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I .  Introduction.

W h i l s t  t h e  a c t  o f p ro g r e s s io n  is  b e in g  p e r fo rm e d , th e  s e v e ra l  l im b s  

e x h ib i t  r h y th m ic  m o v e m e n ts  o f f le x io n  a n d  o f e x te n s io n . W h e n  a n y  l im b  

is  in  c o n ta c t  w i th  t h e  g ro u n d ,  i t  e x te n d s ,  a n d  th u s  s e rv e s  to  p ro p e l  th e  

a n im a l  fo rw a rd s .  A t  t h e  e n d  o f th i s  a c t  th e  l im b  is  l i f te d  f ro m  th e  g ro u n d  

b y  a  m o v e m e n t  o f f le x io n , is  c a r r i e d  fo rw a rd , a n d  f in a l ly  is  a g a in  p la c e d  

u p o n  th e  g ro u n d  to  r e p e a t  th e  c y c le .  D u r in g  th e s e  p h a s ic  a c ts  th e  d y n a m ic  

b a la n c e  o f th e  n e u r a l  c e n tr e s  is  d is tu rb e d  b y  tw o  d if f e re n t  k in d s  of p e r ip h e ra l  

s t im u li .

I n  th e  f i r s t  p la c e , th e  d is c o n t in u o u s  c o n ta c t  w ith  th e  g ro u n d , a n d  th e  

s y n c h r o n o u s  d i s to r t io n  o f t h e  s k in  o f th e  fo o t— d e te r m in e d  b y  th e  w e ig h t of 

t h e  a n im a l  t h e n  c a r r i e d  in  p a r t  b y  t h a t  l im b — p ro d u c e  c h a n g e s  in  th e  

a c t iv i ty  o f e x te r o c e p t iv e  e n d -o rg a n s  th e r e in  e m b e d d e d , a n d  d is c o n tin u o u s  

a u g m e n ta t io n s  a n d  d im in u ti o n s  o f th e  s t im u l i  o r ig in a te d  in  th e m .

I n  th e  s e c o n d  p la c e , th e  b a c k w a rd  a n d  fo rw a rd  m o v e m e n ts  of th e  lim b , 

a n d  th e  a c t i v i ty  o f th e  m u s c le s  w h ic h  e x e c u te  th e m , p ro d u c e  c h a n g e s  in  th e  

s t a t e  o f th e  p ro p r io c e p t iv e  o rg a n s  s i tu a te d  in  th e  m u sc le s , jo in ts ,  a n d  

te n d o n s  w h ic h  t a k e  p a r t  in  th e  a c t.

T h e  a c t  of p ro g re s s io n  is  o n e  r i c h ly  c o -o rd in a te d . Y e t  i t  h a s  lo n g  been  

k n o w n  t h a t  m o v e m e n ts  o f th e  h in d  l im b s , c e r ta in ly  th o s e  of p ro g re s s io n , 

m a y  b e  p r e s e n t  in  th e  “ l a t e  s p in a l  a n im a l . '’ A  m e c h a n ism  c o n fin ed  to  th e  

lu m b a r  p a r t  o f t h e  s p in a l  c o rd  is  th e re fo re  su ff ic ie n t  to  d e te r m in e  in  th e  

h in d  l im b s  a n  a c t  o f p ro g re s s io n , w h ic h  is  p ro b a b ly  v e ry  n e a r ly  a  n o rm a l 

one . A s  re fle x  m o v e m e n ts  o f  th e  h in d  l im b , e x a c t ly  s im ila r  to  m o v e m e n ts
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Intrinsic Factors in the Act o f Progression in the Mamma

in te g ra te d  in  t h e  a c t  o f p ro g re s s io n , m a y  b e  o b ta in e d  b y  th e  a r t i f ic ia l  

s t im u la t io n  o f e x te r o c e p t iv e  o r  o f  p r o p r io c e p t iv e  e n d -o rg a n s , t h e  s u g g e s t io n  

h as  n a tu r a l ly  a r is e n  t h a t  t h e  a c t  o f p ro g re s s io n  m a y  b e  e n t i r e l y  d e te r m in e d  

by  cy c lic  v a r i a t io n s  o f t h e  s t im u l i  w h ic h  a r i s e  i n  p e r ip h e r a l  s e n s e  o rg a n s , 

an d  a re  th e m s e lv e s  c o n d it io n e d  b y  th e  m o v e m e n ts  w h ic h  th e y  e n g e n d e r

_ in  o th e r  w o rd s ,  t h a t  th e  a c t  o f p ro g re s s io n  is  a u to m a t ic  a n d  c o n d i t io n e d  b y

th e  in te g r a t io n  o f  r e f le x  m o v e m e n ts  w h ic h  fo llo w  e a c h  o t h e r  s u c c e s s iv e ly ,  

a n d  e a c h  o f  w h ic h  d e te r m in e s  th e  s t im u lu s  w h ic h  c a l ls  t h e  fo l lo w in g  

m o v e m e n t  in to  b e in g .

I n  d is c u s s in g  th e  n a t u r e  o f p ro g re s s io n , P h i l ip p s o n *  h a s  la id  s t r e s s  u p o n  

th e  s t im u la t io n  o f  t h e  s k in  a s  a  f a c to r  i n  t h e  d e te r m in a t io n  o f  t h e  a c t .  

B e fo re  th is ,  S h e r r in g to n f  h a d  o b s e r v e d  t h a t  in  t h e  s p in a l  d o g  a n d  c a t ,  

th e  ip s i l a t e r a l  f le x io n  re f le x  m a y  b e  e v o k e d , so o n  a f t e r  th e  t r a n s - s e c t io n , 

by  p r e s s u re  so  d ir e c te d  u p w a rd s  u p o n  th e  p a d s  o f t h e  fo o t  t h a t  t h e  to e - jo in ts  

a re  e x te n d e d — th e  s t im u lu s  b e in g  c o m p a r a b le  to  t h e  p r e s s u r e  o f t h e  g ro u n d  

in  p ro g re s s io n . B u t  l a t e r ,  w h e n  t h e  s h o c k  o f t h e  o p e r a t io n  h a s  p a s s e d , t h e  

sam e  s t im u lu s  w ill  e v o k e  th e  i p s i l a t e r a l  e x te n s io n  re f le x — th e  “ e x te n s o r  

t h r u s t ”— if  t h e  s t im u la t e d  l im b  b e  in  a  s t a t e  o f f le x io n . I f  i t  b e  e x te n d e d , 

th e  r e a c t io n  is  o n e  o f f le x io n  a s  b e fo re . P h i l ip p s o n  b e l ie v e s  t h a t  t h i s  re f le x  

p la y s  a n  im p o r t a n t  p a r t  in  t h e  m e c h a n is m  a n d  d e t e r m in a t io n  o f  p ro g re s s io n . 

H e  s u p p o s e s  t h a t  t h e  f i r s t  c o n ta c t  o f t h e  l im b  w i th  t h e  g r o u n d  e v o k e s  th e  

e x te n s o r  t h r u s t .  T h is  r e a c t io n  is  r e in f o r c e d  b y  th e  c ro s se d  e x te n s io n  w h ic h  

a c c o m p a n ie s  th e  f le x io n  o f  t h e  o p p o s i te  l im b . T h e s e  tw o  d e te r m in e  a n  

in c re a s e  o f p re s s u re  o f t h e  fo o t  u p o n  th e  g r o u n d , a n d  th is  p e r ip h e r a l  

e x te ro c e p t iv e  s t im u lu s  t h e n  c a u s e s  a  r e f le x  f le x io n  o f th e  s a m e  l im b  a n d  a n  

e x te n s io n  o f th e  o p p o s i te  l im b , w h ic h  th e n  is  a b o u t  to  c o m e , in  i t s  t u r n ,  in to  

c o n ta c t  w i th  t h e  g ro u n d . T h e  f o r m e r  l im b  is  n o w  f le x e d  a n d  c a r r ie d  

fo rw a rd  w h ile  t h e  l a t t e r  is  in  c o n ta c t  w i th  th e  g ro u n d , a n d  th e  s t r e tc h in g  o f 

th e  s k in  th u s  c a u s e d  in  th e  in g u in a l  r e g io n  d e te r m in e s  th e  a p p e a ra n c e  o f 

e x te n s io n  in  th e  f le x e d  l im b . T h is  e x te n s io n  b r in g s  th e  l im b  o n  to  th e  

g ro u n d , w h e re  t h e  c o n ta c t  d e te r m in e s  th e  e x te n s o r  t h r u s t .  A n d  so  th e  c y c le  

b e g in s  a g a in . O n  th i s  h y p o th e s i s ,  i t  is , h o w e v e r ,  d if f ic u l t  to  e x p la in  t h e  

m e c h a n is m  o f  F r e u s b e r g ’s* “ m a r k - t i m e  ” re fle x . T h e re  th e  “ l a t e  s p in a l  ” 

dog , w h e n  s u s p e n d e d  f re e  f ro m  th e  g ro u n d , p e r f o rm s  m o v e m e n ts  o f  p r o 

g re ss io n  w i th  i t s  h in d  l im b s . P h i l ip p s o n  t h i n k s  t h a t  h e re  th e  c ro sse d  

e x te n s io n  d u e  to  th e  i p s i l a t e r a l  f le x io n , c o m b in e d  w ith  th e  in g u in a l  s t r e t c h i n g

*  ‘ L ’a u to n o m ie  e t  la  c e n t r a l i s a t io n  d a n s  le  s y s te m e  n e r v e u x  d e s  a n im a u x ,’ B r u x e l le s ,  

1905.

t  ‘ R o y . Soc. P ro c . , ’ 1900 , v o l. 66 , p . 66 .

X ‘ A rc h . f. d . ges. P h y s io l . , ’ 1874 , v o l. 9, p . 358.
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3 1 0 M r . G r a h a m  B r o w n .  Intrinsic Factors in the [ J u l y  2 1 ,

■of th e  s k in  a n d  w ith  th e  a c t io n  of a s s o c ia t io n  p a th s  in  th e  lu m b a r  co rd , a re  

s u f f ic ie n t to  p ro d u c e  th e  p h e n o m e n o n  in  th e  a b se n c e  o f c o n ta c t  w ith  th e  

g ro u n d .

T h e  d if f ic u l ty  in  e x p la in in g  th i s  p h e n o m e n o n  h a s  b e e n  e m p h a s is e d  by- 

S h e r r in g to n .*  H e  p o in ts  o u t  t h a t ,  in  t h e  i n t a c t  a n im a l  ( c a t ,  dog), s ev e ra n ce  

o f a l l  th e  s e n s o ry  n e rv e  t r u n k s  d i r e c t ly  d i s t r i b u te d  to  a l l  fo u r  f e e t  u p  to  a n d  

a b o v e  th e  w r i s ts  a n d  a n k le s  s c a rc e ly  im p a ir s  th e  a c t  o f  p ro g re s s io n . H e  also 

n o te s  t h a t  r e f le x  s te p p in g  is  n o t  a n n u ll e d , o r e v e n  o b v io u s ly  im p a ire d , b y  

s e v e ra n c e  o f a l l  t h e  v a r io u s  c u ta n e o u s  n e r v e s  o f t h e  lim b . A n d  s tr e tc h in g  

o f  th e  p r o m i n e n t  fo ld  o f  s k in  w h ic h  r u n s  a lo n g  th e  o u te r  e d g e  of th e  g ro in  

c a n n o t  b e  o f e s s e n t i a l  im p o r ta n c e  in  t h e  a c t ,  b e c a u se  c o c a in is a t io n  of th is  

r e g io n  d o es  n o t  i n t e r f e r e  w ith  r e f le x  s te p p in g .  T h e  e x te n s o r  t h r u s t  m ay  

a lso  b e  a b o l is h e d — b y  t h a t  d iv is io n  o f t h e  s e n s o ry  n e rv e s  o f th e  foot 

d e s c r ib e d  a b o v e — w i th o u t  n o t i c e a b ly  c h a n g in g  th e  a c ts  o f th e  w a lk  a n d  

t r o t .  H e  th e r e f o r e  c o n c lu d e s  t h a t  th e  i n t r in s ic  s t im u li  fo r  re fle x  s te p p in g  

o f  th e  l im b  a re  n o t  r e fe ra b le  to  a n y  p a r t  o f  th e  s k in  o f th e  lim b .

I n  c o n t in u a t io n  o f h is  w o rk  o n  p ro p r io c e p t iv e  r e f le x e s ,f  S h e r r in g to n  finds 

in  th e  s e n s o ry  e n d -o r g a n s  o f  th e  m u s c le s  th e m s e lv e s  th e  s e a t  o f  th e  in tr in s ic  

s t im u l i  fo r  re f le x  s te p p in g .*  H e  c o n s id e r s  t h a t  th e  m o d e  o f p ro c e ss  in  

re f le x  w a lk in g  is  a s  fo llo w s  : T h e  s p in a l  s te p  is  a  r h y th m ic  re f le x  w h ic h  m a y  

b e  e x c i t e d  b y  c o n t in u o u s  s t im u l i  a p p l i e d  e i t h e r  to  th e  c ro s s - s e c tio n  of th e  

d iv id e d  s p in a l  c o rd  o r  to  v a r io u s  p e r ip h e r a l  p o in ts  o u ts id e  th e  l im b  its e lf . 

T h e  g e n e r a t in g  s t i m u lu s  is  c o n t in u o u s , b u t  th e  m o v e m e n t  o f th e  l im b  is 

d e te r m in e d  b y  th e  a l t e r n a t e  a c t io n  o f tw o  a n ta g o n i s t i c  re fle x e s . T h e  

p r im a r y  s t im u lu s  s e ts  o n e  o f th e s e  in  a c t io n . T h is  a c t  g e n e r a te s  in  th a t  

l im b  a  p r o p r io c e p t iv e  re f le x  a n ta g o n i s t i c  to  i ts e lf .  T h e  p ro p r io c e p t iv e  re flex  

in t e r r u p t s  t h e  p r im a r y  re f le x , a n d  in  th i s  in t e r r u p t io n  a b o l is h e s  th e  s t im u lu s  

w h ic h  e n g e n d e r e d  i ts e l f .  T h e  p r im a r y  re f le x  is  t h e n  re c o n s t i t u te d  a n d  

a g a in  c a l ls  f o r th  t h e  i n t e r r u p t i n g  re f le x , a n d  so on . T h e  se c o n d a ry  re flex  is 

d e te r m in e d  b y  th e  c o m b in a t io n  o f  th r e e  m a in  f a c to r s — c e n t r ip e t a l  im p u lse s  

fro m  th e  d e e p  s t r u c t u r e s  m o v e d  p a s s iv e ly  b y  th e  p r im a r y  re fle x  ( jo in ts ,  e t c . ) ; 

c e n t r ip e t a l  im p u ls e s  f ro m  th e  m u s c le s  w h ic h  m o v e  a c t iv e ly  in  th e  p r im a ry  

re fle x  ; a n d  th e  c e n t r a l  c h a n g e  u n d e r ly in g  “ r e b o u n d .” T h e  p h e n o m e n o n  of 

“  re fle x  r e v e r s a l  ” a n d  th e  “ e x te n s o r  t h r u s t  ” m a y  a lso  p la y  a  p a r t .

O f p a r t i c u la r  s ig n if ic a n c e  is  th i s  f a c to r  o f “ c e n t r a l  r e b o u n d .” S h e rr in g to n §  * * * §

*  ‘ J o u r n .  P h y s io l . , ’ 1910, vo l. 40 , p . 28.

t  ‘ B o y . Soc. P ro c . ,’ B , 1908, vo l. 80 , p. 552 ; ‘ Q. J o u r n .  E x p .  P h y s io l . ,’ 1909, vol. 2, 

p . 109.

f  ‘ J o u r n .  P h y s io l . , ’ 1910, vo l. 4 0 , p . 28.

§ ‘ E o y . Soc. P ro c . ,’ B , 1905 , vo l. 76, p . 160 ; ‘ E o y . Soc. P ro c . ,’ B , 1906, vo l. 77, p . 478.
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Act o f Progression Mammal. 3 1 11 9 1 1 .]

has n o te d  t h a t  th e  f le x io n  re f le x , fo r  in s ta n c e , is  o f te n  t e r m in a te d  a f t e r  

c e ssa tio n  o f th e  e x c i t in g  s t im u lu s  b y  a n  a c t i v e  p h a s e  o f e x t e n s i o n ; a n d  t h a t  

th e  in d iv id u a l  m u s c le s  w h ic h  a re  in  a  s t a t e  o f  in h ib i t i o n  d u r in g  th e  a p p l i c a 

tio n  o f th e  s t i m u lu s  c o n t r a c t  s u d d e n ly  a f t e r  i t s  te r m in a t io n .  T h a t  t h i s  

p h e n o m e n o n  is  n o t  d u e  to  a  p r o p r io c e p t iv e  s t im u lu s  g e n e r a te d  i n  th e  m u s c le s  

w h ic h  t a k e  p a r t  i n  t h a t  p r i m a r y  f le x io n  re f le x — o r  a t  a n y  r a t e  is  n o t  s o le ly  

c o n d itio n e d  b y  s u c h  a  s t im u lu s — is  s h o w n  b y  S h e r r in g to n ’s o b s e r v a t io n *  

th a t  th e  r e b o u n d  c o n t r a c t i o n — “ s u c c e s s iv e  s p in a l  in d u c t io n  ”— m a y  b e  

o b ta in e d  in  th e  d e -a f fe re n te d  p r e p a r a t io n .

A n o th e r  p o in t  o f  i n t e r e s t  a n d  im p o r ta n c e  is  t h e  p a r t i a l  s im i l a r i t y  o f t h e  

a c t  of p ro g r e s s io n  w i th  t h a t  o f  t h e  s c r a tc h . S h e r r i n g t o n f  h a s  n o te d  t h i s  

s im ila r i ty ,  a n d  th e  p r e s e n t  a u th o r^  h a s  s h e w n  t h a t  in  t h e  a n a e s th e t is e d  

ra b b i t  th e  o n e  s t a t e  m a y  im m e d ia te ly  fo l lo w  u p o n  th e  o th e r ,  a n d  t h a t  t h e r e  

is in d ic a t io n  in  so m e  c a s e s  t h a t  th e  tw o  m a y  b le n d  fo r  a  t im e .  T h is  p a r t i a l  

s im il a r i ty  is  s u g g e s t iv e .  S h e r r in g to n ^  f o u n d  t h a t  in  t h e  s c r a tc h - r e f le x  th e  

flex io n  of t h e  t h ig h  d id  r io t c o m p le te ly  r e la p s e  d u r in g  e a c h  b r ie f  e x te n s io n  o f 

th e  p h a s ic  a c t— t h a t  t h e r e  w a s  a lw a y s  a  c e r t a in  a m o u n t  o f m a in t a in e d  

flex ion . I n  c e r t a in  s t a t e s ,  a s  t h e  p r e s e n t  a u th o r | | w a s  a b le  to  s h e w  fo r  th e  

g u in e a -p ig , t h e  tw o  fa c to r s  in  t h e  s c r a t c h  m a y  b e  s e p a r a te d .  A n d  o f th e s e  

tw o  fa c to rs  o n e  is  a  s t a t e  o f m a in t a in e d  f le x io n  w h ile  t h e  o th e r  is  a  d is 

c o n t in u o u s  in h ib i t i o n  o f t h a t  s ta t e .  I n  t h e  s c r a t c h in g  p h e n o m e n o n  d e s c r ib e d  

b y  th e  p r e s e n t  a u t h o r ^  a s  o c c u r r in g  in  t h e  g u in e a - p ig  u n d e r  a n a e s th e s ia  t h e r e  

is a n  a l t e r n a t io n  o f th e  s t a t e  o f s c r a tc h in g  f ro m  o n e  h in d  l im b  to  th e  o th e r .  

A t  a n y  o n e  t i m e  th e  s t a t e  o f m a in ta in e d  f le x io n  c o m p lic a te d  b y  r h y th m ic  

in h ib i t i o n  is  a c c o m p a n ie d  in  t h e  c ro s se d  h i n d  l im b  b y  a  s t a t e  o f m a in t a in e d  

in h ib i t io n  o f f le x io n . H e  h a s  s u g g e s te d  t h a t  t h e  r h y th m ic  in h ib i t i o n  

d u r in g  m a in ta in e d  f le x io n  a n d  th e  m a in t a in e d  in h ib i t i o n  o f f le x io n  w h ic h  

im m e d ia te ly  s u c c e e d s  in  t h e  s a m e  h in d  l im b  m a y  b e  e x p re s s io n s  o f  o n e  a n d  

th e  sa m e  a c t iv i ty  ; a n d  t h a t  th e y  m a y , in  e ffec t, b e  c o n d it io n e d  b y  v a r ia t io n s  

in  th e  m u t u a l  in f lu e n c e  o f i n t e r a c t i n g  s p in a l  c e n t re s .  T h e  s u g g e s t io n  in  

r e a l i ty  is  t h a t  th e  lo c u s  o f th e  in h ib i to r y  f a c to r  is  c e n t r a l ,  a n d  t h a t  i t  is  n o t  

of e s s e n t ia l  p e r ip h e r a l  o r ig in  f ro m  p r o p r io c e p t iv e  s t im u li .  F o r  t h e  s c r a tc h  

th is  is  in  a c c o rd a n c e  w i th  a  p re v io u s  o b s e rv a t io n  o f S h e r r in g to n * *  t h a t  t h e

* ‘ Q. J o u r n .  E x p .  P h y s io l . , ’ 1909 , v o l . 2, p . 109.

t  ‘ J o u r n .  P h y s io l . , ’ 1910 , v o l . 40 , p .  28.

+ ‘ Q- J o u r n .  E x p .  P h y s io l . , ’ 1911 , v o l . 4, p . 151.

§ ‘ J o u r n .  P h y s io l . , ’ 1906 , v o l . 34 , p . 1.

|| ‘ Q. J o u r n .  E x p .  P h y s io l . , ’ 1910 , v o l. 3, p . 21 ; ‘ Q . J o u r n .  E x p .  P h y s io l . , ’ 1911 , v o l. 4, 

p. 19.

IF ‘ Q. J o u r n .  E x p . P h y s io l . , ’ 1910 , v o l. 3, p . 21.

** ‘ J o u r n .  P h y s io l . , ’ 1906 , v o l. 34 , p . 1.
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3 1 2 M r . G r a h a m  B r o w n . Intrinsic Factors in the [ J u l y  2 1 ,

d e -a f fe re n te d  h in d  l im b  of th e  c a t  m a y  b e  m a d e  to  s c ra tc h . A lth o u g h  th is  is  

p e r h a p s  n o t  c o n c lu s iv e — in  v ie w  of th e  p o ss ib le  in f lu e n c e  of s t im u li  w h ich  

a r is e  in  t h e  o p p o s i te  h in d  l im b — h e  a n d  th e  p r e s e n t  a u th o r  h a v e  re c e n t ly  

d e m o n s t r a te d  a t  a  m e e t in g  o f t h e  P h y s io lo g ic a l  S o c ie ty  a  c a t  in  w h ic h  

s c r a tc h in g  m a y  b e  e l ic i te d  a l t h o u g h  b o th  h in d  l im b s  h a v e  b e e n  c o m p le te ly  

d e -a ffe re n te d .

T h e  p h a s ic  a l t e r n a t io n  o f m a in ta in e d  f le x io n  in  th e  s c ra tc h in g  p h e n o m e n o n  

o f th e  g u in e a - p ig  u n d e r  a n a e s th e s ia  i n  m a n y  w a y s  re s e m b le s  th e  p h a s ic  

a l t e r n a t io n  o f  f le x io n  in  t h e  a c t  o f p ro g re s s io n , a n d  h a s  su g g e s te d  fo r  so m e  

t im e  to  th e  p r e s e n t  a u th o r  t h a t  th e  a c t  o f p ro g re s s io n  m a y , too , b e  e s s e n t ia l ly  

a  c e n t r a l  a n d  n o t  a  p e r ip h e r a l  p h e n o m e n o n .

I I .  Operative Procedure.

I n  th e s e  e x p e r im e n ts  t h e  a n im a l  u s e d  w a s  th e  d e c e re b ra te  c a t , a n d  th e  

m o v e m e n ts  o f th e  is o la te d  tibialis antica n d  gast

B e fo re  d e c e re b ra t io n  a  lo o se  l ig a tu re  w a s  p la c e d  r o u n d  th e  s p in a l  c o rd  a t  th e  

le v e l  o f th e  1 1 th , 1 2 th ,  o r  1 3 th  p a i r  o f th o ra c ic  s p in a l  r o o t s ;  a n d  a l l th e  

p o s te r io r  s p in a l  ro o ts  c a u d a l  to , a n d  in c lu d in g , th e  6 th  lu m b a r  ro o t  w e re  

d iv id e d  u p o n  th e  s id e  o f  th e  r e c o r d in g  m u sc le s . I n  th e  l im b  of t h a t  s id e  a ll  

t h e  o th e r  m u s c le s  w e re  p u t  o u t  o f a c t io n  b y  th e  s e v e ra n c e  of th e i r  m o to r  

n e rv e s  o r o f t h e i r  s u b s t a n c e ; th e r e  r e m a in e d  in  a c t io n  o n ly  th e  m u sc le s  

s u p p lie d  b y  th e  b ra n c h e s  o f th e  p o p li te a l  n e rv e s  in  th e  leg , a n d  th e se ,  b e s id es  

h a v in g  t h e i r  te n d o n s  c u t ,  w e re  d e - a f fe re n te d  b y  th e  s e c tio n  of th e  lu m b a r  ro o ts . 

T h e  lo n g  s a p h e n u s  n e rv e , a  p u r e ly  a f fe re n t  one , w a s  l e f t  i n t a c t  fo r  a n o th e r  

p u rp o s e . I n  t h e  o p p o s i te  h in d  l im b  a l l  th e  m u s c le s  w e re  d e -a ffe re n te d  b y  

th e  s e c t io n  o f t h e i r  n e rv e s  o r  b y  th e  s e c tio n  o f th e i r  s u b s t a n c e ; th e re  re m a in e d  

o f t h e  n e rv e s  o f t h a t  l im b  o n ly  th e  lo n g  s a p h e n u s  n e rv e .

I n  e ffe c t th i s  p ro c e d u re  c o m p le te ly  d e -a f fe re n te d  th e  tw o  h in d  lim b s , 

in c lu d in g  th e  m u s c le s  w h o se  m o v e m e n ts  w e re  to  b e  re c o rd e d .

T o  re c o rd  th e  m u s c u la r  m o v e m e n ts  th e  le g  w a s  f irm ly  f ix ed  in  s te e l  c la m p s , 

a n d  th e  r e c o rd in g  m u s c le s  w ro te  u p o n  th e  m y o g ra p h  b y  m e a n s  of l ig h t  

a lu m in iu m  le v e r s  to  w h ic h  th e i r  te n d o n s  w e re  a t t a c h e d  b y  th re a d s .

A n  in te r v a l  o f a b o u t  five  h o u rs  w a s  a llo w e d  to  e la p se  b e tw e e n  th e  

e n d  of th e  o p e ra t iv e  p ro c e d u re  d e sc r ib e d  a b o v e  a n d  th e  e x p e r im e n t  a b o u t  to 

b e  d e sc rib e d .

I t  is  h a r d ly  n e c e s s a ry  to  s t a t e  t h a t  u p  to  th e  t im e  o f d e c e re b ra tio n  th e  

a n im a l  w a s  k e p t  c o m p le te ly  u n d e r  th e  in f lu e n c e  o f th e  an aes th e tic .
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1 9 1 1 . ] Act o f Progression in 3 1 3

I I I .  Movements of Progression in the Loiv Sinned Preparation in which the 

Muscles are not

B e fo re  p a s s in g  to  t h e  c o n s id e ra t io n  o f t h e  m o v e m e n ts  o f p ro g re s s io n  in  

d e -a ffe re n te d  m u s c le s  i t  is  w e l l  to  e x a m in e  b r ie f ly  t h e  m o v e m e n ts  w h ic h  

o c cu r in  th e  s a m e  p r e p a r a t io n  w h e n  th e  m u s c le s  h a v e  n o t  b e e n  d e -a f fe re n te d . 

T h e  p ro c e d u r e  o f o p e ra t io n  w a s  t h a t  d e s c r ib e d  a b o v e , w i th  t h e  e x c e p t io n  t h a t  

th e  lu m b a r  p o s te r io r  s p in a l  ro o ts  w e re  n o t  d iv id e d .

W h e n  s u c h  a  d e c e re b ra te  p r e p a r a t io n  is  r e n d e r e d  a  lo w  s p in a l  p r e p a r a t io n  

b y  th e  r a p id  s e v e ra n c e  o f th e  s p in a l  c o rd  a t  o r  a b o u t  t h e  le v e l  o f t h e  1 2 th  

th o ra c ic  s e g m e n t  t h e  r e c o rd in g  m u s c le s  s h e w  m o v e m e n ts  u n d o u b te d ly  th o s e  

of p ro g re s s io n .

T h re e  p e r io d s  m a y  b e  d is t i n g u is h e d  in  t y p ic a l  in s ta n c e s  o f t h e  r e a c t io n  t h u s  

e v o k e d  a s  m o v e m e n t  a t  t h e  a n k le .

Im m e d ia te ly  a f t e r  th e  s e c t io n  o f t h e  c o rd  th e r e  is  a  p e r io d  d u r in g  

w h ic h  th e  f le x o r  m u s c le , tibiedis anticus, r e m a in s  m o re  o r  le s s  i n  a  s t a t e  

o f  m a in ta in e d  c o n tr a c t i o n . T h e  m a in te n a n c e  o f t h i s  c o n t r a c t io n  is  n o t  p e r fe c t .  

T h e re  a re  u s u a l l y  p h a s e s  o f in c o m p le te  r e la x a t i o n .  T h e se  b e c o m e  m o re  

f r e q u e n t  a n d  m o re  c o m p le te  to w a rd s  t h e  e n d  o f t h i s  p e r io d , a n d  a t  i t s  

te r m in a t io n  th e  r e la x a t i o n  p h a s e s  a r e  c o m p le te  b u t  r a t h e r  i r r e g u la r  in  r h y t h m .  

D u r in g  th e  f i r s t  p e r io d  th e  e x te n s o r ,  gastrocnemius, p l a y s  l i t t l e  p a r t ,  a n d  m a y  

e x h ib i t  n o  m o v e m e n t  a t  a ll . T o w a r d s  t h e  e n d  gastrocnemius b e g in s  to  e x h ib i t  

m o v e m e n ts  s y n c h ro n o u s  w i th  t h e  r e la x a t io n s  o f tibialis anticus.

I n  th e  s ec o n d  p e r io d  th e  m o v e m e n ts  o f t h e  a n ta g o n i s t i c  m u s c le s  a re  v e r y  

r e g u la r  a n d  a l t e r n a t e .  T h e  f le x o r  r e c o rd  d e m o n s t r a t e s  r e g u la r  p h a s e s  o f 

c o n tr a c t io n  s e p a ra te d  b y  r e g u la r  p h a s e s  i n  w h ic h  th e  m u s c le  r e m a in s  r e la x e d .  

T h e  e x te n s o r  r e c o rd  e x h ib i t s  c o n tr a c t i o n s  o f  t h e  m u s c le  s y n c h r o n o u s  w i th  t h e  

r e la x a t i o n  p h a s e s  o f tibialis anticus. T h e s e  c o n tr a c t i o n s  a re  o f r a p id  in i t i a t i o n  

a n d  s h o r t  d u ra t io n . T h e y  s e e m  to  c o m m e n c e  a t  t h e  m o m e n t  in  w h ic h  t h e  

m o v e m e n t  o f th e  f le x o r  c h a n g e s  f ro m  c o n tr a c t i o n  to  r e la x a t i o n ,  a n d  t h e y  

re se m b le  th e  “ e x te n s o r  r e b o u n d  ” o b s e rv e d  a f t e r  th e  c e s s a t io n  o f a  s t a t e  o f  

e x te n s o r  in h ib i t i o n .

I n  th e  t h i r d  p e r io d  of t h e  r e a c t io n  th e  m o v e m e n ts  o f t h e  f le x o r  b e c o m e  

s m a lle r  in  e x t e n t  a n d  a p p e a r  a t  g r e a te r  in te r v a l s  o f t im e . T h e re  is  a  c h a n g e  

in  th e  ty p e  o f m o v e m e n t  o f t h e  e x te n s o r .  T h e  e x te n s o r  r e c o rd  c h a n g e s  

c o m p le te ly  i n  a p p e a ra n c e . T h e  m u s c le  t e n d s  to  r e m a in  in  a  s t a t e  o f c o n 

tr a c t io n , a n d  th i s  is  b ro k e n  b y  p h a s e s  o f r e la x a t io n  w h ic h  a re  s y n c h ro n o u s  

w ith ,  b u t  c o m m e n c e  b e fo re , th e  c o n tr a c t i o n s  o f th e  flex o r.

T h is  t h i r d  p e r io d  of th e  r e a c t io n  is  th e  t e r m in a l  one . T h e  m o v e m e n ts  o f 

t h e  f le x o r cease . T h e  e x te n s o r  r e m a in s  in  a  s t a t e  o f c o n tr a c t io n , s t i l l ,  h o w e v e r ,
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c o m p lic a te d  b y  p h a s e s  o f  r e la x a t i o n .  T h e se  f in a l ly  cease , a n d  th e  re a c tio n  

t e r m in a te s  w ith  th e  e x te n s o r  in  a  c o n d it io n  o f m a in ta in e d  a n d  u n b ro k e n  

c o n tra c t io n .

I Y . Movements of Progression in the Low Spinal 

Muscles arc D

W h e n  th e  s p in a l  c o rd  is  s e v e re d  in  th e  s a m e  m a n n e r  in  th e  d e -a ffe re n te d  

p r e p a r a t io n  m o v e m e n ts  o f  p ro g r e s s io n  m a y  b e  o b ta in e d , a n d  th e s e  a re  s im ila r  

to  th e  m o v e m e n ts  o b s e rv e d  in  th e  p r e p a r a t io n  in  w h ic h  th e  a f fe re n t  n e rv e s  

o f th e  r e c o rd in g  m u s c le s  a r e  in t a c t .

I n  th e  r e c o rd  i l l u s t r a t e d  (see  f ig u re )  th e  c o rd  w a s  c u t  a p p ro x im a te ly  a t  th e  

p o in t  m a rk e d  X  in  t h e  f ig u re  o n  th e  s ig n a l  l in e  b e lo w  (X , X  a lso  o n  th e  tw o  

tr a c in g s ) .  T h e  f i r s t  p e r io d  la s t s  a p p r o x im a te ly  u p  to  th e  o rd in a te s  m a rk e d  1. 

T h e  u p p e r  t r a c in g  s h e w s  a  s t a t e  o f  m a in ta in e d  f le x io n  b ro k e n  b y  m o re  o r le ss  

in c o m p le te  r e la x a t i o n s  o f s h o r t  d u ra t io n . T h e  c o n tr a c t i o n  of gastrocnemius 

s h e w n  in  t h e  lo w e r  t r a c in g  is  u n u s u a l .  T h e  se c o n d  p e r io d  la s t s  a p p ro x im a te ly  

u p  to  th e  o r d in a te s  m a r k e d  8. T h e  a c ts  of f le x io n  a n d  e x te n s io n  a re  v e r y  re g u la r .  

E x a m in a t io n  o f t h e  o rd in a te s  4 , 5, G, a n d  7 s h e w s  t h a t  th e  c o m m e n c e m e n t  of 

f le x io n  is  a c c o m p a n ie d  b y  gastrocnemius r e l a x a t i o n ;  th e  c h a n g e  f ro m  c o n 

t r a c t io n  to  r e la x a t io n  a t  th e  to p  of th e  tibialis anticus “ b e a t  ” is  a c c o m p a n ie d  

b y  a  c o n tr a c t i o n  o f gastrocnemius; th i s  d o e s  n o t  l a s t  u p  to  th e  p o in t  a t  w h ic h  

f le x io n  re c o m m e n c e s . T h is  c o n t r a c t io n  o f gastrocnemius s t r o n g ly  r e s em b le s  

th e  c o n tr a c t i o n  o f “ r e b o u n d .” T h e  t h i r d  p e r io d  c o m m e n c e s  a t  o r  a b o u t  th e  

p o in t  m a r k e d  b y  o rd in a te s  8, a n d  p e r s is ts  u p  to  th e  e n d  of th e  re c o rd . 

A f te r  t h e  c o n tr a c t i o n  o f  gastrocnemius m a rk e d  b y  o rd in a te s  9, th e  c u rv e  

b e g in s  to  r is e  s lo w ly . T h is  is  b ro k e n  b y  a  r e la x a t io n  w h ic h  c o m m e n c e s  

b e fo re  t h e  tibialis c o n tr a c t i o n  m a rk e d  b y  o rd in a te s  10 . T h is  f le x io n  m o v e 

m e n t  is  s m a ll ,  a n d  is  n o t  a c c o m p a n ie d ^ a t  i t s  c h a n g e  to  r e la x a t io n  b y  a  c o n 

t r a c t i o n  o f gastrocnemius. T h e n c e f o r th  t h e  gastrocnemius t r a c in g  e x h ib i ts  

o n ly  p e r io d s  o f  r e la x a t io n  s y n c h r o n o u s  w i th  th e  tibialis c o n tra c t io n s ,  a n d  no  

re b o u n d  c o n tra c t io n . A f t e r  o rd in a te s  12  th e  gastrocnemius r e m a in s  in  

m a in ta in e d  c o n t ra c t io n .

T h e  re c o rd s  th u s  s h e w  th e  s am e  threfe p e r io d s  o b s e rv e d  in  a f fe re n t-p re s e n t  

r e a c t io n s .

I n  t h e  f i r s t  p e r io d  th e  m a in ta in e d  c o n tr a c t i o n  of th e  flex o r m u sc le  co m 

p l ic a te d  b y  m o re  o r  le s s  in c o m p le te  p h a s e s  of r e la x a t i o n — is  p re s e n t .  T h is  

a t  f i r s t  h a s  s o m e tim e s  b e e n  a c c o m p a n ie d  b y  l i t t l e  o r  n o  m o v e m e n t  of th e  

e x t e n s o r ; in  o th e r  c a se s  th i s  l a t t e r  m o v e m e n t  h a s  b e e n  p re s e n t .

T h e  se c o n d  p e r io d  se e m s  to  b e  c h a r a c te r i s e d  b y  a  g r e a te r  r e g u la r i t y  th a n  is 

u s u a l  in  p r e p a r a t io n s  in  w h ic h  th e  a f fe re n t  a rc s  a re  u n b ro k e n . T h e  m o v e m e n t
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o f th e  e x te n s o r  is  s t r o n g ly  r e m in is c e n t  o f r e b o u n d  c o n t ra c t io n . I t  do es  n o t  

p e r s i s t  fo r  t h e  w h o le  o f  t h e  d u r a t io n  o f t h e  s y n c h r o n o u s  fle x o r r e la x a t io n , 

b u t  r e la x e s  so o n . T h e re  is  t h e n  s o m e tim e s  a n  a d d i t io n a l  r e la x a t io n  

s y n c h ro n o u s  w ith  t h e  c o n t r a c t io n  o f th e  f le x o r. T h e  t e r m in a t io n  of th is  

f le x o r c o n t r a c t io n  is  t h e n  s u c c e e d e d  b y  th e  e x te n s o r  c o n tr a c t i o n — a n d  so on .

I n  th e  t h i r d  p e r io d  o f t h e  r e a c t io n  th e  r e b o u n d - l ik e  c o n tra c t io n  o f  th e  

e x te n s o r  d is a p p e a r s  a n d  is  r e p la c e d  b y  a  c o n d i t io n  o f m a in ta in e d  c o n tra c t io n  

w h ic h ' is  b ro k e n  b y  r e la x a t io n s  s y n c h r o n o u s  w i th  th e  f le x o r  c o n tra c t io n s .  

T h e se  a re  m u c h  s m a l le r  t h a n  b e fo re  a n d  g ra d u a l ly  d is a p p e a r .  T h e  t r a n s i t io n  

o f  th e  ty p e  o f f le x o r  c o n tr a c t i o n s  is  s o m e tim e s  s u d d e n . T h e  p e r io d  f in a lly  

e n d s  w i th  a  m a in ta in e d  a n d  u n b r o k e n  c o n tr a c t i o n  o f th e  e x te n s o r .

I t  m a y  b e  s a id  t h a t  th e r e  is  n o  g r e a t  d if f e re n c e  b e tw e e n  th e  m o v e m e n ts  of 

p ro g re s s io n  a s  e v id e n c e d  in  t h e  d e -a f fe re n te d  m u s c le s  a n d  th o s e  n o t  

d e -a f fe re n te d . T h e  g r e a t e r  r e g u la r i t y  o f t h e  m o v e m e n ts  a s  o b s e rv e d  in  th e  

fo r m e r  p r e p a r a t io n  m a y  p o s s ib ly  b e  d u e  to  th e  a b s e n c e  o f th e  p e r ip h e ra l  

p a r t  of t h e  m e c h a n is m . B u t  i t  is  a lso  p o s s ib le  t h a t  th e  d if f e re n c e  is  a n  

a c c id e n ta l  o n e ; fo r  r e c o rd s  a s  r e g u la r  h a v e  b e e n  o b ta in e d  f ro m  th e  

p r e p a r a t io n  in  w h ic h  th e  m u s c le s  a re  n o t  d e -a f fe re n te d , a l th o u g h  th e  a v e ra g e  

r e g u la r i ty  is  le ss .

V . Conclusions.

T h e se  e x p e r im e n t s  sh o w  t h a t  t h e  phasing of the, acts of progression is 

determined neither by the peripheral skin stimuli nor by the self-generated 

proprioceptive stimuli of the muscles which take

T h e  s e c t io n  o f t h e  s p in a l  c o rd  g e n e r a te s  a n  a r r h y th m i c  s t im u lu s .  T h is  

c a u s e s  t h e  c o n t r a c t io n  o f c e r t a i n  l im b  m u sc le s . I n  t h e  p re p a r a t io n  u se d , of 

th e s e  t h e  r e c o rd in g  m u s c le s  a re  th e  o n ly  m o b ile  p a r t s  o f t h e  tw o  lim b s . T h e  

c h a r a c te r i s t i c  a l t e r n a t i n g  c o n t r a c t io n  o f t h e  tw o  a n ta g o n i s ts  c a n n o t  b e  

d e te r m in e d  b y  t h e i r  o w n  c o n t r a c t io n  a n d  th e  c o n s e q u e n t  s e t t in g  u p  of 

a  s e r ie s  o f r e f r a c to r y  p h a s e s  in  th e  a c t i v i t y  o f th e  c e n tr e s  b y  m e a n s  o f th e  

s t im u la t io n  o f a  s e n s o ry  a p p a r a tu s  c o n ta in e d  in  t h e  m u sc le s ,  b e c a u se  th e  

a f f e re n t  n e rv e s  w h ic h  a r is e  in  th e s e  m u s c le s  w e re  p u t  o u t  o f a c t io n  in  th e  

p r e p a r a t io n  u se d . N o t  o n ly  m u s t  t h e  lo c u s  o f t h e  c h a n g e s  w h ic h  c o n d it io n  

th e  r e f r a c to r y  p h a s e  o f p ro g r e s s io n  b e  in  t h e  s p in a l  c o rd , b u t  the mechanism 

which determines them must also be centred.

T h e r e  a re ,  th e re fo r e ,  tw o  p o in ts  o f i n t e r e s t  in  c o n n e c t io n  w ith  th e  

m e c h a n is m  of p ro g re s s io n — th e  q u e s t io n  o f  th e  n a tu r e  o f th e  c e n tr a l  c h a n g e s  

in  a c t i v i ty ,  a n d  th e  q u e s t i o n  o f t h e  p a r t  p la y e d  in  th e  a c t  b y  th e  p ro 

p r io c e p t iv e  m e c h a n is m . T h e  s t im u l i  w h ic h  a r is e  in  th e  s k in  p ro b a b ly  p la y  

b u t  a  s m a l l  p a r t  in  t h e  a c t ,  a n d  th e n  a re  o f im p o r ta n c e  o n ly  in  c e r ta in  o f i ts  

ty p e s  a n d  n o t  in  a l l .
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Act o f Progression in the Mammal. 3 1 71 9 1 1 .]

T h e  e v id e n c e  g iv e n  b y  th e  r e c o rd s  th ro w s  so m e  l i g h t  u p o n  th e  p ro b le m  

of th e  n a tu r e  o f th e  c e n t r a l  a c t iv i t i e s .  I n  a  ty p ic a l  e x a m p le  th e r e  is  f i r s t  a  

p eriod  in  w h ic h  a  s t a t e  o f m a in ta in e d  fle x io n , a l th o u g h  a  b ro k e n  o n e , is  th e  

p re d o m in a n t  f e a tu re .  T h e  t e r m in a t in g  p e r io d  o f t h e  r e a c t io n  is  o n e  

c h a ra c te r is e d  b y  m a in ta in e d  e x te n s io n — a t  th e  e n d  u n b ro k e n . B e tw e e n  

th e se  th e r e  l ie s  a  p e r io d  in  w h ic h  th e  p h a s in g  o f t h e  a c t  is  m o s t  p e r fe c t .  

T h is  p e r io d — ly in g  a s  i t  d o e s  in t e r m e d ia t e  b e tw e e n  th o s e  o f m a in t a in e d  

flex ion  a n d  o f m a in ta in e d  e x te n s io n — m a y  b e  r e g a rd e d  a s  a  p e r io d  o f 

b a lan c e .

A n y  h y p o th e s i s  r e g a r d in g  th e  n a t u r e  o f t h e  c e n t r a l  a c t iv i t ie s  m u s t  a t  

p re s e n t  b e  t e n ta t iv e ,  b u t  t h i s  a p p e a ra n c e  o f “ b a la n c e  ” s u p p o r t s  a  v ie w  p u t  

fo rw a rd  b y  th e  a u th o r  in  p re v io u s  p a p e r s .*  A s. r e g a rd s  t h e  a c t  o f p r o 

g re s s io n  th e  c e n t r a l  m e c h a n is m  m a y  b e  r e g a rd e d  a s  c o n s i s t in g  o f a n ta g o n i s t i c  

c e n tre s .  I n  o n e  h in d  l im b  i t  m a y  b e  s u p p o s e d  t h a t  t h e  o n e  o f th e s e  

d e te r m in e s  a  s t a t e  o f  m a in ta in e d  f le x io n  a n d  a  c o n c o m i ta n t  s t a t e  of 

m a in ta in e d  i n h ib i t i o n  o f e x te n s io n ,  w h i le  t h e  o th e r  d e te r m in e s  a  s t a t e  o f  

m a in ta in e d  e x te n s io n  a n d  a  c o n c o m i ta n t  s t a t e  o f i n h ib i t i o n  o f  f le x io n . I t  

is  in e s s e n t i a l  a t  p r e s e n t  w h e th e r  t h e  lu m b a r  c e n t r e s  a re  tw o  in  n u m b e r  a n d  

s i tu a te  in  o p p o s i te  s id e s ,  o f t h e  s p in a l  c o r d ; o r  w h e th e r  th e y  a re  fo u r  in  

n u m b e r  a n d  s i t u a t e d  in  a n ta g o n i s t i c  p a i r s  o n  e a c h  s id e  o f  t h e  c o r d ; o r  

w h e th e r  th e y  a re  m o re  t h a n  fo u r  i n  n u m b e r . f  A l l  t h a t  i t  is  d e s ir e d  to  

in s is t  u p o n  h e re  a n d -n o w  is  t h a t  t h e  c e n t r e s  a r e  p a ir e d , a n d  t h a t  e a c h  p a i r  

c o n s is ts  o f a n ta g o n is t ic  o p p o s i te s .

I f  th i s  b e  g r a n te d ,  a n d  i f  th e r e  b e  p r e s u m e d  so m e  s u c h  s t a t e  a s  “ f a t i g u e  ” 

— in  i t s  b ro a d e s t  s e n s e — a c c o m p a n y in g  th e  e x p re s s io n  o f  a c t i v i ty  o f e i t h e r  

o f  th e  a n ta g o n i s t ic  c e n tr e s ,  i t  is  p o s s ib le  to  f r a m e  a  t e n t a t i v e  h y p o th e s i s  

o f th e  n a tu r e  o f th e  c e n t r a l  c h a n g e s  w h ic h  c o n d it io n  th e  p h a s ic  a c t  o f  

p ro g re s s io n .

I t  m a y  th e n  b e  s u p p o s e d  t h a t  so m e  n e u r a l  d i s tu r b a n c e  re a r r a n g e s  t h e  

c o n d it io n s  of a c t iv i ty  o f t h e  a n ta g o n i s t i c  c e n t r e s  in  s u c h  a  m a n n e r  a s  to  

d e s tro y  t h e i r  b a la n c e . T h e  o n e  c e n t r e  t h e n  e x p re s s e s  i t s  a c t i v i ty  in  a  

m o v e m e n t— fo r  e x a m p le , f le x io n — of th e  l im b , a n d  a t  th e  s a m e  t im e  in h ib i t s  

t h e  a c t iv i ty  o f i t s  a n ta g o n i s t i c  c e n tr e .  B u t  th i s  e x p re s s io n  o f a c t i v i t y  is  

a c c o m p a n ie d  b y  a  s t a t e  of “ f a t i g u e ,” w h ic h  p ro g re s s e s  in  e x t e n t  a n d  t e n d s  

to  r e s to re  th e  b a la n c e  of t h e  c e n tr e s .  A t  t h e  s a m e  t im e  th e  in h ib i t i o n  o f

* ‘ Q . J o u r n .  E x p .  P h y s io l . , ' 1910, v o l. 3, p . 21 ^ ‘ Q. J o u r n .  E x p . P h y s io l . , ’ 1911 , v o l. 4 , 

p. 19.

t  F o r  in s ta n c e , t h e r e  m a y  b e  a n ta g o n i s t i c  f a c to r s  ( c o n tr a c t io n  a n d  r e la x a t io n  p ro d u c in g )  

in  o n e  a n d  t h e  sa m e  c e n tre .  T h u s  t h e  a c t iv i ty  o f  s u c h  a  c e n tr e  a s  t h a t  f o r  tibialis 

anticus m ig h t  b e  e x h ib i te d  e i t h e r  a s  c o n t r a c t io n  o r  a s  r e la x a t io n  o f  t h e  m u sc le .
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3 1 8  M r . G r a h a m  B r o w n .  Intrinsic Factors in the [ J u l y  2 1 ,

th e  o th e r  c e n tr e  b y  th e  f i r s t  d e c re a s e s  i n  e ffic ien cy . T h e  p o in t  th e n  a rr iv e s  

w h e n  th e  s e c o n d  c e n tr e  is  n o  lo n g e r  i n h ib i t e d  e ff ic ie n tly . B u t  th e re  is  th e n  

fo l lo w in g  u p o n  th e  in h ib i to r y  d e p re s s io n  a n  e x a l t a t io n  o f i ts  a c t i v i ty —  

“ re b o u n d .” T h e  b a la n c e  is  th e re fo re  n o t  o n ly  r e g a in e d  b u t  o v e rsh o t.  T h e  

e x h ib i t io n  o f  a c t i v i t y  b y  th e  s e c o n d  c e n t r e  t h e n  d e te r m in e s  th e  c o n tra c t io n  

o f th e  a n ta g o n i s t i c  g ro u p  o f  m u sc le s ,  a n d  a t  t h e  sa m e  t im e  th e re  is  an  

in h ib i t i o n  o f th e  a c t iv i ty  o f t h e  f i r s t  c e n t re .  T h e  “ f a tig u e  ” w h ic h  

a c c o m p a n ie s  t h i s  a c t i v i t y  o f t h e  s e c o n d  c e n tr e  th e n  s e ts  in . T h e  b a la n c e  is 

r e s to re d ,  b u t  a g a in  o v e r s h o t .  A n d  so th e  a c t  p ro c e e d s .

T h e  p h e n o m e n o n  of r e b o u n d , w h ic h  S h e r r in g to n *  h a s  s h e w n  to  be  of 

c e n t r a l  lo c u s , m a y  p la y  a  v e r y  i m p o r t a n t  p a r t  in  th e  s w in g in g  of b a la n c e  

b e tw e e n  th e  s p in a l  c e n tr e s .  A n d  th e  p h e n o m e n a  w h ic h  u n d e r l ie  th e  p h a s ic  

a c t  o f p ro g re s s io n  m a y  b e  l i k e n e d  to  t h e  b e a t i n g  o f a  p e n d u lu m . T h e  

a c t iv i ty  e x h ib i t e d  m a y  r e m a in  fo r  a  t im e  fle x io n , m a y  th e n  s w in g  b a c k  to  

t h e  n e u t r a l  p o in t  o f s p in a l  b a la n c e , b u t  m a y  o v e r s h o o t  th i s  a n d  beco m e 

e x te n s io n  a c t iv i ty ,  m a y  th e n  s w in g  b a c k  p a s t  th e  n e u t r a l  p o in t  in to  flex io n  

a c t i v i ty — a n d  so  on .

T h e r e  r e m a in s  t h e  q u e s t io n  o f t h e  p a r t  p la y e d  b y  th e  p ro p r io c e p t iv e  

m e c h a n is m  in  t h e  a c t .

T h e re  c a n  b e  n o  q u e s t i o n  o f i t s  im p o r ta n c e  n o r  o f i t s  s u i t a b i l i t y  to  

a u g m e n t  t h e  c e n t r a l  m e c h a n is m . I t  c a n n o t ,  h o w e v e r ,  be  r e g a rd e d  as 

d e te r m in in g  th e  r e f r a c to r y  p h a s e s  in  t h e  a c t .  I t s  p a r t  m u s t  b e  r e g u la t iv e ,  

n o t  c a u s a t iv e .

A  p u r e ly  c e n t r a l  m e c h a n is m  o f p ro g re s s io n  u n g ra d e d  b y  p ro p r io c e p t iv e  

s t im u li  w o u ld  c le a r ly  b e  in e f f ic ie n t  in  d e te r m in in g  th e  p a s sa g e  o f  a n  a n im a l  

t h r o u g h  a n  u n e v e n  e n v ir o n m e n t .  A c ro ss  a  p la in  o f p e r f e c t  e v e n n e s s  th e  

c e n t r a l  m e c h a n is m  o f  i ts e lf  m ig h t  d r iv e  a n  a n im a l  w i th  p re c is io n . O r i t  

m ig h t  b e  e ff ic ie n t,  fo r  in s ta n c e , in  t h e  c a se  o f a n  e le p h a n t  c h a r g in g  o v e r 

g ro u n d  o f m o d e ra te  u n e v e n n e s s .  B u t  i t  a lo n e  w o u ld  m a k e  im p o s s ib le  th e  

f in e  s t a lk in g  o f a  c a t  o v e r  ro u g h  g ro u n d . I n  s u c h  a  c a se  e a c h  s te p  m a y  be 

s o m e w h a t  d i f f e r e n t  to  a l l  o th e r s ,  a n d  e a c li m u s t  b e  g ra d e d  to  i t s  c o n d it io n s  

i f  th e  w h o le  p ro g re s s io n  o f th e  a n im a l  is  to  b e  e ff ic ie n t. T h e  h in d  lim b , 

w h ic h  a t  o n e  t im e  is  s o m e w h a t  m o re  e x te n d e d  in  i t s  p o s tu re  a s  i t  is  in  

c o n ta c t  w i th  t h e  g ro u n d ,  in  a n o th e r  s t e p  m a y  b e  m o re  flex ed . B u t  th e  

fo rw a rd  t h r u s t  i t  g iv e s  a s  i t s  c o n tr ib u t io n  to  t h e  p a ss a g e  o f th e  a n im a l  m u s t 

b e  o f a  c o m p a r a t i v e ly  u n i fo r m  d e g re e  in  e a c h  c o n se c u t iv e  s te p . I t  m a y  o n ly  

b e  so i f  i t  is  g ra d e d  b y  th e  p o s tu re  o f t h e  l im b  w h e n  in  c o n ta c t  w ith  th e  

g ro u n d , a n d  b y  th e  d u r a t io n  o f i t s  c o n ta c t  w i th  th e  g ro u n d . T h is  g ra d in g  

c a n  o n ly  b e  b r o u g h t  a b o u t  b y  p e r ip h e r a l  s t im u li .  O f th e s e  w e m u s t  re g a rd  

*  ‘ Q . J o u r n .  E x p .  P h y s io l . , ’ 1909 , v o l. 3, p . 109.
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th e  p ro p r io c e p t iv e  s t im u li  f ro m  th e  m u s c le s  th e m s e lv e s  a s  th e  m o s t  im p o r 

ta n t ,  a n d  the part which they play is essentially regulative—not

causative.

T h is  w o rk  h a s  b e e n  d o n e  d u r in g  th e  t e n u r e  o f  a  C a rn e g ie  F e l lo w s h ip ,  

a n d  th e  e x p e n s e s  o f  t h e  r e s e a rc h  h a v e  b e e n  d e f r a y e d  b y  a  g r a n t  f ro m  th e  

C a rn e g ie  T r u s t .

Summary.

1. B y  m e a n s  o f a  s t i m u lu s  (n a m e ly , s e c t io n  o f  th e  s p in a l  c o rd )  c e n t r a l  in  

a p p l ic a t io n , a l t h o u g h  re m o te  f ro m  th e  lo c a l  c e n tr e ,  th e  a c t  o f p ro g r e s s io n  

m a y  be  in d u c e d  in  m u s c le s  d e - a f fe re n te d  b y  th e  c u t t i n g  o f t h e i r  a p p r o p r i a t e  

p o s te r io r  s p in a l  ro o ts .  I t  o c c u rs  th u s  a f t e r  a l l  th e  m u s c le s  o f b o th  h in d  

lim b s  h a v e  b e e n  d e -a f fe re n te d , a n d  a l l  b u t  t h e  r e c o rd in g  p a i r  h a v e  b e e n  p u t  

o u t  of a c t io n  b y  m o to r  p a r a ly s is .

2. T h e  a c t  o f p ro g re s s io n  a s  e x h ib i t e d  b y  th e s e  m u s c le s  a n d  th u s  in d u c e d  

sc a rc e ly  d iffe rs , i f  in d e e d  i t  d iffe rs  a t  a l l ,  f ro m  t h e  a c t  s im i la r ly  in d u c e d  

w h e n  th e  a f fe re n t  a rc s  o f  th e  r e c o rd in g  m u s c le s  h a v e  n o t  b e e n  b ro k e n .

3. I n  e i t h e r  c a se  t h e  r e a c t io n ,  a s  e v id e n c e d  i n  m o v e m e n t  a t  t h e  a n k le -  

jo in t ,  sh e w s  th r e e  p e r io d s .  I n  t h e  f i r s t  t h e  r e c o rd  is  c h a r a c te r i s e d  b y  a  s t a t e  

c h ie f ly  o f  m a in ta in e d  f le x io n . I n  t h e  l a s t  t h e r e  is  a  s t a t e  c h a r a c te r i s e d  b y  

m a in ta in e d  e x te n s io n . I n t e r m e d i a t e  b e tw e e n  th e s e  th e r e  is  a  p e r io d  o f 

“ ba lancQ ,” in  w h ic h  th e  m o v e m e n ts  o f p ro g r e s s io n  a re  m o s t  p e r f e c t .

4 . The rhythmic sequence of the act of progression is consequently determined

by phasic changes innate in the local centres, and these phases are not ess

caused by peripheral stimuli.

5. The proprioceptive stimuli which arc generated by the contraction of

muscles taking part in the act (  when the spin

intact) play a regulating and, not an intrinsic part the Their chief

importance may be in the grading of the individual component movements 

the temporary exigencies of the environment.
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