D e la y  
i n t e r v a l  i n  m sec , b e tw ee n  c o n d i t i o n i n g  sh o c k  and  t e s t  sh o c k .  
Sam ple i n t e r a c t i o n  r e c o r d i n g s  from  f o u r  a n im a l s .
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F i g .  6 .  G raph  o f  e f f e c t  o f  c o n d i t i o n i n g  s t i m u l i  
a p p l i e d  t o  VL on c o r t i c a l l y  e l i c i t e d  l im b  m ovem ents. D e la y  
i n t e r v a l  i n  m sec , b e tw ee n  c o n d i t i o n i n g  sh o c k  and  t e s t  sh o c k . 
A v e rag e  o f  i n t e r a c t i o n  r e c o r d i n g s  shown i n  F i g .  5 .
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F i g .  7 .  P h o to g ra p h s  o f  e l e c t r i c a l  a n a l o g s  o f  o b s e rv e d  
l im b  f l e x i o n  r e s p o n s e s  t o  i n t e r a c t i n g  s t i m u l i  a p p l i e d  t o  VL 
an d  MC. (2 ,  5 ,  10 , 20 , 30 , 50, 100, 200 m s e c . )  A l l  p h o t o ­
g r a p h s  a r e  o f  10 su p e r im p o s e d  sw eeps e a c h .



-MC only

VL & MC 
2 msec.

V I only 
Time Cal.

5 msec.

10 msec.

2 0  msec.

30  msec.

5 0  msec.

100 msec.

200 msec.



T a b le  1 . Summary o f  e l e c t r o p h y s i o l o g i c a l  i n t e r a c t i o n  
d a t a  on f o u r  r e p r e s e n t a t i v e  c a t s .  E f f e c t s  o f  c o n d i t i o n i n g  
s t i m u l i  a p p l i e d  t o  VL on c o r t i c a l l y  e l i c i t e d  l im b  m ovem ents. 
D e la y  i n t e r v a l  i n  m sec , b e tw e e n  c o n d i t i o n i n g  sh o c k  and  t e s t  
sh o c k .



Delay Interval 

(mee*.)

7. Maximum Amplitude
Cat

T19 T21 T25 T26 Mean Values

0 48 44 37 65 48

5 69 74 48 100 73

10 37 23 42 92 49

20 29 29 28 37 31

30 28 21 24 16 22

50 37 44 18 18 29

75 60 32 23 76 47

100 52 40 28 66 47

200 21 24 26 31 26
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I n t r o d u c t i o n  t o  E x p e r im e n ts  #2  and  #3

S in c e  th e  f o r e g o in g  e x p e r im e n t  h a s  d e m o n s t r a te d  t h e  

f u n c t i o n a l  c o n n e c t i o n  b e tw ee n  VL and  MC e l i c i t e d  r e s p o n s e s ,  

s u b s e q u e n t  e x p e r im e n t s  (#2 & #3) w e re  d e s ig n e d  t o  e v a l u a t e  

i t s  p o s s i b l e  b e h a v i o r a l  s i g n i f i c a n c e .  To t h i s  e n d ,  c a t s  

w e re  t r a i n e d  t o  make r a p i d  s e q u e n t i a l  movements and  w ere  

s u b j e c t e d  to  n e u r o l o g i c a l  e x a m in a t io n s  ( s e e  be low ) s e v e r a l  

t im e s  a  w eek p o s t ‘- o p e r a t i v e l y .

S p e c i f i c a l l y ,  c a t s  w e re  t r a i n e d  t o  p e r f o r m  a s e r i a l  

m o to r  t r a c k i n g - t a s k  a t  maximum sp e e d  (p u s h  b u t t o n  t a s k )  

a n d / o r  to  r u n  a  3 /4  i n c h  w id e  b a r  a t  maximum sp e e d  ( t i g h t ­

r o p e  w a lk in g  t a s k )  t o  g e t  fo o d  r e in f o r c e m e n t .^ -^  A f t e r  

t r a i n i n g  t o  c r i t e r i o n ,  l e s i o n s  w e re  made u n i l a t e r a l l y  i n  VL. 

A f t e r  a  minimum r e c o v e r y  p e r i o d  o f  24 t o  72 h o u r s  ( a c c o r d i n g  

t o  t h e  a n i m a l ’ s p o s t - o p e r a t i v e  c o n d i t i o n  and  r e s p o n s i v e n e s s )
v

t h e  a n im a l s  w e re  t e s t e d  f o r  t h e i r  a b i l i t y  t o  p e r f o r m  t h e  

l e a r n e d  t a s k ( s )  t o  t h e  p r e - o p e r a t i v e  c r i t e r i o n  l e v e l s .  

D e t a i l s  o f  t h e s e  p r o c e d u r e s  a r e  g iv e n  b e lo w :

^ I t  was d e c id e d  t o  u s e  t h e  ab o v e  m e n t io n e d  t a s k s  s i n c e  
a v a i l a b l e  c l i n i c a l  e v id e n c e  (Ju n g  & H a s s l e r ,  1960; P u r p u r a ,  
e t . a l . ,  1966; f o r  exam ple)  i n d i c a t e d  t h a t  t h e  i n f l u e n c e  o f  
VL on m o to r  f u n c t i o n  i s  more p r o b a b l y  i n  te rm s  o f  c o o r d i n ­
a t i o n  r a t h e r  th a n  m o to r  p ow er. S p e c i f i c a l l y ,  t h e  
P a r k i n s o n ' s  p a t i e n t  h a s  d i f f i c u l t y  i n  r a p i d  d i r e c t e d  
m ovem ents o f  t h e i r  h a n d s  and i n  tandem  w a lk in g  ( s t a n d a r d  
t e s t s  i n  n e u r o l o g i c a l  e x a m i n a t i o n ) . The p r e s e n t  t a s k s  w ere  
t h o u g h t ,  by  t h e  a u t h o r ,  t o  b e s t  sam p le  t h e  p o s s i b l e  e f f e c t s  
o f  t h e  e x p e r i m e n t a l  l e s i o n s .
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E x p e r im e n t  #2 

M ethod

S u b j e c t s . —The s u b j e c t s  w e re  f o u r  l i t t e r m a t e  c a t s  

r a i s e d  i n  t h e  l a b o r a t o r y  s i n c e  b i r t h .  T r a i n i n g  was begun  

when t h e  c a t s  w e re  10 m onths o l d .

A p p a r a t u s . — T r a i n i n g  w as done  i n  a  c o n d i t i o n i n g  box  

8 "  w id e ,  24" d e e p ,  and  16" h i g h ;  h a v in g  two a r c s  o f  t h r e e  

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

f r o n t  o f  t h e  box  su c h  t h a t  e a c h  o f  t h e  c a t ’ s f o r e l e g s  -was a t  

t h e  c e n t e r  o f  c u r v a t u r e  o f  a  g i v e n  a r c  ( F i g .  8 ) .  B etw een 

t h e  two s e t s  o f  p u s h  b u t t o n s  was an  op aq ue  b a r r i e r  w h ic h  

r e d u c e d  t h e  p o s s i b i l i t i e s  o f  S ’ s t r y i n g  t o  p r e s s  b u t t o n s  on 

t h e  o p p o s i t e  s i d e  o n ce  a  t r i a l  h a d  b e g u n .  Food p e l l e t  

r e i n f o r c e m e n t  was d e l i v e r e d  t o  a  c l e a r  p l a s t i c  cup  m ounted  

up on  t h e  m ed ian  b a r r i e r  su c h  t h a t  i t  was j u s t  b e lo w  t h e  

l e v e l  o f  S ’ s m outh  ( F i g .  8 ) .  The i n s i d e  o f  t h e  box  was 

c o l o r e d  a  l i g h t  b l u e  and  was d im ly  i l l u m i n a t e d . The f r o n t  

end  o f  t h e  box  was made o f  t r a n s p a r e n t  p l a s t i c .  S t im u lu s  

c o n t r o l ,  p rog ram m ing , and  r e s p o n s e  a n a l y s i s  was by  a  d i g i t a l  

d e v ic e  d e s ig n e d  and  c o n s t r u c t e d  b y  t h e  a u t h o r  ( F i g .  9 ) .

P r o c e d u r e . — The s u b j e c t s  w e re  t r a i n e d  t o  p r e s s  e a c h  

p u s h  b u t t o n ,  u s i n g  a  VR ( v a r i a b l e  r a t i o  o f  r e i n f o r c e m e n t )  

s c h e d u le  t o  e s t a b l i s h  good r e s p o n s e  r a t e s ,  an d  w e re  t h e n  

t a u g h t  t o  c h a i n  t h e i r  r e s p o n s e s  t o  e a c h  p u sh  b u t t o n  a s  i t  

w as i l l u m i n a t e d  i n  t h e  s e q u e n c e :  1 , 2 , 3 , 1 , 2 , 3 , 1 , 2 , 3 .

To i n i t i a t e  a  t r i a l ,  t h e  s t a r t  b u t t o n  on t h e  d i g i t a l
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F i g .  8 .  F r o n t  v iew  o f  p u s h  b u t t o n  c o n d i t i o n i n g  b o x . 
Food cup i s  i n  c e n t e r, s u p p o r t e d  by  opaq u e  d i v i d e r .
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F i g .  9 .  D i g i t a l  p ro g ra m m e r - -L o g ic  f lo w  d ia g ra m .
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program m er was p r e s s e d .  T h is  i l l u m i n a t e d  t h e  f i r s t  o f  t h e  

p u sh  b u t t o n s  on t h e  p r e s e l e c t e d  s i d e  and  a l s o  made t h e  p u sh  

b u t t o n s  r e s p o n s i v e  t o  S ' s  p r e s s i n g .  When S p r e s s e d  t h e  

f i r s t  i l l u m i n a t e d  p u s h  b u t t o n ,  i t  was im m e d ia te ly  

e x t i n g u i s h e d  and  t h e  n e x t  b u t t o n  i n  t h e  s e q u e n c e  was 

i l l u m i n a t e d .  When S p r e s s e d  t h i s  b u t t o n  ( # 2 ) ,  i t  was 

e x t i n g u i s h e d  and  b u t t o n  #3 was i l l u m i n a t e d .  When p u sh  

b u t t o n  #3 was p r e s s e d  by  S, i t  was e x t i n g u i s h e d  and  #1  was 

a g a i n  i l l u m i n a t e d .  T h is  s e q u e n c e  c o n t i n u e d  u n t i l  S p r e s s e d ,  

b u t t o n  #3 f o r  t h e  t h i r d  t im e  i n  t h e  c o r r e c t  se q u e n c e  

( F i g .  1 0 ) .  A t t h a t  p o i n t ,  p u s h  b u t t o n  #3 was e x t i n g u i s h e d  

and  a  fo o d  p e l l e t  was d i s p e n s e d .  S im u l ta n e o u s  w i t h  th e  

p r e s s i n g  o f  p u sh  b u t t o n  #1  f o r  t h e  f i r s t  t im e  i n  a  g iv e n  

t r i a l  by  S, an  e l e c t r o n i c  d i g i t a l  c o u n t e r  b e g a n  t o  c o u n t  

t e n t h s  o f  a  s e c o n d .  When S p r e s s e d  b u t t o n  #3 f o r  t h e  t h i r d  

t im e ,  t h e  c o u n t e r  s to p p e d .  The t im e  f o r  t h e  t r i a l  was r e a d  

t o  t h e  n e a r e s t  t e n t h  o f  a  se co n d  and  r e c o r d e d .

I f  a t  any  t im e  d u r i n g  t h e  t r i a l  S p r e s s e d  t h e  same p u sh  

b u t t o n  t w ic e ,  o r  s k ip p e d  a  b u t t o n ,  o r  d i d  n o t  c o m p le te  t h e  

s e q u e n c e  w i t h i n  one  m in u te ,  t h e  t r i a l  was a u t o m a t i c a l l y  

t e r m i n a t e d  and  an  e r r o r  o f  t h e  o b s e r v e d  ty p e  was r e c o r d e d .  

The t r i a l  was a l s o  t e r m i n a t e d  by  E, i f  S a t t e m p t e d  to  u s e  

t h e  w rong l e g  t o  p r e s s  t h e  p u sh  b u t t o n .

I n i t i a l  t r a i n i n g  p r o c e d u r e s . — Ss w e re  f a m i l i a r i z e d  w i t h  

t h e  fo o d  p e l l e t s  u s e d  ( F r i s k i e s )  . Ss w e re  t h e n  t r a i n e d  to  

t a k e  t h e  d i s p e n s e d  fo o d  p e l l e t s  from  t h e  fo o d  c u p .  They 

w e re  t h e n  d e p r i v e d  o f  fo o d  f o r  24 h o u r s  ( o r  more i f



F i g .  1 0 . P h o to g ra p h  o f  c a t  p r e s s i n g  b u t t o n s  i n  t h e  
p u s h  b u t t o n  t r a c k i n g  t a s k .
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i f  n e c e s s a r y )  an d  r e t u r n e d  t o  t h e  t e s t  box  w h ere  p r e s s i n g  o f  

any  i l l u m i n a t e d  b u t t o n  r e s u l t e d  i n  im m e d ia te  r e i n f o r c e m e n t .  

S h a p in g  c o n t i n u e d  w i t h  v a r i a b l e  r a t i o  r e i n f o r c e m e n t  u n t i l  

e a c h  S p r e s s e d  an y  o f  t h e  i l l u m i n a t e d  b u t t o n s  a t  f a i r l y  

s t a b l e  r a t e s .  The c a t s  w e re  r e q u i r e d  to  p r e s s  two, o r  

t h r e e ,  o r  m ore b u t t o n s ,  a s  t h e y  l e a r n e d  t h e  t a s k ,  u n t i l  th e y  

r e l i a b l y  p r e s s e d  any  b u t t o n  o r  c o m b in a t io n  o f  b u t t o n s ,  a s  

t h e y  w e re  i l l u m i n a t e d ,  f o r  fo o d  p e l l e t s .  A t t h i s  p o i n t ,  th e  

Ss w e re  t r a i n e d  to  p r e s s  a  s e q u e n c e  o f  n i n e  p u s h  b u t t o n s  a s  

t h e y  w e re  i l l u m i n a t e d ,  f o r  a  s i n g l e  fo o d  p e l l e t .  T r a i n i n g  

was c o n t i n u e d  w i t h  t h i s  c h a in in g '  p r o c e d u r e  and  t im e  and 

e r r o r  s c o r e s  w e re  r e c o r d e d  ( s e e  A ppend ix  E f o r  sam ple  d a t a  

s h e e t s ) . E ach  S r e c e i v e d  an  a v e r a g e  o f  55 t r i a l s  p e r  day 

f o r  e a c h  l e g  ( a  t o t a l  o f  110 t r i a l s  p e r  d a y ) .

C r i t e r i o n  p e r f o r m a n c e . — The c r i t e r i o n  l e v e l  o f  p e r f o r m ­

a n c e  was r e a c h e d  when S no l o n g e r  showed a s i g n i f i c a n t  

ch an g e  i n  h i s  m axim al r a t e  o f  r e s p o n d in g  ( i . e . ,  a l l  t r i a l s  

w i t h i n  - 0 . 4  s e c o n d s  o f  t h e  mean t im e  f o r  t h e  d ay s  t e s t i n g  

s e s s i o n )  on an y  t r i a l  f o r  f o u r  c o n s e c u t i v e  t e s t i n g  s e s s i o n s .  

A l s o ,  S ' s  e r r o r  s c o r e  h a d  to  b e  be low  a  t o t a l  o f  10 f o r  e a c h  

s e s s i o n .  A r e t e n t i o n  p e r i o d  o f  s e v e r a l  day s  f o l lo w e d .  Each  

S was t h e n  r e t e s t e d  a n d ,  i f  s t i l l  a t  c r i t e r i o n  l e v e l ,  was 

s c h e d u le d  f o r  t r a i n i n g  on e x p e r im e n t  # 3 .  T h ro u g h o u t  t r a i n ­

in g  on e x p e r im e n t  # 3 ,  S was a p e r i o d i c a l l y  t e s t e d  on t h e  p u sh  

b u t t o n  t a s k  t o  b e  s u r e  t h a t  p e r fo rm a n c e  was m a i n t a i n e d  a t  

t h e  c r i t e r i o n  l e v e l .

W ith  one e x c e p t i o n ,  Ss m et t h e i r  c r i t e r i o n  l e v e l s  w i t h



b o t h  l e g s .  Desdemona p r e s s e d  b u t t o n s  w i t h  h e r  l e f t  f o r e l e g

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

m e n t .  C r i t e r i o n  p e r fo rm a n c e  f o r  h e r  r i g h t  f o r e l e g  was s e t

a t  t h r e e  r e s p o n s e s  p e r  r e i n f o r c e m e n t  s i n c e  sh e  r e f u s e d  to
17r e s p o n d  beyond  t h i s  l e v e l .  A l l  f o u r  o f  t h e  Ss w ere  

s u b s e q u e n t ly  t r a i n e d  s u c c e s s f u l l y  on e x p e r im e n t  # 3 .

• ^ I t  was d e c id e d  t h a t ,  a t  s u r g e r y ,  t h e  l e s i o n  w o u ld  be  
p l a c e d  i n  t h e  r i g h t  h e m is p h e re  so  t h a t  any  r e s u l t a n t  c h a n g e s  
i n  l e f t  f o r e l e g  p e r fo rm a n c e  ( n i n e  b u t t o n  p r e s s e s )  c o u ld  be  
com pared  to  t h e  o t h e r  a n im a l s .
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E x p e r im e n t  #3 

M ethod

S u b j e c t s . —The f o u r  t r a i n e d  a n im a l s  from  e x p e r im e n t  #2 

and  f o u r  a d d i t i o n a l  ( e x p e r i m e n t a l l y  n a iv e )  a n im a l s  w e re  u s e d  

f o r  a  t o t a l  o f  e i g h t  a n im a l s .

A p p a r a t u s . —The Ss w e re  t r a i n e d  t o  r u n  down a  3 / 4  i n c h  

w id e  wood (W hite  p i n e )  b a r  a p p r o x i m a t e ly  s i x  f e e t  lo n g .  A t 

one  end  was a  s t a r t  p l a t f o r m  and  a t  t h e  o t h e r  end  was a  

l a r g e  p l a t f o r m  s u p p o r t i n g  t h e  fo o d  c u p .  T h r e e - e i g h t h  in c h  

d i a m e te r  h o l e s  w e re  d r i l l e d  t h r o u g h  t h e  s i d e s  o f  t h e  b a r  

one h a l f  i n c h  be low  t h e  w a lk in g  s u r f a c e  and s p a c e d  on t h r e e  

i n c h  c e n t e r s .  D u r in g  e a r l y  t r a i n i n g ,  4 M wood d o w e ls  ( 3 / 8 "  

d i a m e te r )  w ere  i n s e r t e d  i n  t h e  h o l e s  on  a l t e r n a t e  s i d e s  

( F i g .  1 1 ) .  Each  S was r e q u i r e d  to  r u n  t h e  e n t i r e  l e n g t h  o f  

t h e  b a r  to  g e t  fo o d .  Runway t im e  was r e c o r d e d  t o  t h e  

n e a r e s t  o n e - h a l f  se c o n d  f o r  e a c h  o f  t h e  25 d a i l y  t r i a l s .

The number o f  t im e s  e a c h  S f e l l  o f f  t h e  b a r  was a l s o  

r e c o r d e d .

I n i t i a l  t r a i n i n g  p r o c e d u r e s . —As i n  th e  p r e v i o u s  

e x p e r im e n t ,  e a c h  S was f i r s t  f a m i l i a r i z e d  w i t h  th e  e x p e r i ­

m e n ta l  s i t u a t i o n ,  t h e  fo o d  c u p ,  and  t h e  fo o d  p e l l e t s .  I n  

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

i n s e r t e d  i n  e v e r y  h o l e  o v e r  t h e  l e n g t h  o f  t h e  b a r .  S u c c e s s ­

i v e  do w els  w e re  p l a c e d  so  a s  t o  p r o t r u d e  from  a l t e r n a t e  

s i d e s  o f  t h e  b a r .  The Ss w e re  c o a x e d  o v e r  t h e  e n t i r e  l e n g t h  

o f  th e  b a r  w i t h  fo o d  r e i n f o r c e m e n t s  g i v e n  a p e r i o d i c a l l y .
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F i g .  11 . P h o to g ra p h  o f  t i g h t - r o p e  w a lk in g  a p p a r a t u s .
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A f t e r  an  S r a n  t h e  e n t i r e  l e n g t h  o f  t h e  b a r  a t  a  r e a s o n a b l e  

r a t e ,  s e v e r a l  o f  t h e  p e g s  w ere  rem oved and  t r a i n i n g  was 

c o n t i n u e d .  F i n a l l y ,  a l l  o f  t h e  p e g s  w e re  rem oved and  e a c h  S 

was r e q u i r e d  t o  r u n  down t h e  3 /4 "  b a r  w i t h o u t  t h e  s i d e  p e g s .  

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

p r o c e d u r e s  (2  c a t s ) ,  S was s im p ly  fo o d  d e p r i v e d  u n t i l  he  

w ou ld  w a lk  a lo n g  t h e  n a r ro w  b a r  ( w i t h o u t  s i d e  p e g s )  t o  t h e  

fo o d  d i s h .  D u r in g  t h e  p e r i o d  o f  fo o d  d e p r i v a t i o n ,  t h e  Ss 

w ere  p l a c e d  i n  t h e  t e s t  s i t u a t i o n  e v e r y  s i x  h o u r s .  I t  

r e q u i r e d  a s  much a s  f i f t y  h o u r s  o f  fo o d  d e p r i v a t i o n  to  g e t  

one c a t  (H am le t)  t o  t r a v e r s e  t h e  b a r  p r o p e r l y ,  b u t  t h e  end 

r e s u l t  was t h a t  t h e  t r a i n i n g  t im e  was r e d u c e d  from  12-14  

d a y s  t o  no more t h a n  two t e s t  day s  a f t e r  t h e  d e p r i v a t i o n  

p e r i o d .

C r i t e r i o n  p e r f o r m a n c e . —When an  S c o n s i s t e n t l y  r a n  th e  

e n t i r e  l e n g t h  o f  t h e  b a r  w i t h o u t  s t o p p i n g  and  w i t h  l e s s  th a n  

0 .4  s e c o n d s  mean v a r i a t i o n  i n  t im e ,  c r i t e r i o n  l e v e l  was 

r e a c h e d .  A t  t h i s  p o i n t ,  t h e  a n im a l s  w e re  ru n n in g  w i t h  l e s s  

th a n  one  se c o n d  v a r i a t i o n  o v e r  a l l  t r i a l s  f o r  a t  l e a s t  f o u r  

c o n s e c u t i v e  t e s t  s e s s i o n s  (100  t r i a l s ) .

S u rg e ry

The s u r g i c a l  p r o c e d u r e  was t h e  same a s  p r e v i o u s l y  

d e s c r i b e d  ( r e f e r  t o  e x p e r im e n t  #1 f o r  a  d e t a i l e d  

d e s c r i p t i o n ) . A t  t h e  t im e  o f  s u r g e r y ,  an  e l e c t r o l y t i c  

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

r e g i o n .  The h e m is p h e r e  s e l e c t e d  f o r  s u r g e r y  was d e te r m in e d
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by t h e  s i d e  o f  b e t t e r  p e r fo r m a n c e  i n  e x p e r im e n t  # 2 .  T h a t  

i s ,  i f  S p e r fo rm e d  t h e  r e q u i r e d  t a s k  f a s t e r  and  w i t h  l e s s  

v a r i a b i l i t y  w i t h  t h e  r i g h t  f o r e l e g ,  t h e  l e f t  h e m isp h e re  

was s e l e c t e d  f o r  t h e  l e s i o n .  I n c l u d e d  i n  t h e  g ro up  

r e c e i v i n g  u n i l a t e r a l  VL l e s i o n s  w ere  two a n im a ls  t r a i n e d  

o n ly  i n  e x p e r im e n t  # 3 .  The two r e m a in in g  a n im a ls  t r a i n e d  

o n ly  on t h e  t i g h t - r o p e  t a s k  ( e x p e r i e m tn  #3) r e c e i v e d  u n i ­

l a t e r a l  l e s i o n s  i n  MD. S i m i l a r  s u r g i c a l  e x p o s u re s  o f  t h e  

c o r t e x  f o r  a p p r o x i m a t e ly  e q u a l  am ounts  o f  t im e  w ere  r e q u i r e d  

f o r  b o t h  p r o c e d u r e s .

B e f o re  an y  VL l e s i o n  was made, t h e  e l e c t r o d e  was 

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

a s  d i s c u s s e d  by  B r o o k h a r t ,  e t . a l . ,  ( 1 9 5 8 ) ,  H an b e rry  and 

J a s p e r ,  (1963) and  Y o s h id a ,  e t . a l . ,  ( 1 9 6 4 ) .  The i n i t i a l  

p la c e m e n t  was made b a s e d  upo n  t h e  a t l a s  c o o r d i n a t e s ;  

A P=+11.0 , L = + 4 .0 , and  H=+2.0 ( J a s p e r  & A jm one-M arsan , 1 9 5 4 ) .  

An a u g m e n tin g  r e s p o n s e  had  to  be  r e c o r d e d  a t  th e  m o to r  

c o r t e x  when s e v e r a l  im p u l s e s  a t  a  10 p e r  se co n d  r a t e  w e re  

p r e s e n t e d  to  VL ( s e e  e x p e r im e n t  # 1 ) .

A l l  l e s i o n s  w e re  made u s i n g  a  c o a x i a l  e l e c t r o d e  

c o n s i s t i n g  o f  a  20 g au g e  s t a i n l e s s  s t e e l  tu b e  i n s u l a t e d  

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

5 m i l .  t u n g s t e n  w i r e .  W h ile  a l l  s t i m u l a t i o n  was made 

b e tw ee n  t h e  1 /4  mm. e x p o se d  t i p  o f  t h e  5 m i l .  w i r e  and t h e  

a n n u lu s  fo rm ed by t h e  u n i n s u l a t e d  edge  o f  th e  tu b e  

( F i g .  1 2 ) ,  e l e c t r i c  c u r r e n t  was p a s s e d  b e tw ee n  th e  a n n u lu s  

(an o d e )  and  t h e  f ram e  o f  t h e  s t e r e o t a x i c  i n s t r u m e n t



F i g .  12 . I l l u s t r a t i o n  o f  c o a x i a l  ( c o n c e n t r i c )  d e p th  
e l e c t r o d e  u s e d  t o  make c h r o n i c  l e s i o n s .
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( c a t h o d e ) - - t h e  i n d i f f e r e n t ,  t o  p ro d u c e  t h e  l e s i o n s .  T h is  

was a c c o m p l is h e d  by  p a s s i n g  5 m i l l i a m p e r e s  o f  d i r e c t  c u r r e n t  

t h r o u g h  th e  a n n u lu s  o f  t h e  e l e c t r o d e  f o r  45 s e c o n d s .  Two 

l e s i o n s  w e re  made, one  ab o v e  t h e  o t h e r ,  w i t h  one m i l l i m e t e r  

s p a c in g  b e tw e e n  t h e  l e s i o n s .  A f t e r  t h e  l e s i o n s  w ere  made, 

t h e  e l e c t r o d e  was rem oved and  t h e  c o r t i c a l  s u r f a c e  was 

i r r i g a t e d  w i t h  B a c i t r a c i n  s o l u t i o n .  A l l  membranes w e re  

rem oved from  t h e  e x p o se d  f r o n t a l  s i n u s  and  th e  open n a s a l  

p a s s a g e  was s e a l e d  w i t h  e l e c t r o c o a g u l a t i o n  and bone wax.

Then, a  p i e c e  o f  s t e r i l e  G e l - F i lm  was p l a c e d  o v e r  th e  

ex p o sed  c o r t e x  and  t h e  c u t  e d g e s  o f  t h e  d u ra  w ere  s u t u r e d  

o v e r  i t .  C u t m u s c le s  w e re  s u t u r e d  t o g e t h e r  and  t h e  s c a l p  

i n c i s i o n  was c l o s e d  w i t h  s u b c u ta n e o u s  s u t u r e s .  No bone  

r e p la c e m e n t  was m ade. A l l  a n im a l s  w e re  g iv e n  an  i n t r a ­

m u s c u la r  i n j e c t i o n  o f  p e n i c i l l i n  (5 0 0 ,0 0 0  u n i t s )  p o s t -  

o p e r a t i v e l y .

P o s t - o p e r a t i v e  P r o c e d u re

P o s t - o p e r a t i v e l y ,  a l l  t e s t i n g  p r o c e d u r e s  w e re  i d e n t i c a l  

w i t h  t h o s e  u s e d  p r e - o p e r a t i v e l y .  R e in f o r c e m e n t  was g iv e n  

w h e re  a p p r o p r i a t e .  The s u b j e c t s '  g e n e r a l  c o n d i t i o n  and 

b e h a v i o r  was o b s e r v e d  i n  t h e  f r e e  s i t u a t i o n  s e v e r a l  t im e s  a  

w eek a s  w e l l  a s  i n  t h e  a c t u a l  t e s t i n g  s e s s i o n s .  D u r in g  e a c h  

o b s e r v a t i o n  s e s s i o n ,  c l i n i c a l  n e u r o l o g i c a l  e v a l u a t i o n s  w e re  

made u s i n g  a  0 , 1 , 2 , 3 , 4  r a t i n g  s c a l e  ( f a i l ,  p o o r ,  q u e s t i o n ­

a b l e ,  f a i r ,  n o rm a l)  t o  e v a l u a t e  a b i l i t y  and  b e h a v io r  a s  

d e t a i l e d  on t h e  e x a m in a t io n  s h e e t  (A ppend ix  E ) . Form al
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t e s t i n g  was begu n  a s  soon  a s  t h e  a n im a l  was w i l l i n g  to  

w o rk — som etim es w i t h i n  24 h o u r s  a f t e r  s u r g e r y ,  b u t  more 

o f t e n  a f t e r  36 h o u r s .

R e s u l t s  o f  E x p e r im e n ts  #2 and  #3

E f f e c t s  o f  VL l e s i o n  on p u s h  b u t t o n  t r a c k i n g  
p e r fo rm a n c e  (E x p e r im e n t  2)

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

F i g .  13, i n  te rm s  o f  m ed ian  t im e  (11  t r i a l s / d a t a  p o i n t )  f o r  

n i n e  s u c c e s s i v e  b u t t o n  p r e s s e s  a lo n g  t h e  o r d i n a t e ,  and 

s u c c e s s i v e  b l o c k s  (11  t r i a l s / b l o c k ) ,  f o r  t h e  l a s t  t e n  b lo c k s  

p r i o r  t o  s u r g e r y  and  p r i o r  t o  s a c r i f i c e  on t h e  a b s c i s s a e .

The d a t a  a r e  p l o t t e d  s e p a r a t e l y  f o r  e a c h  o f  th e  f o u r  

a n im a l s .  The s o l i d  l i n e s  r e p r e s e n t s  th e  p e r fo rm a n c e  o f  t h e  

l im b  i p s i l a t e r a l -  t o  t h e  l e s i o n ,  w h i l e  t h e  b ro k e n  l i n e s  

r e p r e s e n t  th e  p e r fo rm a n c e  o f  t h e  l im b  c o n t r a l a t e r a l  t o  th e  

l e s i o n  ( i . e . ,  t h e  a f f e c t e d  s i d e ) . As c a n  be  s e e n  i n  

T a b le  2 , Ht "  t e s t s  o f  t h e  d a t a  f o r  e a c h  o f  t h e  f o u r  a n im a ls  

show t h a t  t h e r e  was a  s i g n i f i c a n t  (p<C 0.001) i n c r e a s e  i n  th e  

t im e  r e q u i r e d  to  p r e s s  n in e  b u t t o n s  i n  se q u e n c e  f o r  th e  

f o r e l e g  c o n t r a l a t e r a l  t o  t h e  l e s i o n .  T hese  d a t a  show t h a t  

t h e r e  a r e  no s i g n i f i c a n t  e f f e c t s  o f  t h e  s u r g e r y  i n  th e  lim b 

c o n t r a l a t e r a l  t o  t h e  n o rm a l  h e m is p h e r e ,  w h i l e  t h e  a v e r a g e  

p e r fo rm a n c e  t im e s  w i t h  t h e  a f f e c t e d  lim b  i s  one and  a  h a l f  

t im e s  s lo w e r  th a n  i t  was p r e - o p e r a t i v e l y  (mean t im e  o f  6 .2 9  

s e c .  v s .  4 .2 0  s e c . ) .  T h re e  o f  t h e  a n im a l s  had  s i m i l a r  

p e r fo rm a n c e  t im e s  w i t h  th e  u n a f f e c t e d  lim b  p r i o r  to  s u r g e r y .  

The f o u r t h ,  Desdemona, showed no s i g n i f i c a n t  c h a n g e s  w i t h



F i g .  13. Summary o f  d a t a  on p u sh  b u t t o n  t a s k  i n  te rm s  
o f  p r e -  and  p o s t - o p e r a t i v e  t e r m i n a l  p e r f o r m a n c e .  G raph  o f  
m ed ian  t im e  t o  p r e s s  n i n e  b u t t o n s  i n  a  t r i a l  v s .  s u c c e s s i v e  
b l o c k s  o f  t r i a l s  (11  t r i a l s / b l o c k ) .
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h e r  r i g h t  (n o rm a l)  l e g .  The low mean p e r fo rm a n c e  t im e s  

( a s  d i s c u s s e d  p r e v i o u s l y )  a r e  due t o  t h e  f a c t  t h a t  sh e  was 

r e q u i r e d  t o  p r e s s  o n ly  t h r e e  p u sh  b u t t o n s  w i t h  t h i s  l e g .

The Mt M v a l u e s  c a l c u l a t e d  ( r a n g e  1 0 .9  t o  5 2 .6 )  i n d i c a t e  t h e  

r e l i a b i l i t y  o f  th e  s u r g i c a l  a f f e c t  on f o r e l i m b  p e r fo r m a n c e .

I n  one c a t  i n v o lv e d  i n  e x p e r im e n t  # 2 , J u l i e t ,  t h e r e  was 

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

p e r fo rm a n c e  o f  t h e  f o r e l e g  on t h e  u n a f f e c t e d  s i d e .  The 

r e s p o n s e  t im e s  w e re  g r e a t e r  th a n  t h o s e  o f  t h e  o t h e r  a n im a l s ,  

b u t  w i t h i n  a  w eek p e r fo rm a n c e  on t h i s  s i d e  was a t  t h e  

p r e - o p e r a t i v e  l e v e l .  P e r fo rm a n c e  o f  t h e  f o r e l e g  on th e  s i d e  

a f f e c t e d  by  t h e  l e s i o n ,  h o w ev er ,  re m a in e d  s i g n i f i c a n t l y  

p o o r e r .

Each  a n im a l  s e r v e d  a s  i t s  own p o s t - o p e r a t i v e  c o n t r o l  

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

a n c e  t im e s  com pared  p r e -  an d  p o s t - o p e r a t i v e l y .  T a b le  3, 

l i s t s  t h e  t o t a l  number o f  e r r o r s  made by  e a c h  a n im a l  on e a c h  

o f  t h e  l a s t  f i v e  day s  p r i o r  to  s u r g e r y  and  p r i o r  to  

s a c r i f i c e .  I t  i s  c l e a r  t h a t  more e r r o r s  w e re  made by  t h e  

l im b  a f f e c t e d  by  t h e  s u r g e r y .

E f f e c t s  o f  VL and  MD l e s i o n s  on t i g h t - r o p e  
r u n n in g  p e r fo rm a n c e  (E x p e r im e n t  3)

The i n f l u e n c e s  o f  VL o r  c o n t r o l  MD l e s i o n s  i n  a l t e r i n g  

t i g h t - r o p e  p e r fo rm a n c e  c a n  b e s t  be  a n a l y z e d  by  c o n s i d e r i n g  

th e  i n d i v i d u a l  p e r fo rm a n c e  c u r v e s  o b t a i n e d  d u r i n g  e x p e r im e n t  

# 3 .  F i g .  14, p r e s e n t s  t h e s e  d a t a ,  f o r  e a c h  a n im a l ,  i n  te rm s  

o f  mean r u n n in g  t im e s  (mean o f  5 t r i a l s )  a lo n g  th e  o r d i n a t e



T a b le  2 .  P u sh  b u t t o n  p e r fo rm a n c e  summary. The l a s t  
10 b l o c k s  p r e - o p e r a t i v e  and  t h e  l a s t  10 b l o c k s  p o s t ­
o p e r a t i v e .  E ach  b l o c k  i s  mean p e r fo rm a n c e  t im e  i n  s e c o n d s .  
(11  t r i a l s / b l o c k )



Cat Lesion Leg

P re -o p e ra tiv e  

Mean o f l a s t  

110 t r i a l s

P o s t-o p e ra tiv e  

Mean o f l a s t  

110 t r i a l s

D iffe ren ce t P

J u l VL

r ig h t 3o87 3.80 -0.07 1.2 n o t s ig

l e f t
(op) 3,74 4.59 +0.85 10.9 < .0 0 1

Mel VL

r ig h t
(op)

4e27 5.68 +1.41 27.6 < .0 0 1

l e f t 4.43 4.38 -0.05 1.04 n o t s ig

Fran VL

r ig h t 4.32 4.29 -0.03 0.5 n o t s ig

l e f t
(op)

4.27 6.75 +2.48 52.8 < .0 0 1

Des VL
r ig h t 1.80 1.79 -0 .01 0.36 n o t s ig

l e f t
(op) 4.48 8.14 +3.66 44.8 < .0 0 1



T a b le  3 .  The t o t a l  num ber o f  s k i p ,  o m is s io n ,  wrong 
l e g  and  r e p e a t  e r r o r s  o f  e a c h  o f  t h e  l a s t  f i v e  t e s t i n g  
s e s s i o n s  ( P r e - o p e r a t i v e  and  p o s t - o p e r a t i v e  c o m p a r is o n s  
f o r  e a c h  a n i m a l . ) .



Pre-operative Post-operative

Cat
Date* Left Right Dates Left Right

12-31-68 0 0 5-14-68 23 0

1- 3-68 0 0 5-27-68 22 0

Jul 1-10-68 0 1 6- 4-68 26 1

1-14-68 0 0 6-19-68 24 0

2- 1-68 0 0 6-30-68 30 0

1- 3-68 5 4 6- 3-68 5 26

1- 6-68 5 3 6-10-68 6 22

Mel 2- 8-68 3 4 6-19-68 2 35

2-19-68 7 2 6-27-68 4 22

2-25-68 4 1 7- 4-68 1 26

2- 6-68 2 0 6-10-68 34 1

2-12-68 0 1 6-14-68 31 1

Fran 2-18-68 2 1 6-20-68 35 0

2-28-68 2 2 6-25-68 24 1

3- 3-68 0 0 6-30-68 30 0

1-10-68 2 3 6- 7-68 38 1

2- 6-68 3 1 6-13-68 46 1

Des 2- 8-68 3 4 6-20-68 39 3

3- 9-68 3 2 6-27-68 36 1

3-12-68 1
2

7- 2-68 30 1



F i g .  14 . Summary o f  d a t a  on t i g h t - r o p e  t a s k  i n  te rm s  
o f  p r e -  and  p o s t - o p e r a t i v e  t e r m i n a l  p e r f o r m a n c e .  Mean 
r u n n in g  t im e  v s .  s u c c e s s i v e  b l o c k s  o f  t r i a l s  (5  t r i a l s /  
b lo c k )  .
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an d  th e  l a s t  t e n  b l o c k s  (5  t r i a l s  e a c h )  p r i o r  t o  s u r g e r y  and 

p r i o r  to  s a c r i f i c e  on t h e  a b s c i s s a e .  T h ese  p l o t s  show t h a t  

t h e  s i x  a n im a l s  r e c e i v i n g  VL l e s i o n s  had  s i g n i f i c a n t l y  

l o n g e r  ru n n in g  t im e s  th a n  p r e - o p e r a t i v e l y  ( " t "  t e s t :  

p < 0 .0 0 1 ) ,  w h i l e  t h e  two a n im a ls  w i t h  MD l e s i o n s  showed no 

s i g n i f i c a n t  c h a n g e s  i n  r u n n in g  r a t e  s u b s e q u e n t  t o  s u r g e r y .  

T h ro u g h o u t  t h e  o b s e r v a t i o n  p e r i o d - - w h i c h  l a s t e d ,  i n  some 

c a s e s ,  a s  lo n g  a s  s i x  m o n th s - -n o  a n im a l  w i t h  a  VL l e s i o n  

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

T h i s  i n d i c a t e s  t h a t  t h e  VL l e s i o n  had  p ro d u c e d  a s e r i o u s  

e f f e c t  upon  t h e  a n i m a l s '  a b i l i t y  t o  tandem  w a lk  ( i . e . ,  ru n )  

down t h e  t i g h t - r o p e .  T a b le  4 ,  p r e s e n t s  a  summary o f  th e  

t i g h t - r o p e  p e r fo rm a n c e  i n  te rm s  o f  p r e -  and  p o s t - o p e r a t i v e  

r u n n in g  t im e s  f o r  e a c h  a n im a l .  I t  shows t h a t  111" t e s t s  o f  

t h e  d i f f e r e n c e s  i n  p e r fo rm a n c e  o f  a l l  a n im a ls  w i t h  VL 

l e s i o n s  a r e  s i g n i f i c a n t  a t  b e t t e r  t h a n  p 0 .0 0 1 .  The 

a n im a l s  w i t h  MD l e s i o n s  showed no s i g n i f i c a n t  c h a n g e s  

i n  p e r fo rm a n c e  a s  a  r e s u l t  o f  s u r g e r y .  F u r t h e r ,  T a b le  5 

shows t h a t  no  a n im a l s  w i t h  MD l e s i o n s  f e l l  from  t h e  

t i g h t - r o p e  b a r ,  w h i l e  t h o s e  a n im a l s  w i t h  VL l e s i o n s  f e l l  

f r e q u e n t l y - - a lw ay s  t o  t h e  s i d e  c o n t r a l a t e r a l  t o  t h e  l e s i o n !

The b e h a v i o r  o f  t h e  a n im a l s  w i t h  m e d ia l  d o r s a l  th a la m ic  

l e s i o n s  d e m o n s t r a te d  t h a t  t h i s  s u r g i c a l  p r o c e d u r e  d i d  n o t  

s i g n i f i c a n t l y  ( p > 0 . 6 5 )  a f f e c t  t h e i r  m anning sp e e d  on th e  

t i g h t - r o p e  tandem  r u n n in g  t a s k  i n  c o n t r a s t  t o  t h e  a n im a ls  

h a v in g  v e n t r o l a t e r a l  th a la m ic  l e s i o n s .  As p r e v i o u s l y  

m e n t io n e d ,  i n  a l l  a n im a l s  w i t h  VL l e s i o n s  t h e r e  w ere  some



T a b le  4 .  T i g h t - r o p e  p e r fo rm a n c e  summary. The l a s t  
10 b lo c k s  p r e - o p e r a t i v e  and  t h e  l a s t  10 b l o c k s  p o s t ­
o p e r a t i v e .  E ach  b l o c k  i s  mean r u n n in g  t im e ^ i n  se co n d s  
(5 t r i a l s / b l o c k ) .



Cat Laston
Pro-operative 

Maas of la st  

50 tr ia ls

Post-operative 

Mean o£ la st  

50 tr ia ls

Difference t P

jo lia t VL 2.77 4.10 1.48 5.5 < .001

Mai VL 2.17 4.11 1.94 16.2 <.001

Fean VL 2.93 4.78 1.85 6.4 <.001

Das VL 2.84 5.19 2.35 9.8 < .0 0 1

PriaecM VL 2.33 4.69 2.36 19.7 < .001

L— 11a VL 2.17 4.12 1.95 12.2 <.001

Laartas MD 2.06 2.05 1.09 0.1 not s ig

Hamlet m 2o09 2.04 1.05 0.4 not s ig



T a b le  5 .  The t o t a l  num ber o f  f a l l s  o f f  t h e  t i g h t - r o p e  
f o r  e a c h  a n im a l ,  p r e -  and  p o s t - o p e r a t i v e l y .



Cat

F a lls

Lesion
Pre-op Post-op

J u l i e t VL D 16

Mel VL 0 38

Fran VL 0 19

Dea VL 0 47

L es lie VL 2 43

P rincess VL 1 24

Hamlet MD 0 0

L aertes MD 0 0



n e u r o l o g i c  d e f i c i t s ,  w h ich  w ere  q u i t e  a p p a r e n t  d u r i n g  th e  

c l i n i c a l  n e u r o l o g i c a l  e x a m in a t io n  ( s e e  T a b le  6 f o r  a  summary 

o f  t h e s e  d a t a ) . Most s i g n i f i c a n t ,  t h e r e  was a lw a y s  a  

c o n s i s t e n t  a b s e n c e  o f  c o n t a c t  p l a c i n g  i n  th e  l im b  c o n t r a ­

l a t e r a l  t o  th e  s i d e  o f  th e  l e s i o n ,  w h ic h  p e r s i s t e d  u n t i l  

s a c r i f i c e  i n  e v e r y  a n im a l .

E f f e c t s  o f  l e s i o n s  a s  d e te r m in e d  by c l i n i c a l  
n e u r o l o g i c a l  e x a m in a t io n s

P o s t - o p e r a t i v e  t e s t i n g  f o r  a l l  a n im a ls  was beg u n  w i t h i n  

48 h o u r s  a f t e r  s u r g e r y .  T h e re  w e re  some i n d i v i d u a l  v a r i a ­

t i o n s  i n  a p p e t i t e  and  s p o n ta n e o u s  b e h a v i o r ,  b u t  a l l  a n im a ls  

w e re  a l e r t  and p e r fo rm e d  i n  th e  t e s t i n g  s i t u a t i o n s .  A l l  o f  

t h e  a n im a l s  w i t h  VL l e s i o n s  showed d e f e c t s  i n  c o n t a c t - p l a c i n g  

w i t h  t h e  f o r e l i m b  c o n t r a l a t e r a l  to  t h e  l e s i o n .  A f t e r  a  

t h r e e  day  r e c o v e r y  p e r i o d ,  a p p r o x im a te ly  n o rm a l  p l a c i n g  

b e h a v i o r  was o b s e r v e d  when v i s i o n  w as p e r m i t t e d . When 

t h e  e x p e r i m e n t e r  b lo c k e d  t h e  a n i m a l s ’ v i s i o n  by  c o v e r i n g  

t h e  e n t i r e  f a c e  w i t h  one h an d , n o rm a l  c o n t a c t - p l a c i n g  was 

no  l o n g e r  o b s e r v e d .  W ith  th e  e x c e p t i o n  o f  F r a n ,  who made 

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

no  a n im a l s  showed n o rm a l  c o n t a c t - p l a c i n g  a t  any  t im e  

p o s t - o p e r a t i v e l y  when v i s i o n  was b l o c k e d .  I n  a l l  a n im a ls  

t h e r e  was im m e d ia te  and b r i s k  w i th d r a w a l  o f  an y  l im b  when 

i t  was p r i c k e d  by a  p i n .

I n  summary, b e h a v i o r a l  a s s a y  m eth o d s  h a v e  c l e a r l y

^ R e f e r  t o  A ppend ix  B f o r  i n d i v i d u a l  n e u r o l o g i c a l  
s u m m a r ie s .



T a b le  6 .  Summary o f  n e u r o l o g i c a l  e x a m in a t io n  r e s u l t s  
one  w eek p o s t - o p e r a t i v e  and  a t  t im e  o f  s a c r i f i c e .



Key: 0 = 
1 = 
2 =

= A bsence o f  r e s p o n s e  3 = F a i r  
= P oor ( v e r y  s l u g g i s h  a n d / o r  low a m p l i tu d e  4 = Normal 
= Q u e s t io n a b le  ( p o s s i b l e  t r u e  r e s p .  -  n o t  c l e a r

1 Week P o s to ) e r a t i v e

Cat

P in
P r i c k S p o n t . 

B eh av .

P l a c in g
( F o r e ­

le g )

R i g h t . 

R esp .

C ro s s e d

E x te n s o r

G ro ss

C oord .

R e s p .
to

G rav .

•
M uscle

Tone
P a s s iv e
S t r e t c h

V is u a l

F i e l d s

O r i e n t .
to

Sounds

E a t
&

D rin k
Spin

L R
F/R F/R L R

J u l 4 /4 4 /4 3 0 4 3 3 - 4 3+ 4 3+ 4 4 4 3
Mel 4 /4 4 4 0 4 4 3+ 4 4 4 4 4 4
F ra n 4 /4 3 0 4 3 4 3+ 4 4 4 4 4 4
Des 4 /4 4 /4 3 0 4 3 4 3+ 4 3+ 4 4 4 4
P r i n 4 A 4 /4 4 4 0 3 4 3 4 4 4 4 4 4
Les 4 /4 4 /4 3 4 0 3 3 3 4 3 4 4 3 3
Ham 4 /4 4 /4 4 4 4 4 4 4 4 4 4 4 3 3
L aer 4/4 4 /4 4 4 4 4 4 4 4 4 4 4 3 - 4 4

At S a c r i f i c e
J u l 4 /4 4 /4 4 0 4 4 4 4 4 4 4 4 4 4
Mel 4 /4 4 /4 4 4 0 4 4 4 4 4 4 4 4 4
Fran 4 /4 4 /4 4 0 4 4 4 4 4 4 4 4 4 4
Des 4 /4 4 /4 4 0 4 4 4 4 4 4 4 4 4 4
P r in 4 /4 4 /4 4 4 0 4 4 4 4 4 4 4 4 4...
Les 4 /4 4 /4 4 4 0 4 4 4 4 4 4 4 4 4
Ham 4 /4 4 /4 4 4 4 4 4 4 4 4 4 4 4 4
„L a e r 4 /4 4 /4 4 4 4 4 4 4 4 4 4 4 4 4



d e m o n s t r a te d  t h a t  a  u n i l a t e r a l  l e s i o n  i n  VL p ro d u c e s  

r e l i a b l e  d e c re m e n ts  i n  p e r fo rm a n c e  on t a s k s  r e q u i r i n g  

com plex  c o o r d i n a t e d  m o to r  r e s p o n s e s .  A d d i t i o n a l l y ,  n e u r o ­

l o g i c a l  e x a m in a t io n s  d e m o n s t r a te d  c o n s i s t e n t  d e f e c t s  i n  

c o n t a c t - p l a c i n g  i n  t h e  same l im b  a f f e c t e d  by  su c h  l e s i o n s .  

I n  c o n t r a s t ,  l e s i o n s  i n  MD c a u s e d  no o b s e r v a b l e  c h a n g e s  i n  

m o to r  a b i l i t y :  e i t h e r  w i t h i n  t h e  f o rm a l  t e s t i n g  s i t u a t i o n ,

o r  i n  t h e  c l i n i c a l  e x a m in a t io n .
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I n t r o d u c t i o n  t o  E x p e r im e n t  #4

The p u r p o s e  o f  t h i s  p h a s e  o f  t h e  i n v e s t i g a t i o n  was t o  

d e te r m in e  w h e th e r  t h e  e x p e r i m e n t a l  l e s i o n s  h a d ,  i n  some 

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

e l i c i t e d  m o to r  r e s p o n s e s  a s  com pared  to  t h e  u n o p e r a t e d  s i d e .
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E x p e r im e n t  #4 

Method

S u b j e c t s . - - A l l  o f  t h e  a n im a l s  u s e d  i n  t h e  b e h a v i o r a l  

e x p e r im e n t s  w e re  s u b j e c t s  i n  t h i s  e x p e r im e n t .

A p p a r a t u s . - -T h e  a p p a r a t u s  was t h e  same a s  was u s e d  i n  

e x p e r im e n t  # 1 .

P r o c e d u r e . - - A f t e r  p o s t - o p e r a t i v e  b e h a v i o r a l  t e s t i n g ,  

a l l  a n im a l s  w e re  p r e p a r e d  s u r g i c a l l y ,  a s  i n  e x p e r im e n t  # 1 , 

e x c e p t  t h a t  t h e  f r o n t a l  c o r t i c a l  a r e a  was e x p o se d  

b i l a t e r a l l y .  I d e n t i c a l  a c c e l e r o m e t e r s  w e re  p l a c e d  on e a c h  

f o r e l e g .  B o th  p r e c r u c i a t e  g y r i  w e re  s t i m u l a t e d - - o n e  a t  a  

t i m e - - i n  a l t e r n a t i n g  o r d e r ,  The s t i m u l u s  a m p l i t u d e s  (m a.)  

a n d  r e s p o n s e  l a t e n c i e s  (m s e c .)  o f  t h e  c o n t r a l a t e r a l  f o r e l i m b  

w e re  r e c o r d e d .

R e s u l t s

E f f e c t s  o f  VL o r  MD l e s i o n s  on l a t e n c y  and  t h r e s h o l d  o f  
c o r t i c a l l y  e l i c i t e d  l im b  f l e x i o n s

The r e s u l t s ,  a s  p r e s e n t e d  g r a p h i c a l l y  i n  F i g .  15 , show 

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

an y  a n im a l  a r e  n o t  v e r y  g r e a t .  T h e re  a r e  c o n s i s t e n t  t r e n d s ,  

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

s h o r t e r  l a t e n c i e s  w e re  o b s e r v e d  from  t h e  n o rm a l  s i d e  i n  f i v e  

o u t  o f  s i x  a n i m a l s .  T h e re  w e re  no e f f e c t s  s e e n  i n  t h e  

a n im a l s  w i t h  MD l e s i o n s .  The g r a p h  f o r  e a c h  a n im a l  i s  

l a b e l e d  s e p a r a t e l y  f o r  r i g h t  (R) and  l e f t  (L) h e m is p h e r i c



F i g .  15 . G rap h  o f  d a t a  f ro m  E x p e r im e n t  # 4 .  S t im u lu s  
a m p l i tu d e  an d  r e s p o n s e  l a t e n c i e s  f o r  e a c h  a n im a l  ( R = r ig h t  
h e m is p h e r e ,  L = l e f t  h e m i s p h e r e ) .
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s t i m u l a t i o n .  T a b le  7 sum m arizes  t h e  minimum l a t e n c i e s  

r e c o r d e d  and  t h e  s t i m u l u s  l e v e l s  r e q u i r e d  t o  e l i c i t  t h e s e  

r e s p o n s e s .  The l a r g e  d i f f e r e n c e s  i n  s t i m u l u s  a m p l i tu d e s  

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

d u r i n g  t e s t i n g . ^  The r e s u l t s  i n d i c a t e  t h a t  t h e  VL l e s i o n s ,  

i n  a d d i t i o n  t o  any o t h e r  e f f e c t s ,  a p p a r e n t l y  i n c r e a s e  t h e  

t h r e s h o l d  f o r  c o r t i c a l l y  e l i c i t e d  m o to r  r e s p o n s e s  a n d / o r  

i n c r e a s e  m o to r  r e s p o n s e  l a t e n c i e s .  More com plex  

p o s s i b i l i t i e s  a r e  d i s c u s s e d  b e lo w .

C h a r a c t e r i s t i c s  o f  VL and  MD l e s i o n s  a s  d e te r m in e d  
by  h i s t o l o g i c a l  e v a l u a t i o n

A l l  h i s t o l o g y  was done w i t h  f r o z e n  s e c t i o n s .  The 

b r a i n s  w e re  s l i c e d  a t  40u  i n t e r v a l s ,  an d  e v e r y  f i f t h  one 

was s t a i n e d  b y  th e  K lu v e r  t e c h n iq u e  f o r  f i b e r s  and  c e l l  

b o d i e s .  I t  was fo u n d  t h a t  a l l  l e s i o n s  w ere  p l a c e d  i n  e i t h e r  

VL o r  MD a s  p la n n e d  (T a b le  8 ) .  A l l  o f  t h e  VL l e s i o n s  w e re  

i n  th e  a n t e r i o r  ( r o s t r a l )  p o r t i o n  w i t h  some show ing  s l i g h t  

i n t r u s i o n  i n t o  VA. The MD l e s i o n s  w ere  o f  s i m i l a r  s i z e  and 

w e re  w e l l  p l a c e d .  A l l  l e s i o n s  w e re  a p p r o x i m a t e ly  t h e  sh ap e  

o f  an  o b l a t e  s p h e r o i d  w i t h  i t s  lo n g  a x i s  v e r t i c a l  and  t h e  

b o t to m  end o f  l a r g e r  r a d i u s  t h a n  t h e  t o p .

S p e c i f i c a l l y ,  t h e  f o l lo w in g  o b s e r v a t i o n s  w e re  n o t e d :

^-%Jpon i n i t i a l  i n s p e c t i o n ,  t h e  c u r r e n t  l e v e l s  l i s t e d  
i n  T a b le  7 may a p p e a r  a  l i t t l e  h i g h  i n  a b s o l u t e  m a g n i tu d e  
( m a . ) ,  a l t h o u g h  t h e y  p r o b a b l y  w e r e n 1t  p h y s i o l o g i c a l l y .  I t  
m u s t  b e  r e c a l l e d  t h a t  t h e  e l e c t r o d e s  had  b a l l  t i p s  w h ic h  
w e re  p l a c e d  on  t h e  p i a l  s u r f a c e  i n  t h e  p e r i c r u c i a t e  a r e a  
a n d ,  p r o b a b l y ,  much o f  th e  c u r r e n t  s p r e a d  o v e r  i t s  s u r f a c e  
w i t h  r e l a t i v e l y  l i t t l e  a c t u a l l y  e x c i t i n g  t h e  c o r t i c a l  m o to ­
n e u ro n s  .



T a b le  7 .  E x p e r im e n t  #4 d a t a  sum m ary--C om parison  o f  
e f f e c t s  o f  MC s t i m u l a t i o n  on n o rm a l  and  o p e r a t e d  h e m i­
s p h e r e s .  S t im u lu s  t h r e s h o l d s  an d  r e s p o n s e  l a t e n c i e s  
r e c o r d e d  from  l i n e a r  a c c e l e r o m e t e r s  on e a c h  f o r e l e g .



Cat Lesion
Hemisphere

Stimulated

Minimum

Latency 
(m sec.)

S tim ulus
Am plitude

At Minimum 
Latency 

(ma.)

Left 12 3
J u lie t Right VL

Right 13 3

Left 18 8Mel L eft VL
Right 17 3

Left 18 3Fren Right VL
Right 17 6

Left 20 9
Deedemcma Right VL

Right 22 9 - 1 0

L eft 17 7
Princess L eft VL

Right 16 5

Left 17 6L eslie L eft VL
Right 16 5

Left 17 10
Laertes Right MD

Right 16 10

L eft 19 5
Hamlet Left MD

Right 19 4



T a b le  8 .  H i s t o l o g i c a l  summary f o r  a l l  c a t s  show ing 
c o o r d i n a t e s  o f  e a c h  l e s i o n  a c c o r d i n g  t o  t h e  A t l a s  o f  J a s p e r  
and  A jm one-M arsan  ( 1 9 5 4 ) .



Cat L es io n
A - P 

Plane

H eigh t

V ertica l

L ateral

Plane

Juliet VL + 9 .8  -  +11 .3 +1.0 - +3.7 3.0 - 4 .0

Mel VL +9.9 - +11.3 +0.7 - +3.5 3.0  - 4.25

Fran VL +9.7 - +11.3 +0.7 - +3.3 3.3 - 4 .5

Desdsnone VL +10.2 - +11.5 +0.3 - +3.0 3.5 -  4.6

Princess VL +10.5 - +12.0 +0.5 - +3.3 3.5 -  4.7

Leslie VL +10.3 -  +11.4 +1.0 -  +3.5 3.5 - 4.5

Laertes m +8.7 - +10.1 +3.0 -  +5.0 0.5  -  2.1

Haslet m +8.8 - +10.0 +3.0 - +4.9 0.8 - 2.0
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J u l i e t  h a d  a  l e s i o n  w h ic h  was a b o u t  1 mm. h i g h e r  t h a n  th e  

o t h e r  VL l e s i o n s .  I t  was w e l l  p l a c e d  w i t h  d e s t r u c t i o n  

e x te n d in g  a p p r o x im a te ly  from  a n t e r i o r  + 9 .8  to  + 1 1 .5  mm. and
o n

l a t e r a l l y  from  3 t o  4 mm. The l e s i o n  e x te n d e d  v e r t i c a l l y  

from  + 1 .0  t o  + 3 .7  mm. The a n t e r i o r  p a r t  o f  t h e  l e s i o n  may 

h a v e  e n c ro a c h e d  upon  VA s l i g h t l y .  P r i n c e s s ' s  l e s i o n  

e x te n d e d  from  a n t e r i o r  + 1 0 .5  t o  + 1 2 .0  mm. and d id  e n t e r  VA 

f o r  a b o u t  1 /2  mm. The l e s i o n  e x te n d e d  i n  h e i g h t  from  + 0 .5  

to  + 3 .3  mm. and  was c e n t e r e d  i n  VL l a t e r a l l y  from  + 3 .5  to  

+ 4 .7  mm. Desdemona h a d  a  l e s i o n  w h ic h  a l s o  h a d  a s l i g h t  

i n t r u s i o n  i n t o  t h e  r e g i o n  o f  VA. Her l e s i o n  e x te n d e d  from  

a n t e r i o r  + 1 0 .2  t o  + 1 1 .5  mm. L a t e r a l l y  i t  e x te n d e d  from  + 3 .5  

t o  + 4 .5  mm., w h i l e  i t s  v e r t i c a l  r a n g e  was from  + 0 .3  to  + 3 .0 .  

M e l ' s  l e s i o n  was s l i g h t l y  n a r r o w e r  t h a n  t h e  o t h e r s ,  b u t  was 

c e n t e r e d  i n  a lm o s t  t h e  same p l a c e  a s  J u l i e t ' s .  I t  e x te n d e d  

from  a n t e r i o r  + 9 .9  t o  + 1 1 .3  mm., h ad  a  l a t e r a l  sp a n  from

3 .0  to  4 . 3  mm. and e x te n d e d  v e r t i c a l l y  from  + 0 .7  t o  + 3 .5  mm. 

A s l i g h t l y  n a r ro w e r  l e s i o n  was fo u n d  i n  L e s l i e ' s  b r a i n .  I t  

e x te n d e d  from  a n t e r i o r  + 1 0 .3  to  + 1 1 .4  mm. and from  3 .5  to  

4 .5  mm. i n  t h e  l a t e r a l  p l a n e .  The v e r t i c a l  r a n g e  was from  

a p p r o x im a te ly  + 1 .0  t o  +3.5-:mm. Some i n t r u s i o n  i n t o  VA i s  

a p p a r e n t .  F i n a l l y ,  F ra n  had  a w e l l  c e n t e r e d  l e s i o n ,  t o t a l l y  

w i t h i n  t h e  c o n f i n e s  o f  VL. I t  e x te n d e d  i n  t h e  A-P p l a n e  

from  + 9 .7  to  + 1 1 .3  mm., l a t e r a l l y  from  3 .3  t o  4 .5  mm., and  

v e r t i c a l l y  from  + 0 .7  to  + 3 .3  mm.

^®A11 c o o r d i n a t e s  a r e  p r e s e n t e d  a c c o r d in g  to  th e  
sy s te m  and  a t l a s  o f  J a s p e r  and  A jm one-M arsan  ( 1 9 5 4 ) .



W ith  r e s p e c t  t o  t h e  MD l e s i o n s ,  i t  was found  t h a t  b o t h  

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

n u c l e u s .  H am let h a d  a  l e s i o n  e x te n d in g  i n  t h e  A-P p l a n e  

from  + 8 .8  t o  + 1 0 .0  mm., i n  t h e  l a t e r a l  p l a n e  from  0 .8  t o

2 .0  mm. and  v e r t i c a l l y  from  + 3 .0  t o  + 4 .9  mm. L a e r t e s  h a s  a  

s l i g h t l y  l a r g e r  l e s i o n  w h ic h  showed a  s l a n t e d  p a t h ,  b e in g  

a b o u t  1 /2  mm. more m e d ia l  a t  t h e  to p  o f  t h e  l e s i o n .  The 

e x t e n t  o f  t h e  l e s i o n  was from  a n t e r i o r  + 8 .7  to  1 0 .1  mm., i n  

th e  l a t e r a l  p l a n e  from  0 .5  t o  2 .1  mm. ( s l i g h t  s l a n t )  and  

v e r t i c a l l y  from  + 3 .0  t o  + 5 .0  mm.

I n  summary, a l l  l e s i o n s  w ere  p r o p e r l y  p l a c e d  i n  e i t h e r  

VL o r  MD. Two o f  t h e  VL l e s i o n s — t h o s e  o f  Desdemona and  

P r i n c e s s - - d e f i n i t e l y  i n c l u d e d  s m a l l  p a r t s  o f  p o s t e r i o r  VA, 

w h i l e  J u l i e t  and  L e s l i e  may h a v e  h a d  some damage to  th e  

VL-VA b o r d e r  r e g i o n .  I n  a l l  c a s e s ,  much more t h a n  907, o f  

th e  l e s i o n  was c o n t a i n e d  i n  t h e  a n t e r i o r  p o r t i o n  o f  VL.

From a l l  i n d i c a t i o n s ,  t h e  e l e c t r o d e  p a t h  was t h r o u g h  t h e  

a n t e r i o r - m e d i a l  p a r t  o f  n .  A n t e r i o r  V e n t r a l i s .  No o t h e r  

t h a l a m i c  n u c le u s  a p p e a r s  t o  be  d i r e c t l y  a f f e c t e d  by  th e  

l e s i o n s .

The m a jo r  e x t e n t  o f  e a c h  MD l e s i o n  i s  i n  t h e  a n t e r i o r  

p a r t  o f  MD, s l i g h t l y  m e d ia l  o f  t h e  c e n t e r  o f  t h e  n u c l e u s .

I n  b o t h  a n im a l s ,  t h e r e  i s  some damage t o  a d j a c e n t  m i d l i n e  

n u c l e i ,  i n c l u d i n g  n .  P e r i v e n t r i c u l a r i s  A n t e r i o r ,  

n .  P a r a t a e n i a l i s ,  and  S t r i a  m e d u l l a r i s .  T h is  was i n  p a r t

due t o  t h e  p a s s a g e  o f  t h e  e l e c t r o d e  to  MD.

F i g u r e  24 i s  a  p h o to m ic ro g r a p h  o f  a  s e c t i o n  from



J u l i e t ’ s b r a i n .  The s i z e  and  e x t e n t  o f  t h i s  t y p i c a l  VL 

l e s i o n  c a n  b e  s e e n  c l e a r l y .  F i g u r e  25 i s  a  p h o to m ic ro g ra p h  

o f  a  s e c t i o n  fro m  H a m le t ' s  b r a i n .  I t  c a n  be  s e e n  t h a t  t h e  

l e s i o n  i s  w e l l  p l a c e d  i n  MD. A d ja c e n t  damage c a n  a l s o  be  

s e e n .  D ia g ra m m a tic  r e p r e s e n t a t i o n s  o f  t h e  e x t e n t  o f  a l l  

l e s i o n s  c a n  b e  fo und  i n  A p pend ix  C. F o r e a c h  a n im a l ,  a  

c o r o n a l  and  s a g i t t a l  d ra w in g  i s  p r e s e n t e d .  A l l  l e s i o n s  a r e  

p r e s e n t e d  a s  th o u g h  th e y  w e re  made i n  t h e  l e f t  h e m is p h e r e .  

T h a t  i s ,  t h e  l e f t  h e m is p h e re  l e s i o n s  w e re  draw n i n  n o r m a l ly ,  

w h i l e  t h o s e  b r a i n  s e c t i o n s  h a v in g  l e s i o n s  i n  t h e  r i g h t  

h e m is p h e re  w e re  t u r n e d  o v e r  and  t r a c e d  on  th e  l e f t  

h e m is p h e re  d ia g ra m .

An a t t e m p t  t o  r e l a t e  t h e  l o c i  o f  t h e  VL l e s i o n s  t o  

o b s e r v e d  d i f f e r e n c e s  i n  b e h a v i o r  was n o t  s u c c e s s f u l .  No 

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

d i f f e r e n c e s  t o  t h e  l o c u s  o f  t h e  l e s i o n .  T h is  s u g g e s t s  a t  

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

w e re  n o t  v e r y  g r e a t  on e i t h e r  t a s k ,  o r  c l i n i c a l l y ;  and  

s e c o n d ,  a l l  o f  t h e  VL l e s i o n s  w e re  w i t h i n  one  a r e a  o f  VL-- 

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

l e s i o n s  w as d e te r m in e d  e l e c t r o p h y s i o l o g i c a l l y ,  and  th e  

r e s u l t a n t  b e h a v i o r a l  e f f e c t s  w e re  c o n s i s t e n t ,  i t  i s  c o n c e i v ­

a b l e  t h a t  t h e  e x a c t  p h y s i c a l  p o s i t i o n  o f  th e  l e s i o n  w i t h i n  

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

e l e c t r i c a l l y  d e te r m in e d  l o c u s .
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D i s c u s s io n

When t h r e e  s u c c e s s i v e  e l e c t r i c a l  im p u l s e s  w ere  a p p l i e d  

t o  VL ( a t  a  1 0 / s e c .  r a t e )  an  au g m e n tin g  r e s p o n s e  was 

r e l i a b l y  e l i c i t e d  from  m o to r  c o r t e x  i n  a l l  a n im a l s .  The 

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

r e s p o n s e  i s  u n iq u e  to  s t i m u l i  a p p l i e d  to  VL and o b s e rv e d  a t  

MC i s  s u p p o r te d  by  t h e  d a t a  o f  B r o o k h a r t ,  e t . a l . ,  ( 1 9 5 8 ) ,  

and  by  Y o s h id a ,  e t . a l . ,  ( 1 9 6 4 ) ,  a s  w e l l  a s  by  o t h e r  

i n v e s t i g a t o r s  who h a v e  r e p o r t e d  t h a t  t h e  t h a l a m ic  a r e a  w h ic h  

p r o d u c e s  r h y th m ic  n e g a t i v e - p o s i t i v e  in c r e m e n t in g  p o t e n t i a l s  

w i t h  i n i t i a l  s h o r t  l a t e n c y  p o s i t i v i t y  i n  t h e  p e r i c r u c i a t e  

a r e a  (a u g m e n tin g )  was in d e e d  th e  v e n t r o l a t e r a l  n u c l e u s .  A t 

t h e s e  l o c i ,  some m o to r  r e s p o n s e s  t o  VL s t i m u l a t i o n  a lo n e  

w ere  o b s e r v e d .  I t  i s  p o s s i b l e  t h a t  t h i s  w as due to  n o n ­

r e c i p r o c a l  a d ju s tm e n t s  i n  f l e x o r  m u sc le  t o n e  o f  th e  f o r e l im b  

d u r in g  th e  p e r i o d  o f  s t i m u l a t i o n  (u n d e r  l i g h t  b a r b i t u r a t e  

a n e s t h e s i a ) . T h is  s u g g e s t i o n  i s  i n  a g re e m e n t  w i th  

Y an ag isaw a , e t . a l . ,  ( 1 9 6 3 ) .  They r e p o r t  t h a t  VL s t i m u l a t i o n  

e x e r t s  a  n o n r e c i p r o c a l  f a c i l i t o r y  i n f l u e n c e  on s p i n d l e  

d i s c h a r g e s  from  a n t a g o n i s t i c  m u sc le s  u n d e r  l i g h t  p e n t o ­

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

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

s p i n d l e s )  u n d e r  m o d e ra te  o r  deep  a n e s t h e s i a .  The r e s u l t a n t  

en h an cem en t o f  t h e  movement d u r in g  t h e  t r i a l s  i n  w h ic h  MC, 

a s  w e l l  a s  VL, i s  s t i m u l a t e d  c o u ld  t h e n  b e  due to  c h a n g e s  i n  

th e  c o r t i c a l  m o to r  s y s te m  a s s o c i a t e d  w i t h  t h e  VL s t i m u l a t i o n .



S u p p o r t  f o r  t h i s  h y p o t h e s i s  i s  a l s o  fo un d  i n  t h e  d a t a  o f  

Ohye, e t . a l . ,  ( 1 9 6 4 ) ,  who r e p o r t  t h a t  " s t i m u l a t i o n  w i t h i n  

t h e  VL n u c le u s  r e s u l t s  i n  n o n r e c i p r o c a l  i n c r e a s e  i n  m u sc le  

to n e  on t h e  c o n t r a l a t e r a l  f o r e l im b  m u s c l e s . "

I f  one a d o p ts  H ofm ann 's  (1962b) c o n c e p t  o f  i n t e r a c t i n g  

e x c i t a t o r y  a n d / o r  i n h i b i t o r y  e f f e c t s  on c e r t a i n  n u c l e i  and 

m u sc le  g ro u p s  a s  a  r e s u l t  o f  VL s t i m u l a t i o n ,  t h e  enhancem en t 

o f  t h e  e l i c i t e d  m o to r  r e s p o n s e s  c o u ld  t h e n  b e  t h e  r e s u l t  o f  

t h e  c o n d i t i o n i n g  s t i m u l u s  (VL) p r e d i s p o s i n g  t h e  l im b  f o r  a 

m ore r a p i d ,  h i g h e r  a m p l i tu d e  r e s p o n s e  t o  t h e  m o to r  s i g n a l .  

T h ese  e f f e c t s  c o u ld  be  due t o  d i r e c t  a l t e r a t i o n s  a t  t h e  

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

n e u ro n s  i n  t h e  m o to r  c o r t e x .

The o b s e r v e d  s h o r t  l a t e n c y  en h an cem en t o f  t h e  

c o r t i c a l l y  e l i c i t e d  movements i n  t h e  e a r l y  p a r t  o f  t h e  

p r e s e n t  r e p o r t  i s  s u p p o r te d  by  t h e  r e s u l t s  o f  S c h la g  (1 9 6 6 ) .  

He o b s e rv e d  t h a t  t h e  VL c o n d i t i o n i n g  s t i m u l u s ,  th r o u g h  

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

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

d e l a y  o f  a b o u t  6 m sec . I t  i s  m ore d i f f i c u l t ,  h o w e v er ,  to  

e x p l a i n  t h e  s e c o n d a r y  enh an cem en t w h ic h  was o b s e r v e d  w i t h  

c o n d i t i o n i n g - - t e s t  sh o c k  i n t e r v a l s  upw ard  o f  75 m sec . I f  i t  

r e p r e s e n t s  t h e  t im e  consumed i n  c o n d u c t io n ,  q u i t e  a  l a r g e  

c i r c u i t  w ou ld  h a v e  t o  be p o s t u l a t e d .  A p o s s i b l e  e x p l a n a t i o n  

i s  t h a b ,  s u b s e q u e n t  t o  d i s c h a r g e ,  t h e  r e c o v e r y  o f  t h e  

th a la m ic  u n i t s  im posed  a  p e r i o d i c i t y  o f  a b o u t  80 to  120 m sec.



I n  f a c t ,  lo n g  s t a n d i n g  e v id e n c e  a t t r i b u t e s  a  th a l a m ic  o r i g i n  

t o  t h e  8 - 1 2  p e r  se co n d  c y c l e s  r e c o r d e d  o v e r  m o s t  o f  t h e  

c o r t e x  (Dempsey & M o riso n ,  1942c; A n d e rse n  & R u d jo rd ,  1 9 6 4 ) .  

T h is  o v e r s i m p l i f i e d  v iew  d o e s  n o t  even  c o n s i d e r  t h e  v a r i o u s  

f e e d b a c k  pa th w ay s  known to  e x i s t  b e tw e e n  t h e  th a la m u s ,  t h e  

c o r t e x ,  an d  o t h e r  l o c i ,  b u t  i t  seem s to  p o i n t  i n  t h e  c o r r e c t  

d i r e c t i o n  ( S c h la g  & B a lv i n ,  1964 ; S t e p h a n i s  & J a s p e r ,  1 9 6 4 ) .

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

s tu d y  show t h a t  u n i l a t e r a l  l e s i o n s  i n  t h e  v e n t r o l a t e r a l  

com plex  o f  th e  c a t  r e s u l t  i n  a l o s s  o f  c o n t a c t  ( t a c t i l e )  

p l a c i n g  r e a c t i o n s  and  im p a irm e n t  o f  c o o r d i n a t e d  v o l u n t a r y  

m o to r  a b i l i t y .  The i n a b i l i t y  t o  p e r f o r m  t h e  s k i l l e d  

c o o r d i n a t i o n  t a s k s  w i t h  t h e  a f f e c t e d  fo re p a w  p e r s i s t e d  

th r o u g h o u t  t h e  p o s t - o p e r a t i v e  o b s e r v a t i o n  p e r i o d .  On th e  

p u sh  b u t t o n  t a s k ,  t h e  o p e r a t e d  a n im a l s  w e re  u n a b le  t o  r e a c h  

t h e i r  own p r e - o p e r a t i v e  c r i t e r i o n  p e r fo rm a n c e  l e v e l s .  The 

d e c re m e n t  i n  p e r fo rm a n c e  i s  c l e a r l y  t h e  r e s u l t  o f  t h e  

s u r g i c a l  p r o c e d u r e  s i n c e  t h e  u n o p e r a t e d  s i d e  w as n o t  

a f f e c t e d  a t  a l l .  S i m i l a r  c o n c l u s i o n s  a r e  e a s i l y  draw n a b o u t  

t h e  p e r fo rm a n c e  c o m p a r is o n s  on  t h e  r u n n in g  t a s k .  A l th o u g h  

i t  i s  n o t  p o s s i b l e  t o  c o m p l e t e ly  q u a n t i f y  t h e  p e r fo rm a n c e  

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

l e s i o n s  a r e  q u i t e  c l e a r .  D u r in g  t e s t i n g ,  t h e  a n im a l s  o n ly  

f e l l  t o  t h e  s i d e  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 d d i t i o n a l  

j u s t i f i c a t i o n  f o r  t h e  c o r r e l a t i o n  o f  runw ay p e r fo rm a n c e  

d e f i c i t s  w i t h  t h e  s u r g i c a l  p r o c e d u r e s  c a n  be  fo u n d  i n  th e
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f a c t  t h a t  f o u r  o f  t h e  s i x  a n im a ls  u s e d  i n  t h i s  e x p e r im e n t  

(VL l e s i o n s )  a l s o  showed t h e  c l e a r  u n i l a t e r a l  p u sh  b u t t o n  

d e f i c i t s  d e s c r i b e d  a b o v e .  F u r t h e r ,  a l l  o f  t h e  a n im a ls  w i t h  

VL l e s i o n s  showed lo n g  l a s t i n g  c o n t a c t - p l a c i n g  d e f i c i t s  

c o n t r a l a t e r a l  t o  t h e  s i d e  o f  t h e  l e s i o n .  C l a s s i c a l l y ,  t h i s  

d e f e c t  i n  m o to r  p e r fo rm a n c e  h a s  b e e n  a t t r i b u t e d  to  l e s i o n s  

o f  t h e  p r im a r y  m o to r  c o r t e x  ( P r ib r a m ,  e t . a l . - - p .4 4 1 ,  1 9 5 5 ) .  

T h is  o b s e r v a t i o n  s t r o n g l y  s u g g e s t s  t h a t  t h i s  d e f i c i t  i s  more 

l i k e l y  due t o  some damage i n  one  o r  more o f  t h e  " lo o p "  

p a th w a y s  o p e r a t i n g  b e tw ee n  VL and  MC, o r  t o  f i b e r s  p a s s i n g  

t h r o u g h  t h e  v e n t r o l a t e r a l  com plex  on t h e  way t o ,  o r  from ,
Ol

t h e  m o to r  c o r t e x .  x

As i n d i c a t e d  i n  T a b le  3 , t h e  p e r fo rm a n c e  d e c re m e n t  

was m ore th a n  s im p ly  an  i n c r e a s e  i n  t h e  t im e  r e q u i r e d  to  

p r e s s  b u t t o n s  t o  t h e  c r i t e r i o n  l e v e l .  I t  i n v o lv e d  many more 

e r r o r s  and  a b o r t e d  a t t e m p t s .  The c a t  w ou ld  b e g in  t o  p r e s s  

and  t h e n  s k i p  b u t t o n s ,  o r  h e s i t a t e ,  s t r o k i n g  th e  t o p s  o f  

b u t t o n s  b u t  n o t  p r e s s i n g ,  o r  p r e s s  t h e  same b u t t o n  

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

n i n e  p u s h  b u t t o n s .  When u s i n g  t h e  d e f e c t i v e  l im b ,  t h e  c a t s  

a p p e a r e d  m ore v i s u a l l y  a t t e n t i v e  t o  th e  i l l u m i n a t e d  p u sh  

b u t t o n s  t h a n  p r e v i o u s l y ,  t o  t h e  e x t e n t  t h a t  t h e  p e r fo rm a n c e  

w as c l e a r l y  s low ed  down w h i l e  t h e  a n im a l s  " lo o k e d "  f o r  th e  

i l l u m i n a t e d  p u s h  b u t t o n .  P r e v i o u s l y ,  t h e  a n im a l  im m e d ia te ly

^ T h i s  f i n d i n g  o f  a  V L - l e s i o n - i n d u c e d  d e f e c t  i n  
p l a c i n g  h a s  r e c e n t l y  b e e n  c o n f i r m e d  by  V. A m a ss ia n ,  p e r s o n a l  
c o m m u n ic a t io n ;  D ec. 1968.



b e g a n  t o  r e s p o n d  when t h e  f i r s t  b u t t o n  was i l l u m i n a t e d  and  

t h e  r e s t  o f  th e  se q u e n c e  was a  sm ooth  f lo w  from  one  b u t t o n  

t o  t h e  n e x t .

When t h e s e  a n im a l s  t r a i n e d  on t h e  p u sh  b u t t o n  t a s k ,  a s  

w e l l  a s  t h e  o t h e r  two w i t h  VL l e s i o n s ,  w e re  t e s t e d  on t h e  

r u n n i n g  t a s k ,  t h e y  o c c a s s i o n a l l y  f e l l  o f f  t h e  b a r — f a l l i n g  

t o  t h e  s i d e  o f  t h e  im p a i r e d  l e g .  Even b e f o r e  th e  t r i a l s  

b e g a n ,  how ever, t h e  c a t s  d i d  n o t  b e h a v e  n o r m a l ly .  H o s t  o f  

them  w o u ld  s i t  i n  a  f a i r l y  n o rm a l  m anner ,  o r  s t a n d  s t i l l  on 

th e  s t a r t  p l a t f o r m  w i t h  t h e  n o rm a l  f o r e l e g  s u p p o r t i n g  t h e  

w e i g h t  o f  t h e  a n t e r i o r  p a r t  o f  t h e  b o d y . The o t h e r  f o r e l e g  

was a l t e r n a t e l y  p l a c e d  on t h e  to p  o f  t h e  b a r  o r  a g a i n s t  i t s  

s i d e ,  and  l i f t e d  o f f ,  i n  an  a lm o s t  s t r o k i n g - l i k e  m ann er .

When a  t r i a l  was i n i t i a t e d ,  t h i s  l e g  som etim es f e l l ,  o r  

s l i p p e d  o f f  o f  t h e  b a r .  I n  a l l  c a s e s ,  t h i s  was t h e  l im b  

c o n t r a l a t e r a l  t o  t h e  l e s i o n .  As t h e  p o s t - o p e r a t i v e  t e s t i n g  

c o n t i n u e d ,  i t  became e v i d e n t  t h a t  t h e  a n im a l s  te n d e d  to  

" f a v o r "  t h e i r  d e f e c t i v e  l im b  a s  t h e y  c r o s s e d  th e  b a r .  T h a t  

i s ,  t h e y  a p p e a re d  to  do m o s t  o f  t h e  w a lk in g  w i t h  t h r e e  l e g s ,  

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

p o r t .  The a n im a ls  a p p e a r e d  to  l o o k  much m ore c a r e f u l l y  b e ­

f o r e  t h e y  moved t h a t  l im b .  They a p p e a re d  t o  be  i n c a p a b l e  o f  

m ak ing  d i s c r e t e ,  t e m p o r a l l y  i n t e g r a t e d  e x t e n s i o n  movem ents 

a t  t h e  w r i s t  an d  e lbow  and t h e  n o rm a l  p a t t e r n  o f  s t e p p i n g - -  

one  f o o t  i n  f r o n t  o f  t h e  o t h e r  ( " i n d i a n  w a lk in g " ) - - s e e m e d  to  

b e  d i s r u p t e d .  T h ese  t y p e s  o f  d e f e c t s  i n  p a t t e r n e d ,  c o o r d i ­

n a t e d  movements a r e  a l s o  s e e n  d u r i n g  t h e  e x a m in a t io n  o f
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human p a t i e n t s  w i t h  n e u r o l o g i c a l  d e f e c t s .

D u r in g  some o f  t h e  p o s t - o p e r a t i v e  p u sh  b u t t o n  t e s t  

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

t r a c k i n g  t a s k  p r e s e n t e d  t o  t h e  im p a i r e d  l e g  w i t h  t h e  n o rm a l  

l e g .  T h is  b e h a v i o r  w as n o t  much o f  a  p ro b le m , ho w ev er ,  

s i n c e  t h e  e x p e r im e n te r  im m e d ia te ly  t e r m i n a t e d  t h e s e  t r i a l s  

an d  w i t h h e l d  r e i n f o r c e m e n t .

The ab ove  o b s e r v a t i o n s  a g r e e  w i t h ,  and  e x te n d ,  th e  

e a r l y  f i n d i n g s  o f  T a m e c k i  (1962) t h a t ,  a f t e r  l e s i o n s  w ere  

made i n  VL, t h e  a n im a l s  h a d  d i f f i c u l t y  w i t h  t r a i n e d  

r e s p o n s e s :  b e h a v in g  i n  an  a t y p i c a l  f a s h i o n ,  and  e m i t t i n g

l e s s  a d e q u a te  r e s p o n s e s .  He f u r t h e r  d e s c r i b e d  t h e  d e f i c i t s  

a s  b e in g  s i m i l a r  t o  t h o s e  w h ic h  a r e  s e e n  a f t e r  a b l a t i o n  o f  

th e  m o to r  c o r t e x  ( D i s c u s s io n s  o f  t h e  e f f e c t s  o f  m o to r  

c o r t i c a l  a b l a t i o n s  c a n  be  fou nd  i n  t h e  r e p o r t s  o f  Berman, 

e t . a l . ,  (1954) and  K ru g e r  and  P o r t e r  (1 9 5 8 ) ,  f o r  e x a m p le . ) .  

A f t e r  t h e  VL l e s i o n s ,  t h e  m o to r  a c t i v i t y  was p r e s e r v e d  from  

th e  v e r y  b e g in n i n g ,  b u t  t h e  c o o r d i n a t i o n  w as much i m p a i r e d .  

I n  t h e  p r e s e n t  s t u d y ,  t h e  r e s u l t s  a r e  s i m i l a r ,  b u t  a r e  m ore 

q u a n t i t a t i v e  and  show t h a t  d e f e c t s  c a n  b e  o b t a i n e d  w i t h  

u n i l a t e r a l  VL l e s i o n s .

I t  i s  u n f o r t u n a t e  t h a t  T a r n e c k i ' s  s t u d y  made u s e  o f  a  

c o n d i t i o n e d  s c r a t c h  r e f l e x  r a t h e r  t h a n  a  m ore c o m p l i c a te d  

i n s t r u m e n t a l  r e s p o n s e  s i n c e  d i r e c t  c o m p a r is o n s  c an  n o t  be  

made w i t h  t h e  p r e s e n t  s t u d y .  The f a c t  t h a t  h i s  a n im a ls  

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

b i l a t e r a l  VL l e s i o n s ,  s e r v e s  t o  s u b s t a n t i a t e  th e  c o n v i c t i o n
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t h a t  t h e  t a s k  s e l e c t e d  i n  t h e  s tu d y  was p r o b a b ly  n o t  

s u f f i c i e n t l y  s e n s i t i v e  t o  d e m o n s t r a te  t h e  lo n g  l a s t i n g  

d e f i c i t s  r e p o r t e d  i n  t h i s  p a p e r .  The t a s k s  s e l e c t e d  f o r  th e  

p r e s e n t  i n v e s t i g a t i o n  r e q u i r e d  much more com plex  r e s p o n s e s  

and  w e re  e v a l u a t e d  a s  c o n t in u o u s  f u n c t i o n s .  T h is  i s  i n  

c o n t r a s t  t o  T a r n e c k i ' s  o b s e r v a t i o n s  i n  w h ic h  a  r a t h e r  g r o s s  

r e s p o n s e  was e i t h e r  p r e s e n t  o r  a b s e n t .  I t  i s  p o s s i b l e  t h a t  

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

i n  p o s t - o p e r a t i v e  p e r fo rm a n c e  i s  th e  e x a c t  lo c u s  o f  t h e  

l e s i o n s .  P r e c i s e  a n a t o m i c a l  i n f o r m a t i o n  a b o u t  t h e  l e s i o n s  

i n  T a r n e c k i ' s  a n im a ls  i s  n o t  a v a i l a b l e ,  b u t  i t  i s  c o n c e i v ­

a b l e  t h a t  t h e y ,  u n l i k e  th e  l e s i o n s  i n  t h e  p r e s e n t  s t u d y ,  

s p a r e d  t h e  a n t e r i o r  p a r t  o f  VL a d j a c e n t  t o  VA, and  t h i s  

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

d i f f e r e n c e s  i n  lo n g  te rm  p o s t - o p e r a t i v e  p e r f o rm a n c e .

S in c e  t h e r e  a r e  no  o t h e r  r e p o r t e d  b e h a v i o r a l  s t u d i e s  

i n v o l v i n g  t h e  s tu d y  o f  com plex  c o o r d i n a t e d  m o to r  r e s p o n s e s  

i n  th e  p r e s e n c e  o f  c h r o n i c  l e s i o n s  i n  VL, w i t h  w h ic h  t o  make 

c o m p a r is o n s ,  i t  i s  i m p o s s i b l e  t o  c r i t i c a l l y  com pare  and  

f u r t h e r  e v a l u a t e  t h e  o b s e r v e d  b e h a v i o r a l  m o to r  d e f i c i t s .

The t a s k s  u s e d  i n  t h e  p r e s e n t  s tu d y  r e q u i r e d  v e r y  

d i s c r e t e  c o n t r o l  o f  movements a t  a l l  l e v e l s  o f  t h e  f o r e l im b  

a s  w e l l  a s  a p p r o p r i a t e  c o o r d i n a t e d  s h i f t i n g  o f  body w e ig h t ,  

e t c . ,  i n  a d d i t i o n  to  r e q u i r i n g  c o o r d i n a t e d  i n t e r a c t i o n s  

b e tw e e n  v i s i o n  and  l im b  movement. The d e c re m e n ts  i n  p e r ­

fo rm ance  l e v e l ,  a s  w e l l  a s  t h e  a b s e n c e  o f  n o rm a l  c o n t a c t  

( t a c t i l e )  p l a c i n g  p e r s i s t e d  u n t i l  t h e  t im e  o f  s a c r i f i c e - - a s
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lo n g  a s  s i x  m o n th s .

The o b s e r v a t i o n s  r e l a t e d  to  t h e  MD l e s i o n s  a r e  

t o t a l l y  d i f f e r e n t .  The two a n im a l s  w i t h  t h e s e  ( c o n t r o l )  

l e s i o n s  showed no o b s e r v a b l e  d e f i c i t s  e i t h e r  i n  p e r fo rm a n c e  

o r  upon  c l i n i c a l  e x a m in a t io n .  E x a c t l y  w h a t  t h e s e  n e g a t i v e  

f i n d i n g s  mean, w i t h  r e s p e c t  to  t h e  r o l e  o f  MD i s  n o t  c l e a r .  

I t  i s  p o s s i b l e ,  h o w ev er ,  a s  Chow (1953) s u g g e s t s ,  t h a t  th e  

l a c k  o f  b e h a v i o r a l  e f f e c t s  was due  to  t h e  i n c o m p le t e n e s s  o f  

t h e  l e s i o n s .  W ith  t o t a l  b i l a t e r a l  d e s t r u c t i o n s  o f  MD, some 

b e h a v i o r a l  symptoms m ig h t  o c c u r .  I n  any  e v e n t ,  i t  i s  

e v i d e n t  t h a t  t h e  s m a l l  u n i l a t e r a l  l e s i o n s  i n  MD̂  i n  t h e  

c o n t r o l  a n im a l s ,  d i d  n o t  h av e  t h e  same o r  s i m i l a r  e f f e c t s  on 

c o o r d i n a t e d  m o to r  p e r fo rm a n c e  a s  d i d  t h e  s m a l l  u n i l a t e r a l  

l e s i o n s  i n  VL.

C l e a r l y ,  VL h a s  some i m p o r t a n t  in v o lv e m e n t  i n  t h e  

i n t e g r a t i o n  o f  c o o r d i n a t e d  movement. T h is  h a s  b e e n  s u b ­

s t a n t i a t e d  by  B ran ch  and  M a r t in  (1 9 5 8 ) ,  K ru g e r  and  

A l b e - F e s s a r d  (1 9 6 0 ) ,  P u r p u r a  ( 1 9 6 2 ) ,  B u se r  ( 1 9 6 6 ) ,  M arco , 

e t . a l . ,  ( 1 9 6 7 ) ;  and  many o t h e r s  w i t h  e l e c t r o p h y s i o l o g i c a l  

f i n d i n g s .  S u p p o r t  i s  a l s o  g iv e n  by  S t e m  and  Ward (1 9 6 0 ) ,  

D ennery  and  Combs (1 9 6 1 ) ,  Y an ag isaw a , e t . a l . ,  ( 1 9 6 3 ) ,  

Y o s h id a ,  e t . a l . ,  ( 1 9 6 4 ) ,  and  many o t h e r s  i n  t h e i r  s t u d i e s  o f  

t h e  r o l e  o f  VL i n  t h e  i n t e g r a t i o n  o f  m o to r  a c t i v i t y .

As a  r e s u l t  o f  t h e  p r e s e n t  s t u d y  a s  w e l l  a s  a  th o ro u g h  

r e v ie w  o f  t h e  r e l e v a n t  l i t e r a t u r e ,  t h e  c o n c e p t u a l i z a t i o n  o f  

VL a s  a  p r im a r y  s e n s o r i m o to r  i n t e g r a t i v e  c e n t e r  becom es 

q u i t e  a c c e p t a b l e .  I t  h a s  b e e n  e s t a b l i s h e d  t h a t  VL h a s
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d i r e c t  p r o j e c t i o n s  to  and  from  t h e  p r im a r y  m o to r  c o r t e x  

( J u n g  & H a s s l e r ,  1 9 6 0 ) ,  i s  a c t i v a t e d  by  s o m a t ic  a f f e r e n t s  

(K ru g e r  & A l b e - F e s s a r d ,  1 9 6 0 ) ,  r e c e i v e s  d i r e c t  an d  r e d  

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

c e r e b e l lu m  ( C a r r e a  & M e t t l e r ,  1954; C a r p e n t e r  & S te v e n s ,

1957; Combs, 1959; Cohen, e t . a l . ,  1962; M arco, e t . a l . ,

1 9 6 7 ) ,  r e c e i v e s  c o l l a t e r a l  f i b e r s  from  t h e  p y r a m id a l  t r a c t  

( C l a r e ,  e t . a l . ,  1964) and  i s  s u p p l i e d  by  a s c e n d in g  f i b e r s  i n  

t h e  p y r a m id a l  t r a c t  ( B r o d a l  & W alb e rg , 1952; B ro d a l  & K aada, 

1 9 5 3 ) .  Blum and a s s o c i a t e s  (1968) h a v e  shown t h a t  

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

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

w h ic h  p r o j e c t  d i r e c t l y  t o  b o t h  p r e -  and  p o s t - c r u c i a t e  

c o r t e x .  A l s o ,  th e  d i r e c t  c o n t r o l  o f  m u sc le  s p i n d l e  

d i s c h a r g e  by  VL b y  way o f  t h e  gamma e f f e r e n t s  h a s  b e en  

c l e a r l y  d e m o n s t r a te d  ( S t e r n  & Ward, 1960; L a n g f i t t ,  1963; 

Y an ag isaw a , e t . a l . ,  1963; and  Y o sh id a ,  e t . a l . ,  1 9 6 4 ) .  In  

a d d i t i o n ,  t h e  r o l e  o f  VL i n  P a r k in s o n i s m  h a s  b e e n  s t u d i e d  by 

many o f  t h e  abov e  i n v e s t i g a t o r s  a s  w e l l  a s  by  Hofmann 

( 1 9 6 2 a ,b ) .  K ru g e r  and A l b e - F e s s a r d  (1 960 )  r e p o r t  t h a t  t h e  

r e g i o n  o f  VL a c t i v a t e d  by s o m a t ic  a f f e r e n t  s t i m u l i  i s  

p r e d o m in e n t ly  i t s  c a u d a l  p o r t i o n ,  w h ic h  i s  a l s o  t h e  a r e a  

known to  r e c e i v e  f i b e r s  from  th e  b ra c h iu m  c o n ju n c t iv u m ,  

w h i l e  t h e  r o s t r a l  p o r t i o n  i s  t h e  a r e a  i n  w h ic h  few t a c t i l e  

evok ed  r e s p o n s e s  w ere  r e c o r d e d  c o n s i s t e n t l y .

I n  o t h e r  w o rd s ,  VL c o u ld  e a s i l y  s e r v e  t o  e x e r t  f i n e  

c o n t r o l  o v e r  com plex  m o to r  f u n c t i o n s .  T hroug h  i t s  m u l t i p l e
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i n p u t - o u t p u t  c o n n e c t i o n s ,  a s  w e l l  a s  i t s  many " lo o p "  

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

o r  p y ra m id a l  t r a c t  f i b e r s  f o r  sm ooth  a c t i o n  a n d /o r  s h a rp e n  

p r o j e c t i o n s  to  s e n s o r i m o to r  c o r t e x  to  d i s c r e t e l y  d e l i m i t  and 

d e f i n e  o u tg o in g  i n f o r m a t i o n  f o r  f i n e  c o n t r o l  i n  th e  

p e r i p h e r y .

A l t e r n a t i v e l y ,  o r  i n  a d d i t i o n  to  t h i s  r o l e  a s  a 

m o d u la to r y  i n f l u e n c e ,  VL c o u ld  a c t  a s  an  i n t e g r a t i v e  n u c le u s  

f o r  t h e  c o n t r o l  o f  c e n t r a l  f e e d b a c k  c i r c u i t s  ( ' ’l o o p s ’1) w h ich  

c o u ld  p l a n  and  c o n t r o l  t h e  e x p r e s s i o n  o f  c o o r d i n a t e d  

p e r i p h e r a l  m o to r  a c t s ,  even  i n  th e  a b s e n c e  o f  p e r i p h e r a l  

p r o p r i o c e p t i v e  f e e d b a c k .  T h is  m ig h t  e x p l a i n ,  i n  p a r t ,  why 

t o t a l l y  d e a f f e r e n t e d  monkeys h a v e  b e e n  o b s e rv e d  to  be 

c a p a b le  o f  some c o o r d i n a t e d  movements (Knapp, Taub, &

Berman, 1 9 6 3 ) .

I t  was t h e  f i n e  c o n t r o l  o f  movement t h a t  was a b s e n t  i n  

t h e  p o s t - o p e r a t i v e  o b s e r v a t i o n s  r e p o r t e d  i n  t h i s  s tu d y .

A ls o ,  t h e  a b s e n c e  o f  n o rm a l  c o n t a c t  p l a c i n g  c o r r e l a t e s  w e l l  

w i t h  t h e  ab ove  h y p o t h e s i s  s i n c e  i t  h a s  a l r e a d y  b e e n  shown 

t h a t  t a c t i l e  evoked  r e s p o n s e s  can  be r e c o r d e d  from  p a r t s  o f  

VL, a d j a c e n t  t o  VA. T hus, th e  l e s i o n s ,  a l t h o u g h  

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

d e l i m i t e d  a n a t o m i c a l l y ,  w e re  p l a c e d  i n  p r e c i s e l y  t h a t  lo c u s  

(VL-VA) w here  th e y  w ould  p r e d i c t a b l y  h ave  s i g n i f i c a n t  

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

r e s u l t i n g  from  l e s i o n s  i n  t h e  m o to r  c o r t e x  i s  u n d e r s t a n d ­

a b l e ,  s i n c e  i t  h a s  b e e n  known f o r  some t im e  t h a t  th e  m o to r
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c o r t e x  i s  n o t  p u r e l y  an  e f f e r e n t  s y s te m  (P r ib r a m ,  e t . a l . ,  

1 9 5 5 ) ,  b u t  h a s  i n t e r a c t i o n s  w i t h  a  num ber o f  sy s te m s  b a s i c  

t o  m o to r  f u n c t i o n ,  su c h  a s  VL, f o r  exam ple  ( Ju n g  & H a s s l e r ,  

1960)1

A t t h i s  p o i n t ,  how ever, much c a u t i o n  m ust be  e x e r c i s e d  

b e c a u s e  i t  m ig h t  w e l l  be  t h a t  t h e  l e s i o n s  damaged f i b e r s  

p a s s i n g  th r o u g h  t h i s  a r e a  o f  t h e  VL c o m p le x - -o n  t h e i r  way 

to  a n d / o r  from  t h e  e o r t e x - - a s  w e l l  a s  s p e c i f i c  c e l l s  o f  t h i s  

n u c l e u s .  I t  was t h i s  p r e c i s e  r e g i o n ,  th o u g h ,  from  w h ic h  t h e  

a u g m e n tin g  r e s p o n s e s  r e c o r d e d  a t  t h e  m o to r  c o r t e x  w ere  

e l i c i t e d .  T h is  i n c r e a s e s  t h e  p r o b a b i l i t y  t h a t  m ost o f  t h e  

o b s e r v e d  e f f e c t  i s  due t o  damage t o  t h e  n u c l e u s .  More 

th o ro u g h  i n v e s t i g a t i o n s  o f  t h i s  p o i n t  m ust  b e  made b e f o r e  

an y  d e f i n i t e  c o n c l u s i o n s  c a n  be  d raw n .

I n  t h e  p r e s e n t  s tu d y ,  one  m a jo r  p ro b le m  was t h a t  t h e r e  

was no p r o v i s i o n  f o r  e x p e r i m e n t a l l y  d e t e r m i n i n g  w h e th e r  t h e  

d e f i c i t s  o b s e r v e d  w e re  due  t o  c o o r d i n a t i o n  d e f i c i t s ,  s l i g h t  

m o to r  w e a k n e s s e s ,  o r  b o t h .  A l s o ,  t h e  r u n n in g  t a s k  d id  n o t  

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

te rm s  ( e x c e p t  f o r  t h e  f a c t  t h a t  t h e  s u b j e c t s  f e l l  t o  one 

s i d e )  even  th o u g h  t h e  o v e r a l l  p e r fo rm a n c e  d e c r e m e n ts ,  a s  

d i s c u s s e d  a b o v e ,  w e re  q u i t e  c l e a r .  W ith  r e s p e c t  t o  th e  

e l e c t r o p h y s i o l o g i c a l  e x p e r im e n t s ,  v e r y  s h o r t  t im e  i n t e r v a l s  

and  l a t e n c i e s  w e re  i n v o lv e d .  Y e t ,  t h e  l e v e l  o f  a c c u r a c y  o f  

t h e  s e v e r a l  t im in g  d e v ic e s  and  r e a d o u t s  u s e d  was n o t  g r e a t  

enough  to  g i v e  a b s o l u t e  r e l i a b i l i t y  t o  th e  t im e  i n t e r v a l s  

r e p o r t e d .
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I t  i s  s u g g e s t e d  t h a t  a  f u t u r e  s t u d y  o f  t h e  e f f e c t s  o f  

u n i l a t e r a l  VL l e s i o n s  on m o to r  c o o r d i n a t i o n  b e  c a r r i e d  o u t  

u s i n g  two g ro u p s  o f  i l l u m i n a t e d  l e v e r s  w h ic h  t h e  c a t  c o u ld  

be  t r a i n e d  to  p r e s s  w i t h  e i t h e r  f o r e l e g .  The c a t  w ou ld  b e  

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

p r e s s u r e ,  i n  o r d e r  t o  b e  r e w a rd e d .  A l t e r n a t i v e l y ,  t h e  c a t s  

c o u ld  b e  p r e s e n t e d  w i t h  one l e v e r  i n  f r o n t  o f  e a c h  f o r e l e g  

and  be  r e q u i r e d  t o  p r e s s  t h e  l e v e r  w i t h  a  s p e c i f i e d  am ount 

o f  f o r c e  and  t o  h o l d  i t  f o r  some f i n i t e  i n t e r v a l .  The 

t o l e r a n c e  l i m i t s  f o r  an  " a d e q u a te "  r e s p o n s e  c o u ld  t h e n  be  

r e d u c e d  i n  s t e p s  t o  d e te r m in e  th e  a n i m a l s 1 a b i l i t y  t o  

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

o f  t h e  r e s p o n s e  and  t h e  r a p i d i t y  w i t h  w h ic h  t h e  c r i t e r i o n  

was a t t a i n e d  m ig h t  be  u s e d  a s  an  i n d i c a t o r  o f  t h e  c a t s '  

c o o r d i n a t i o n  a b i l i t y .  I f  a  s i g n a l  p a n e l  w e re  p l a c e d  i n  

f r o n t  o f  t h e  a n im a l  and  i l l u m i n a t e d  w h i l e  a n  a d e q u a te  

r e s p o n s e  was b e in g  made, s h a p in g  p r o b a b l y  w ou ld  n o t  t a k e  to o  

l o n g .  I n  a d d i t i o n ,  s u b s e q u e n t  t o  t h e  s t u d i e s  i n v o l v i n g  t h e  

e f f e c t s  o f  VL l e s i o n s ,  t h e s e  and  o t h e r ,  i n t a c t ,  a n im a ls  

c o u ld  b e  s u b j e c t e d  to  p a r t i a l  o r  t o t a l  d o r s a l  r o o t  s e c t i o n s  

and  t h e  s u b s e q u e n t  r e s p o n s e s  s t u d i e d  i n  t h e  a b s e n c e  o f  w h a t  

a r e  g e n e r a l l y  ack n o w led g ed  t o  be  t h e  p r i m a r y  p r o p r i o c e p t i v e  

p a th w a y s .  The i l l u m i n a t e d  p a n e l  w ou ld  p e r m i t  an  e v a l u a t i o n  

o f  th e  a n i m a l s '  a b i l i t y  t o  i n t e g r a t e  v i s u a l  s e n s o r y  f e e d b a c k  

w i t h  t h e  f i n e  m o to r  r e s p o n s e s  r e q u i r e d .
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A c u te  and  c h r o n i c  a n im a l  p r e p a r a t i o n s  w e re  u s e d  i n  

t h i s  m u l t i p h a s i c  s t u d y .  I n  p h a s e  I ,  c o n d i t i o n i n g  sh o c k s  t o  

n .  V e n t r a l i s  L a t e r a l i s  (VL) w e re  fo u n d  t o  p ro d u c e  d e c r e a s e s  

i n  l a t e n c y  and  i n c r e a s e s  i n  a m p l i tu d e  o f  t h e  c o n t r a l a t e r a l  

f o r e l i m b  f l e x i o n  e l i c i t e d  by  t e s t  sh o c k s  t o  t h e  m o to r  

c o r t e x  (MC). I n  p h a s e  I I ,  o t h e r  c a t s  w e re  t r a i n e d  e i t h e r  to  

p r e s s  b u t t o n s  i n  s e r i a l  o r d e r ,  o r  t o  r u n  a  n a r ro w  e l e v a t e d  

ram p, o r  b o t h ,  f o r  foo d  r e i n f o r c e m e n t  ( F r i s k i e s ) .

U n i l a t e r a l  VL l e s i o n s  w ere  t h e n  made i n  t h e s e  a n im a l s  a t  t h e  

e l e c t r o d e  lo c u s  y i e l d i n g  maximum a u g m e n ta t io n  o f  t h e  sh o c k -  

e l i c i t e d  r e s p o n s e  i n  MC. P o s t - o p e r a t i v e l y ,  t h e s e  c a t s  show-* 

ed m arked d e f i c i t s  i n  t h e  f o r e l i m b  c o n t r a l a t e r a l  t o  t h e  VL 

l e s i o n  on b o t h  p e r fo rm a n c e  t e s t s .  T h is  b e h a v i o r a l  d e f i c i t  

was acco m p an ied  by a  p e r s i s t e n t  a b s e n c e  o f  c o n t a c t  p l a c i n g  

i n  th e  same l im b .  I n  t h e s e  a n im a l s ,  t e r m i n a l  a c u t e  

e x p e r im e n t s  showed t h a t  l o n g e r  l a t e n c y ,  s m a l l e r  a m p l i tu d e  

f o r e l im b  f l e x i o n s  e l i c i t e d  by  MC s t i m u l a t i o n  on t h e  s i d e  o f  

t h e  VL l e s i o n  w ere  o b s e rv e d  when com pared  to  th e  e f f e c t s  o f  

c o n t r a l a t e r a l  ( c o n t r o l )  s t i m u l a t i o n .  I n  a d d i t i o n a l  c a t s ,  

c o n t r o l  l e s i o n s  i n  n .  M e d i a l i s  D o r s a l i s  (MD) d i d  n o t  p ro d u c e  

t h e  same b e h a v i o r a l  o r  e l e c t r o p h y s i o l o g i c a l  e f f e c t s .  T hese  

r e s u l t s  i n d i c a t e  t h a t  t h e  i n t e g r i t y  o f  t h e  VL com plex  i s  

e s s e n t i a l  f o r  n o rm a l c o o r d i n a t e d  movement and s u g g e s t  t h a t  

i t  o p e r a t e s  v i a  a f f e r e n t - e f f e r e n t  c o n n e c t i o n s  t o  t h e  m o to r  

c o r t e x  and  p e r i p h e r y .
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P e r fo rm a n c e  D a ta



T a b le  9 .  P u sh  b u t t o n  t r a c k i n g .  T o t a l  number o f  
t r i a l s  f o r  e a c h  a n im a l— b o t h  l e g s —p r e -  an d  p o s t - o p e r a t i v e l y .



Cat
Foreleg

Trained

T otal T r ia ls

Pre-op Post-op

Left 2343 5115
J u l ie t

Right 2398 5115

L eft 2387 2992
Mel

Right 2508 3113

Left 3047 379j
Fran

Right 2937 3685

Left 1936 2398
Des

Right 1771 2233



T a b le  10 . T ig h t - r o p e  r u n n in g .  T o ta l  num ber o f  
t r i a l s  f o r  e a c h  a n im a l ,  p r e -  and  p o s t - o p e r a t i v e l y .



Cat Lesion
T otal T r ia ls

Pre-op Post-op

.J u l ie t VL 375 680

Mel VL 500 425

Fran VL 575 525

Des VL 550 325

L eslie VL 350 900

Princess VL 350 800

Hamlet MD 325 125

L aertes MD 300 100



T a b le  11 . C h r o n o lo g ic a l  h i s t o r y  o f  e a c h  a n im a l .



C a ts
D a te

T ra in in g
Began

(S h a p in g )

D a te  
P ush  b u t to n  

T r a in in g  
Began

R unning
T ask
Began

D ate  
O p e ra t io n  #1

D a te  o f  
O p e ra t io n  #2 
and S a c r i f i c e

J u l 2 - 4 -6 7 3 -2 7 -6 7 1 2 -2 3 -6 7 2 - 2 -68 7- 9-68

Mel 2 -  3 -67 3 -2 2 -6 7 1 2 -2 3 -6 7 2 -2 8 -6 8 7 -1 9 -6 8

F ra n 2 -  3 -67 3 -2 4 -6 7 1 2 -2 3 -6 7 3 -  6 -68 7- 3-68

Des 2 -  3 -6 7 5 -2 5 -6 7 1 2 -2 3 -6 7 3 -1 3 -6 8 7 -1 8 -6 8

P r in 12 -2 3 -6 7 -------- 12 -2 3 -6 7 1 -2 6 -6 8 7 -1 7 -6 8

Les 1 2 -2 3 -6 7 ------ 12 -2 3 -6 7 1 -2 3 -6 8 7-1 2 -6 8

Ham 3 - 8 -68 ------- 3 - 8 -68 6 -1 8 -6 8 7 -2 4 -6 8

L aer 3 -3 0 -6 8 ------ 3 -3 0 -6 8 6 -2 4 -6 8 7 -2 6 -6 8



APPENDIX B 

N e u r o lo g ic a l  D a ta



F i g s .  16 -  23 . I n d i v i d u a l  sum m aries o f  th e  c l i n i c a l  
n e u r o l o g i c a l  e x a m in a t io n s .
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Cat: Juliet
Date of operation: 2/2/68
Locus: Right hemi. VL lesion

T w e n ty - fo u r  h o u r s  p o s t - o p e r a t i v e l y ,  i t  w as o b se rv e d  

t h a t  J u l i e t  w as q u i t e  r e s p o n s iv e .  H er a p p e t i t e  w as g o od .

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

p r e s e n t e d  from  a l l  d i r e c t i o n s ,  w as s lo w e r  th a n  n o rm a l in  

r e s p o n d in g  to  h e r  e n v iro n m e n t, b u t  a p p e a re d  to  b e  i n  good 

c o n d i t i o n .  M uscle  to n e  was g o o d . A g r o s s  d e f e c t  i n  c o n ta c t  

p l a c in g  w as im m e d ia te ly  n o t i c a b l e  on th e  l e f t  s i d e - p a r t i c ­

u l a r  l y  i n  th e  l e f t  f o r e l e g .  R ig h t in g  r e s p o n s e s  w ere  good , 

b u t  w a lk in g  w as som ewhat s l u g g i s h .  T h e re  w as a  b r i s k  w i t h ­

d ra w a l when an y  l e g  was p r i c k e d  w i th  a  p i n .  B a la n c e  on th e  

s p in  t a b l e  w as g o od .

W ith in  two w e ek s , m o to r b e h a v io r , a p p e a re d  a lm o s t 

n o rm a l when o b s e rv e d  w i th  th e  c a t  m oving f r e e l y  a b o u t ,  b u t  

t h e r e  w as s t i l l  a  p e r s i s t e n t  c o n ta c t  p l a c in g  d e f i c i t  w h ic h  

w as s t i l l  a p p a r e n t  a t  th e  t im e  o f  s a c r i f i c e .
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C a t:  Mel
D a te  o f  o p e r a t io n :  2 /2 8 /6 8
L o cu s : L e f t  h e m i. VL l e s i o n

I t  w as a b o u t  36 h o u rs  a f t e r  s u r g e r y  b e f o r e  Mel c l e a r l y  

re s p o n d e d  to  a u d i t o r y  and  v i s u a l  s t i m u l i .  H is  a p p e t i t e  was 

f a i r ,  T h e re  w as a  good  w ith d ra w a l  to  p in  p r i c k  i n  a l l  f o u r  

e x t r e m i t i e s .  R ig h t in g  r e s p o n s e s  and  sp o n ta n e o u s  b e h a v io r  

w e re  f a i r  and  good m u sc le  to n e  was o b s e rv e d  i n  a l l  

e x t r e m i t i e s .  No c o n ta c t  p l a c in g  c o u ld  be e l i c i t e d  w i th  th e  

r i g h t  f o r e l e g  (e y e s  c o v e r e d ) . B a la n c e  on th e  s p in  t a b l e  

w as g o od .

A f t e r  a b o u t  two w e ek s , Mel re s p o n d e d  a lm o s t  n o rm a lly  

to  a l l  e n v iro n m e n ta l  s t i m u l i .  H is  a p p e t i t e  w as good and  h e  

w a lk e d  and  r i g h t e d  w e l l .  H is  b a la n c e  on th e  s p in  t a b l e  w as 

g o o d . T h e re  w as n o rm a l c o n t a c t  p l a c in g  w i th  th e  l e f t  

f o r e l e g ,  b u t  no r e s p o n s e  w i th  th e  r i g h t  f o r e l e g  when th e  

e y e s  w e re  c o v e re d .  A t th e  tim e  o f  s a c r i f i c e ,  c o n ta c t  

p l a c in g  w as f a i r l y  good w i th  v i s i o n ,  b u t  t o t a l l y  a b s e n t  

when th e  e y e s  w e re  c o v e re d .
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Cat: Fran
Date of operation: 3/6/68
Locus: Right hemi. VL lesion

F ra n  w a lk ed  s p o n ta n e o u s ly  w i th  a  s l i g h t  t i l t  t o  th e  

l e f t  l e s s  th a n  24 h o u r s  a f t e r  s u r g e r y .  H er r i g h t i n g  

r e s p o n s e  s t a r t e d  w e l l ,  b u t  som etim es th e  r e a r  o f  h e r  body  

r o l l e d  to  th e  l e f t  ( t h i s  r o l l  w as n o t  o b s e rv e d  two d ay s  

l a t e r ) . She o r i e n t e d  and  re s p o n d e d  w e l l  to  a u d i t o r y  and 

v i s u a l  s t i m u l i  ev en  i n  th e  f i r s t  o b s e r v a t io n  s e s s i o n .  T h e re  

w as a  b r i s k  w ith d ra w a l  r e s p o n s e  to  p i n  p r i c k  i n  a l l  f o u r  

e x t r e m i t i e s .  W ith  h e r  e y e s  c o v e re d ,  t h e r e  w as no c o n t a s t  

p l a c in g  w i th  h e r  l e f t  f o r e l e g .  F a i r l y  good b a la n c e  on th e  

s p in  t a b l e  w as o b s e rv e d  from  t h r e e  d ay s  p o s t - o p e r a t i v e l y .

A f t e r  two w e ek s , a l l  g r o s s  m o to r and  s e n s o r y  r e s p o n s e s  

a p p e a re d  n o rm a l, w i th  th e  e x c e p t io n  t h a t  c o n ta c t  p l a c in g  

w as a b s e n t  from  th e  l e f t  f o r e l e g  when v i s i o n  w as o c c lu d e d . 

F r a n 's  a p p e t i t e  had  r e t u r n e d  to  n o rm a l. She w a lk ed  and 

r i g h t e d  f a i r l y  w e l l  and  b a la n c e d  w e l l  on th e  s p in  t a b l e .

A t th e  tim e  o f  s a c r i f i c e ,  c o n ta c t  p l a c in g  w i th ; . th e  l e f t  

f o r e l e g  w as s t i l l  a b s e n t .  A l l  o t h e r  r e s p o n s e s ,  e x c e p t  a s  

n o te d  e x p e r im e n ta l ly ,  w e re  n o rm a l.
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Cat: Desdemona
Date of operation: 3/13/68
Locus: Right hemi. VL lesion

The a n im a l was v e ry  s l u g g i s h  and  o n ly  s l i g h t l y  

r e s p o n s iv e  to  s t i m u l i  f o r  a b o u t  36 h o u rs  a f t e r  s u r g e r y .

She showed s lo w , b u t  good o r i e n t a t i o n  to  a u d i t o r y  and  

v i s u a l  s t i m u l i .  The r i g h t i n g  r e s p o n s e s  w e re  a lm o s t  n o rm a l 

a f t e r  t h r e e  d a y s .  T h ere  was a  b r i s k  w ith d ra w a l  r e s p o n s e  

to  p in  p r i c k  i n  a l l  fo u r  l e g s .  C o n ta c t  p l a c in g  w as n o rm a l 

i n  th e  r i g h t  f o r e l e g ,  w h i le  t h e r e  w e re  s lu g g i s h  r e s p o n s e s  i n  

th e  l e f t  f o r e l e g  w i th  v i s i o n  and no r e s p o n s e  when v i s i o n  

was o c c lu d e d . H er m u sc le  to n e  w as f a i r l y  good one day  

a f t e r  s u r g e r y  and a lm o s t  n o rm a l a f t e r  t h r e e  d a y s , w h i le  

w a lk in g  was q u i t e  s lu g g i s h  f o r  th e  f i r s t  few  d a y s . When 

d ro p p ed  from  a  h e i g h t ,  sh e  r o t a t e d  h e r  t r u n k  n o rm a lly  

b u t ,  f o r  th e  f i r s t  t e n  d ay s  o f  s o ,  f e l l  o v e r  when sh e  

c o n ta c te d  th e  g ro u n d . H er b a la n c e  was g o od .

W ith in  3 w e ek s , h e r  w a lk in g  was a g a in  n o rm a l. A l l  

g r o s s  m o to r and  s e n s o ry  r e s p o n s e s  a p p e a re d  n o rm a l w i th  th e  

e x c e p t io n  o f  an  a b se n c e  o f  c o n ta c t  p l a c in g  i n  th e  l e f t  f o r e ­

le g  w i th  v i s i o n  o c c lu d e d . H er a p p e t i t e  was n o rm a l.

R ig h t in g  r e s p o n s e s  a p p e a re d  n o rm a l a s  d id  h e r  b a la n c e  on th e  

s p in  t a b l e .



Cat: Princess
Date of operation: 1/26/68
Locus: Left hemi. VL lesion

T w e n ty -fo u r  h o u r s  a f t e r  s u r g e r y ,  th e  a n im a l w as s t i l l  

q u i t e  s l u g g i s h .  A g r e a t  d e a l  o f  c o a x in g  w as r e q u i r e d  i n  

o r d e r  to  g e t  th e  c a t  to  r e s p o n d .  She d i d ,  h o w ev er, o r i e n t  

to  a u d i t o r y  and  v i s u a l  s t i m u l i  p r e s e n t e d  from  v a r io u s  

d i r e c t i o n s .  She show ed l i t t l e  d e s i r e  t o  e a t  a l th o u g h  sh e  

d id  d r i n k  a  l i t t l e  m i lk .  M u scle  to n e  w as f a i r  on th e  l e f t  

s i d e ,  b u t  q u i t e  p o o r —a lm o s t  n o n - e x i s t e n t - - o n  th e  r i g h t ,  

b u t  i t  im proved  q u i t e  r a p i d l y .  W alk ing  w as q u i t e  p o o r and 

r i g h t i n g  r e s p o n s e s  w e re  n o t  g o o d . T h e re  w as a lm o s t  no 

sp o n ta n e o u s  m ovem ent. No c o n ta c t  p l a c in g  w as o b s e rv e d  w i th  

th e  r i g h t  f o r e l e g ,  w h i le  p l a c in g  w i th  th e  l e f t  f o r e l e g  was 

j u s t  a b o u t  n o rm a l . B e h a v io r  w as f a i r  on th e  s p in  t a b l e .

The r e s p o n s e  to  p in  p r i c k  w as n o rm a l i n  a l l  f o u r  l e g s  

a t  a l l  t im e s .

T h ree  w eeks a f t e r  o p e r a t i o n ,  g r o s s  r e c o v e r y  was 

a lm o s t  c o m p le te ,  w i th  good to n e  i n  a l l  e x t r e m i t i e s ,  f a i r l y  

good r i g h t i n g  r e s p o n s e s  and  good r e s p o n s e s  to  s p i n .  T h ere  

w as no c o n ta c t  p l a c in g  w i th  th e  r i g h t  f o r e l e g .  T h is  

a b se n c e  o f  p l a c in g  w as s t i l l  o b s e rv e d  a t  t im e  o f  

s a c r i f i c e .
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Cat: Leslie
Date of operation: 1/23/68
Locus: Left hemi. VL lesion

L e s l i e  w as f a i r l y  r e s p o n s iv e  24 h o u rs  a f t e r  s u r g e r y .  

T h e re  w as good o r i e n t a t i o n  to  so u n d s  and  v i s u a l  s t i m u l i .

A s l i g h t  t i l t  t o  th e  r i g h t  s i d e  when w a lk in g  w as s e e n  f o r  

one d a y . T h e re  w as n o rm a l w i th d r a w a l  to  p i n  p r i c k  i n  a l l  

f o u r  l e g s .  H is  a p p e t i t e  w as p o o r ,  b u t  r i g h t i n g  r e s p o n s e s  

and  sp o n ta n e o u s  b e h a v io r  w as f a i r .  T h e re  w as good to n e  i n  

a l l  e x t r e m i t i e s .  No c o n t a c t  p l a c in g  w i th  t h e  r i g h t  f o r e l e g  

w as o b s e r v e d - - w i th  e y e s  c o v e re d .  B a la n c e  on  th e  s p in  

t a b l e  w as g o od .

A f t e r  a b o u t  t h r e e  w e e k s , f a i r l y  good r e s p o n s e s  w ere  

s e e n  to  d ro p p in g  and  s p in n in g .  C o n ta c t  p l a c in g  re m a in e d  

a b s e n t  i n  th e  r i g h t  f o r e l e g  w i th  v i s i o n  o c c lu d e d .
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Cat: Hamlet
Date of operation: 6/18/68
Locus: Left hemi. MD lesion

S p o n ta n e o u s  w a lk in g  w as o b s e rv e d  w i t h i n  24 h o u r s  a f t e r  

s u r g e r y .  H is  a p p e t i t e  w as f a i r  b u t  im proved  r a p i d l y  and 

h e  a p p e a re d  to  e a t  n o rm a l ly  a f t e r  a n o th e r  12 h o u r s .  T h ere  

w e re  no a p p a r e n t  n e u r o l o g i c a l  d e f e c t s .  C a n ta c t  p l a c in g  w as 

n o rm a l b i l a t e r a l l y ,  w i th  and  w i th o u t  v i s i o n .  B a la n c e  on th e  

s p in  t a b l e  w as g o o d . B r i s k  r e s p o n s e s  to  p in  p r i c k  w e re  

o b s e rv e d  i n  a l l  f o u r  e x t r e m i t i e s .  He o r i e n t e d  w e l l  to  

so u n d  an d  v i s u a l  s t i m u l i .  M uscle  to n e  w as n o rm al an d  

r i g h t i n g  r e s p o n s e s  w e re  e x c e l l e n t .

H a m le t 's  b e h a v io r  was n o rm a l d u r in g  th e  e n t i r e  tim e  he  

w as o b s e rv e d  an d  t e s t e d ,  b e f o r e  s a c r i f i c e .
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Cat.:. LaertesDate of operation: 6/24/68
Locus: Right hemi. MD lesion

L a e r te s  w as a l e r t  w i t h i n  12 h o u r s  a f t e r  s u r g e r y ,  b u t  

w as u n w i l l i n g  to  w a lk  o r  e a t  f o r  a n o th e r  24 h o u r s .  He 

th e n  b e g a n  to  d r in k  m ilk  and  e a t .  T h e re  w e re  no a p p a r e n t  

n e u r o lo g ic  d e f i c i t s .  C o n ta c t  p l a c in g  w as n o rm a l u n d e r  a l l  

t e s t i n g  c o n d i t i o n s .  A u d i to r y  and  v i s u a l  r e s p o n s e s  w ere  

n o rm a l a n d  b a la n c e  w as good  on  th e  s p in  t a b l e .  B r i s k  

r e s p o n s e s  to  p i n  p r i c k  w e re  o b s e rv e d  i n  a l l  e x t r e m i t i e s .  

M usc le  to n e  an d  r i g h t i n g  r e s p o n s e s  w e re  n o rm a l.

L a e r t e s '  b e h a v io r  w as n o rm a l d u r in g  th e  e n t i r e  tim e  

h e  w as o b s e rv e d  and  t e s t e d  b e f o r e  s a c r i f i c e .



APPENDIX C 

H i s t o l o g i c a l  D a ta
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T a b le  12 . D e t a i l s  o f  b lo c k in g  o f  b r a i n  s e c t i o n  
i n  p r e p a r a t i o n  f o r  h i s t o l o g y .
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A f t e r  th e  c a t  w as s a c r i f i c e d ,  th e  to p  o f  th e  s k u l l  

w as rem oved and  th e  d u ra  c u t  away so  a s  to  e x p o se  maximum 

c o r t i c a l  a r e a  w h i le  s t i l l  r e t a i n i n g  enough  s k u l l  to  

s u b s e q u e n t ly  r e p l a c e  th e  h e ad  i n  th e  s t e r e o t a x i c  f ra m e . The 

h e a d  w as th e n  rem oved an d  p la c e d  i n  a  f o r m a l in  s o l u t i o n  f o r  

a b o u t  14 d a y s .  I t  was th e n  r e p la c e d  i n  th e  s t e r e o t a x i c  

fram e  and  a l i g n e d  w i th  th e  r e f e r e n c e  a x e s .

An e l e c t r o d e  c a r r i e r  w i th  a  #22  s c a l p e l  b la d e  i n  i t s  

h o ld e r  w as th e n  p la c e d  on  th e  fram e  and l a t e r a l  c u t s  w e re  

s lo w ly  made from  one s i d e  to  th e  o t h e r  u n t i l  th e  s l i c e  h ad  

b e e n  made th ro u g h  th e  e n t i r e  d e p th  o f  th e  b r a i n .  Two su c h  

c u t s  w e re  m ade, 6 - 8  mm. a n t e r i o r  and  p o s t e r i o r  to  th e  

p o s i t i o n  o f  th e  e l e c t r o d e  t r a c t .  The re m a in d e r  o f  th e  s k u l l  

ab o v e  th e  i n t e r - a u r a l  p la n e  w as th e n  r o n jo u r e d  away and  th e  

b lo c k  o f  b r a i n  t i s s u e  c o n ta in in g  th e  t r a c t  and  l e s i o n  was 

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

s e q u e n t  s e c t i o n i n g .



F ig .  2 4 . P h o to m ic ro g ra p h  o f  a  s e c t i o n  o f  J u l i e t 1 
b r a i n  (VL l e s i o n ) .





F ig .  2 5 . P h o to m ic ro g ra p h  o f  a  s e c t i o n  o f  H a m le t’ 
b r a i n  (MD l e s i o n ) .





F i g s .  26 -  3 3 . 
c a t ' s  b r a i n  l e s i o n .

H i s t o l o g i c a l  r e c o n s t r u c t i o n s  o f  e a c h  
( J a s p e r  & A jm one-M arsan  A t l a s ,  1 9 5 4 .)
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APPENDIX D 

A p p a r a tu s



T a b le  13 . D e t a i l s  o f  l i n e a r  a c c e l e r o m e t e r .  U sed  i n  
e x p e r im e n t s  #1 and  # 4 .
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The l i n e a r  a c c e l e r o m e t e r  u s e d  i n  e x p e r im e n t s  #1  and 

#4  was d e v i s e d  by  t h e  a u t h o r .  I t  c o n s i s t e d  o f  a  p i e z o ­

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

sc rew  clam p n e e d l e  c h u c k .  The n e e d l e  was rem oved and  a 

i / 2  i n c h  lo n g ,  num ber 20 gauge  s t e e l  w i r e  was c lam ped  i n  th e  

n e e d l e - c h u e k .  A 12 gram  b a l l  o f  l e a d  was m e l t e d  o n to  th e  

d i s t a l  end  o f  t h e  w i r e  s h a f t .  S h i e ld e d  w i r e  was a t t a c h e d  t o  

t h e  o u t p u t  o f  th e  c a r t r i d g e  and  w as c o n n e c te d  d i r e c t l y  to  

th e  sc o p e  i n p u t .  S e v e r a l  i d e n t i c a l  u n i t s  w e re  made and 

w e re  m atch ed  f o r  e q u a l  a m p l i tu d e  o u t p u t  f o r  e q u a l  a c c e l e r a ­

t i o n s .  A c c e l e r o m e te r s  w e re  m a tch e d  two a t  a  t im e .  They 

w e re  m oun ted , one a t  a  t im e ,  on a  p i v o t  arm o f  known l e n g t h

and  w e re  th e n  p u l l e d ,  a g a i n s t  a  s p r i n g ,  f o r  a  d i s t a n c e  o f  3

in c h e s  and  t h e n  r e l e a s e d .  The r e s u l t a n t  o u t p u t  f rom  th e

u n i t  was s t o r e d  on a  T e k t r o n i x  564 s t o r a g e  s c o p e .  O th e r

u n i t s  w e re  t h e n  sam pled  i n  t h e  same m anner u n t i l  s e v e r a l

w e re  fo un d  w h ic h  i n d i c a t e d  t h e  same o u t p u t  u n d e r  th e

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

When an  a c c e l e r o m e t e r  was m ounted  on an  a n i m a l ' s  l e g  a s  

shown i n  F i g .  34 , f l e x i o n  o f  t h e  l im b  r e s u l t e d  i n  an

i n d i c a t i o n  on t h e  s c o p e .  The a m p l i tu d e  o f  t h e  sco p e

d e f l e c t i o n  was p r o p o r t i o n a l  t o  t h e  a c c e l e r a t i o n  o f  t h e  l im b .  

L a te n c y  m ea su re m e n ts  w e re  made from  th e  s t i m u l u s  o n s e t  t o  

th e  f i r s t  m a jo r  p o i n t  o f ' i n f l e c t i o n .  T h a t  i s ,  t o  t h e  p o i n t  

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



F i g .  34 . D raw ing  o f  t h e  l i n e a r  a c c e l e r o m e t e r  and 
i t s  a t t a c h m e n t  t o  t h e  c a t ’ s l e g .
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F i g .  3 5 . I l l u s t r a t i o n  o f  b i p o l a r  s t i m u l a t i n g  and 
r e c o r d i n g  d e p th  e l e c t r o d e  u s e d  i n  e x p e r im e n t  # 1 .
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F i g .  3 6 . I l l u s t r a t i o n  o f  b i p o l a r  s t i m u l a t i n g  and  
r e c o r d i n g  b a l l  t i p p e d  s u r f a c e  e l e c t r o d e  u s e d  i n  e x p e r im e n t  
# 1 ,  C h ro n ic  s u r g e r y ,  and  e x p e r im e n t  # 4 .
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F i g .  3 0 . Sam ple c l i n i c a l  n e u r o l o g i c a l  e x a m in a t io n  
d a t a  s h e e t .
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