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ABSTRACT 

When a c t i v e l y  c o i l t r a c t i n g  s i n g l e  f i b r e s  a n d  w h o l e  m u s c l e  j n  
/1 .I -4 I, 

v i t c o  a r e  s u b j e c t e d  t o  a  r a m p  s t r e t c h ,  t e n s i o n  rises a b o v e  --- 
isotnetric l e v e l s ,  T h i s  e x c e s s  t e n s i o n  v a r i e s  w i t h  t h e  f i n a l  

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

p u r p o s e  of  t h i s  t h e s i s  was t o  e x a m i i l e  t h e  effect  w h i c h  c n a n g e s  

i n  e a c h  o f  t h e  a b o v e  f a c t o r s  h a v e  o n  t h e  e c c e n t r i c  t o r ~ u e s  
I ! .  

p r o d u c e d  by  human ske le ta l  m u s c l e  L~J s i t u ,  

F i v e  s u b j e c t s  p e r f o r m e d  f o r e a r m  s u p i n a t i o n  o n  5 - d q i o n s  

d u r i n g  w h i c h  t h e  m u s c l e s  i n v o l v e d  were s t r e t c h e d  a f t e r  
----_. - 

d e  n t  -~f,.~--.-paaxiraal isometric t o r q a e ,  Nine d i f f e r e n t  

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

a m p l i t u d e  were u s e d ,  E x c e s s  t o r j u e  u a s  e x p r e s s e d  as  t h e  r a t i o  o f  - 
t o r q u e  a t  t h e  e n d  o f  s t r e t c h  o v e r  i s o m e t r i c  t o r q u e  a t  t h e  s a m e  

" - 

p o s i t i o n .  The r a t e  o f  d e c a y  o f  e x c e s s  t o r q u e  a f t e r  s tretch was 

a l s o  r e c o r d e d ,  Excess --- .- t o r q u e  d u r i n g  s t r e t c h  was s l o a l l e r  a n d  - -. - 
t o r q u e  d e c a y e d  much f a s t -  t h a n  h a s  been-  o b s e r v e d  i n  e i t h e r  -. . 
single fibres o r  i s o l a t e d  w h o l e  ffiuscle. I t  is p o s s i b l e  t h a t  .*.. . - 
t h e s e  d i s c r e p a n c i e s  are t h e  r e s u l t  o f  d i f f e r e n c e s  i n  t h e  m u s c l e  

p r e p a r a t i o n  i t s e l f  i. t. t h e  a loount ot series  e l a s t i c i t y ,  f i h r e  

c o s n ~ o s i  t i o n ,  t e l a p e r a t u r e  a n d / o r  t h e  s t r e t c h  c o n d i  t i o o s  used. 

E x c e s s  t o r q u e  i n c r e a s e s  w i t h  s t r g t c h  v e l o c i t y  u n t i l  a 

c e r t a i n  c r i t i c a l  v e l o c i t y  h a s  b e e n  r e a c h e d ,  I t  d e c r e a s e s  w i t h  an  
- 

i n c r e a s e  i n  s t r o t c h  a m p l i t u d e  a n d  is not d e p e n d e n t  on  f i n a l  

r a u s c l e  l e n g t h ,  T h e  r a t e  o f  d e c a y  o f  t o r q u e  f o i l o v i n j  - s t g e t c h  was 

f o u n d  t o  be  i n d e p e n d e n t  of f i u a l  m u s c l e  l e n g t h ,  a m p l i t u d e  of 

iii 



s t r e t c h  a n d  s t r e t c h  v e l o c i t y *  
#,.--- - -  

2 h e  e f f ec t s  o f  s t r e t c h  v e l o c i t y  and  a m p l i t u d e  o n  e x c e s s  
- ,  

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

i n  s i t u .  T h e  a b s e n c e  of s l g n i f  i c a n t  c h a n g e s  i n  i n y o e l e c t r i c  -- ---- 
a c t i v i t y  s u g g e s t s  t h a t  with n i g h  i n i t i a l  o p e r a t i n g  f o r c e s ,  t h e  

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

r e f l e x  d c t i v i t y  a r e  p r i m a r i l y  r ~ s p o n s i b l e  f o r  t h e  torque 

r e s p o n s e  during s t r e t c h ,  T i m e  c o n s t a n t s  f o r  t h e  r i s e  i n  - , 

i s o m e t r i c  t o r q u e  were f o u n d  t o  b e  c o n s i d e r a ~ l y  less thsn t h e  

decay time c o n s t a n t s  f o r  a l l  s t r e t c h  trials e n d i n g  a t  t h e  same 

muscle l e n g t h .  T h e  s t o r a g e  o f  m e c h a n i c a l  e n e r g y  i n  t h e  s e r i e s  
u.2- -**I - 

e l a s t i c  c o ~ l p n e n t  c a n  n o t  t h e r e f o r e  by  i t se l f  a c c o u n t  t o r  t h e  

c h a n g e s  i n  t o r q u e  a f t e r  s t r e t c h ,  
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I. Introduct ion  

T h e  b i o m e c h a n i c a l  F r o p e r t i e s  o f  s k e l e t a l  m u s c l e  have ,  o v e r  

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

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

l e v e l  o f  a c t i v a t i o n .  A l m o s t  w i t h o u t  e x c e p t i o n  t h e  f o r c e s  

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

i s o t o n i c  f o r c - v e l o c i t y  r e l a t i o n s h i p s  b a s e d  on Buxley's ( 1 9 5 7 )  

s l i d i n g  r i l a m e n t  m o d e l  of m u s c l e  c o n t r a c t i o n ,  U n d e r  i s o m e t r i c  

c o n d i t i o n s  t h e  t e n s i o n  d e v e l o p e d  is t h o u g h t  t o  b e  d e p e n d e n t  o n  
- - -.,, *- 

.%I \. 
t h e  o v e r l a p  of t h i c k  and t h i n  f i l a m e n t s  w h i c h  i n  t u r n  g o v e r n s  - 
t h e  n u s b e r  - _.._ ._ I o t  . ._ q f f e c t i v e  a c t o m y o s i n  i n t e & c t i o n s ,  E i t h  c o n c e n t r i c  

a c t i v i t y  a  c h a r a c t e r i s t i c  d e c a y  i n  t e n s i o n  i s  o b s e r v e d  a s  

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

c r o s s - b r i d g e  b r e a k a g e  a n d  r e f o r m a  t i o n ,  T h e r e  is a n e t  r e d u c t i o n  

i n  the nuaber  o f  a c t i v e  c r o s s  l i n k s  p r e s e n t  at 3 g i v e n  i n s t a n t  

i n  time and  t e n s i o n  f a l l s .  

D u r i n g  a n  e c c e n t r i c  c o n t r a c t i  cn t h e  t o r c e s  g e n e r d t e d  are  

s i g n i f i c a n t l y  h i g h e r  t h a n  t h o s e  o b s e r v e d  when  & s o m e t r i c  

c o n  t r a c t i o n s  a r e  p e r z o r m e d  over  a n  i d e n t i c a l  r a  nge ~f s a r c o l u e r e  

lengths ( S u g i ,  1972;  Edman a&. , 1 9 7 8 a ,  1978b; vln A t t e v ~ f d t  

a n d  Crowe, 1980) .  W h i l e  t h e  f o r c e - v e l o c i t y  r e l a t i o n s h i p  ~ r e d i c t s  

a n  i n c r e a s e  i n  force w i t h  e c c e n t r i c  d c t i ~ i t y  , i t  . a l o n e  c a n  n o t  ". . -- 

a c c o u n t  - t o r  311 cf t h e  e x c e s s  t e n s i o n  p r o d u c e 3  when a c t i v e l y  

c o n t r a c t i n g  m u s c l e  is  f o r c i b l y  s t r e t c h e d .  T h i s  a d d i t i o n a l  i 9 f o r c e  

e n h a n c e m e n t "  is t h o u g h t  t o  be t h e  r e s u l t  of: t e n p o r a r y  c h a n g e s  i n  



t h e  a b o v e  f i x e d  m u s c l e  p r o p e r t i e s  (Edman e_t a&., 1 9 7 8 a ;  19785) .  

Witn  p r i o r  e c c e n t r i c  movement  m u s c l e  is a b l e  t o  i n c r e a s e  
S L _ _  *-." 

it's p o s i t i v e  work o u t p u t  a b o v e  t h a t  o b t a i n e d  when it  is a l l o w e d  

t o  s h o r t e n  from a n  i s c m o t r i c  c o n t r a c t i o n  ( C a v a g n a  e t  a&, 1 9 6 8 ) .  
/ - -9 -- - 

D e p e n d i n g  on  t h e  a c t i v i t y  t h e r e  may a l s o  b e  a c o n s i d e r a b l e  
-. ._ 

i n c r e a s e  i n  p o w e r  s i n c e  t h e  time i n t e r v a l  o v e r  v t i c n  t h e  

p o s i t i v e  work i s  c a r r i e d  o u t  t e n d s  t o  d e c r e a s e  a s  well. T h i s  --- 
e n h a n c e m e n t  of p o s i t v e  work a n d / o r  power i s  d e p e n d e n t  n o t  o n l y  

o n  t h e  a m o u n t  o f  e x c e s s  t e n s i o n  p r o d u c e d  b y  t h e  c o u n t e r m o v e m e n t  
"- . .,. 

b u t  a l s o  t h e  time d e l a y  b e t w e e n  t h e  e c c e n t r i c  a n d  c o n c e n t r i c  
-.. 

p ha ses, -- 
R e g a r d l e s s  of w h e t h e r  a p r e v i o u s  s t r e t c h  is a p p l i e d ,  m u s c l e  

P o s e s  s o m e  o f  i t s  a b i l i t y  t o  generate t e n s i o n  d u r i n g  " a c t i v e w  

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

c a u s e d  b y  c h a n g e s  i n  s a r c o a i f r e -  l e n g t h  a l o n e  (Edman and 

K i e s s l i n g ,  1 9 7 1 ) -  R a t h e r  i t  seems t o  b e  t h e  result of c h a n g e s  i n  
.- 

t h e  my ~ f i l a m e n t  s y s t e m  which i n f l u e n c e  t h e  b i n d i n g  of a c t i v a t o r  

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

( J o y c e  & p l , ,  1 9 6 9 ;  Edman, 1 9 7 5 ;  l 9 8 O ) ,  

In o r d e r  t o  d i s t i n g u i s h  L e t w e e n  e n h a n c e m e n t  a n d  this 

d e a c t i v a t i o n  p r o c e s s ,  " s t r e t c h  a n d  h o f  dn t e c h n i q u e s  h a v e  b e e n  

u s e d  w h i c h  p r e v e n t  a c t i v e  s h o r t e n i n g ,  T h e s e  s t u d i e s  i n d i c a t e  

t h a t  e x c e s s  t e n s i o n  g r a d u a l l y  2311s away, e v e n t u  

q s o ~ e t r i c  . fe~_e-1s f o r  t h a t  m u s c i e  l e n g t h .  Bo th  -._t4e r i s e  i n  
-- " 

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

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



f a c t o r s  i , e ,  t e m ~ f p - t u r e ,  l e v e l  of a c t i v a t i o n ,  f i n a l  

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

{ S u g i ,  1 9 7 2 ;  Edman ~2 a,, 1 9 7 8 a ,  1 9 7 8 b ;  C u r t i n  a n d  Y o l e d g e ,  

1979; F l i t n e y  a n d  Hirst, 1978;  van A t t e v e l d t  a n d  C r o w e ,  1980) .  

W i t h i n  t h e  l i t e r a t u r e  t h e r e  is l i t t l e  d i r e c t  i n f o r m a t i o n  o n  
. -* 

how v a r i o u s  c o m b i n a  t i o n s  or: t h e s e  f a c t o r s  l n f  l u e  n c e  e c c e n t r i c  

t e n s i o n  i n  i n t a c t  m a m m a l i a n  m u s c l e ,  ? lost  human movement  s t u d i e s  

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

p h a s e ,  A t - t e m p t s  h a v e  b e e n  made,  u s i n g  s i n g l e  f i b r e s  a n d  i s o l a t e d  
r" 

whole m u s c l e  , t o  d e t e r m i n e  t h e  e f f e c t s  v h i c h  c h a n g e s  i n  one o r  -- 

more o f  t h e s e  c o n d i t i o r ~ s  h a v e  o n  t h e  s t r e t c h  r e s p o n s e  of  muscie - -* * 

i n  v i t r o .  H o w e v e r  d u e  t o  t h e  r e l a t i v e l y  s h o r t  l i f e t ime  or e a c h  - --- 
p r e p a r a t i o n  a n d  t h e  l e n g t h y  r e s t o r a t i o n  p e r i o d  r e q u i r e d  b e t w e e n  

s u c c e s s i v e  r e c o r d i n g s ,  i t  is d i f f i c u l t  t o  e x a m i n e  uialiy of t h e  

p o s s i b l e  c o m b i n a t i o n s  u s i n g  the same p r e p a r a t i o n  ( v a n  A t t e v e l d t  

E Crowe, 1 9 8 0 ) -  S i n c e  the f r a g l f i t y  o f  t h e s e  ; ! r e p a r a t i o n s  

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

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

oear O•‹C. T h i s  d i f f e r e n c e  i n  t e m p e r a t u r e  a s  well a s  d i f f e r e n c e s  

i n  t h e  a m o u n t  o f  a s s o c i a t e d  c o n n e c t i v e  t i s s u e  a n d  the a b s e n c e  o f  

n e u r a l  i n p u t s  m u s t  b e  t a k e u  i n t o  a c c o u n t  when a p p l i i n g  

i n f o r m a t i o n  o b t a i n e d  f roat i s o l a t e d  p r e p a r a t i o n s  a t  O O C  t o  i n t a c t  

w h o l e  m u s c l e  a t  3 7 W .  

I n  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  h a s  b e e n  c o n d u c t e d  i n  

t h e  a r e a  of muscle m o d e l l i n g ,  Watze ( 1 9 8 1 )  h a s  i n  fact p r o d u c e d  

a f i w y o c y b e r n e t i c w  m o d e l  w h i c h  is c a p n b l e  of p r e d i c t i n g  t h e  



c h a n g e s  in t e - n s i o n  d u r i n g  dnd a f t e r  s t r e t c h .  A n o t h e r  l e s s  
.--*" --8.- 

.- 
P .  

c o m p l i c a t e d  m o d e l  has b e e n  d e v e l o p e d  b y  Crove e_t af, (1980) .  Yet 

much of t h e  d a t a  u s e d  t o  d e v e l o p  t h e s e  m o d e l s  h a s  come f r o m  iq 

v i v d  m u s c l e  studies, T h e r e f  ore s e v e r a l  a s s u m p t i o n s  m u s t  be  made --- 
when u s i n g  these m o d e l s  t o  predict t h e  s t r e t c h  r e s p o n s e  i n  

malsaalian m u s c l e  I. sf-, 



P u r g o s e  -- --- 
The o b j e c t  of  t h i s  s t u d y  was t o  e x a m i n e  t h e  e f f e c t s  which  

% 

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

h a v e  o n  t h e  e c c e n t r i c  t o r q u e s  g r o d u c e d  b y  h u a a n  m u s c l e  (forearm 
. .. 

s u p i n a t o r s )  a c t i v a t e d  v o l u n t a r i l y  a n d  q a x i m a l l y -  B y  c o m p a r i n g  

t h e s e  e c c e n t r i c  v a l u e s  w i t h  i s o  ~ e t r l c  t o r q u e s  a t  t h e  same muscle 

lengths it u a s  p o s s i b l e  t o  o b t d i c  measures o f  b o t h  the excess 
9* - - 

t e n s & , n _ -  g e n e r a t e d  d u r i n g  a r amp  s t r e t c h  a n d  i t ' s  r a t e  of d e c a y  . 
once t h e  s t r e t c h  h a d  been t e r i i i n a t e d .  1Jsiny t o r q u e  and ,  EMG 

r e c o r d s  an a t t e m p t  was mdde t o  d e t e r m i n e  t h e  v a r i o u s  mechari isrne 

w h i c h  c o n t r i b u t e  t o  t h e  e n h a n c e m e n t  of p o s i t i v e  work and /o r  

p o w e r  i n  human s k e l e t a l  muscle iq &..L A c o m p a r i s o n  of t h e  

s t r e t c h  r e s p o n s e  o f  muscle Aq &is w i t h  t h a t  o f  either s i n g l e  

f i b r e s  o r  i s o l a t e d  w h o l e  m u s c l e  may l e d d  t o  m o d i f i c a t i o n s  w L i c h  

w i l l  f a c i l i t a t e  t h e  d e v e l o ~ m c i n t  o f  more a c c u r a t e  muscle m o d e l s  - . 
of human m u s c u l a r  c o n t r a c t i o n ,  
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S t r e t c h  ---- 

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

f o r c e s  i n  t h e  v e r t i c a l  d i r e c t i o n  Marey  a n d  Demeny ( l d 8 5 b )  n o t e d  

t h a t  when two  j u m p s  are p e r f o r m e d  i n  u c c e s s i o n  t h e  s e c o n d  jurofc . -  - ." 

was c o n s i s t e n t l y  h i g h e ~  . A l t h o u g h  t h e y  f a i l e d  t o  

p r o v i d e  a n y  q u a l i t a t i v e  r e s u l t s  of t h e i r  e x p e r i m e ~ t s  t h e y  

e m p h a s i z e d  t h e  b e n e f  i c a l  ef feet of p r i o r  e c c e n t r i c  movement, 
- .  -- 

S i m i l a r  o b s e r v a t i o n s  were r e p o r t e d  b y  F e n n  ( 19301 - 
3 o r t o n  ( 1  952) c o m p a r e d  t h e  h e i g h t s  r e a c h e d  when s t a z i d i n g  

h i g h  j u m r s  were i n i t i a t e d  f r o m  a s q u a t  p o s i t i o n  w i t h  t h o s e  a f t e r  

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

l e v e l s  were a p p r o x i m a t e l y  1 1 %  highe? when p r e c e e d e d -  .,-." .,.+-+ t y  a 

downward  c o u n t e r m o v e m e n t .  A n d e r s o n  (1967)  was a b l e  t o  s k o v  t h a t  
-. ,a" 

the g r o u n d  r e a c t i o n  f o r c e s ,  were c o n s i d e r a b l y  g r e a t e r  in t h e  
-. "*,- . --- 

s e c o n d  t y p e  of jump, C a v a g n a  et a&, (197 I ) ,  a n d  Kcrni a ~ d  B o s c o  
" - 

( 1 9 7 8 )  r e p o r t  t h a t  t a k e o t f  v e l o c i t y  for a v e r t i c a l  jurup c o u l d  he 
5.2 

i n c r e a s e d  b y  a f a c t o r  o f  1,064 and 'I, 11 r e s p e c t i v e l y  when t h e  

c o u n t e r ~ o v e m c n t  was u s e d ,  

A 1  t h o u g h  C a v a g n a  et &. (1974)  f o u n d  t h a t  tl:& p n z i t i v e  work 
l̂ -.i.*. uWur.. ..r 

_d.~-p e- .  , (m*q*h) was i n c r e a s e d  b y  a p p r o x i a a t e l  y 1 0 f  when p r e c e e d e d  
. - 

by e c c e n t r i c  3 c t i u l t y  t h e  t i ~ e  i n t e r v a l  o v e r  w h i c h  t h i s  work was 
i 



d o n e  ( T w )  d e c r e a s e d  s i g n i f i c a n t l y .  3 i t h  t h i s  r e d u c t i o n  i n  T u ,  
%,q 

B o s c o  a n d  K o a i  (1979)  a l s o  o b s e r v e d  a n  i m p r o v e m e n t  i n  
% -_ r" .. * 

p e r f o r m a n c e  w i t h  s u b j e c t s  u h o  i n c r e a s e d  t h e  a m p l i t u d e  of t h e  
" - ... - 

e c c e n t r i c  movement b y  d r o p p i n g  f rom v a r i o u s  heights (30-70 cm) . * IS 

b e f q r e  b e g i n n i n g  t h e i r  upward  movcncn t .  w i t h  dj-aJes t h e  opt ' i imal  
--I.* VIP" I *. =-"sn..- . .. ..-- 

d r o p  height was 0 6 . 5  cm, w h i l e  f e m a l e s  h a d  t h e i r  best j u m p s \ w h e n  
. - 

d r o p p i a g  from a n  a v e r a g e  h e i g h t  of 47-6 cm., Asmussen  a n d  

Bonde- P e t e r s o n  (1974)  u s e d  a s h i l a r  - t e c h a i q u e  t o  d e m 9 1 i s t a t e  
- - _I_ Y -. 

t h a t  t a k e o f f  v e l o c i t y  c o u l d  b e  i n c r  1.11, 

a l t h o u g h  t h i s  e n h a n c e m e n t  t e n d e d  t o  . d e c r e a s e  once  t h e  d r o p  
w-i-; . . - - 

h e i g h t  e x c e e d e d  40-0 G Bosco a n d  Komi (1973)  i n c l u d e d  a 

damped d r o p  jump w h e r e  t h e  s u b j e c t  w a s  a l l o w e d  t o  a b s o r b  -_  __....- some of  

t h e  g r a v i t a t i o n a l  <.. . f o r c e  o v e r  a g r e a t e r  c h a n g e  i n  k n e e g a n g l e .  

a i t h \ h i +  d e l a y  b o t h  t h e  power  a n d  work d o n e  were lover t h a n  i n  .- 

the undamped -&@ps where  upidard movement b e g a n  a s  soon a s  - 

p o s s i b l e  a f t e r  l a n d i n g  from a n  e l e v i l  t e d  p l a t f o r m ,  

An i n c r e a s e  i n  p o s i t i v e  n o r $  t h r o u g h  p r i o r  e c c e n t r i c  
-. -< 

a c t i v i t y  &as a l s o  b e e n  o b s e r v e d  i n  movement  tasks i n v o l v i n g  -. .- 

f l e g i o n : e x t e 6 3 ; i o n  of t h e  --. e l b o w  ( A s m u s s e n  an11 S o r e n s ~ n ,  1 5 7 1 ;  

C n o c k a e r t ,  1978;  B o b e r  e t  a&, , 1980;  C a v a g n a  &, 7 9 b 8 )  nnd 

f m p r o n a t i o n : s u p i n a t i o a  ( C h a p ~ a n ,  1 9 8 0 ) -  C a v a g n a  g? sf, 

(1968) h a v e  shown a s imi la r  e n h a n c e m e n t  i n  i s d a t e r ] ,  -'Our a u s c l e  

f i b r e s  { t o a d  s a r t o r i u s  a n d  f r o g  g a s t r o c n e i a i u s )  , 



M e c h a n i s m s  Qg f E n h a n c e m e n t  ------ 
/ 

O v e r  t h e  y e a r s  num&rous  e * l a n a t i o n s  h a v e  b e e n  g i v e n  f o r  
/-- 

t h e  e -nhance?e@ of f o r c e  f ~ . l l o w i q g  s t r e t c h ,  Many of t h e  
**-a- -. '*,e 

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

i s o l a t e d  m u s c l e  p r e p a r a t i o n s ,  s u g g e s t  t h a t  e n k a n c m e a t  is  ar&e t o  
L -".% - - 

a  C- telap_o_ra,ry mod i f  ica t i c n  bf f i x e d  m u s c l e  p r o p e r t i e s  eg, 
*-. . * 

*- 

t r a n s i e n t  change-$ i n  t h e  f o r c e -  L e n g t h  a n d  f o r c e - v e l o c i t y  - ---. . I- 

r e l a t i o n s h i p s ,  S t u d i e s  c o n c e r n e d  w i t h  rovemen ts p r o d u c e d  by 

i n t a c t  m u s c l e  s y s t e m s  eg, v e r t i c a l  jump s t u d i e s ,  a l s o  e m p h a s i z e  

t h e  r o l e  of r e f l e x  a c t i v i t y  a n d  i t s  afgect  o n  t h e  r e c r u i t m e n t  -- I- ..-- * -  

a n d  ra ts  c o d i n g  of m o t o r  u n i t s .  T h e  l i t e r a t u r e  summary w h i c h  

f o l l o w s  d e a l s  w i t h  b o t h  p a s s i v e  and a c t i v e  m u s c l e  c o r n F o n e n t s  3s 

w e l l  a s  p o s s i b l e  n e u r a l  i n f l u e n c e s .  E u c h  o f  t h i s  work h a s  b e e n  

r e v i e w e d  b y  C a v a g n a  ( 1 9 7 7 ) -  

H a v i n g  c a l c u l a t e d  t h e  work d o n e  a g a i n s t  g r a v i t y  d u r i n g  

w a l k i n g  Y a r e y  a n d  Demeny ( 1 8 8 5 a )  1 w r o t e :  

" A  p a r t  o f  t h e  n e g a t i v e  work s t o r e d  i n  the m u s c l e s  
d u r i n g  e a c h  f a l l i n g  y h a s e  i s  r e c o v e r e d  d u r i n g  t h e  
l i f t i n g  p h a s e  w h i c h  f o l l o w s ,  B u t  it i s  i m p o s s i b l e  u p  t o  
now to  es t imate  t h e  v a l u e  o f  this r e c o v e r y  of work 
w h i c h ,  h o w e v e r  c e r t a i n l y  e x i s t s , "  

C a v a g n a  a n d  K a n e k o  ( 1 9 7 7 )  n o t e d  t h a t  t h e  m e c h a n i c a l .  work  d o n e  i r ;  

f a s t .  ua l i t i n g  s u r p a s s e d  t h a t  p r e d i c t e d  by e n e r g y  e x y e r l d i t u r e  
.>* s 

d a t a ,  T h e i r  r e s u l t s  s u g g e s t  a  p o s i t i v e  work to  n e t  ecergy ------------------ 
1 t r a n s l a t i o n  g u o t e d  f r o m  C a v a g n a ,  G,A, ( 1 9 7 7 ) -  S t o r a g e  a n d  
u t i l i z a t i o n  o f  e l a s t i c  e n e r g y  i n  s k e l e t a l  a u s c l e ,  E x e r c l s e  &pa 
S J I ~ ~ &  zcienc_e_ B _ e v i e ~ _ s  5, d9-129. 



w 

e x p e n d i t u r e  r a t i o  o f  -35  t o  - 4  while t h e  t h e o r e t i c a l  e f ~ l c & n c ~  

o f -  , $ & _ ~ ~ n t r a c t i l e  k r o c e s s  is t h o u g h t  t o  b e  a p p r o x i m a t e l y  .. 25 

( D i c k i n s o n ,  1 9 2 9 ) -  T h e y  a t t r i b u t e d  t h i s  d i f f e r e n c e  t o  t h e  

release of  r a e c h a n i c a l  potential" e n e r g y  s t o r e d  in t h e  
- -< 

i n t r a m u s c u l a r  c o n n e c t i v e  t i s s u e s  a n d  t e n d o n s  a s  t h e  e x t e n s o r  

muscles of t h e  l o w e r  leg c o n t r a c t  e c c e n t r i c a l l y  i n  r e s p o n s e  t o  

g r a v i t a t i o n a l  a n d  i n e r t i a l  iorces. 

T h i s  s t o r a g e  o f  e n e r g y  i n  t h e  m u s c l e ' s  p a s s i v e  elastic 

c o r a p o a e n t s ,  f i r s t  d i s c u s s e d  by Eill (1950). was f o u n d  t o  

increase linearly w i t h  s p e e d  i n  l eve_ f  ~ . *  r u n n i n g ,  s C a v a g n a  et a&. 

(19 64) c a l c u l a t e d  t h e  e f f i c i e n c y  o f  p o s i t i v e  work" d u r i n g  r u n n i n g  - - - 
t o  b e  - 4  t o  - 5  w h i l e  s u b s e q u e n t  s t u d i e s  ( C a v a g n a  a n d  Raneko ,  

1 9 7 7 ;  C a v a g n a  g& a&-,  1976)  i n d i c d t e  t h i s  v a l u e  m l y  b e  a s  h i g h  

a s  -8 a t  s p e e d s  of 32 Krn/hr, T h e y  s u g g e s t  t h a t  s i n c e  e f r i c i e n c y  
.." 

i n c r e a s e s  w i t h  s~eed, t h e  e x c e s s  p o s i t i v e  work  d e l i v e r e d  i s  
.- - 

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

t r a n s f o r m a  t i o n  of chemical e n e r g y  b i  t h e  c o n t r a c t i l e  c o m p o n e n t ,  

D a v s o n  a n d  T a y l o r  (1973) o b s e r v e d  a s i r n i l a r  t r e n d  in 

k a n  j e r o o s  w h e r e  o x y g e n  c o n s u a & t i o n  was shown t o  decrease a s  
- " 

s p e e d  o f  h o p p i n g  i n c r e a s e d ,  T h e  m e c h a n i c a l  enorgy s t o r e d  was 

p r o p o r t i o n a l  t o  t h e  s q u a r e  of t h e  f o r c e s  ac t inc j  o n  t h e  e l a s t i c  

e l e m e n t s .  S i n c e  these f o r c e s  i n c r e a s e  w i t h  s p e e d  o f  h o p p i n g ,  t h e  

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

p o s i t i v e  work is g r e a t e r  a t  h i g h e r  s p e e d s .  Alexander a n d  V ~ r n o n  

( 1 9 7 5 )  c a l c u f  a t e d  t h a t  a b o u t  40% o f  t h e  p o s i k i v e  work done b y  

the eluscles o f  the l e y  of a w a l l a b y  a t  e a c h  s t e p  was s u s t a i n e d  
. - 



by t h e  e l a s t i c  r e c o i ' l  of t h e  ~ a s t r o c n e m i u s  a n d  ~ l a n t a r i s  
_I,.-, 

t e n  dons.  

W h i l e  i t  is t r u e  t h a t  a m u s c l e  must b e  a t  l e a s t  p - a r t i a l l y  

c o n t r a c t e d  b e f o r e  i t  can stase,,.elastic e n e r g y  i t  i s  q e n e r a l l y  - 
f e l t  t h a t  t h e  r F c o v e r y  of a r c h a n i c a l  e n e r g y  more  t h a n  

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

d u r i n g  s t r e t c h  (Cavagna ,  1 9 7 7 ) -  However  t h i s  recovery..,,  p h a s e  is 
\ 

-.,.-*- 

o f  l i m i t e d  d u r a t i o n  s i n c e ,  as  P e n n  (1930)  s u g g e s t e d ,  t h o  e l a s t i c  
-a<. >.. ."*,. 

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

~ c t i u e  s t r e t ch  seems t o  t e m p o r a r i l y  mod i f  y muscle 

comp&ia_nce - e n a b l i n g  a greater a m o u n t  o f  m e c h a n i c a l  e n e r g y  t o  b e  

r e l e a s e d  f o r  a g i v e n  d E 0 ~  i n  fcrce d u r i n g  s f i a r t e n i n g  {Cavagna  - . - 
a n d  C i t t c r o ,  1974). T h e s e  c h a n g e s  i n  e l a s t i c  r r o p e r t i e s  a r e  

.-- 

s h o r t  lived a n d  t e n d  t o  be  more p r o n o u n c e 3  i n  f a t i g u c d  i a u s c l e  

( V i g r e u x  & a&. , 1980) . 
S a r c j a r i a  e_t ( 1  963) rr teasured oxygen consumption . . l u r ing  

s u c c e s s i v e  d e e p  k n e e  b e n d s  w i t L  a v a r i a b l e  i n + e r v \ i l  o f  t i ~ e  

b e t w e e n  f l e x i o n  a n d  e x t e n s i o n  or the l o w e r  l i m b s .  As t h e  l e n g t h  

of t h e  i n t e r v a l  w a s  d e c r e a s e d ,  t h e  e f f i c i e n c y  i n c r e a s e d  s i n c e  

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

r e c o v e r e d  d u r i n g  subsequent s h o r t e n i n g ,  S i n c e  both t h a  s t o r a g e  
* 

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

a n d  S o r e n s o n  ( 1 9 7 1 )  recommend t h a t  in a t h l e t i c  a c t i v i t i e s  with a 

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

minimized, As t h e  t . e n e f i c a l e f • ’ e c t s  of t h e  wind  p w i l l  b e  

g r e a t e s t  d u r i n j  tile i n i t i a l  p a r t  of t h e  movement,  u t i l i z a t i o n  o f  --- 



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

m o v e m e n t  i s  t h e r e f o r e  a l s o  a f u n c t i o n  of t h e  v e l o c i t y  o f  
- 

s h o r t e n i n g  ( C a v a g n a  et a,&. , 1968) , 
T h i s  a b i l l t y  t o  u t i l i z e  s t o r e d  e l a s t i c  e n e r g y  n o t  o n l y  

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

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

C n o c k e a r t  (1978) r e p o r t s  a s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  w o r k  

d o n e  by a n t a g o n i s t  suscie g r o u p s ,  e l b o w  f l e x o r s  a n d  e x t e n s o r s ,  

d u r i n g  t o  and f r o -  movements, 

B e - s y n t h e s i s  of AT_' D u r i a q  N e g a t i v e  Wo_r& - 
A c c o r d i n g  t o  f e n n  (1930) a n d  E l f t m a n  (1966)  t h e  f u n c t i o r i a l  

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

m u s c l e  c a n n o t  r e t a i n  t h i s  s to re  of e n e r g y  w i t h o u t  c o n t i n u o u s  
*_ 

c o n t r a c t i o r ~ , ~  D u r i n g  t h e  n e g a t i v e  work p h a s e  t h e  s t o r e d  e r ~ e r y y  
<--...+"" 

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

m a i n t a i n e d ,  c h e m i c a l  energy i s  r e q u i r e d ,  I n s t e a d  Fer.n ( 1  930)  

s u g g e s t s  t h a t  w i t h  e c c e n t r i c  c o n t r a c t i o n ,  s o m e  o f  tCe n e g a t i v e  
. c 

v o r k  d o n e  b y  t h e  a u s c l e  is t e m p o r a r i l y  s t o r e d  i n  t h e  f o r m  of 

c h e m i c a l  ~ o t e n t i a l  e n e r g y ,  T h i s  is t h e  r e s u l t  of a s h i f t  i n  the 

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

of  a d e n o s i n e  t r i p h o s p h a t e  ( A T Y )  . 
c r e a t i n e  p h o s p h a t e  + ADP = c r e a t i r e  + ATP 

W i t h  the o n s e t  of t h e  c o n c e n t r i c  p h a s e ,  t h i s  e x c e s s  ATP is 

r a p i d l y  m e t a b o l i z e d  a n d  c o n v e r t e d  b a c k  r n t o  m e c h a n i c a l  e n e r g y  
-.*,*,. 

a l l o w i n g  t h e  m u s c l e  t o  i n c r e a s e  i ts  v o r k  p r o d u c t i o n .  



H a v i n g  o b s e r v e d  t h a t  t h e  w o r k  d o n e \  e x c e e d s  t h e  d i f f e r e n c e  

i n  h e a t  - -..E 5 p r o d u c t i o n  f o r  s t r e t c h  a n d  n o  s t r e t c h  c o n d i t i o n s ,  A b b o t t  

et 41, ( 1 9 5 1 )  p r o p o s e d  t h a t  t h e  m i s s i n g  w o r k  was a b s ~ r b e d  i n  

c h e a i c a l  r e s y n t h e s i s ,  A G e t  r e - s y n t h e s i s  o f  ATP t r o m  n e g a t i v e  

w o r k  h a s  a l s o  b e e n  s u g g e s t e d  b y  Hill a n d  H o v a r t h  ( 1 9 5 9 ) -  

C a v a q n a  a&, (1968) q u e s t i o n e d  t h e  v a l i d i t y  of F e n d ' s  

h y p o t h e s i s ,  s t a t i n g  t h a t  o n l y  when t h e s e  e n e r g y  s t o r e s  f a l l  --.. 
belaw- a c r i t i c a l  l e v e l ,  w h i c h  w e  a s s o c i a t e  w i t h  J a t i g o e ,  d o e s  - -- -* - *. . .- - 

p o t e n t i a l  c h e a i c a l  e n e r g y  b e c o m e  a l i r a i t i n g  f a c t o r ,  W i t h  s h o r t  ." - 

term a e r o b i c  a n d  a n e r o b i c  a c t i v i t i e s ,  t h e r e  is anxgsqFess  of -- . _ ,  - n  .,*--. **,- 

c h e m i c a l  energ? p r e s e n t  w i t h  or u i t h o u t  p r e v i o u s  s t r e t c h  a n d  .&, ---,*. ur- ?.i%~ " 

t h i s  t h e r e f o r e  c a n  n o t  b e  u s e d  a s  a n  i n d e x  of c r e a t i ~ e  k r n a s e  - --*- - 

a c t i v i t y .  A d d i t i o n a l  w o r k  b y  I n f a n t e  gf: a_&- ( l 9 6 4 ) ,  G i l l i s  a n d  

f l a r e c h a l  ( 1 9 7 4 )  a n d  C u r t i n  a n d  D a v i e s  (1972)  t.entls t o  s u p p o r t  
" ...*' ' , 

t h e  a r g u m e n t  p u t  f o r w a r d  by  C a v a g n a  st a&, (1968) .  a n d  i t  seems 

u n l i k e 1 3  t h a t  e n h a n c e m e n t  is t h e  r e s u l t  of a n  i n c r e a s e  i n  ATP 
----,- - .- - 

s y n t h e s i s ,  

P o t e n t i a t i o n  qf Cori t rac t i le  i l a c h i n e  rp -------- 
P d s s i v e  e l a s t i c  e l e m e n t s  w i t h i n  m u s c l e  a re  u n a b l e  t o  s t o re  ..'- 

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

c o m p l i a n c e ,  t o  a c c o u n t  f o r  a11 o f  t h e  i n c r e a s e d  p c > s i t i v e  work 

o b s e r v e d ,  I n  1 9 6 8  C a v a g n a  et a&, wepe u n a w a r e  of t h e  i n c r e a s e d  
I _  _ 

c,oinpliancg, a n d  s u g  t h a t  a ' p ~ r t i o n  of t h e  e n h a n c e d  v o t k  

o u t p u t  was d u e  t o  a " p o t e p t i a t i o n  02 t h e  c o n t r a c t i l e  c o m p o n e n t  - .  I .lrr - > c *  

i tself ,  C a v a g n a  a n d  C i t t e r i o  ( 1 9 7 4 )  h a v e  s i n c e  shown t h a t  with . . 



a c t i v e  stretch) i n t a c t  muscle is a b l e  t o  c o n t r a c t  a g a i n s t  d > o r c e  
..ay--- / ------. -_ 

g r e a t e r  t h a n  Po, t h e  maxima l  i s o m e t r i c  f o r c e  p r e d i c t e d  u s i n g  
< -  +* 

H i l l ' s  (1938) e q u a t i o n -  They p r o p o s e d  t h a t  r e g o i l  o f  p a s s i v e  
^---A - - -- '-':- a 

ela3t.i.c s t r u c t u r e s  with t h e  o n s e t  o f  t h e  c o n c e n t r i c  p h a s e  allows 
*" 

t h e  c o n t r a c t i l e  c o a ~ o n e n t  E .  s h o r t e n  more  s l o w l y ,  T h i s  s h i f t s  -. * * - *  - 
* - 

t h e  m o s c i e  u p w a r d s  a n d  t o  t h e  r i g h t  on t h e  f o r c e - v e l o c i t ~  c u r v e ,  
I _ ^  -.-- I" .I--. ". 

-. 

T h e  e f f e c t  i s  g r e a t e s t  n e a r  Po a n d  d e c r e a s e s  e x p o n e n t i a l l y  a s  -- --- + .. . 
s h o r t e n i n g -  a ~ ~ r o a c h e s  ti~ximum v e l o c i t y  (Voaax), 

U s i n g  s i n g l e  f i b r e s  b a t h e d  i n  r e l a x i n g  s o l u t i o n  G u t h  gt a_& - , ",,*.."-.*-" . . , > .. -- - 
( 1 3 7 7 )  were a b k 6  t o  s h ~ w  t h a t  t h e  e x c e s s  ten-s iwn* w i t h  s t r e t c h  

---" - - ".,'."* --. - - ., 
r --.- ...'- ..- *&," ,  *". 

d o e s  i n d e e d  i n v o l v e  a l t e r e d  c r o s s - b r i d g e  a c t i v i t y  a n d  i s  r o t  
-&-* " ~ & ~ % ~ * * * ~ ~ ~ * ~ ? ~ ~ * * w : * >  A m ' < *  - a- = 

i & 

s i a p l y  d u e  t o  t h e  p r o p e r t i e s  ot t h e  m u s c l e ' z  p a s s i v e  e l a s t i c  
- -" 

e l e m e n t s  i e ,  t e n d o n s ,  i n t r a m u s c u l a r  c o n n e c t i v e  t i s s u e ,  etc. 

C a v a g n a  a n d  Kaneko  (1977) e g a m i n e d  t h e  s t r e t c h  o v e r  a r ange  o f  
-- - - --,. -.+ :*,--- 

t e ~  ~ e r a  t u r e s  a n d  f o u n d  t h a t  t h e  i n  work d o n e  was 
%&,. ---,-*- 

c o n  s i d e r a k l y  1 t h a n  would b e  e x p e c t e d  f r o m  recoil of t h e  
- - .  4 -1 

&"w-d=*.%L " ,.*w P*'& .i-, Ti* -I 

~ e l a s t i c  c o m p o n e n t s  a l o n e ,  T h e  f a c t  t h a t  s i n g l e  muscle f i b e r s ,  -.. & -- . % 

1 

l a c k i n g  " a  . - much o f  t h e  a s s o c  
-w*- 

e tissue, showed  a 
l2-m- * 

s imi l a r  d h i f  t i n  t h e  f o r c e - v e l o c i t y  c u r v e  a l s o  s u s g s t s  t h a t  --- -..-.. --+ .-.. 

some  o t h e r  p r o c e s s  m u s t  b e  i n v o l v e d  (Edman e_L ill, , 1978a, 

A c t i v e  s t r e t c h  a p p e a r s  t o  h a v e  a  d i r e c t  e f fec t  on t h e  
* .  "2. ,. --' "4. 

c o n  tract i le  machinery b y  m o d i f ~ i n g  - - --..- 
some way a n d  i n c r e a s i n g  t h e  amount o f -  t e n s i b n  which c a n  b e  

~a-MuW" ,  

g e n e r a t e d  ( C a v a g n a  a n d  C i t t e r i o ,  1974 ;  Ydman gL., 
6 

1 9 7 8 a ,  1 9 7 8 b )  , i t  is t h o u g h t  t h a t  this asp&'ifont m i g h t  open  - 
-I - v.. 



u p  a d d i t  i o ~ l a f  a c t  i n  b ' i n d i n g  ,.sites w h i c h  were p r q - v i o u s l y  u n a b l e  
C _YX"l." - . - . . - .  

L__ - - r..->" 3-. 

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

t h i s  i n c r e a s e  i n  t h e  n u m b e r  of a c t i v e  c r o s s - b r i d g e s ,  a v a i l d b l e  - --- .: - .*.e:. . -- - -. - - 
c h e a i c a l  e n e r g y  c o u l d  b e  d e l i v e r e d  a t  a g r e a t e r  r a t e  s ~ d  t h e  ATP 

&@&-* A 1 

s to res  u t i l i z e d  . - _  more  e f f e c i p n t l y  (Cavagna  gf: al., 13613). A g r v e r ,  .- ". , %-"A3 .' - 

a n o u n t  __ o f  work  c a n  b e  a c c o m p l i s h e d  s v e r  a s h o r t e r  p e r i o d  of time .? . w*.,.., -- - ,.. '* 

t h e r e b y  i n c r e a s i n g  t h e  power  o u t p u t  a n d  r e d u c i n g  the m a i n t e n a ~ c e  
-,--- 

- -z:;ysw. +*-.d "a . * * > &stc * 2% :a%*' " .-3- * -  . 
* z , e - w ~  -, . 

-. - 
h e a t  r e q u i r e m e n t s .  A ~ & u c t i o n  i n  AT2 c o n s u m p t i p n  d u r i n q  s t r e t c h  

<" . zfsi; ;;,*** "'" ,_ A%< - "  
bm *.-='---'- - 

h a s  heen s h o w n  by C u r t i n  a n d  D a v i e s  (197 .2) -  
- -- -- 

I f  t h e  e n  was t h e  re n g e s  i n  

m y o s i n  ATPase a c t i v i t y  we w o u l d  e x p e c t  a n  x, 
,A -- , *&aaa." ""' .- " "a. - " 

W h i l e  t h i s  i o b s e r a e d  with i n c r e a s e d  t e m p e r a t u r e  
.+..*-,-* .>a. - 

( J u l i a n  e_t a&, , 1 9 7 1 )  a n d  t k e  ",- a d d i t i o n  "- cwi-, r+nk. . - -  -* o f  h y p o t o n i ~ , ~  s o l u t i o n s  
, -- lm. -. -*.?a 

(Edman a n d  Hwang, 1 9 7 7 ) .  Brsax does n o t  c h a n g e  a ,. y w i t h  , '".& -. 

aqtive s t r e t k h  (Edman et ql,, 1978a). - *-.,_ . 

C u r t i n  a n d  W o l e d g e  ( 1 9 7 9 )  u s e d  t h e  r a t i o  of t e n s i o n  t o  r a t e  . -7 .",- "** 

of ATP s p l i t t i n g  a s  a n  i n d i c a t o r  of t h e  number o f  a c t o m y o s i n  
_ <  ^ =Y .2. 

l i n k a g e s  p f e s e n t  a t  a g i v e n  i n s t a n t  i n  time, a n d  f o u n d  l i t t l e  __ __,*I - we. a. 
/- 

p/ d i f f e r e n c e  b e y i e e n  i s o a e t r i c  a n d  "prior s t r e t c h H  conditions- T h e  
"<,G*> A?- /- 

h e a t  p l u s  work ( h + v )  p r o d u c e d ,  al?-_-Jndex of a l l  c h e m i c a l  
--- . _ 

r e a c t i o n s  o c c u r i n g  w i t h i n  t f .e  m u s c l e  was also n o t  s i g n i t i c a n t l y  
"-a. -... w ,  ...- 

d i f f e r e n t  i n  t h e  two  t y p e s  cf c o n t r a c t i o n ,  S i n c e  t h e  s p l i t t i n g  

of AT? is t h e  major s o u r c e  o f  e n e r g y  f o r  t h e  c o n t r a c t i  
" 

r o c e s s  
- NW1 __ 3 t r 1  

C u r t i n  a n d  i d o l e d g e  (1979) f e e l  t h a t  t h e  r ise i n  tenszan a t t e r  
.. 

a c t i v e  .stre o r t i o n a l  i n c r e a s e  i n  t h e  
4 " ' ." .> . *he.*, ," &,& 3 

n u m b e r  of c o n v e n t i o n a l  c r o s s - b r i d g e  c y c l e s ,  X-ray l i i f r a c t i o n  
..- - 2.- ' " - " 4 >. * ,,X" .& 



s t u d i e s  c o r ~ d u c t e d  b y  Y a g i  dt;d P f a t s u b a r a  ( 1 9 7 7 )  f a i l e d  t o  p r o d u c e  
; ".-I,-""- 

a n y  qr4agce o f  t h e  s t r u c t u r a l  changes which w o u l d  b e  e x p e c t e d  

if a d d i t i o n a l  c r o s s - b r i d y e s  were p r e s e n t  f o l l o w i n g  a c t i v e  
:' ..* . . ' wb, ,,., 

s t r e t c h .  S t i l l  i t  may b e  posse$.ble t o  a l t e r  t h e  force  g c n e r a t l n g  

c a p a b i l i t y  o f  each  c r o s s - b r i d g e  2nd n o t  a f f e c t  t h e  k i n e t i c s  
-," . .. " *  ., . 

v h i c h  i n f l u e n c e  Vmax (Edman et a&,, 1978a) , 

c o o l i n g  u s u a l l y  causes m u s c l e  f i b e r s  ( U u c h t a l  a n d  Kaiser, 
.,,...--"-I--DS 

1 9 5 1 )  a n d  t e n d o n s  ( A p t e r ,  1972) t o  become  st . iffer,  Zowever  

A s m u s s e n  nl. ( 1 9 7 6 )  f o u n d  t h a t  t h e  s t i f f n e s s  o f  l e g  e x t e r i s o r  

muscles was n o t  m e a s u r a b l y  i n  luenced b y  t e m p e r a t u r e  c h a n g e s  i n  
"<""*" * ' X .  

t h e  r a n g e  of 300C t o  37*c, Sirnce s t i f f n e s s  was t h e  S S H ~ Q ~  for a  
. r \*-.vm"r*. r - . P." 

q i v e n  mean t e n s i o n  l e v e l  r e q a r d l e s s  o f  t e m p e r a t u r e  t h e y  s u g g e s t  
Vul&*,-. *," ' -* - ir  r r 

t h a t  much of t h e  mu e s  e l a s t i c i t y  i s  located i r z  t h e  

c r o s s - b r i d g e s .  

Uith r e c e n t  model; o t  muscle, c r o s s - b r i d g e  structure h a s  

b e e n  m q d i f i e d  t o  i n c l u d e  an " i n  
' rvran" 

w h i c h  is r e s p o n s i b l e  t o r  s h c r t -  r a n g e #  s t i f f n e s s  ( f lux ley  a n d  

Simmons, 1 9 7 1 ) -  i t  is f e l t  t h a t  w i t h  a c t i v e  s t r e t c h  
- L W  * . ,",# 'tr "<  

c r o s s - b r i d g e s  d o  n o t  ,a. 8 d s i ~ p l y  d e t a c h  s g o n t n n e o u s l y  w i t h  t h e  
-,....- :2:=2 . ;*.. 0 ,  7, r* .. 

s p l i t t i n g  of ATP k u t  r a t h e r  r e m a i n  i n  a  locked on  p o s i t i o n  u n t i l  
a, - + 4- .", I X ,  .~ . 

the a m p l i t _ u ? e , . , , , a n d / o r  v e l o c i t y  o f  s t r e t c h  e x c e e d s  some c r i t i c a l  

l e v e l  - ( N o b l e  a n d  P o l l a c k ,  
..,. . 

t h e  

a c t o m _ w & g L -  l i n k a g e s  " g i v e w ,  d i s c h 3 r g i n g  t h e  t e n s i o n  s t o r e d  i n  .- -- , --lli4 ~ , ' W  . e.-,c.q "* -- ---- -- " 

t h e  s t r a i n e d  e l a s t i c  e l e r a e n t s ,  G r i f f t h s  22 a& (1980)  f e e l  t h a t  
.- . 

-%\ 

i t  is t h i s  d e t a c h m e n t  o f  c r o s s  b r i d g e s  w h i c h  accounts fo r  t h e  
-.z 

d e c r e a s e  i n  m u s c l e  s t i f r - n e s s  o b s e r v e d  d u r i n g  l a r g e  a m p l i t u d e  
,, ,r-m------ .. -- -..----- _ (. 

," .". 



s t r e t c h e s .  E v i d e n c e  o f  c r o s s b r i d < j e  s l i p  h a s  b e e n  r e p o r t e d  i n  
. x 

f r o g  m u s c l e  f i b e r s  ( S u g i ,  l 3 7 2 ) ,  i s o l a t e d  w h o l e  f r o g  m u s c l e  ( v a n  
- - - 

A t t e v e l d t .  a n d  Crowe, 1 9 7 9 )  d n d  i n s e c t  f i b r i l l a r  m u s c l e  ( t i u t h  et 

a&, 1977 ;  1 9 7 9 ) -  

R e f l e x  A c t i v i t y  --- ------ 
W i t h  i s o l a t e d  m u s c l e  p r e p a t a t i o n s ,  f o r ce  en h n n c e m e n t  c a n  b e  

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

s t o r a g e  a n d  u t i l i z a t i c n  or e l a s t i c  e n e r g y .  I n  v o l u n t a r y  

a o v e m e ~ t s  s u c h  a s  t h e  v e r t i c a l  j u   in^, n e u r o m u s c u  l a r  connect i o n s  

remain i n t a c t  a n d  performance may we11 b e  i c f i u e n c e d  by 

p r o ~ r i o c e p t i v e  i n p u t s  a s  w e l l ,  

It h a s  been s u g g e s t e d  t h a t  w i t h  prior e c c e n t r i c  a c t i v i t y  i t  

may be p o s s i b l e  t o  r e d u c e  the e l e c t r o m e c h a n i c a l  d e l a y  (BID), 

i ,e .  t h e  time l a g  b e t w e e n  o n s e t  of e l e c t r i c a l  a c t i v i t y  a n d  t h e  

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

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

c o m p o n e n t  ( S E C )  (Norman  a n d  Komi,  1979) . 3 i t b  v e r t i c a l  j u n p  

s t u d i e s  B o s c o  a n d  K o m i  (7979) o b s e r v e d  c o n s i d e r a b l e  S M G  a c t i v i t y  

i n  l e g  e x t e n s o r s  b e f o r e  t h e  a c t u a l  u p w a r d  a o v e m e n t  idas 

r n i  t i a t e d ,  T h i s  p r e a c  t i v a t i o n  would  b e  a d v a n t a g e o u s  f o r  t w o  

r e a s o n s ,  It w o u l d  t e n d  t o  i n c r e a s e  muscle s t i f f n ~ s s  w h i c h  i n  

t u r n  incrc~ses t h e  e f f e c t i v e n e s s  o f  force e n h l n c e m e c t  x e c h a n i s m s  

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

e n a k l e s  t h e  muscle t o  h e  m o m  o r  less f u l l y  a c t i v e  d t  t h e  s t a r t  

o f  t h e  c o n c e n t r i c  p h a s e  of movement ,  3 0 t n  o f  t h o s e  w o u l d  l e a d  t o  



a n  i n c r e a s e  i n  p o s i t i v e  work,  

E ' 4 G  l e v e l s  d u r i n g  a n  e c c e n t r i c  c o n t r d c t i o n  h a v e  bccn s h o w n  

t o  b e  g r e a t e r  t h a n  wi t t i  a m a x i m a l  i s o m e t r i c  c o n t r a c t i o n  

/ ( S c h m i d t b l e i c h e r  et a,&,, 137.3) o r  n p u r e  c o n c e n t r i c  c o r . t r a c t i o n  

( v i i t a s a i o  a n d  B o s c o ,  1 9 8 2 ) .  H o w e v e r  i n  an e a r l i e r  s t u d y  

' Asmussen  and S o c e n s e n  ( 1 9 7 1 )  f o u n d  t h a t  EYG d c t i v i t y  was maximal 

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

4 m u s c l e  s h o r t e n e d  f r o m  rest, T h e  more j r a d u a l  r ise i n  t . e n s i o n  

with p u r e  c o n c e n t r i c  c o n t r a c t i o n s  d o e s  nct a p p e a r  t.o b e  d u e  t o  

" d e l a y e d  i n n e r v a t i o n 9 *  b u t  r a t h e r  diifereences in m u s c l e  

p r o p e r t i e s .  

T r a d i t i o n a l l y  t h e  n e u r o m u s c u l a  f r e s p o n s e  t:, e x t i ? r n a f  L e n g t h  

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

m o t o r  u n i t s  and/or a n  i n c r e n s e  i n  the ra te  or' f i r i n g  o f  

p r e v i o u s l y  a c t i v e  m o t o r  u n i t s  by t h e  s p i n a l  s t r e t c h  reflex, T h e  

r o l e  w h i c h  each o f  t h e s e  m e c h a n i s n l s  p l a y s  i n  th2 o v e r a l l  r e f l e x  

r e s p o n s ~  seems t o  d e p e n d  on a muscle's f i b r e  c o n ; ~ u s i t i o u  a n d  

f u n c t i o n  { K u k u l k a  and  C l a m a n n ,  1 3 8 1 ) .  
* A 

I n  decerebrats c a t s ,  N i c h o l s  aud Houk (19 '73 ,  1 9 7 6 )  a n d  :1* 

l i o f f e r  a n d  A r i c f r e a s s c n  ( 1 9 8 1 )  fourid t h a t  w i t h  l a r g e  s t r e t c h e s  

s o l e u s  m u s c l e  s t - i f f n e s s  was j r e a t l y  r e d u c e d  when tke d o r s a l  

r o o t s  t o  t h e  m u s c l e  were cut, T h i s  pas ~ d r t i c u l ~ r l y  e v i d e r L t  a t  

< f ow o p e r a t i n g  f o r c e s  a n d  t e n d e d  t o  becolne less  prominent a s  the 

p r e l o a d  was i n c r e a s e d .  T h i s  s u g g e s t s  t h a t  m u s c l e  s t i f f  cess a n 3  

n o t  length may h e  the p r i m a r y  r e g u l a t o r y  concern of  the s t r e t c h  

ref lox ( N i c h o l s  a n d  H o U k ,  1 9 7 6 ;  Z o f  t'er and Andmasson, 1 7 3 1 )  , T h e  



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

v i a  t h e  s t r e t c h  r e f l e x  a n d  t h e  i n t r i n s i c  m e c h a n i c a l  s t i f f n e s s  cf 

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

P a s s i v e  s t r e t c h  t e n d s  t o  p r o d u c e  c o n s i d e r a B l y  less s p i n d l e  

a c t i v i t y  t h a n  ar: e c c e n t r i c  c o n t r a c t i o n  3 f  s i ~ i l a r  a m p l i t u d e  a n d  

vef o c i t y .  T h i s  d i f f e r e n c e  has b e e n  e x p l a i n e E  b y  i n c r e a s e d  

f u s i i a o t o r  a c t i v i t y  unc?er  e c c e n t r i c  c o n d i t i o n s  w t i  h may a c c o u n t  f 
f o r  t h e  r ise  i n  " n e t 8 *  reflex c o m p n s a  t i o n  j.t low t o  medium 

o p e r a t i n g  l e v e l s  ( E u r k e  st &,. 197U) , 

T h i s  r e f l e x  a c t i v i t y  t e n d s  t o  i s p r o v e  t h e  l i r l e a r i t y  o t  t h e  

s t r e t c h  r e s p o n s e ,  c o m p e n s a t i n g  f o r  the n o n - l i n e a r  m e c h n n i c a l  

p r o p e r t i e s  o f  a c t i v e  s o l e u s  r a u s c l e  e g ,  c r o s s - b r i d g e  s l i p .  T h e  

time i n t ~ r v a l  b e t w e e n  t h e  o n s e t  of s t r e t c h  and t1 .e  a p p e a r a n c e  o f  B 

ref Lex 

cen t r a  1 

a c t i v i 9  .- is s u c h  t h a t  i t  p r e v e n t s  m e c h a n i c a l  yield u n t i l  ;i,. 
2 

l o n g  l o o p  reflexes c a n  t a k e  o v e r  ( N i c h o l s  a n d  H o u t ,  

l 9 7 b ) ,  I n  a n  i n t a c t  l i m b  t h e  o v e r a l l  j o i n t  s t i f f n e s s  c a o  a l s o  b e  - - 

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

and/or a n t a g o n i s t s  { H o f f e r  a n d  A n d r e a s s o n ,  198  1) . 
T h e  s i g ~ i f i c a n c e  o f  t h e  s p i n a l  s t r e t c h  r e f l e x  a s  a 

- 

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

i n v e s t i g a t o r s ,  Hammond & &, (1956)  f e e l  t h a t  i n  man the role 

o f  the m o n o s y n a p t i c  s t r e c h  r e f l e x  i s  s e c o n d a r j  t o  t h a t  of  l o u g e r  

l a t e n c y  r e f l e x e s ,  P j e l v i l l  J o n e s  arld Watt (1971)  also s t ress  t h e  

i m p o r t a n c e  of a " f u n c t i o n a l  s t r e t c h  ref lexaq (FSRf which i n  &an 

h a s  a l a t e n c y  o f  a p p r o x i m a t e l y  1 2 0  msec. c o a p a r e d  t o  t h e  40-5'3 



F i g u r e  1: 3 e p e n d e n c e  o t  muscle stiffness o n  o 2 e r a t i n g  force,  

9 a t a  o b t a i n e d  i u  the Fresence o r  r e f l e x  a n t  d 4 r i r i . j  cut 

n e r v e  s t i m u l a t i o c  df c a t  s o i e u s  muscle, 

[ F e d r a w n  f rom H o t f e r  arid Andreasson,  1981)  
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msec. d e l a y  g e n e r a l l y  a s s o c i a t e d  w i t h  t h e  ' , W h i l e  

t h i s  d e l a y e d  E R G  a c t i v i t y  h a s  b e e n  o b s e r v e d  i n  n u m e r o u s  a u s c l e  
..... ">.. 

s y s  tens eg, human t r i c e p s  ( D i e t z  e_& 1 9 8  I ) ,  f l c x o r / e x t e n s o r  

m u s c l e s  of t h e  wrist i n  monkey  ( 8 a w a  a n d  T a t t o n ,  l 9 7 9 ) ,  t h e  l o n g  

f l exors  of t h e  human t h u m b  ( Y a r s d e n  st_ a&., I 9 7 6 ) ,  i t s  o r i g i f i  

a n d  s i g n i f i c a n c e  a r e  still u n c e r t a i n ,  

I t  is u n l i k e l y  t h a t  1 ~  f i i r e s  a r e  t h e  o n l y  a f f e r e n t  p a t h u a y  

a c t i v a t e d  d u r i n g  e c c e n t r i c  i n o v e a e n t s .  G r o u ~  7 1  s p i n d l e  

a f f  e r e n t s ,  j o l j i  t e n d o n  o r g a n s ,  j o i n t  ~ n d  c u t a n e o u s  -- 

m e c h a n o - r e c e p t o r s  g i l l  s u z e i y  he  i n v o l v e d  i n  t i : ~  o v e r a l l  

r e s p o n s e ,  I n  f a c t  i t  m y b e  t h e  r e f l e x  e x c i t d t i o r ,  af x p n r a t e l y  . . 
r e s p o n d i n g  m o t o r  n e u r o n  s u b g o p u l a t i o n s  w h i c h  a c c o u n t  ror t h e  

-- 

series of  pe, - iks  i n  t h e  a v e r a g e d  E [ I G  (Ml,P12,M3) f o l l o w i n g  j o i n t  

d i s p l a c e m e n t  (Rara and T a t t o n ,  1 9 7 9 ) -  H a , j b a r t h  g t  a&- ( 1 9 8 1 )  

t e n d  t o  d i s a g r e e ,  s t a t i n g  t h a t  t h e  ' t u t s t  i n t e r v a l s '  o b s e r v e d  
- 3t 

I 

c a n  n o t  b e  e x p l a i n e d  h y  s t e p w i s e  r e c r u i t m e n t  of ditferent 

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

r e c e p t o r s  w i t h i n  a  single p c p u l a  t ion .  

P o m p e i a n o  ( 1 9 6 0 )  f o u n d  t h e  r e l a t i o n s h l ~  between s o l e u s  
\ .- 

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

b e f o r e  a n d  a f t e r  t h e  d o r s a l  r o o t s  had h e e n  c u t .  G r i l l n e r  ( 1 5 7 2 )  

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

muscle a l o n e  ~ u s t  be able t o  c o m p e n s a t e  f o r  s u d d e n  c h a n g e s  i n  

load a n d / o r  l e n g t h  since a t  h i g h  v e l o c i t i e s  t h e  m o n o s y n a p t i c  

t ime 4 e l a y s  a r e  t c o  l o n g  f o r  r e f l e x  c o n p e n s a t i o r i ,  r t i e t z  st_ a&,, 

( 1 9 8 0 )  p o i n t  o u t  t h a t  t h e  s t c e t c h  v e l o c i t i e s  and  a m p l i t u d e s  u s e d  



i c  many o f  thcse studies represec t  a s n ~ a l l  fraction of t h o s e  

which occur n a t u r a l l y  i n  man, Cveri s o  s eve ra l  s t u d i e s  ( Y a r s d e n  

~t g , ,  1970 ; Goodwin g&. , 1978)  h a v e  s h o w n  s h o r t  l a t e n c y  - 
EPIC; r e s p o n s e s  artd a clear increase  i n  t h e  size of t h e  s ~ i r i a l  

reflex with s p e e d  of s t r e t c h ,  even a t  the s l o w e r  v e l o c i t i e s ,  



The f o l l o w i n g  s e c t i c n  d e a l s  b r i e t l y  w i t h  t h o s e  f a c t o r s  
_nraru;4""rs '* P . --*-,.&. 

w h i c h ,  by a l t e r i n g  t h e  m e c h a n i c a l  p r o p e r t i e s  o f  t h e  muscle o r  
, & "6 ". 8 "C 

the r e s p o n s e  of p r o p r i o c e p t o r s ,  m ence + t h e  forces 

p r o d u c e d  d u r i n g  a n  e c c e n t r i c  c o n t r a c t i o r .  T h e  c o n d i t i o n s  p r e s e n t  

d u r i n g  stretkh will a l s o  u l t i m a t e l y  d e t e r m i n e  t h e  a n o u n t  of . b <, 

p o s i t i v e  w o r k  8 , d o n e  a n d / o r  p o w e r  g e n e r a t e d  i f  t h e  m u s c i e  i s  t h e n  

a l l o w e d  t o  s h o r t e n ,  

I 

T e m p e r a t u r e  -- -- 
T h e r e  is c o n s i d e r a b l e  d i s a g r e e m e n t  within t h e  l i t e r a t u r e  -- P 

c o n c e r n i n g  t h e  effect  of t e m p e r a t u r e  o n  m u s c u l a r  p e r f o r a a n c e ,  

A s m u s s e n  et a&, (1 976) r e p o r t  a s i g n i f i c a n t  p o s i  t i v e - s o r r e l  a t i o n  
+ 

b e t w e e n  m u s c l e  t e m p e r a t u r e  (Tm) a n d  a i a x i m a l  isometric s t r e n g t h  

w h i l e  B i n k h o r s t  q& (1977) s u g g e s t  t h e  two are i n d e p e n d e n t  of 
---- 

o n e  a n o t h e r .  B e r g h  (1980)  f o u n d  t h a t  isometric s t r e n g t h  was not  
\- 

a f f e c t e d  by Tm while m a x i m a l  d y n a m i c  s t r e n g t h  showed a n  i n c r e a s e  
'.... 

of 4-5% p e r  d e g r e e  Tm, T h i s  effect sras o b s e r v e d  o v e r  a r ange  of 

c o n c e n t r i c  v e l o c i t i ~ ,  p r o d u c i n g  a shift t o  t h e  l e f t  o n  t h e  

f o r c e - v e l o c i t y  c u r v e -  S i n c e  force e u h a n c e r n e n t  is a measure of 
.r_ 

t h e  t e n s i o n  g e n e r a t e d  a b o v e  t h e  isometric maximum Lor a g i v e r i  *---- 
m u s c l e  l e n g t h ,  i t  will n o  doubt h e  i n r l u e n c e d  b y  t e m p e r a t u r e  a s  



B e r g h  a n d  Ekblom (1979)  f o u n d  i n  b o t h  t h e  v e r t i c a l  jump a n d  

s p r i n t i n g ,  p e r f o r m a n c e  l e v e l s  were lower a t  sub-norloal S o d y  

t e m ~ e r a  t u r e s  and  i n c r e a s e d  by  4.2% a n d  5,1X p e r  d e g r e e  

r e s p e c t i v e l y  st  e l e v a t e d  t em~era tu res .  S i n c e  t h e r e  was no  

a p ~ a r e n t  c h a n g e  i n  EMG a c t i v i t y  i t  is s u g g e s t e d  t h a t .  t h e  

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

c o o r d i n a t i o n  i n  t h e s e  a c t i v i t i e s .  

E v i d e n c e  p r e s e n t e d  b y  A s m u s s e ~  gg (1976)  on t h e  o t h e r  

h a n d  indicates t h a t  t h e  a b i l i t y  t o  s t o r e  m e c h a n i c a l  e n e r g y  
rn .. 

d u r i n g  a n  e c c e n t r i c  c o n t r a c t i o n  ie. a downward coun te rmovef f i en t ,  

is e n h a n c e d  by a r e d u c t i o n  i n  t e m ~ e r a t u r e .  W h i l e  t h s  p o s i t i v e  

w o r k  d o n e  a t  c o o l e r  t e m p e r a t u r e s  was r e d u c e d  d u e  t9 a s lower  

d e v e l o p a c n t  of t e n s i o n ,  the e f f e c i e n c y  of novemen t was i m p r o v e d -  

U n d e r  warm c o n d i t i o n s  ( 3 7 O C )  a y p r o x i ~ a t e l y  4,45% o f  t h e  a b s o r b e d  
1 
I , 

e n e r g y  was r e - u s e d  w h i l e  t h e  f i g u r e  was 11.27 i n  t h e  c o l d  I 
I 

-- 
c o n d i t i o n  ( 3 2 O C ) -  S t u d i e s  using s f a j l e  f ibres  h a v e  f r o d o c e d  more  

' 31 
d r a m a t i c  r e s u l t s ,  S u g i  (1 972) f o u n d  f p r ~ p  e s b n c e m e n t  i n c r e a s e d  

by a s  a u c h  a s  50% when t h e  t e m p e r a t u r e  was l o w e r e d  f r o m  2 0 0  t o  

T h e  decay-"ih t e n s i o n  is much m o r e  r a p i d  i n  mammalian m u s c l e  
- . +I -. 

a t  3 7 O C  ( S t e v e n s  c_g &, 198r)) t h a n  w i t h  f r o g  m u s c l e  a t  O•‹CI 

S i n g l e  f i b r e  s t u d i e s  by Edman et &, (1978)  i n d i c a t e  t h a t  0 %  

excess t e n s i o n  may p e r s i s t  f o r  4 - 3  s e c o n d s  a t t e r  s t r e t c h ,  

S u b s e q u e n t  work  b y  t h e  same a u t h o r s  [Edman g t  &, 1978b) h a s  

s h o w n  e v i d e n c e  o f  e n h a n c e m e n t  7 - 0  s e c o n d s  a f t e r  t h e  s t r e t c h  h a s  



b e e n  c o m p l e t e d .  A g a i n  t h i s  may n o t  b e  d u e  t o  t e m p e r a t u r e  

d i f f e r e n c e s  a l o n e  b u t  also d i f f e r e n c e s  i n  ser ies  e l a s t i c i t y ,  

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

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

b e e n  s u g y e s  t e d  t h a t  t h e  b i o c h e m i c a l  p r o c e s s e s  ie. ATP s p l i t t i n g  

( " a s s o c i a t e d  w i t h  e a c h  c r o s s - b r i d g e  cyc le  must be a l t e r e d  i n  some 

way. T h e  r e su l t  i s  a n  i n c r e a s e d  s t i f E n e s s  a n d  r e s i s t ance  t o  a n y  - . .- .. 
change  i n  l e n g t h ,  b e  i t  s h o r t e n i n g  o r  s t r e t c h -  ,#lusclk? relaxat'ion - " -%-. .. .,"', . *s -- c -- 

is aZSJ;d-i$&wed, a n d  & t ; i f f n e s s  p e r k i s t s  f o r  a l o n g e r  p e r i o d  
" ~ - . Y  s i - 

a l l o w i n g  more o f  t h e  e l a s t i c  e n e r g y  t o  b e  c a r r i e d  o v e r  l n t o  t h e  -. v- "- ' ?"-* - -" -. L..- 
p o s i t i v e  work  p h a s e  (Asmussen  g t  pl,, 1976) .  

When e x d m i n i n g  force e c h a n c e r t l e n t ,  muscfe a c t i v a t i o n  is 
% " v 'L* . &. w-> -"wsam.' -- - 

g e n e r a l l y  a s s u m e d  t o  be a a n i m a r  .. + * p r i o r  t o  s t r e t c h ,  J o y c e  g t  p i ;  
."* " . U"-l.%.$ 

(1959) state t h a t  t h e  r a t e s  o f  s t i m u l a t i o n  u s e d  i n  a-ost m u s c l @  T 
* -  

s t u d i e s  a r e  c o n s i d e r a b l y  h i g h e r  t h a n  t h o s e  present d u r i n g  n o r m a l  
' I- 

4 

~ o v e m e n t s .  U s i n g  i n t a c t  c a t  sofeas t h e y  d i s c o v e r e d  t h a t  f o r  a -- 
g i v e n  +. a y l i t u d e  e a n d  v e l o c i t y  of s t r e t c h ,  t h e  e n h a n o e n e n t  p r o i i l e  

. + 
i 

v a r i e d  w i t h  t h e  r a t e  of s t i m u l a t i o n ,  ~t h i g h e r  r a t e s  1-35 p p s )  

t h e  tension c o n s i s t e n t l y  r o s e  a b o v e  i s o r u e t r i c  l e v e l s ,  w h i l e  t 

lower s t i m u l u s  r a t e s  (5-15 p p s )  p r o d u c e d  f o r c e s  l ess  t h a n  

i s o a e t r i c  f o r  t h a t  m u s c l e  l e n g t h .  

H i  t h  s t i m u l u s  rat& the r r n o v e r  o t  
" k" 

c r o s s - b r i d g e s  more  t h a n  uakes up f o r  any mechanical s l i g p a g e ,  As 



number  ~f c r o s s - b r i d g e  c y c l e s )  p e r  u n i t  time. The s l i p p a g e  c a n  no 
&.,<:b%.-- * ">* - \- - - .  .-,....... '45,- "rn*.. _/-' " -*"- - - 

IC 
/" -- '..+ 

l o n g e r  b e  a d e q u a t e l y  c o m p e n s a t e d  f o r  a n d  t e n s i o n  felts below 
5 *-..- " ", < 

- " -* 
J- 

i s o a e t r i c .  
-__1_1 -- -,.-" - " 

S i n c e  much o f  t h e  s(wt raaye..st$&fnes> i s  coota in ,q& w i t h i n  
" * 

t h e  a c 2 - i p e _ - g o s s -  b r i  dges, su .$max ' imal ly  c o a t r a c t i n g  m!ss&$- -$ends  
---* .%. * -.. - *.r--z irav 

+-----\ 

t o  b e  more c o m p l r a n t ,  While t h i s  a l l o w s  more  of  the $Qsorb&d 
- - > ,  .-.... .* 

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

s t r e t c h i n g  --.- . -,:- . ." t h e  m u s c l e  a r e  sataller, Witn  Eeuef  ,motor  u n i t s  

a c t i v a t e d  t h e  e n d  r e s u l t  i s  a n  o v e  n i n  r ~ c o v e r a b l e  
.. - I -  -*- 

a .  

52 e l a s t i c  e n e r g y  (Cavagna,  1977) -  S t i l l  C n o c k e a r t  a n d  G o u b e l  
- $9" 

//*if - Y 
(1975) r e p o r t  t h a t  a s u b a a x i m n l l y  a c t i v e  human b i c e p s  wh ich  h a s  

- 1  -% . .' - . 

; 
k. b e e n , . . s t x e t c h e d  is a b l e  t o  a c c o ~ t p l i s h  t h e  same a m o u n t  of work a s  

d 
- I"-. 

a m a x i m a l l y  a c t i v e  muscle w h i c h  has n o t  k e e n  p r e v i o u s l y  

s t r e t c h e d ,  

i f o r  a g i f e n  m u s c l e  l e Q t h ,  C a v a y n a  (1377) s u g g e s t s  ---.-.-- 
t h a t  t h e  above  o b s e r v a t i o n s  c an  b e  e x p l a i n e d  by d i i f f e r e n c e s  i n  

4 
> .  --\ . < 7. -.. 

t h e  pa-zrbGr*'" motor u n i t $  p r e s e n t  u n d e r  e a c h  c o n d i t i o n -  
..LmrP*rP*lm, - * _ .>_. ,w c. . .+ 

-"m 

b 
B M ~ B  (1951a) a g r e e s ,  t . h a t  d i f f e r e n c e s  i n  t h e  l e v e l  of a c t i s a t i  

..% " "  
^" tliiW. 

k 
< -,* -- 4 . - -,.--. -( 

+ - aay a c c o u n t  r o r  t h i s  d i s c r e p a n c y .  However  a t  o r  n e a r  maximal 
- . *, -..-- .&"mmTT"Ŷ : 22 r A,.- 

a c t i v i t y  it  w o u l d  b e  t h e  r ferences i n  t i r i n g  
-b-L??- -- +A- 

f r e q u e n c y  n o t  t h e  number  o f  a o t o r  u n i t s  r e c r u i t e d ,  



- -  Stretch P q r a l e t e r s  

A' .." 
-.i : --r "8elagyi  (1979)  r o u n d  t - h a t  t h e  profile of force' \  
k. ---- - -w - 

,.- e n h a n c e m e n t  (P/Po)  v a r i e d  d e p e n d i c y  o n  t h e  time c h a r a c t e r i s t i c s  
~ "., 8. - --...-- -. 

of the g p p f S 6 d ' - s € h  (ie. l i n e a r ;  p a r d b o i i c  ; e x p o n e n t i a l )  , I n  
i,--. . - - . 

m o s t  i n s t a n c e s  h p w e v e r  a c  - .- 'Y-r. , 
t c h  is  a s s u m e d  t o  r e p r e s e n t  a  

.- - 
L ..I- - .I *_  , - ** 

e i n  n u s c l e  lcng t h -  Under  these c o n d i t i o n s  

Po) h a s  been shown t o  be  a functiotp, o f  b o t h  
> -9. r+,?v..** * .>, 

t h e  r a m p  pa ra , !gp te r s  ( ie-  m a g n i t u d e  a n d  v e l o c i t y  of s t r e t c h )  a n d  
L. 7' . 

a b s o l u t e  > m u s c l e :  s a r c o m e r e  Iengt$. -. " : . -  , L,J a ,,P, - "  . , " 14 . 1 ,---".--11 
" 4 

U s i n g  b u n d l e s  o f  f r o g  s e m i t e n d i n m u s  fikres Sugi ( 1 9 7 2 )  

f o u n d  t h d t  g f i r t  stre*&& (less t h a n  1 0 %  l e n g t h )  c a r r i e d  o u t  a t  
'\ -4" 

a v e ? , w  of ?5cm,/sr;?c ( l O L / s e c )  p r o d u c e d  a  sn 
* .** - ,,@bba*' ,/ --. .." 

t h r o u g h  o u t  t h e  e c c e n t  ase a n d  a g radea  -- - 

t o w a r d s  s t c  d y r i n g  t h e  hold ghase, T h e  m a g p i t u d e  of p a k  ._<*.- -8" 

* . +  

L.. . 
0. X - -- - .we.**wsq,p* ' 

t e n s i o n  l n c r e p s e d  w i t h  b o t h  v e l o c i t y  a n d  amplit"& A,.. s t r e t c h  
* z- -,,".- < .- " *-.- .z--\*v . , #*-".e- Z 

w h i l e  the " ii t enk t ign  was  more  r h v e l o c i t y  
Ex2--- 4 - M r  

i n c r e a s e d .  
d"3=*- 

Due  t o  t h q  time required d o r  r e f o r ~ a t i c n  of actonlosin 
b 

, &"dl- 
\-% -..+---*- "." ."*"$ ... .< . 

l i n k a g e s  t h e r e  is a p r o p o r t i o  ease i n  t h e i r  number  a s  
-A*., , -*- 9 

v e l o c i t y  i n c r e a s e s  ( S u g i ,  1 9 7 2 ;  J o y c e  st_ a_&,, 1 9 0 9 ) ,  X i t h  s l o w  
, , MbC >*' -IT, .. 7. 4 

t o  m o d e r a t e  s t r e t c h  v e 1 o c i ) y .  i t  is f e l t  t h a t  this r e d u c t i o n  i n  
, 0 -'a ---, "#.. " 5." i!.,48ay .̂*- 

k,-.3.+- - 

nu la adowed b y  t h e  e n h a e c e d  f o r c e  rjenep2ed DJ e a c n  
wr .hl--ua~h--an--. -&".l . .- 

s t r a i n e d  c r o s s -  b r i d g e -  However  a s  v e l o c i t y  i n c r e a 3 e s  ( 3 0 -  80 - + 9 .*.M'"@ -- ." -..,_-..-- ."=--- 

cm./sec. ; 20-50 L/sec-) more  a n d  more c r o s s - k r i d g e s  a r e  t o r c i b l y  -.- - - - ' - -7~1 . -  r r. .'*,., C .. rlM *.I *_ _ 
d e t a c h e $ '  hMTr R. a l lowin~ , . , _Mre  e x t  c o m p 8 ~ e n t s  t o  r e c o i l  

-.% - - . -.,."..-** 
b ~ f o r e  the,,. $&_~etr;lb c a n  b e  c o m p l e t e d ,  As t h e  c r o s s  L i n k s  " g i v e w  i -- --. -- / 

1 



t h e r e  is a s h a r p  i n i t i a l  d r o p  . ----.--- +,>- " 

, X I -  , 
d s % y  p h a s e  s i m i l a r  t o  that 
...nas\.aa---- 

v e l o c i t i e s .  ii i t h  s t i l l  f a s t e r  

70- 100 L/sec. f t h i s  i n i t i a  1 d r o p  

,-- -- 
i n  t e n s i o n  , a n d  t h e n  a  y r a d u a l  

.hY*.li --bl -- 
- .  

o b s e r v e d  a t  slower s t r e t c h  
--:It:: 7 -.. . ., -- 

v e l o c i t i e s  (80-1 SO cm,/sec-; 

is more p r o n o u n c e d ,  a n d  t e n s i o n  
-_r - - - - - ,  . 

*.-dab< 

f a 1  1s b e l o w  isometric f o r  t h a t  muscle l e n g t h .  T e n . s i a n  t h e n  

climbs s l l o v l y  back towards isoraetzfc- S u g i  ( 1 9 7 2 )  r e p o r t s  t h a t  
.- ..'. 

both t h e  m a y n z b u d e  of t h e  ~ n i t i a l  A rop  a n d  t h e  time required f o r  
-._-_ l r  - ' '^ - r  

t h i s  secondary rise i n  t e n s i b n  i n c r e a s e s  w i t h  a m p l i t u d e  of 

s t r e t c h .  
- 

Var. A t t e v e l d t  a n d  Crowe ( 1 9 8 0 )  r e - e x a m i n e d  t h e  work of S u g i  

(1972)  a n d  Edman gt 21.. { 1 9 7 6 ; 7 9 7 8 a ; 1 9 7 8 b f  u s i n g  i s o l a t e d  w h o l e  
i - ., "',** - 

m u s c l e  ( f r o g  s a r t o r i o u s ) ,  Y f ~ i l e  t h e  same general p a t t e r n s  

e m e r g e d  t h e r e  were s e v e r a l  d i f f e r e n c e s ,  3 u  
. . -  

a t  much lower v e l o c i t  e t c h  dad  t h e  d e c a y  i n  e n h a n c e a e n t  
**B*-"* J*~WA*~~F,S,$. ,, 

was c o n s i d e r  uer t h a n  w i t h  f i  a r a t i o n s ,  Since t h ~  

m u s c l e  u s e d  was d i s s e c t e d  o u t  c o m p l e t e  w i t h  i t s  t e n d i n o u s  
r i, > c d  . W--w&*- 

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

result of a d d i t i o n a l  series e l a s t i c  c o n n e c t i o n s ,  
.7+7?. , , , f lJ*: :  - , * 

F l i t n e y  sad ~ i ' r s t - * { 1 9 7 8 )  u s e d  i n t a c t  f r o g  sartqri-ous a u s c l e  
-.,. " .  , * 

and f o u n d  t h a t  e n h a n c e m e n t  i n c r e a s e d  w i t h  speed cf s t r e t c h  u n t i l  
-ra"..-- . ,.. 4 Y *  -* ' e, -- 

a c e r t a i n  t e l t t p e r a t u r e  d e p e n d e n t  c r i t i c a l  v e l o c i t y  was r e a c h e d -  
.& %-"" 

Beyond this p o i n t  (3-8 mm/sec-; . 1 Y  L/sec a t  0 C )  t e n s i o n  was 
.&=&h 

mars o r  less" i h b e p m a e n t  of a n y  f u r t n e r  i n c r e a s e  up t o  tr4 
" ? " -  

- - ,? - 
ram/sec. ; 2 - 3 5  L / s e c .  Fila~ent d i s p l a c e r c e n t  g r e a t e r  t h a n  1 1 - 1 2  . - " < ... 

nm, (1-2% of m u s c l  o l e n g t h )  p r o d u c e d  a n  a h r y p t ,  i g l ; r a d s e  of - 
a p p r o x i m a t e l y  3 3  nrp, i n  m u s c l e  l e n g t h ,  T h e y  s t a t e  t h a t  t h i s  i s  



c o n s i d e r a k l y  l a r g e r  t h a n  most estimates f o r  t h e  w o r k i n g  r a n g e  o f  - .,A*+- 

a s i n g l e  c r o s s - b r i d g e ,  However  in r e v i e w i n g  'some 
, . .., a 

t h i s  area,  N o b l e  a n d  P o l l i i c k  ( 1 9 7 7 )  n o t i c e d  t h a t  t h e  magi  

t h e s e  s u d d e n  l e n g t h  c h a n g e s  was g e n e r a l l y  i n  t h e  r a n g e  o f  40-45 
,airA77*.%J- r * .'* 

nrn. p e r  s a r c o m e r e ,  T h e y  s u g g e s t  t h i s  v a l u e  is s i m i l a r  t o  t h e  ., -, * >' > ,c * 

h e l i c a l  repeat s p a c i n g  of c r o s s - b r i d  j e s  a l o n g  t h e  t h i c k  

f i l a m e n t ,  

I n  d i s c u s s i n g  t h e i r  r e s u l t s  b o t h  F l i t n e y  a n d  I i irst  (1978)  

a n d  G r i f f  t h s  gt s, (1980)  emphas i ze  t h e  fact t h a t  t h e  a a o u n t  of . ',.XI 
e l a s t i c i t y  i n  s i n g l e  f i b r e s  is c o n s i d e r a b l y  less, a p p r o x i m a t e l y  

2 0 X ,  o f  t h a t  i n  w h o l e  m u s c l e .  G r i f f  t h s  a&, (1980) u s e d  s i n g l e  

fibres i n  w h i c h  t h e  s a r c o l e m m a  h a d  been  m e c h a n i c a l l y  r e a o v e d  a n d  
r."* 

o b s e r v e d  s l i p p a g e  a t  s t re tc t  a m p l i t u d e s  o f  1,2$, S i ~ i l a r  r e s u l t s  

were r e p o r t e d  by F l i t n e y  a n d  H i r s t  (1978) u s i n g  i s o l a t e d  whole 

m u s c l e .  On the o t h e r  h a n d  Edman et a&, ( l 9 7 8 a ;  1 9 7 8 1 )  s u b j e c t e d  

single r i b r e s  t o  s t r e t c h e s  much g r e a t e r  t h a n  1 2  nm w i t h o u t  a n y  
. , , j l l  * 

i n d i c a t i o n  o f  t h e  c r o s s - b r i d g e s  g i v i n g  o u t ,  i i h i l e  S u r ~ i  ( 1 9 7 2 )  
, <  " ,  - *d- 

o b s e r v e d  slip, i t  was n o t  e v i d e n t  u n t i l  t h e  a m o u n t  o f  s t r e t c h  
h- . - 

rose a b o v e  6.0% L, 

- 

w i t h  s i a g ~ e - f f  b r e s  f r o m  f r o g  s e m i t e n l i n o s u s  m n s c l e  Zdman gt 
."-.*__. -\ < 

Q. { 1 9 7 8 a ; 1 9 7 8 b )  f o u n d  the rise to p e a k  t e n s i o r !  d u r i n g  s t r e t c h  
" - i > ~ . ~  

' . 
t o  b e  d e p e n d e n t  o n  v e l o c i t y  n o t  m a g n i t u d e  of s t r e t c h  or  

degree  of f i l a m e  . A f t e r  s t r e t c h ,  e x c e s s  t e n s i o n  was - *. 
b 

i n d e p e n d e n t  of s t r e t c h  v e l o c i t y  dnd a t  s a r c o m e r e  1 e n g t l - 1 ~  b e t w e e n  
% .- ---"--wd.., _. I 1 i 



1 - 9  a n d  2.3 urn. it was a l s o  i n d e p e n d e n t  o f  s t r e t c h  a m p l i t u d e s  
I 

g r e a t e r  t h a n  2 5  nm, p e r  s a r c o m e r e .  A t  l e n g t h s  g r e a t e r  t h a n  2 - 3  

urn, p e r c e n t a g e  e x c e s s  t e n s i o n  i n c r e a s e d  w i t h  muscle l e n g t h ,  

t e d  f o r  c h a n g e s  i n  r e s t i n g  t e n s i o n  F i l l  (1977)  

d e m o n s t a t  t h a t  t h e  e x c e s s  t e n s i o n  m a i n t a i n e d  a h 

i n c r e a s e s  w i t h  muscle l e n g t h .  o n  on  t h e  o t h e r  hand  

n g t h s .  v a n  A t t e v e l d t  a n d  

C r o w  (1980) r e p o r t  t h a t  e x c e s s  t e n s i o n  r e m a i n s  more or  less 
, "* - ', ?ST-**- :>aYt+ag;4~ryir?Sii'i''i" -'is+ I( 

c o n s t a n t  a t  s h o r t e r  m u s c l e  l e n y  ths u p  t o  Lo, t h e  l e n g t h  

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

been  s u r p a s s e d  e n h a n c e a e n t  t e n d s  t o  i n c r e a s e  w i t h  l e n j t h  over  

t h e  downward  p o r t  iofi of t h e  i s o m e t r i c  f o r c e - l e n g  t h *  c u r v e ,  -- 

series the r e s p o n s e  o f  t h e  s p i n d l e s  h a s  t r a d i t i o a a l l g  b e e n  g i v e n  " r* 

a s  a f u n c t i o n  of a c c e l e r a t i o n ,  v e i o c i t y  a n d  p ~ s i t i o n  o r  m n s c l e  -- I- ^* Î  . 

T h e y  f e e l  i t  can b e  more  a c c u r a t e l y  d e s c i b e d  a s  "a p r o d u c t  
~>;*<+$,wWb&>w * * 7 

b e t w e e n  m u s c l e  l e n g &  a n d  a &,or f r  
* -.mail ---pa* 8 

S p i o d l e  a c t i v i t y  t e n d s  t o  v a r y  vl&& t h e  l eve_ l  of a c t i v a t i o n '  
I, ' ~;'*:;-&w'&~ 

- . - . / - . a I I  .-- 
q$preload. .  L e n g t h e n i n g  c o n  o d u c e  a h 

n e e -  ' ..." 
d i s c h a r g e  A r a t e  +,-. tha^n a p a s s l v e  s t r e t c h  of s i m i l a r  a u t p l . i t u d e  a n d  

v e l o c i t y  ( B u r k e  e_& al;., 1 9 7 8 ) -  The s e n s i t i v i t y  o f  t h e  s tretch 
. . 



ref l c x  is g r e a t e s t  T o r  smal l  c L a n g e s  i n  m u s c l e  l e n g t h  a n d / o r  
I-.--. . . 1.. **t,..&..unC.-,... yl.4- 

<̂..- ,", # * .-- 
1 h d  (Irlatthews, 1972 ) -  This may b e  due t o  t h e  --'-fZct---$hat 

' . -r- - 
f o l l o w i n g  t h e  . i-nff ' iai r e f l e x  b u c s t  the e x  

. .'--.w. - .nr &," q --m-c*&a t y  o f  t h e  
w 

s e g m e n t a l  p a t h w a y  is t e m p o r d r i l y  r e d u c e d  (100-150 msec) d u e  t o  a 
,_. , .rar"j**rur-r%"".w- W U " ,  .,..*- - 

n ~ e  bound1' m e m b r a n e  h y p e r p o l a r i z a t i o n  ( G o t t l  i e b  g& 1970) , 
5 .- ,; .. . .as* - -Mi - w~.;ri~~~~uiim-'w.-.  +-r%- c -a- I 

Few e tUE-esk 'Eave  e k a m i a e d  hcw reflex ac  t i v i t  c h a n g e s  w i t h  
-.-h--4 - . .. P ; E I ~ - ~ .  z i- * h ? p K %  - - - , Lla , u d r ~ d c -  

e, A s t u d y  b y  P, B a u a  ( c u r r e n t l y  i n  p r o g r e s s )  
"- 

i n d  rca tes t h a t  a redo empi3"rdture p r o d u c e s  - -. 
i n  t h e  amp of t h e  s t r e t c h  r e s p o n s e  b -u t  c a u s e s  i t  t o  b e  

b " " 

s h i f t e d  i n  time, 
l r X f J R u ~ x l l  

Sum orary ---- 
An e n h a a c e m e n t  i n  p o s i t i v e  w o r k  i s  o b s e r v e d  w h e n  ! i i u s c i e  is 

-. . ....,..-. 
* '  . . w--- 

., - -+ * -*- 

s t r e t c h e d  from isoffletric c o u d i  t i o n ,  Inis 

e n h a n c e m e n t  h a s  b e e n  a t t r i b u t e d  t o  a v a r i e t y  of m e c h a n i s ~ s ,  Some 
*-. ?.b"i 

ea r l i e r  b.g,p.&t,,heses ie, t h e  r e - s y n t h e s i s  "of 

n e g a t i v e  w o r k  p h a s e  h a v e  b e e n  more or  l eqS  

p r e s e n t  i t  a p F e a r s  t h a t  t h e  e n h a n c e ~ e n t  of p o s i t i v e  work is  t h e  

e l a s t i c  s t r u c t u r e s  {b) c h a n g e s  i n  the cort tract i le  p r o p e r t i e s  o f  -3 
. . .*,', ..*& " * I & I1-p ". , - ~ i ~ r + ~ ~ w 1 r , ~ ~ ~ ~ p l ~ * ~ ~ " 0 n ~ " ,  

i n t a c t ,  ( c )  reflex a c t i v i t y .  T h e s e  m e c h a n i s m s  a p p e a r  t o  be \ 
- e r r  ----A -- - YILYIL 

--%- 
, -P- y 

a c t i v a t i o n ,  C h a  
r ...&ex"* 

of t h e s e  f a c t o r s  does n o t  
, -" , 

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



a 1 1  t y p e s  o f  a u s c l e  p r e p a r t i o n s  (111 or  ig v i t r o ) .  
. - - - e.. -*- -< 

w .  r; l  

D i f f e r e n c e s  i n  s ries t&sticity, c h e m i c a l  p r e p a r a t i o n .  f a t i g u e ,  - --.. &- T& , y p  *-* ,,-*#,$*< 2 -%,% "-- + .*..- " 

fibre c o m p o s i t i o n ,  etc. w i l l  a l t e r  t h e  o i  

excess U n s i o n .  Yet c e r t a i n  g e n e r a l i t i e s  h a v e  been m a d e  a b o u t  
, ".?nzl'rn ., ' 

t h e  r e s p o n s e  o f  i s o l a t e d  m u s c l e  t o  a c t i v e  s t re tch .  
-. * 

E c c e n t r i c  t o r c e  tends t o  i n c r e a s e  w i t h  v e l o c i t y  o f  s t r e t c h ,  
" I .'1-1" 

C+ a 

This refatkmshfp  .%e ~ e n t u a l l y  b r e a k s  

t o  s l i p .  I n c r e a  
i ,? *.%.,# .v . - . ; + * ' ,  /*i . 

e n g t h  p a r t i c u l a r l y  a t  i e n g  I 

seem t o  produce  a larger  e n h a n c e m e n t  effect. With m u s c l e  in sjtg 
7 L * c *, ., *+-"-,r 

r muscle l e n g t h  a l s o  
'* 2 7- 

va t i o n .  The r i n  

tens ian  d u r i n g  t h e  hDld p h a s e  . i s  t h o u g h t  t o  be a f u n c t i o n  cf 
i- *- * " X l l  .ti A. , -. .. , 

p r s  s t r e t c h  v e l o c i t y  a n d  t o t a l  ~ u s c l e  l e n g  A r e d u c t i o n  i n  
*.. -* w**..zm- - *-..,. ... ".*. - - , 

C 1  
*r-&*%t - 8'" 

temperature a n d / o r  a n  i n c r e a s e  i n  l e v e l  of a c t i v a t i o n  t e n d s  t o  
, . -.. ,r 5'  . A , , . % * -  . $+&?',& ,, ,w*R3 '/ l* .c 4-d .%& - -** 6, - A 

m a g n i f y  t h e  e n h a n c e m e n t  p r o c e s s  by increasing t h e  t e n s i o a  
<<< 

*"" % . " Y " .*.* < ;? -2 iny:y . CdJC' C" %* > d , % W . a a ,  

g e n e k t e d  dur;%j Etretch w h i l e  p r o l o n ~ i n g  t h e  d e c a y  o•’ e x c e s s  . 
* q C " s r * -  * ,  '4, * rd,* '- N- j~i'~&$' ' i"-r.rwl****z-, -. 

t e n s i o n  a f t e r  s t r e t c h .  



111, n e t h o d s  

S u b i e c t s  . --- 
T h e  s u b j e c t  p o p u l a t i o n  c o n s i s t e d  of five h e a l t h 1  males, 

each  r i g h t  h a n d e d ,  r a n g i n g  i n  age  i r o m  22 t o  4 0  pears. T h e  

s u b j e c t s  h a d  n o  known m u s c u l o - s k e l e t a l  a b n o r m a l i t i e s  which m i g h t  

restrict t h e i r  range of  movement a n d / o r  t o r q u e s  d u r i n g  

s u p i n a t i o n ,  O n e  of t h e  s u b j e c t s  (AC)  is a proficient s q u a s h  

p l a y e r  and was t h e r e f o r e  s o m e w h a t  more  f a m i l i a r  with t h e  a c t i o n  

o f  s u p i n l - i t i o n /  F r o n a t i o n  u n d e r  a v a r i e t y  of c a n d i t i o n s  o f  

a c t i v a t i o n  a n d  v e l o c i t y .  I n  a d d i t i o n  this s u b j e c t  (AC) had 

performed t h e  a c t i o n s  many times d u r i n g  e x p e r i m e n t s  w h i c h  

u t i l i z e d  the p r e s e n t  a p p a r a t u s .  

A e ~ a r a t u s  - -- 
T h e  e x p e r i m e n t a l  set up is s u m m a r i z e d  s c h e ~ a t i c a l l y  i n  

Figure 2 .  A p o l a r i z e d  l i g h t  g o n i o m e t e r  ( P O L G O S )  (c.f. G r i e v e ,  

1969)  w h i c h  h a s  a range of 1800 was u s e d  t o  m o n i t o r  c h a n g e s  i n  

a n g u l a r  d i s p l  a c e a e n t ,  T h e  device c o n s i s t s  of a toozulator u n i t  

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

s o u r c e  a n d  a p a i r  o f  p h o t o  s e n s o r s ,  One of t h e  sensors a c t e d  a s  

a s t a t i o n a r y  r e f e r e n c e  while the o t h e r  was a t t a c k e d  t o  t h e  ariu 

of a Cybex TI: T s o k i n e t i c  Dynamometer (Lumex f n c , ,  H e w  Y o r k ) .  J . 
Bovernent  o f  o n e  s e n s o r  r e l a t i v e  t o  t h e  o t h e r  p r o d u c e s  a p h a s e  



P i g  ure 2: S c h e m a t i c  d i a g r a  n of e x p e r i m e n t a l  a p p a r a t u s .  
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s h i f t  w h i c h  is c c n v e r t e d  b y  t h e  P O L G O N  m o d u l e  (PGS) i n t o  a 

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

a T e c a  ( u t o d e l  TEU,  W h i t e  P l a i n s ,  New Y o r k , )  r e c o r d e r  w h i c h  a l s o  

p r o d u c e s  a h a r d  c o p y  o f  t h e  d a t a  o n  U V  s e n s i t i v e  p a p e r ,  

C a l i b r a t i o n  of t h e  POLGON was c a r r i e d  o u t  u s i n j  a c a r p e r i t e r 9 s  

l e v e l  t o  p o s i t i o n  t h e  h a n d l e  a t  O 0  a n d  90•‹- Zero degrees 

r e p r e s e n t e d  t h e  p o s i t i o n  i n  w h i c h  t h e  h a n d l e  was h o r i z o n t a l  w i t h  

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

T o r q o e s  were mea su red u s i n g  s t r a i n  g a u g e s  

( M i c r o - i f e a s u r e a e n t s  L t d ,  R o m u l u s ,  f l i c h - )  a t t a c h e d  t o  t h e  h a n d l e  

i n  a W h e a t s t o n e  b r i d g e  c o n f i g u r a t i o n .  The l i n e a r i t y  of t h e s e  

g a u g e s  h a s  b e e n  k r e v i o u s l y  v e  r i f  id. T h i s  s i g n a l  was p a s s e d  

t h r o u g h  a n  A D 6  a m p l i f i e r  c o n t a i n e d  w i t h i n  t h e  T e c a  u n i t .  Due  t o  

t h e  e l e c t r o n i c  configuration of t h e  POLGON t he r e  is  n 4 0  msec. 

d e l a y  b e t w e e n  a n g u l a r  d i s p l a c e n e n t  a n d  b o t h  the t o r q u e  a n d  EMG . 
traces on t h e  i?V p a p e r ,  T h i s  d e l a y  h a s  b e e n  c o r r e c t e d  f o r  i n  a l l  

-" F i g u r e s ,  

Raw EMG f r o &  t h e  b i c e p s  was o b t a i n e d  u s i n g  s u r f a c e  c u p - t y p e  

e l e c t r o d e s  (IBI L t d , ,  N e w p o r t ,  C a l i f . )  a n d  a T e c a  A A 6  M K  111 i 
-7"; 

a m p l i f i e r .  T h e  s i g n a l  was filtered u s i n g  a low f r ~ q u e c c y  c u t - o f f  

of 3 2  Hz and a h i g h  f r e q u e n c y  c u t - o f f  of 1 - 6  RBz,  The o u t p u t  

from this u n i t  was then r e c t i t i e d  a n d  passed t h r o u g h  a s i m p l e  

43.C. t y p e  f i l t e r  w i t h  a time c o n s t a n t  of 200 msec (Teca I b  

i n t e g r a t o r  m o d u l e ) .  

W i t h  s e v e r a l  m i n o r  a o d i f i c a t i o n s  t h e  constant v e l o c i t y  I 
q u a l i t i e s  of the C y b e x  I f  u n i t  c a n  b e  u s e d  t o  ~ r o d u c e  r a m p  a n d  



h o l d  s t r e t c h e s  of v a r i o u s  a m p l i t u d e s ,  T h r e e  s ~ i  t-ches were 

i n s t a l l e d  w h i c h  made i t  p o s s i b l e  t o  o v e r r i d e  t h e  s t a n d a r d  s1,eed 

c o n t r o l  a n d  l i m i t  the novemen t  of t h e  C y b e x  arm, K i t h  s w i t c h  A 

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

m a n u a l l y  by d z p r e s s i n g  b u t t o n  3 o r  a u t o m a t i c a l l y ,  when s u i t c h  c 

was t r i p p e d  by a ffietai p a d d l e  a t t a c h e d  to t h e  C y b e x  

p o t e n t i o a r e t e r -  W i t h  switch A o f f ,  s w i t c h e s  3 a n d  C rio l o n g e r  

i n f l u e n c e d  t h e  Cybex  c i r c u i t r y  a n d  t h e  arm c o u l d  b e  
i 

re- p o s i  t i o n e d ,  

P r o c e d u r e  -------- 
F Y G  e l e c t r o d e s  were a t t a c h e d  t o  t h e  b i c e p s  a n d  a  g round  

s t r a p  was f i x e d  a c r o s s  t h e  wrist, An a t t e m p t  was made +o p l a c e  

the e l e c t r o d e s  i r :  t h e  s a w  p c s i t i o a  e a c h  tes t  day ,  T h e  I-ialidle 

a n d  elbow s u p p o r t  were a d j u s t e d  t o  p r o d u c e  9 0  d e g r e e s  of e l b o w  . 
f l e x i o n  a n d  t h e  s u b j e c t  w a s  p o s i t i o n e d  a s  shour t  i n  F i g u r e s  3 a n d  

4, 77 

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

right s h o u l d e r -  A h a r n e s s  was u s p d  t o  k e e p  the s u k j e c t  a s  i 

u p r i g h t  a s  p o s s i b l e -  T h i s  a l s o  h e l d  the u p p e r  a r m  t i g h t  a g a i n s t  
4 

the s i d e  o f  t h e  chest, p r e v e n t i n g  u n w a n t e d  r o t a t i o n  o f  t h e  

s h o u l d e r .  

P r i a r  t o  each t r i a l  hand  p c s i t i o n  was c h e c k e d  t o  ensure 

t h a t  t h e  s u b  jec tJs  m i d d l e  f i n g e r  l i c e d  u p  w i t h  t h e  axis of 

h a n d l e  r o t a t i o n .  T h e  h a n d l e  was p l a c e d  d t  10•‹ ( 9F l )  a n d  a record I 
C 

of i s o m e t r i c  t o r q u e  a t  t h a t  a n y l e  w ~ s  t a k e n ,  The  h a n d l e  was the r ,  



F i g u r e  3: ? o s i t l o n i n g  of s u b j e c t ,  S i 3 e  view. 





i r e  4: ?osi+iori in . :  of sukject. P a a r  v i c u .  





p a s s i v e l y  r o t a t e 3  t o  p o s i t i o n  0 S l  ( 9 0 • ‹ )  d n d  t h e  d e s i r e d  stretct. 

v e l o c i t y  (60, 150,  243  O / s e c , )  was d i d l e d  i n  o n  t h e  Cybex,  Y i t h  

b u t t o n  U d e p r e s s e d  t h e  C y b e x  arln was f i x e d  a n d  t h e  s u b j e c t  

s u ~  i n a t e d  m a x i m a l l y ,  P r e - s t r e t c h  i s o m e t r i c  l e v e l s  f o r  eac t  

p o s i t i o n  were k e p t  a s  c o n s t d n t  a s  p o s s i b l e  b y  p r o v i u i n y  t i l e  

s u b j e c t  with a v i s u a l  d i s p l a y  of t o r q u e  o n  a n  o s c i l l o s c o p e ,  

When b u t t o n  5 was re leased ,  t h e  C y b e x  arm was r o t a t e 3  

c o u n t e r  c l o c k w i s e  u n t i l  t h e  h a n d l e  r e a c h e d  8 P  1 ( 1 0 0 ) .  A t  t h i s  
i 

p o i n t  s w i t c h  C was t r i p p e d ,  r e d u s i n g  t h e  c i c u i t  r e s i s t a n c e  t o  

ze ra ,  T h i s  p r e v e n t e i ?  a n y  f u r t h e r  m o v e m e n t  o f  t he  h a n d l e ,  D u r i n q  

t h i s  h o l d  p h a s e  t h e  s u b j e c t  m a i n t a i n e d  a i n a x i m a l  c o n t r . ~ c t i o n  of 

f o r e a r m  s u p i n a t i o n  f o r  a p e r i o d  of 4 t o  5 s e c o n d s .  T h i s  was l o n g  

e n o u g h  f 2 r  t h e  t o r q u e  t o  d r o p  b a c k  t o  t h e  i s o m e t r i c  l e v e l  a t  t h e  

muscle l e n g t h  c o r r e s ~ o n r l i n g  t o  8F1. S t r e t c h e s  from 3.51 t o  8 F 1  

were t h e n  c a r r i e d  o u t  a t  t h e  o t h e r  v e l o c i t i e s ,  

An i s o m e t r i c  r e a d i n g  was t a k e n  p r i o r  t o  e a c h  s t r e t c h  t r i a l ,  

l e a v i n g  a p p r o x i m a t e l y  1  m i n u t e  b e t w e e n  c o u t r a c t i o n s ,  i n  ao 

a t t e m p t  t o  r e d u c e  t h e  effects of f a t i g u e  a l o n g e r  rest  p e r i o d  of 

5 x i n u t e s  was u s e d  b e t w e e r ;  s t r e t c h  t r i a l s -  T h e  a b o v e  p r o c e d u r e  

was r e p ~ a t e d  s t a r t i n g  from position 8 5 2  ( 1 7 0 • ‹ )  a n d  f i u i s h i n y  a t  

8 F 1  (100) a n d  a g a i n  from 8 5 2  (1 7 0 • ‹ )  t o  8 F 2  (90•‹) ( T a b l e  1,). 

With each degree  o f  s t r e t c h  t h e r e  was a p p r o x i l e a t e l y  a n  0.316 cm, 

c h a n g e  i n  b i c e p s  muscle l e n g t h  ( A p p e n d i x  A )  

A t  t h e  s t a r t  o f  e a c h  t e s t  s e s s i o n ,  a set  o f  s u b m a x i m a l  

t r i a l s  were c a r r i e d  ou t  f r o m  0 S = 1 7 0 • ‹  t o  8 F  = l o 0  a t  t h e  h i g h e s t  

s t r e t c h  v e l o c i t y  ( 2 4 0 0 / s e c . ) ,  T h e  p u r p o s e  of t h e s e  additions 1 



T a b l e  1 :  Sunnary  gf s t r e t ch  co r . ? i t i ons .  





s t r e t c h e s  was t o  e s t a b l i s h  i f  r e f l e x  a c t i v i t y  c h a n g e d  w i t h  t h e  

l e v e l  of p r i o r  i s o m e t r i c  c ~ n t r a c  tion o r  p r e l o a d .  S a c h  s u b j e c t  

r e p e a t e d  t h i s  c o m ~ l e t e  series o f  s t r e t c h e s  5 t i n e s  o v e r  a p e r i o d  

of two t o  t h r e e  w e e k s ,  

F r o m  t h e  p i l o t  s t u d y  i t  was e v i d e n t  t h a t  i n i t i a l l y  the  

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

c o n t r a c t i o n  f o r  each t r i a l .  T h i s  was p a r t i c u l a r l y  t r u e  of 
> 

s u p i n a t i o n  a t  as2 (170•‹)  , F o r  t h i s  r e a s o n  t h e  s u b j ~ c t s  were 

a l l o w e d  t o  become fdrs i l ia r  w i t h  t h e  t a s k  p r i o r  to  t h e  a c t u a l  

test t r i a l s ,  In o r d e r  t o  a t i n i m i z e  the l e a r n i n g  e f f e c t  a n d  

p r e v e n t  t h e  s u b j e c t s  f m m  a n t i c i p a t i n g  t h e  expected r e s p o n s e ,  

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

r a n  d o m i z e d .  

Since P/Po  is a ratio of e c c e n t r i c  t e n s i o n  o v e r  i s o m e t r i c  

t e n s i o r l  d t  t h e  same muscle l e n g t h ,  i t  i s  i a p o r t a n t  t h a t  t h e  

c o n d i t i o n s  b e  t h e  same f o r  e a c h  c o n t r a c t i o n ,  'nihile a n  a t t e m p t  
b 

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

a s s u m e d  t h a t  t h o s e  f a c t o r s  o v e r  w h i c h  we h a d  l i t t l e  c o n t r o l  ( e y .  

muscle t e m p e r a t u r e )  r e m a i n e d  more o r  l e s s  c o n s t a n t  t h o u g h o u t  t h e  7 

e x p e r i m e n t .  

A n a l y s i s  ---- 
F i g u r e  5. s h o w s  a c o m p o s i t e  of t h e  t o r q u e  d a t a  c o l l e c t e d  

d u r i n g  a p r i o r  isometric c o n t r a c t i o r i  a t  8F1 a n d  a s t r e t c h  t r i a l  

w i t h  a f i n a l  p o s i t i o n  of 9F1- 



F i c a r e  5: C 2 a p l e  record to show !,ow ?/Po a n d  O ~ c a y  carlstctr.ts (f) 

were measure?. T h e  top trice represents t h ~  c h a n j v  in ?. 

anjle f r o a  3 S t o  8F, S t r c t c n  v e l o c i + i ~ s  wnre 

c a l c a l a t e d  b y  differenti~ting t t e  a n y u l  sr ? i ~ ; . L ~ c e ; ~ . t t t  
P 
\ 

t r ace .  
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A n q u l a r  Veloci ty  - ---- ------ 
A 1  t h o u g h  t h e  C y b e x  I1 & ~ k i n e t i c  d y  n a m o m e t ~  r was o r l c j i n a l l y  

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

h a s  f r e q u e n t l y  b e e n  u s e d  a s  a r e s e a r c h  t o o l ,  R e c e n t l y  however  

t h e  v a l i d i t y  o f  s o n e  of t h e s e  C y b e x  s t u d i e s  h a s  keen  q u e s t i o n e d ,  

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

c o n s i d e r a b l e  e r rors  when c o n d u c t i n g  v a r i o u s  muscle p e r f o r m a n c e  

tests (Winter g t  &, 1 9 8 1 ) .  T h e r e  a l s o  a p p e a r  t o  be  c a l i b r a t i o n  ' 
p r o b l e m s  w h i c h  make i t  " n e c e s s a r y  t o  c a l i b r a t e  t h e  C y b e x  11 

i s o k i n e t i c  d y n a ~ o m e t e r  e v e r y  t e s t i n g  d a y  a n d  a t  e v e r y  test  

speed"  (0 l d s  et 24. 1 9 8 1 ) -  

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

t races w i t h  those d i a l e d  i n  o n  t h e  Cybex i t  was a p p a r e n t  t h a t  

t h e  Cybex s p e e d  c o n t r o l  was n o t  g r o p e r l y  c a l i b r a t e d ,  Ra the r  t h a n  

take t h e  time t o  c a l i b r a t e  t h e  C y b e x  e a c h  tes t  d a y  t h e  

p r e - d e t e r m i n e d  v e l o c i t i e s  Bere s e l e c t e d  o n  the C y b e x  c o n t r o l  b u t  

t h e  a c t u a l  s t r e c h  v e l o c i t i e s  were c a l c u l a t e d  t h r o u g h  n u m e r i c a l  \ 

d i f f e r e n t i a t i o n  o f  the a n g u l a r  d i s p l a c e m e n t  traces, S i n c e  n a n e  
v 

of t h e  C y b e x  t r a n s d u c e r s  were u s e d ,  c a l i b r a t i o n  e r r o r s  i n  t o r q u e  -..- 

a n d / o r  a n g l e  were n o t  a p r o b l e ~ .  T h e  d i f f e r e n c e s  b e t w e e n  t h e  

pre-selected v a l u e s  a n d  the t r u e  s t r e t c h  v e l o c i t i e s  a r e  s h o w n  

b e l o w ,  

V e l o c i t y  1, 

Vef o c i t y  2, 

V e l o c i t y  3 ,  

C y b e x  

6 0 0 / s e c ,  

1 S O O / s e c ,  

2 4 0 0 / s e c .  



P e a k  t o r q u e  ( P )  f r o m  t h e  s t r e t c h  t r i a l s  a n d  isometric 

t o r q u e s  ( P o )  were m e a s u r e d  a s  d i s p l a c e m e n t s  f roin t h e  z e ro  

b a s e l i n e .  P 9 a k  t o r q u e  f o l l o w i n g  s t r e t c h  was t h e n  d i v i d e d  b y  t h e  

a v e r a g e  i s o m e t r i c  t o r q u e  a t  t h e  san:e f i n i s h i n g  p o s i t i o n ,  The 

r a t i o  P /Po  r e p r e s e n t s  p e a k  s c c e n t r i c / i s o m e t r i c  t o r q u e ,  W h i l e  
I 

t h i s  r a t i o  i s  n o t  a t r u e  m e a s u r e  of force e n h a n c e m e n t  * 'pe r  seJ9 

i t  c a n  be  u s e d  t o  s h o w  how t h e  e n h a n c e m e n t  m e c h a n i s m s  a s  a w h o l e  

b e h a v e  u n d e r  t h e  v a r i o u s  s t r e t c h  c o n d i t i o n s .  

Decx C o r i s t a n & s  -- 
T h e  d e c a y  i n  t o r q u e  a f t e r  s t r e t c h  is expresseq a s  a d e c a y  

time c o n s t a n t  [ ) One time c o n s t a n t  r e g r e s e n t s  t h e  t i w  

r e q u i r e d  f o r  t o r q u e  t o  d r o p  e x p o n e n t i a l l y  b y  5 3 %  o f  t h e  

d i f f e r e n c e  between P a n d  Po.  Due t o  the f i x e d  v i s c o - e l a s t i c  b 

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

recoi l  of t h e  S E C  s h o u l d  h a v e  a s i m i l a r  p r o f i l e  t o  t h e  r ise i n  k ' 

t o r q u e  d u r i n g  a n  i s o ~ e t r i c  c o n t r d c t i o n  a t  the same muscle 

Length ,  B y  d e t e r m i n i n g  t h e  tine c o n s t a n t  f o r  i s o m e t r i c  t o r q u e  

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

i t  s h o u l d  be  p o s s i b l e  t o  make some g e n e r a l  q u a i i t a t i v e  

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

e l a s t i c  e n e r g y  a n d  e n h a n c e m e n t  of tile c o n t r a c t i l e  machinery- I f  

f 

s t o r a g e  of e l a s t i c  e n e r g y  was the o n l y  f a c t o r  r e s p o n s i b l e  f o r  



t h e  e n h a n c e m e n t  o f  t o r g u e  a f t e r  s t r e t c h  t h e n  o n e  w o u l d  e x p e c t  

t h e  i s o a e t r i c  rise time c o n s t a n t  t o  b e  more o r  less t h o  same a s  

t h e  d e c a y  c o n s t a n t ,  

C h a n g e s  i n  t h e  r e c t i f i e d  s m o o t h e d  EXZ were u s e d  t o  i ~ i d i c a t e  

a n y  g r o s s  r e f l e x  i n c r e a s e  r n  motor u u i  t a c t i v i t y ,  W i t h  a f i l t e r  I 

time c o n s t a r t t  of 2 0 0  msec. it is d i f f i c u l t  t o  rnake a n y  

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

s h o r t  l a t e c c y  b u r s t s  w i l l  a o s t  i i k e l y  b e  m a s k e d  b y  t h e  EFlG 

p r o c e s s i n q ,  Still i f  r e f l e x  r e c r u i t m e n t  and/or i c t e n s i t y  c o d i n g  

o f  motor units a r e  c o n t r i b u t i n g  t o  the r i s e  i n  t e n s i o n  d u r i n g  

s t r e t c h  e c c e n t r i c  E f i G  s h o u l d  Re g r e a t e r  t h a n  i s o m e t r i c  EI4G a t  

t h e  same m u s c l e  l e n g t h ,  T h e  EMG r e s p o n s e  a t  t h e  eri3 of s t r e t c h  

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

a t  t h e  same f i n i s h i n g  p o s i t i o n -  

5 ta  tist ics -------- L 
T h e  m e a n s  f o r  b o t h  P/Po a n d  t h e  d e c a y  c o n s t a n t s  f o r  eacl; o f  

the s u b j e c t ' s  5 trials were c a l c u l a t e d ,  The v a r i a n c e s  o r  the 

cj r o u p  r e s p o n s e ,  f o r  e a c h  e x p e r i m e n t a l  c o n d i t i o n ,  were a n a l y s e d  

u s i n g  a t w o  way A N O V A  (B14DP2V: A n a l y s i s  of variance a n d  

c o v a r i a n c e  w i t h  r e p e a t e d  m e a s u r e s ,  H e a l t h  S c i e n c e s  Ccmpu t i n j  

F a c i l i t y ,  U C L A )  I When t h e  A N D V A  s h o w e d  s i g n i f i c a n c e  t h e  

d i f f e r e n c e s  b e t w e e n  t h e  m e a n s  were e x a m i n e d  u s i n g  T u k e y ' s  t e s t  

50  



for pairwise  compar i scns  among means, 



IV, Results 

T o r q u e  a n d  E M G  d a t a  was c o l l e c t e d  r o r  t h e  9 d i f f e r e n t  

s t r a t c h  c o n d i t i o n s  o u t l l n e d  i n  P a b l c  1, T h e s c  s t r e t c h  t r i a l s  

were r e p e a t e d  5 t imes b y  e a c n  s u r z j e c t  and  the rcean v a l u e s  f o r  

P /Po  a n d  d e c a y  c o n s t a n t s  were c a l c u l a t e d ,  

i 

Torgue C h a r i c p ~  D u r i n q  S t r e t c h  -- 
W h i l e  t h e  s h a ~ e  of t h e  t o r q u e  r e c o r d s  d i f f e r e d  s l i g h t l y  

w i t h  e a c h  s u b j e c t  t h e  same b a s i c  p a t t e r n s  were o t s e r v e d  o v e r a i l  

( F i g u r e s  b a n d  7)- W i t h  t h e  o n s e t  o t  s t r e t c h  t o r q u e  rose 

s h a r p l y .  B o t h  the m a g n i t u d e  a n d  d u r a t i o n  of t h i s  i n i t i a l  r i s e  

v a r i e d  d e p e n d i n g  c n  t h e  s t r e t c h  c o n d i t i o n s ,  Wi th  s h o r t  quick 

s t r e t c h e s  from 930 -100  o r  173• ‹ -400  t h i s  s t e e p  p h a s e  p e r s i s t e d  

t h r o u g h o u t  the s t r e t c h  a n d  t o r q u e  p e a k e d  a s  t h e  movement  

s t o p p e d ,  w i t h  s lower v e l o c i t i e s  t h e r e  was a much more g r a d u a l  

i n c r e a s e  f o l l o u i n g  t h e  i n i t i a l  r i s e  i n  t o r q u e .  For  a n y  g i v e n  

velocity a n  i n c r e a s e  i n  t h e  a m p i i t u d e  02 s t r e t ch  (170• ‹ -10• ‹  vs. 

Q O O - 1 0 0 )  h a d  a s i m i l a r  e f f e c t ,  T o r q u e  rose s h a r p l y  a t  f i r s t  a n d  

t h e n  more s l o w l y  d u r i n g  t h e  l a t t e r  p a r t  of t h e  m o v e m e u t ,  I n  both 

cases p e a k  e c c e n t r i c  torques were r e c o r d e d  a s  movement ceased, 

# h e n  a r e d u c t i o n  i n  v e l o c i t y  was c o u p l e d  w i t h  an i n c r e d s e  i n  t h e  

a m p l i t u d e  o f  stretch ie. 17O0-10•‹ t o r q u e  r e s r o n s c  was n u c h  aore 

r o u n d e d  r e a c h i n g  a ~ e a k  b e f o r e  the  stretch c o u l d  h e  co~yleted, 

I n  many of t h e  t r i a l s  s u b j e c t s  RE3 a n d  BC i n  particular, 

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



F i g u r e  h: Sample r e c ~ r d  of a n g u l a r  i i s p l a c e n e n t  (to;, t r 2e s ) ,  

t o r y r l e  r e s p o n s e  ( n ; i d d l e -  t r a c e )  a n d  rect  r f ie i l :  3vcra:c3 s, 

CfYG ( b o t t o m  t race)  d u r i n ;  a n ?  a f t e r  w c 3 i u i :  V P ! Q C ~  ty 

s t r e t c h  froit 0 S 2  ( 1  700) t9 0 P 2  ( 1 3 0 ) .  T h i s  S O T +  of $' 

r e s p o n s e  was t y p i c a l  o f  tnose p r o d u c e d  h y  s l ~ t j e c t s  AC, 

AP a n d  CT- 



Torque 



P i g d r e  7: S a m p l e  r e c o r d  of a n c ; u l ? r  4 r s p l a c o r n e n t  (to- t r a c e ) ,  

t o r q u e  r e s p o x s c !  (mlc ld l e  t r ~ c z )  3 ~ 3  rectifie?: , l v e r a j e d  

2 Y G  ( b o t t m  t r ace )  d u r i n r r  dr,d a f t e r  3 e c i i u ~  v - l o c i t )  

s t r e t ch  f r o r  9 5 2  (170• ‹ )  t o  9 F 2  ( l o 0 ) .  s 3 r t  of 

r e s p ~ n s e  was t y p i c a l  of t n o s e  p r o d u c e 3  L y  s u 5 j e c t s  3C 

and 9B. 



Torque 

1 Sec. 



moveieent .  T o r q u e  t h e n  r e c o v e r e d  a n d  c o n t i n u e d  t o  c l i m h  u n t i l  t h e  

s t r e t c h  was c o m p l e t e d  ( F i g u r e  7)  . T h i s  p a t t e r n  was m o s t  e v i d e n t  

i n  medium a n d  f a s t  s t r e t c h e s  f r o m  1700-10•‹ o r  1700-900. 

When s u b m a x i m a l  p r e l o a d s  were u s e d  s u b j e c t s  AC, CT a n d  AP 

a l s o  s h o v e d  a s i ~ i l a r  d r o p  i n  t o r q u e  a n d  t h e n  a s e c o n d a r y  rise. 

As t h e  isometric p r e l o a d s  were l ~ ~ r e d ~ e d  t h e  h e i g h t  o f  b o t h  

p e a k s  i n c r e a s e d  a n d  t h e  t r o u g h  b e t w e e n  p e a k s  b e c a m e  smal le r ,  
i 

u i t h  ~ a x i m a l  p r e l o a d s  t h e  two p e a k s  h a d  more o r  less f u s e d  

t o g e t h e r  ( F i g u r e  8 ) -  

On s e v e r d l  o c c a s i o n s  s u b j e c t  BC s h o w e d  a d i f f e r e n t  s o r t  o f  

r e s p o r ~ s e  when medium a n d  f a s t  s t r e t c h  v e l o c i t i e s  were u s e d ,  I n  

t h e s e  t r i a l s  t o r q u e  rose s h a r p l y  at f i r s t  t hen  s u d d e n l y  l e v e l l e d  

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

t o r q u e  began  t o  d r o p  a w a y  ( F i g u r e  9 ) -  

RLZo 

3n s u c c e s s i v e  ex p e r  i m e n t a l  s e s s i o n s  f I u c t u  a t ioris  were 

o b s e r v e d  i n  t h e  i s o m e t r i c  v a l u e s  ( P o )  a s  well a s  d a y  t o  d a y  

v a r i a t i o n s  i n  t h e  p a k  e c c e n t r i c  v a l u e s  (P) . Despite t h e  f a c t  

t h a t  i s o m e t r i c  t o r q u e s  p r i o r  t o  stretch were k e p t  c o n s t a n t  there  

was c o n s i d e r a s l e  i n t r a - s u b  ject a n d  i n t e r - s u b j e c t  v 3 r i a b i l i t y  i n  

the v a l u e s  o f  ;?/Po (peak e c c e n t r i c / i s o r t t e t r i c  t o r q u e )  o b t a i n e d  

f o r  e a c h  s t r e t c h  c o n d i t i o n .  An exarupie of t h e  i n t r a - s u b j e c t  

v a r i a b i l i t y  is g i v e n  i n  A p p e n d i x  D, In any  event t h e  e r fec t  

w h i c h  c k a n g e s  I n  m u s c l e  l e n g t h ,  v e l o c i t y  a n 4  3 m p l i t u d e  of 

s t r e t c h  h a d  o n  P / P o  t e n d e d  t o  f o l l o w  t h e  same p a t t e r n  o n  edch 



F i g g r e  4: Pectif  i c d :  3 v c r l g e d  ZHG an? the torque r e s p q n s ?  d u r i c , ~  

s t r e t c h  v i t h  d i t f r r e n t  isometric p r e l o a n s .  'The  

p r e l 3 a d s  were i ? e t e r m i v c d  t h r o u g h  v i s u a l  F t ? ~ r I b 3 c k  f r a ~  

3n o s c i l l c s c o p e  a n d  r e p r e s ~ n t  minimal eff ,?r t  ( J 5 ) ,  

half m a x i m a l  e f f o r t  ( 5 0 s )  a n 3  m 3 x i m a l  v o l 2 n t ; t r y  c z r o r t .  

( 1 0 0 % ) .  S u b j e c t :  AP, 
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i r e  9: A s a m p l ~  record s h o u i n c ;  a p l a t e 3 1 1  1x1 t c r q w  n a r t  w a y  i 

\I 
t L r o u 7 5  t L . r .  stretct . ,  T h i s  s o r t  ?f resrlonse wa.c ~ . o s t  

f r c q u e r r t  l v  o b s c r v o d  ir: ffielrum are1 f a s t  s t r o t c h  t r a c c > s  

f rom s u 5 j o c t  3C. 
I 
I 

I 
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test  d a y .  T h e  m e a n  v a l u e s  of ? / P o  t o r  e a c h  s u b j e c t  a re  g i v e n  i n  

A p p e n d i x  B, 

When t h e  ateart P /Po  v a l u e s  f o r  t h e  g r o u p  were p l o t t e d  

a g a i n s t  v e l o c i t y  L o r  each e x p e r i m e n t a l  c o n d i t i o n  s e v e r a l  t r e n d s  

were a p p d r e n t  ( T a b l e  2 a n d  f i g u r e  1 0 ) .  A t  each o f  the v e l o c i t i e s  

t e s t e d  t h e  l a r g e s t  v a l u e s  t o r  P/20 were y e n e r a l l y  o b t a i n e d  

( 2 0 / 2 5  t r i a l s )  w i t h  s t r e t c h e s  from 90• ‹ -10• ‹ ,  S t r e t c t ~ e s  from 

170•‹-9!1•‹ p r o d u c e d  i n t e r m e d i a t e  v a l u e s  of P /Po  a n d  s t r e t c h e s  f r o n  

170• ‹ -10• ‹  t h e  smallest  p/Po. When the s h o r t e r  s t r e t c h  a m p l l l t u i i e s  

(90•‹-19O E 1 7 0 0 - 9 0 0 )  were used, P / P o  i n c r e a s e d  w i t h  e a c h  

increase i o  v e l c c i t y ,  T u l s  bas  n o t  t r u e  of t h e  l o n g e r  s t r e t c h e s  

( 1 7 0 0 - l o 0 ) ,  I n  these t r i a l s  P / P o  t e n d e d  t o  t e  g r e a t e s t  when 

medium s t r e t c h  v e l o c i t i e s  were u s e d ,  S u b ~ e c t  AU c o r ! s i s t a n t l y  

p r o d u c e d  r e s u l t s  w h i c h  were d i f f e r e n t  f r o m  t h o *  of t h e  o t h e r  

s u b j e c t s ,  A t  a n y  g i v e n  v e l o c i t y  h i s  v a l u e s  o f  P/Po t e c d c d  t o  b e  

g r e a t e s t  f o r  t h e  1 7 0 0 -  90•‹ stretch c o n d i t i o n ,  

A two way a n a l y s i s  of v a r i a u c e  fBHDP2V) w i t h  v e l o c i t y  

( s l o w ,  mediurn , f a s t )  a n d  BS-C)F (900-10•‹ ,  170• ‹ -10• ‹ ,  1 7 a 0 - 9 0 0 )  a s  

t h e  g r o u p i n g  v a r i a b l e s  y i e l d e d  F(3,36) = 6.72 a n 3  F ( 3 , 3 h )  = 6,b3 

r e s p e c t i v e l y  a t  p<O. 01. S i n c e  t h e r e  was no  s i g n i f i c a n t  

i n t e r a c t i o n  b e t w e e n  the two g r o u ~ i n y  v a r i a b l e s  t h e  x e a n  P/Po 

v a l u e s  f o r  e a c h  v e l o c i t y  and 8s-8F c o u l d  b e  e x a u i i u e d  

i n d e p e n d e n t l y -  T h e  r e z u l t s  of T u k e  y ' s  p . ~ i f w i s e  c o n p a r i s o n  of: 

m e a n s  a t  p < 0 , 0 5  are g i v e n  i n  T a b l e  3, T h e  i n c r e a s e  i n  P/3o wds 

fou nd t o  be s t a t i s t i c a l l y  s i g n i f i c a n t  when cornpar i n g  t h e  v a l u e s  

f o r  v e l - > c i t y  L a n d  3 w i t h  t u a t  of v e l o c i t y  1. T h e  v a l u e  of P/Po 



F i g u r e  10 : Peak eccen t r ic / isomet r i c  t o r q u e s  (?/Po) f o r  the t h r e e  

stretch c o n d i t i o n s .  E a c h  v a l u e  is  t h e  me3n ( + S E )  of  25 

t r i a l s  ( 5  s u b j e c t s ) .  
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Table 2 :  P e a k  eccentric/isometric tor.;ues (?/Po) at.  t h e  sline 

f i n a l  p o s i t i o n ,  E a c h  v a l u e  is the near; ( t S 3 )  9f 2 5  

t r i a l s  ( 5  s u b j e c t s ) .  



91)"-100 

Vel 1. 1. 1 0 9 + . 0 3 0  

V e l  3.  1,260i.026 



f o r  v e l o c i t y  3 was n o t  h o w e v e r  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  t h a t  

f o r  v e l o c i t y  2 ,  A c h a n g e  in f i n a l  muscle l e n g t h  (90•‹-10•‹  vs.  

170•‹-90•‹) f a i l e d  t o  have a  s t a t i s t i c a l l y  s i g n i f i c a n t  e f f e c t  on  

P/Po u h i l e  a n  i n c r e a s e  i n  s t r e t c h  a m p l i t u 6 e  (1700-100  vs 

9 0 • ‹ - l o 0 )  p r o d u c e d  s i g n i f i c a n t l y  s m a l l e r  v a l u e s  o f  P/?o, 

T o r p g  C h a n g e s  A f t e r  S t r e t c q  -- 
As s o o n  a s  t h e  movement  s t o p p e d  t o r q u e  b e g a n  to J r o p .  I t  I 

f e l l  s h a r p l y  a t  f i r s t  a n d  ther, more s l o w l y  a s  i t  a p p r o a c h e d  t h e  

i s o m e t r i c  l e v e l  f o r  that f i n i s h i n g  p o s i t i o n ,  T h i s  d e c l i n e  

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

l e n g t h .  I s o m e t r i c  l e v e l s  were g e n e r a l l y  r e a c h e d  l e s s  t h a n  1 - 0  

second a f t e r  t h e  s t r e t c h  h a d  been c o m p l e t e d -  W h i l e  many of t h e  

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

t h e  g e n e r a l  r e s p o n s e  can De d e s c r i b e d  a s  a n  e x p o n e n t - i a l  d e c a y ,  

T h e  s h a p e  of t h e  t o r q u e  r e c o r d s  d u r i n g  t h e  h o l d  p h a s e  Mere 

s i m i l a r  t o  t h e  t e n s i o n  c h a n g e s  a f t e r  s t r e t c h  r e p o r t e d  b y  Sucji j '  

( 1 9 7 2 )  ar id Edmdn e_& a,&, (1  97th; l 9 7 8 b )  , 

W h i l e  t h e  i m m e d i a t e  d r o p  i n  t o r q u e  f o l l o w i n g  s t r e t c h  was 

g r e n t e s  t when t h e  h i g h e s t  v e l o c i t y  a n d  s m a l l e r  a m p l i t u d e s  were I 

used t h e  t i a e  r e q u i r e d  for t o r q u e  t o  d r o p  b e l o w  i s o m e t r i c  was 

t h e  l o n g e s t  u n d e r  these c o n d i t i o n s ,  Uith a c  i n c r e a s e  i n  

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

decdyed more s l o w l y  when t h e  movement  steppe?, Yet v h e r ~  t h e  

l a r g e  a m p l i t u d e  ( 1 7 0 • ‹ - l o 0 )  a n d  s l o w  v e l o c i t y  were u s e d  t h e  k 

e x c e s s  t o r 2 u e  was s h o r t - l i v e d ,  T h e  r e a s o n  f o r  t h i s  was t h a t  i n  



Table 3 :  Results of  T u k e y ' s  p a i r w i s e  c o m p a r i s o n  of group P/Po 

v a l u e s  w i t h  a n g u l a r  v e l o c i t y  and 3s-8 F a s  t h e  

g r o u p i n g  v a r i a b l e s  ( H S D =  0,066, p<0,05). F r a c t i o n s  i n  

p a r e n t h e s e s  r e p r e s e n t  the  number of s u b j e c t s  who 

showed s i g n i f i c a n t  d i f f e r e n c e s  i n  P / P o  be tween  stretch 

c o n d i t i o n s ,  S and NS r e p r e s e n t  statistically 

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

r e s p e c t i v e l y .  





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

stretch a n d  P /Po  w a s  n o t  t h a t  l a r g e  t o  b e g i n  w i t h .  

F i n a l  m u s c l e  l e n g t h  b y  itself (90• ‹ -100  v s ,  170• ‹  -900 )  had 

l i t  tLe e f fec t  o n  t h e  r a t e  a t  w h i c h  t o r q u e  d e c a y e d  a f t e r  s t r e t c h ,  

T h e r e  were s e v e r a l  t r i a l s  h o w e v e r  when t o r q u e  n e v e r  d r o p p e d  t o  

i s o a e t r i c  l e v e l s  d u r i n g  t h e  4 - 5  second h o l d  p h a s e .  T h i s  was most 

f r e q u e n t l y  o b s e r v e d  i n  t r a c e s  f r o m  s u b j e c t  AC w i t h  s t r e t c h e s  
\ 

from 1 7  0•‹-90•‹. 

Ilelay c o n s  ta_gts 

T h e  d e c a y  time c o n s t a n t s  ( ) f o r  e a c h  s u b j e c t  a c e  Fresented 

i n  A p p e n d i x  C ,  W h i l e  the shdpe of t h e  d e c a y  phase seems t o  be 

d e p e n d e n t  o n  t h e  s t r e t c h  p a r a m e t e r s  t h i s  d e p e n d e n c e  is n o t  s o  

e v i d e n t  when the d e c a y  i n  torque is e x p r e s s e d  a s  a  time 

c o n s t a n t ,  As w i t h  P/Po t h e r e  was a l a r g e  a m o u n t  of i n t r a - s u b  ject 

a n d  i n t e r - s u b  ject v a r i a b i l i t y ,  

Most of t h e  s u b j e c t s  s h o w e d  a s l i g h t  i n c r e a s e  i n  d e c a y  time 

c o n s t a n t s  w i t h  i n c r e a s e d  v e l o c i t y .  A t  e ach  v e l o c i t y  t o r q u e  

t e n d e d  t o  d e c a y  most s l o w l y  t o l l o w i s g  stretches from 170•‹-90•‹,  

klit h s t r e t c h e s  f ron (170•‹- 10•‹) the d e c a y  in torque was s l i g h t l y  

f a s t e r  a n d  s t r e t c h e s  f r o m  90"-10•‹ p r o d u c e d  t h e  most r a p i d  d e c a y ,  

The mean d e c a y  time constants f o r  t h e  g r o u p  a r e  ~ r e s e r t t e d  

n u m e r i c a l l y  i n  T a b l e  4 a n d  g r a p h i c a l l y  i n  F i g u r e  11, G s i n g  

v e l o c i t y  a n d  05-43F a s  tile g r o u p i n g  v a r i a b l e s  a tuo  way A i J O V A  

f a i l e d  t o  s u j g e s t  any s t a t i s L i c a 1 l y  s i g n i f i c a n t  t rends a t  

p<O, 05. 



F i g u r e  1 1 :  Time constants  (r)  tor t h e  decay i n  t o rque  a f t e r  
I 

I 

s t r e t c h .  Each v a l u e  is t h e  mean (+SE) of 25 trials ( 5  .) ~ 
I 

s u b j e c t s )  . I 



f i  170-10 --- 
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T a b l e  U: Tine c o n s t a n t s  f o r  b o t h  t h e  decay in torque a f ter  

s t r e t c h  and t h e  rise t o  P o  d u r i n g  isometric 

c o n t r a c t i o n s  a t  0P= 100 a n d  900. E a c h  v a l u e  is  t h e  

mean ( fSD)  of 25 t r i a l s  ( 5  subjects). 



Vel 2.  i). 355k-232 0.481t,418 0-518+-340 

Isometric 1 o 3  90•‹ 

3.073t. 919 3.070+,321 



Time c o n s t a n t s  were a l s o  c d l c u l a t e d  f o r  t h e  rise i n  t o r q u e  

d u r i n g  isometric c o n t r a c t i o n s  a t  b o t h  dF= 90•‹ a n d  lUO, Assuming  

t h a t  l e n g t h e n i n g  a n d  r e c o i l  o t  t h e  SEC f o l l o w s  a s i m i l a r  time 

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

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

c o n s t a n t s  a n d  d e c a y  c o n s t a n t s  a t  t h e  same f i n a l  p o s i t i o n  a r e  

p r e s e n t e d  i n  Table 4, 

EBG --- 
S u b j e c t s  AC, AP a n d  CT r a r e l y  s h o w e d  a c o n s i d e r a b l e  

i n c r e a s e  i n  E Y G  d u r i n g  s t r e t c h  ( F i g u r e  6 ) .  On t h e  o t h e r  hand  EB 

a n d  BC c o c s i s t a n t l y  s h o u e d  a d e f l n i t e  r e f l e x  cc raponen t  i n  b o t h  

t h e i r  t o r q u e  a n d  EMG traces ( F i g u r e  71, A s i n i l a r  s t r e t c h  

r e s p o n s e  h a s  b e e n  o b s e r v e d  I n  t h e  EMG f rom human ~ r i s t  flexors 

[Bawa, 7981  b) , 

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

p e a k  o f  1-5-2.0 m v  a f t e r  a p p r o x i r a a t c i y  200-300 msec, T h e  EMG 

t h e n  b e g a n  t o  d r o p  a n d  c o n t i n u e d  t o  f a l l  t h r o u g h o u t  t h e  rest o f  

t h e  stretch. Y h e n  t h e  movement s t o p p e d  EMG i n c r e a s e d  s l i g L t  l y  

a n d  t h e n  s t a y e d  mcre o r  less t h e  same f o r  t h e  r e m a i n d e r  o f  t h e  - 
h o l d  p h a s e .  B a s e d  o n  t h e  r e s u l t s  f r o m  t h e s e  two s u b j e c t s  t h e r e  

was n o  o b v i o u s  E ? l d t i . o n s h i ~  b e t w e e n  t h e  u g n i t u d e  of t h i s  E N G  

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

S i n c e  p e a k  e c c e n t r i c  t o r q u e s  were g e n e r a l l y  r e c o r d e d  a t  t h e  e n d  
\ 

of s t r e t c h ,  E M 2  levels a t  t h a t  time were c o m p r c d  w i t h  t h o s e  

f r o a  a n  i s o m e t r i c  c o n t r a c t i o n  a t  t h e  s ame  a n g l e  ( T a b l e  5 ) .  A two  



way A N O V A  u s i n g  v e l o c i t y  a s  the g r o u p i n g  v a r i a b l e  failed t o  

indicate a n y  s t a t i s t i c a l l y  significant differences i n  kean EIYG 

l e v e l s  a t  p<O, 05. 



T a b l e  5 :  R e c t i f i e d  a n d  a v e r a g e d  Ef•÷G (rev) m e a s u r e d  a t  the e n d  of 

s t r e t c h  and d u r i n g  an isometric contraction a t  % P  = l o 0  

and  900- Each v a l u e  i s  the aean (+SD) of 25  trials ( 5  

s u b j e c t s )  . 



Vel 2 .  l . l U i . 2 9  1,13+,17 0.9 1 2 - 1 2  

Vel 3, 1 .12_+ .  18 1,25_+.38 0,97&.14 

- Isometric 10•‹ 9 i ) O  

1 . 1 2 i -  10  0 , 9 2 2 . 2 2  



V, Discuss ion  

When a c t i v e l y  c o n t r a c t i n g  s i n g l e  m u s c l e  f i b r e s  ( H i l l ,  1 9 7 7 ;  

Edman et pi., 1976,  1 9 7 8 ,  1 9 8 1 )  o r  b u n d l e s  of f i b r e s  ( S u g i ,  

1 9 7 2 )  a r e  s u b j e c t e d  t o  a rasp a n d  h o l d  d i s p l a c e m e n t  se r ies  t h e  

t e n s i o n  r e s p o n s e  is a s  f o l l o w s .  T e n s i o n  r i s z s  d u r i n g  s t r e t c h  

reaching a p e a k  when  t h e  m o v e m e n t  s t o p s .  T h i s  e x c e s s  t e n s i o n  

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

the new m u s c l e  l e n g t h ,  W h i l e  t h e  s h a p e  of t h e  t e n s i o n  r e s p o n s e  

is a u c h  t h e  s a n e  i n  i s o l a t e d  w h o l e  muscle, t h e  i n c r e a s e  i n  

t e n s i o n  d u r i n g  s t r e t c h  t e n d s  t o  b e  smaller a n d  t h e  3ecny p h a s e  

sfower ( v a n  A t t e v e l d t  a n d  C r o w e ,  1 9 8 0 ;  F l i t n e y  a c d  Hirst, 1 9 7 8 ) .  

T h e  r e s u l t s  f r o m  t h i s  s t u d y  s u j  .jest t h a t  t h e  r c s p o r ~ s e  of 

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

a l s o  s im i l a r  t o  t h a t  of  s i n g l e  fibres, T o r q u e  increases  i l u r i n g  

s t r e t c h  a n d  t h e n  d e c a y s  when the m o v e m e n t  s t o p s .  A g a i n  t h e r e  a r e  

some q u a n t i t a t i v e  d i f f e r e n c e s ,  T h e  r ise  i n  t o r s u e  d u r i n g  s t r e t c h  

is smaller  a n d  t h e  r a t e  of d e c a y  i n  t o r q u e  much fdster t h a n  w i t h  

e i t h e r  s i n g l e  f i b r e s  o r  i s o l a t e d  w h o l e  m u s c l e -  1 t a p p e a r s  t h a t  

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

muscle p r e p a r a t i o u  ie, t h e  a m o u n t  o f  s ~ r i e s  elasticity, 

t e m p e m  t u r e ,  f i b r e  c o m ~ o s i t i o n ,  e t c .  

T h e  a m o u n t  o f  ser ies  e l a s t i c i t y  (SEC) is much less  i n  

s i n g l e  f i b r e s ,  a p ~ r o x i m a t e l y  2 0 %  of t h a t  i n  i s o l d t c d  wtloie 

muscle ( P f i t n e y  a n d  Hirst, 1 3 7 8 ,  v a n  A t t e v e l d t  a n d  Crowc, 1 9 5 0 ,  

G u t h  , 1979).  D u r i n g  s t r e t c h  t h e s e  e l a s t i c  ele2rnts w i l l  



he e x t e n d e d  b y  a n  a m o u n t  ( x )  a n d  resist t h e  m o v e m e n t  w i t h  a 

force w h i c h  is e q u a l  b u t  o p p o s i t e  t o  t h e  f o r c e  g e n e r a t e d  b y  t h e  

c o n t r a c t i l e  m a c h i n e r y ,  F = k l  ( x )  w h e r e  k l =  SEC s t i f f n e s s ,  A t  t h e  

same t i n e  much o t  t h e  n e g a t i v e  w o r k  d o n e  i n  s t r e t c h i n g  t h e  

m u s c l e  w i l l  b e  s t o r e d  i n  t h e  SEC a s  e l a s t i c  e n e r g y .  Arter 

s t r e t c h  t h e  S E C  w i l l  s t a r t  t o  r e c o i l  a s  t h e  t e n s i o n  g e n e r a t e d  by 

the c o n t r a c t i l e  m a c h i n e r y  g r a d u a l l y  d e c r e a s e s ,  T h i s  w i l l  r e s u l t  

i n  a n  i n t e r n a l  l e n g t h e n i n g  cf t h e  c o ~ t r a c t  i l e  c o m p o n e n t  

( e c c e n t r i c  p h a s e )  w h i c h  i n  t u r n  s lows down t h e  d e c a y  p r o c e s s ,  

W i t h  w h o l e  m u s c l e  &p v i t r ~  t h e  t o t a l  SEC s t i f f n e s s  is 

r e d u c e d  t o  ( k l k 2 )  / ( k l + k 2 )  w h e r e  k 2  r e p r e s e n t s  t h e  a d d i t i o n a l  

series e l a s t i c i t y  of t e n d o n  a n d  a s s o c i a t e d  c o n n ~ c t i v e  t i s s u e ,  

F o r  a g i v e n  a m p l i t u d e  of extercal .  d i s p l a c e m e n t  t h e  SEC w i l l  b e  

e x t e n d e d  t o  l o n g e r  l e n g t h s  a n d  t h e  p e r c e n t a g e  c h a n g e  rn 

c o n t r a c t i l e  c o m p o n e n t  l e n g t h  w i l l  b e  smaller, S i n c e  t h e r e  is  

a l s o  a c e r t a i n  a m o u n t  of e l a s t i c i t y  w i t h i n  t h e  c r o s s - b r i d g e s  t h e  

forces g e n e r a t e d  b y  t h e  c o n t r a c t i l e  c o ~ p o a e n t  w i l l  b e  less,  W i t h  

t h i s  r e d u c t i o n  i n  SEC stiffness t h e  d e c a y  i n  e x c e s s  t e n s i o n  

a f t e r  s t r e t c h  will a l s o  be  slower, 

It is r e a s o n a b l e  t o  a s s u m e  t h a t  t h e  a m o u n t  o f  s e r i e s  

e l a s t i c i t y  i n  m u s c l e  iq s i t u  is e v e n  g r e a t e r  t h a n  i s o l a t e d  w h o l e  

muscle. B e c a u s e  of t h e  greater e x t e n s i b i l i t y  o f  the S E C  a n d  

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

one m i g h t  e x p e c t  t h e  s t r e t c h  r e s p o n s e  to  b e  smal ler  and t h e  

d e c a y  p h a s e  e v e n  slower i n  m u s c l e  iq s i t u  t h a n  w h o l e  m u s c l e  in 

vitro, T h i s  was n o t  t h e  case w i t h  human  torearm s u p i n a t o r  ----- 



r a u s c l e s ,  W h i l e  P / P O  d i d  t e n d  t o  h e  smaller t h e  d e c a y  i n  t o r q u e  

was much m o r e  r a p i d .  

J o y c e  e_t ql .  (1969)  have e x a m i n e d  t h e  e c c e n t r i c  f o r c e s  

d e v e l o p e d  by crit s o l ~ u s  situ u s i n g  s t i m u l u s  ra tes  of 3 ,  7 a n d  

3 5  pps .  'n'tert p e a k  e c c e n t r i c  t e n s i o n  a t  35 p p s  is c o m p a r e d  w i t h  - 1  
isometric t e n s i o n  a t  t h e  same a n k l e  d n y l e  t h e i r  v a l u e s  are  

s imi l a r  t o  t h o s e  o b t a i n e d  i n  the p r e s e n t  s t u d y .  
I 
I 

A s t i m u l u s  r a t e  of 35 p p s  m i g h t  b e  c o n s i d e r e d  t o  b e  q u i t e  

h i g h  for c a t  soleus.  However  Za j a c  ( 1 9 8 1 )  r e ~ o r t s  t h a t  d u r i n g  

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

of e x t e n s o r  m o t o r  u n i t s  was 1 5 - 5 5 / s  w i t h  a  nean o f  33/s ,  Similar  

firing r a t e s  (15-54/s )  h a v e  b e e n  r e c o r d e d  b y  Severir ,  gt &, 

U n l i k e  a n i m a l  s t u d i e s  w h e r e  f o r c e  t r a n s d u c e r s  can b e  

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

u s e d  t o  e x a m i n e  t h e  s t r e t c h  r e s p o n s e  o f  h u a a n  s k e l e t a l  muscle &q , 

s i t u .  1 n t h e  p r e s e n t  s t u d y  t o r q u e s  were m e a s u r e d  a t  t h ~  h a n d l e  I -- 
a s  s h o w n  i n  F i j u r e  2. 

T c a v i l l  a n d  Basraajian (1961)  have shown t h a t  when t h e  e l b o w  

i s  f l e x e d  t o  9 0 • ‹  the b i c e p s  is t h e  p r i m a r y  s u p i n a t o r  d u r i n g  

f o r c e f u l  s u p i n a t i o n .  U n d e r  t h e s e  c o n d i t i o n s  they a l s o  r e p o r t  

l i t t l e  a c t i v i t y  i n  a n t a g o n i s t  ~ a u s c l e s  ( p r o n a t o r s  tercs a n d  b 

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

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

d i s t a n c e  f r o m  t h e  a x i s  of. f o r e a r m  r o t a t i o n  t o  the l i n e  af f o r c e  

a c t i o n  of t h e  b i c e p s .  



S i n c e  t h e  s t r a i n  g a u g e s  were located or1 the h a n d l e  t h e  

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

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

series b e t w e e n  t h e  insertion of t h e  b i c e p s  o n  t h e  r a d i u s  a n d  t h e  
I 

h a n 3 1 e  ie. t h e  i n t e r o s s e u s  m e m b r a n e ,  l i g a r a e n t s  arid Sones  o f  t h e  

wrist a n d  h a n d ,  s o f t  t i s s u e s  of t h e  h a n d  a n d  t o  a c e r t a i n  e x t e n t  

t h e  r a d i u s  a s  w e l l .  

Severa l  of  t h e  l i g a m e n t s  w h i c h  h e l p  t 3  s t a b i l i z e  t h e  e l b o w  

j o i n t  a r e  a l s o  s t r e t c h e d  d u r i n g  forearm r o t a t i o n ,  3 o w e v e r  t h e s e  
I 

I 

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

g r e a t e s t  e f f e c t  on t o r q u e  a s  t h e  f o r e a r m  a ~ p r o a c k e s  f u l l  

s u p i n a t i o n  o r  f u l l  p r o n a t i o n .  

It m u s t  a l s o  be  remembered t h a t  m u s c l e  s t u d r e s  j. v i t r o  a r e  

u s u a l l y  carried o u t  a t  t e r a p e r a  t u r e s  o f  Oo-U0C w h i l e  n u s c l e  I 

t e m ~ e r a t u r e s  jg s i t u  may cangc f f o m  350 to 39OC,  Y i t h  

t e m p e r a t u r e s  a t  o r  n e a r  O0 t h e  r a t e  of c r o s s - b r i d g e  c y c l i n g  is 

much s l o w e r  a n d  t h e r e  is  a s u b s t a n t i a l  i n c r e d s e  i n  m u s c l e  

s k i  f f n e s s .  W i t h  t h i s  i n c r e a s e d  r e s i s t a n c e  t o  l e n g t h e n i n g  t h e  1 

I 
forces g e n e r a t e d  d u r i n g  s t r e t c h  a r e  i n c r e a s e d  a n d  m o r e  

m e c h a n i c a l  e n e r g y  i s  s t o r e d  i n  t h e  SEC, Increases of 30%-50% i n  

p e a k  e c c e n t r i c  t e n s i o n  h a v e  been  r e p o r t e d  when t h e  t e z ~  e ra tu re  

of s i n g l e  f i b r e s  i s  r e d u c e d  from 20•‹ t o  0%- ( S u - ~ i ,  7 972, 

B u c h t a l  and Kaiser,  1 9 5 1 ) -  P l i t n e y  a n d  B i r s t  (1978)  o b s e r v e d  a 

s i m i l a r  i n c r e a s e  in p e a k  e c c e n t r i c / i s o a e t r i c  t e n s i o n  a t  t h e  s a m e  

m u s c l e  l e n g t h  w i t h  a d e c r e a s e  i n  t e m p e r a t u r e .  



A t  t h e s e  c o o l e r  t e m p e r a t u r e s  t h e  increase i n  m u s c l e  

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

a l lows  t h e  S E C  t o  r e c o i l  more s l o w l y  t h e r e b y  p r o l o n g i n g  t h e  

d e c a y  i n  e x c e s s  t e n s i o n  a f t e r  s t r e t c h ,  

Although m u s c l e  t e m p e r a t u r e  was n o t  B o n i t o r e d  i n  t h e  

p r e s e n t  s t u d y  d n  a t t e m p t  h a s  s i n c e  Deen  made t o  m e a s u r e  o iceps  

m u s c l e  t e m p e r a t u r e  u n d e r  s i m i l a r  e x  p e r i n e n  t a l  c o n d i t i o n s ,  

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

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

T h e r e f o r e  it c a n  n o t  be a s s u m e d  t h a t  m u s c l e  t e m p e r a t u r e  a t  rest, 

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

more o r  l e s s  t h e  same, 

T h e s e  d i f f e r e n c e s  i n  t h e  a m o u n t  of series e l a s t i c i t y  a n d  

tea p e r a t u r e  w i l l  r o t  o n l y  i n f i u e n c f  t h e  m a g n i t u d e  a n d  d u r a t i o n  

o f  t h e  s t re tch r e s p o n s e  b u t  a l s o  how the muscle r e s p o n d s  to 

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

a m p l i t u d e  of stretch a n d  s t r e t c h  v e l o c i  t y t  

F l i t n e y  a n d  Hirst [1978) r e p o r t  tha t  i n  w h o l e  muscle j n _  

v i t r o  e x c e s s  t e n s i o n  i n c r e a s e s  xith s p e e d  o f  s t r e t c h  u p  t o  a ---- 
c r i t i c a l  v e l o c i t y  [Vc) , Beyond this F a i n t  v e l o c i t y  had l i t t l e  

e f f e c t  o n  p e a k  e c c e n t r i c  t e n s i o n ,  

A t  v e l o c i t i e s  g r e a t e r  t h a n  V c  s t r a i n e d  a c t o m  y o s i n  l i n k a g e s  

a r e  m e c h a n i c a l l y  b r o k e n  f a s t e r  t h a r i  they c a n  reform, T h e  

c o n t r a c t i l e  m a c h i n e r y  is u n a b l e  t o  resist  t h e  t e n s i o n  s tored  i n  

t h e  series e l a s t i c  e l e m e n t s  a n d  t h e  s a r c o r a e r e s  g ive .  Tcrnsior i  is  

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



l e n g t h  s i n c e  t h e  r a t e  of cross- ridge r e a t t a c h m e n t  is f a s t  

e n o u g h  t o  p r e v e n t  t h e  S E C  f r o m  r e c o i l i l l y  c o m p l e t e l y  ( J o y c e  g& 

e,, 1969 ,  Rack  a n d  W e s t b u r y ,  1974, Eli t n e y  a n d  Rirst ,  1978 ) -  

I n  t h e  p r e s e n t  s t u d y  t h e r e  was  a s i g n i r ' i c a n t  i n c r e a s e  i n  

P /Po  g o i n g  from s l o w  t o  raedium s t r e t c h  velocities w i t h  a l l  t h r e e  

e x p e r i m e n t a l  c o n d i t i o n s  (as-dF= 90•‹-lo0, 170•‹- 10•‹, 1750-90 0 ) .  A 

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

i n c r e a s e  i n  P /Po  w i t h  s t r e t c h e s  f r o m  90•‹-10•‹ and 170•‹-900 w h i l e  

P /Po  f o r  s t r e t c h e s  f r o m  170•‹ - l Q O  d e c r e a s e d  s l i g h t l y ,  However  

t h e s e  c h a n g e s  i n  P / P o  were n o t  f o u n d  t o  b e  s t a t i s t i c a l l y  

s i g n i f i c a n t .  T h e  t a c t  t h a t  F / P o  d i d  n o t  c o n t i n u e  t o  i n c r e a s e  

w i t h  v e l o c i t y  s u g g e s t s  t h a t  c r o s s - b r i d g e  s l i p  may a l s o  be 

p r e s e n t  i n  m u s c l e  in ~ i t g .  

T h e  s h a p e  o f  s e v e r a l  o f  t h e  t o r q u e  t races f rom medium a n d  

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

slip, 11 t h e s e  trials t o r q u e  r o s e  s h a r p l y  a t  t h e  o n s e t  of 

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

c o n s t a n t  f o r  t h e  rest  of t h e  ffiovement ( F i g u r e  9) .  A t  t h e  same 

time t h e r e  is n o t h i n g  i n  t h e  EHG t races f r o m  t h e s e  t r i a l s  t o  

i n d i c a t e  t h a t  t h i s  p l a t e a u  i n  t o r q u e  is the r e s u l t  of Tome f o r m  

of  r e f l e x  i n h i b i t i o n .  While  t h i s  s o r t  of r e s p o n s e  was  m o s t  

f r e g u e n t l y  s e e n  i n  traces f r o m  subjects 3C, a n  a b r u p t  t h o u g h  

less d r a m a t i c  d e c r e a s e  i n  s l o p e  was a l s o  shown b y  t h e  o t h e r  

s u b j e c t s .  a i t h  s t r e t c h  v e l o c i t i e s  e x c e e d  in3 V c  t h e  r e s p o n s e  

w h i c h  F l i t n e y  dnd Hirst (1978) o b s e r v e d  i n  isolate.? w h o l e  w u s c l e  

is a l m o s t  i d e n t i c d l  t o  t h a t  shown  i n  f i g u r e  9, 



I n  i s o l a t e d  w h o l e  m u s c l e  t h e  c r i t i c a l  v e l o c i t y  (Vc) h a s  a 

l a r g e  p o s i t i v e  t e m p e r a t u r e  c o e f f e c i e n t  ie, a 5-6 f o l d  i n c r e a s e  

o v e r  a  t e m p e r a t u r e  r a n g e  of  0• ‹ -30• ‹C.  I t  a l s o  t e n d s  t o  b e  g r e a t e r  

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

h i g h e r  Vmax { F l i t n e y  a n d  Hirst, 1978) - F o r  a g i v e n  m u s c l e  Vmax 

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

g a s t r o c n e m i u s  o f  the ca t  f o r  e x a m p l e  Vmax is r e d u c e d  by  

a p p r o x i m a t e l y  50% when m u s c l e  t e m p e r a t u r e  is l o w e r e d  from 380  t o  

280C ( P e t r o f s k y  a n d  P h i l l i p s ,  1980) - 
It should be n o t e d  t h a t  v a n  A t t e v e l d t  a n d  Crowe (1980)  

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

much s l o w e r  s t r e t c h  v e l o c i t i e s  t h a n  i n  s i n g l e  f i b r e s  a t  the s a m e  

t e m p e r a t u r e ,  A g a i n  t h i s  c a u  p r o b a b l y  be a t t r i b u t e d  t o  

d i f f e r e n c e s  i n  t h e  a raount  o f  se r ies  e l a s t i c i t y  s i n c e  i s o l a t e d  

whole m u s c l e  is o f t e n  d i s s e c t e d  o u t  w i t h  t h e  t e n d o n s  i n t a c t ,  

S t i l l  i t  may be a r g u e d  t h a t  w i t h  i a u s c l e  ig &is t e m p e r a t u r e s  o f  

360k10C, Vc i s  r a i s e d  t o  a  l e v e l  w h e r e  c r o s s - b r i d g e  s l i p  is 

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

I t  is l i k e l y  t h a t  t h e  s t r e t c h  v e l o c i t i e s  u s e d  i n  t h i s  s t u d y  

are v a s t l y  i l i f f e r e n t  f r o m  t h o s e  u s e d  Lq v i t r c ,  ' d i t h  s i n g l e  

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

v e l o c i t i e s  c a n  be m e a s u r e d  d i r e c t l y  and  a re  g e n e r a l l y  e x p r e s s e d  

a s  %L/sec, o r  mm/sec, When s t u d y r n g  human a u s c l e  in s i t u  t h e  

c h a n g e  i n  m u s c l e  l e n g t h  p e r  u n i t  time m u s t  b e  c a l c u l a t e d  base6 

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



In t h e  p r e s e n t  s t u d y  a n  a t t e m p t  w a s  m a d e  t o  e q u a t e  a g i v e n  

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

m u s c l e  l e n g t h  (Appendix A ) .  When t h i s  c o n v e r s i o n  f r o m  O / s e c  t o  

X L / s e c  is c a r r i e d  o u t  i t  i s  a p p a r e n t  t h a t  t h e  s t r e t c h  v e l o c i t i e s  
I 

u s e d  i n  t h i s  s t u d y  were c o n s i d e r a b l y  slower t h a n  t h o s e  u s e d  ~ I J  I 

v i t r o .  S t i l l  i t  is p e r h a p s  more m e a n i n g f u l  t o  c o m p a r e  t h e  range ---- 
o f  s t r e t c h  v e l o c i t i e s  u s e d  w i t h  the maximum s p e e d  of u n l o a d e d  

s h o r t e n i n g  s i n c e  Vwax h a s  b e e n  s h o w n  t o  b e  o n e  of t h e  

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

A t  O O C , ,  Vmax f o r  f r o g  s a r t o r i u s  m u s c l e  is a p p r o x i ~ l a t e l y  

1.3 L / s e c  ( A o b o t  a n d  R i c h i e ,  1951). F l i t n e y  a n d  S i r s t  ( 1 9 7 8 )  

e x a m i n e d  t h e  s t r e t c h  r e s p o n s e  o f  f r o g  s a r t o r i u s  ( O • ‹ C . )  a t  

v e l o c i t i e s  u p  t o  6 5  re;n/sec ( 2 - 4  L / s e c )  a n d  f o u n d  t h a t  t h e  r a t i o  

o f  p e a k  e c c e n t r i c / i s o i n e t r i c  t e n s i o n  a t  t h e  same m u s c l e  length 

r e a c h e d  a maximum v a l u e  a t  3 - 8  mm/sec o r  - 14 b/sec (Vc/V%ax= 

0 . 1 0 8 ) .  d i t h  c a t  s o l e u s  in s i t u  J o y c e  g? q;l, ( 1 9 5 9 )  used s t r e t c h  

v e l o c i t i e s  up t o  40 mm/sec, W h i l e  e x c e s s  t e n s i o n  d i d  c o n t i c u e  t o  

i n c r e a s e  u i t h  v e l o c i t y  o v e r  t h i s  r a n g e  i t  had more o r  less 
I 

p l a t e a u e d ,  r e a c h i n g  95% o f  i ts maximum v a l u e  a t  a s t r e t c h  

v e l o c i t y  o f  5 mm/sec. Work b y  P e t r o f s k y  a n d  P h i f l i ~ s  (1'380) 

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

ca t  s o l e u s  (380C. a n d  f u l l  a c t i v a t i o n )  i s  a b o u t  6 0  mm/sec 

(Vc/Vma x= 0-08 3 ) .  

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

r a n g e d  Lrom b 3 .  1+.88•‹/sec t o  227f l , b O / s e c ,  D u r i n g  u n l o a d e d  

s u p i n a t i o n  i t  is p o s s i n l e  t o  r e a c h  a n g u l a r  v e l o c i t i e s  of 



2 3 0 O 0 / s e c  (Chapman, 1981) .  If o n e  t a k e s  V c  t o  b e  t h e  medium 

s t r e t c h  v e l o c i t y  (144 ,5*  f. 8 1 • ‹ / s e c , )  t h e n  Vc/Vmax = 0 , 0 6 3 ,  W h i l e  

t h i s  v a l u e  is  less t h a n  t h a t  f o r  f r o g  s a r t o r i u s  (ji. v i t r o )  o r  

c a t  s o l e u s  (kg s i t u )  ---- a l l  t h r e e  v a l u e s  a r e  o f  the same o r d e r  o f  

m a g n i t u d e .  I t  is a l s o  p o s s i b l e  t h a t  V c  f o r  f o r e a r i a  s u p i n a t o r  

m u s c l e s  l i e s  somewhere  b e t w e e n  t h e  medium a n d  f a s t  s t r e t c h  

v e l o c i t i ~ s ,  If V c  is set  t o  227Of l,fi0/sec* t h e n  Vc/Vmax 

i n c r e a s e s  t o  0 ,098 ,  

U n l i k e  most s t u d i e s  in v i t r o  P / P o  d i d  n o t  i n c r e a s e  d i t h  

s t r e t c h  a r c p l i t u d e  ie. 170• ‹ - too  v e r s u s  90•‹- lo0.  I n  f a c t  a n  

i n c r e a s e  i n  a m p l i t u d e  had j u s t  t n e  o p p o s i t e  effect ( F i g u r e  1 0 ) -  

T h i s  may s i m p l y  b e  due  t o  t h e  t a c t  t h a t  the s u b j e c t  was u n a b l e  

t o  m a i n t a i n  a 5 a x . ~ m a l  c o n t r a c  t i c n  t h r o u g h o u t  t h e  e n  t i r e  s t r e t c h  

when t h e  a m p l i t u d e  was lbiI0, d h i l e  e f f o r t  is d i f f i c u l t  t o  

m e a s u r e  there was n c  d r a s t i c  r e d u c t i o n  i n  E H G  t o  s u g g e s t  t h a t  

t h e  s u b j e c t s  were n o t  g i v i n g  a max ima l  e f f o r t  t h r o u g f ,  o u t  t h e  

s t r e t c h  a n d  h o l d  p h a s e s -  

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

f u n c t i o n  o f  s t r e t c h  v e l o c i t y  (Vc) a c e r t a i n  a m p l i t u d e  a u s t  a l s o  

b e  exceeded before c r o s s - b r i d g e s  w i l l  b e  m e c h a n i c a l l y  b r o k e n  a n d  

t h e  s a r c o m e r e s  give, This c r i t i c a l  a m p l i t u d e  is t h o u g h t  t o  

r e p r e s e n t  t h e  w o r k i n g  r a n g e  of t h e  m y o s i n  h e a d s  o r  s h o r t  r a n g e  

s t i f f n e s s  ( R a c k  a n d  Wes tbu ry ,  1 9 7 4 ) -  Ednnan e_t a&, ( 1 9 7 8 a )  found 

t h a t  t h e  c r i t i c a l  a m p l i t u d e  r e q u i r e d  t o  r e a c h  a p l a t e a u  i n  t h e  

f o r c e  r e c o r d  d u r i n g  s t r e t c h  was a p p r o x i m a t e l y  1 5  nm, F l i t n e y  a n d  

Hirst (1978) s u g g e s t  t h a t  s l i ~  o c c u r s  when t h e  a c t o m y o s i n  



f i l a m e n t s  h a v e  b e e n  d i s p l a c e d  b y  more t h a n  11-12 nm, 

W i t h  t h e  e l b o w  f l e x e d  t o  90•‹ t h e  s t r e t c h  a m p l i t u d e s  o f  8 0 0  

a n d  1 6 0 0  u s e d  i n  t h i s  s t u d y  r e p r e s e n t  a c h a n g e  i n  muscle l e n g t h  

r e l a t i v e  t o  restiri j  b i c e p s  l e n g t h  of  a p p r o x i m a t e l y  4% a n d  8% 

r e s p e c t i v e l y  ( A p p e n d i x  A )  - These  v a l u e s  a r e  s i m i l a r  t o  the 

p e r c e n t  a g e  l e n g t h  c h a n g e s  (25- 1 0 % )  q s e d  i n  m o s t  t a u s c l e  s t u d i e s  

i n  v i t r o ,  -- ----- I 
W i t h  s i n g l e  f i b r e s  H i l l  ( 1 9 7 7 )  s u g g e s t s  t h a t  e a c h  sdrcomere 

I 

is e x t e n d e d  by t h e  same a m o u n t  d u r i n g  a c t i v e  s t r e t c h ,  However  i t  1 
seems u n l i k e l y  t h a t  a g i v e n  a m o u n t  o f  h a n d l e  r o t a t i o n  p r o d u c e d  a 

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

m u s c l e s ,  I t  i s  p o s s i b l e  t h a t  w i t h  t h e  smaller a m p l i t u d e  ( 8 0 0 )  

m o s t  o f  t h e  c r o s s - b r i d g e s  r e m a i n e d  i n t a c t  s i n c e  t h e  s u p i ~ a t o r  

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

s t i f f n e s s ,  k i t h  t h e  l a r g e r  s t r e t c h  a m p l i t u d e  (15O0) t h e  s t o r t  

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

However  d u r i n g  t h e  s t r e t c h  a g r e a t e r  p m p o r t i o n  o f  t h e  

c r o s s - b r i d g e s  w i l l  b e  d i s p l a c e d  b y  inore t h a n  t h e  c r i t i c a l  a m o u n t  

ie, 12-15 nm, T h e  result u i l l  be a r e d u c t i o n  i n  p e a k  e c c e n t r i c  

torqtle ( P ) ,  S i n c e  Po  f o r  90•‹-100 a n d  170• ‹ - lo0  s t r e t c h e s  a r e  t h e  

same P/PO w i L 1  a l s o  d e c r e a s e ,  

T h e  a ~ o u n t .  o f  e x c e s s  t e n s i a n  p r e s e n t  d u r i n g  s t r e t c h  h a s  

b e e n  shown  t o  b e  d e p e n d e n t  o n  t o t a l  m u s c l e  l e n g t h  (Hill, 1477 ;  

v a n  A t t e v e l d t  a n d  C r o w e ,  1 9 8 0 ) -  T h i s  r e l a t i o n s h i p  is m o s t  

a p p a r e n t  a t  l e n g t h s  g r e a t e r  t h a n  Lo,  t h e  l e n g t h  a t  w h i c h  maxi~num 

isometric t e n s i o u  1 observedl, Peak e c c e n t r i c  t e n s i o n  ( P )  



i n c r e a s e s  w h i l e  i s o m e t r i c  t e n s i o n  (20) d e c r e a s e s  o v e r  t h i s  r a n g e  

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

c u r v e ,  T h e  end r e s u l t  is a s u b s t a n t i a l  i n c r e a s e  i n  P/Po, 

W i t h  f o r e a r m  s u p i n a t i o n  m a x i m a l  t o r q u e s  are r e c o r d e d  i n  t h e  

f u l l y  p r o n a t e d  p o s i t i o n .  A s  t h e  f o r e a r m  is  s u p i n a t e d  t o r q u e  

3 r o p s  away s l o w l y  a t  f i rs t -  O n c e  t h e  h a n d l e  h a s  p a s s e d  b e y o n d  

a p p r o x i m . ~ t e l y  120•‹ ( f u l l  s u p i n a t i o n  = 1 7 0 0 )  i s o m e t r i c  t o r q u e  

s t a r t s  t o  d e c r e a s e  much nore r a p i d l y .  Up to 1 2 0 0  t h e  d e c r e a s e  i n  

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

1 2 0 0  t h e  musc le  moment arm s u d d e n l y  s ta r t s  t o  decrease a s  well 

( F i g u r e  A l l .  

It is u n l i k e l y  t h a t  t h e  s u p i n a t o r  m u s c l e s ,  b i c e p s  i n  

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

from a h a n d l e  p o s i t i o n  o f  10•‹ t o  o n e  o f  90•‹ t b e  s u p i s d t o r  

~ u s c l e s  s h o r t e n  a n d  Po  d e c r e a s e s  moving t o  t h e  l e f t  a l o n g  the 

a s c e n d i n g  l i m b  of  t h e  f o r c e - l e c g t h  ( t o r q u e - a n g l e )  r e l a  t i o n s h i p ,  

f f o v e v e r  P w i l l  a l s o  i n c r e a s e  uith ~ u s c l e  l e n g t h  o v e r  t h i s  r a n g e -  

A l t h o u g h  P a n d  P o  w i l l  be g r e a t e ~  f o r  s t r e t c h e s  from 900-70• ‹  

t h a n w i t h  s t r e t c h e s  from 1700-900 t h e  r a t i o  P / P o  may n o t  

n e c e s s a r i l y  b e  s i g n i f i c a n t l y  d i f f e r e n t .  

T h e  f a c t  t h a t  m u s c l e  l e n g t h s  less  than Lo were p r o r r a b l y  

u s e d  i n  t h e  p r e s e n t  s t u d y  a l s o  h e l p s  t o  e x p l a i n  why t h e  s t r e t ch  

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

smaller  a n d  t h e  d e c a y  back  t o  i s o a e t r i c  ~ u c h  f a s t e r  + h a n  u i t h  

a u s c l e  in !rLrgo= 



W i t h  s i r r g l e  a r a ~ h i b i a n  f i b r e s  ( O O C )  a t  s a r c o m e r e  l e n g t h s  

less t h a n  Lo (2 .4  urn) Edman g& &. (1978a, 1 9 8 1 )  r e ~ o r t  t h a t  

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

isometric levels i n  a b o u t  1.0 s e c o n d ,  T h e  a m o u n t  o f  t e n s i o n  

p r e s e n t  a t  a given time a f t e r  s t r e t c h  is i n d e ~ e n d e n  t o f  v e l o c i t y  

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

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

d u r i n g  s t r e t c h ,  

At l e n g t h s  l e s s  t h a n  L o  p a r a l l e l  e l a s t i c  e l e m e n t s  d o  n o t  

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

t h e r e f o r e  be  p o s s i b l e  t o  d e s c r i b e  t h e  d e c a y  p h a s e  usrng t h e  

stress r e l a x a t i o n  f u n c t i o n  f o r  a B a x w e l l  b c d y  ( s p r i n g  a n d  

d a s h p o t  i n  series),  

P ( t )  =Aexp 1 (!3/K) t 1 

R - c o e f f  e c i e n t  o f  v i s c o s i t y  

K - s p r i n g  c o n s t 3 r t  

A = t o r q u e  p r e s e n t  a t  e n d  o f  s t r e t c h  

t=time 

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

s u p i n a t o r  t o r q u e  d u r i n g  t h e  h o l d  p h a s e  t h e n  

t h e  d e c a y  i n  

t h e  d e c a y  time 

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

( =B/K) b u t  n o t  t h e  p r i o r  s t r e t c h  c o n d i t i o n s ,  I n  t h e  p r e s e n t  

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

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

(~(0.05) effect  o n  t h e  r a t e  o f  d e c a y  i n  t o r q u e  a f t e r  s t r e t c h ,  

W h i l e  t h e  rate o f  d e c a y  ntdy n o t  c h a r i g e  w i t h  t h e s t r e t c h  



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

s t r e t c h  w i l l  still v a r y  d e p e n d i n g  o n  t h e  p e a k  e c c e n t r i c  v a l u e ,  

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

t h e  same f o r  l e n g t h e n i n g  a c d  s h o r t e n i n g  t h e  d e c a y  time c o n s t a n t s  

a t  ef=9O0 a n d  100  s h o u l d  t h e o r e t i c a l l y  b e  t h e  s a m e  a s  t h e  time 

c o n s t a n t  f o r  t h e  r ise i n  i s o m e t r i c  t o r q u e  a t  t h o s e  p o s i t i o n s -  

T h e  f a c t  t h a t  t h e  isometric rat .e c o n s t a n t s  were much f a s t e r  t h a n  

t h e  d e c a y  c o n s t a n t s  f o r  a l l  s t r e t c h  c o n d i t i o n s  ( T a b l e  5) 

i n d i c a t e s  t h a t  t h e  s t o r a g e  of m e c h a n i c a l  e n e r g y  i n  t h e  S E C  can 

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

I t  is p o s s i b l e  t h a t  t h e  r e f l e x  r e c r u i t m e c t  o f  a d d i t i o n a l  

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

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

h u m a n  m u s c l e  ig s i t u -  In d e c e r e b r a t e  c a t s ,  t h e  a d d i t i o n a l  

t e n s i o n  r e c r u i t e d  by  r e f l e x e s  ( n e t  r e f l e x  c o n t r i b u t i o n )  is 

g r e a t e s t  w i t h  medium p r e l o a d s  a n d  decreases t o w a r d s  z e r o  iiheri 

h i g h  o p e a t i n g  f o r c e s  are u s e d  ( T l a f f e r  a n d  A n d r e a s s o n ,  1 9 8 7 ) -  

W i t h  m i n i m a l  p r e i o a d  ( O X ]  o r  h a l f  ~ a x i m a l  e f f o r t  ( S O X )  a l l  o f  

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

r i se  i n  t o r q u e ,  when  a m a x i m a l  isometric c o n t r a c t i o n  (100%) 

p r e c e e d e d  s t r e t c h  t h i s  r e f l e x  c o m ~ o n e n t  was n o  l o n g e r  p r e s e n t  i n  

t h e  traces f r o &  s u b j e c t s  C T ,  AC a n d  AP ( F i g u r e  8 ) .  It was 

h o w e v e r  s t i l l  e v i d e n t  i n  t h e  t o r q u e  r e c o r d s  f roa s u b j e c t s  BC a n d  

PB, U n f o r t u n a t e l y  u i t h  a f i l t e r  time c o n s t a n t  of 200 msec it i s  

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

r e s p o n s e .  



B o t h  G r i i l n e r  (1372)  a n d  Rack a n d  W e s t b u r y  ( 1 9 7 4 )  feel t h a t  

t h e  i n i t i a l  t e s p c n s e  t o  s t r e t c h  must be d e t e r m i n e d  by t h e  

m e c h a n i c a l  p r o p e r t i e s  o f  muscle ( s h o r t  r a n g e  s t i f f n e s s )  s i n c e  

e v e n  w i t h  s p i n a l  r e f l e x e s  t h e r e  w i l l  b e  d time d e l a y  b e f o r e  t h e  

r e f l e x  p a t h w a y s  c;ln react ,  This h a s  b e e n  c o n f i r m e d  b y  H o f f e r  a n d  

9 n d r e a s s o n  (1981) who s h o w e d  t h a t  f o r  a  g i v e n  p r e l o a d  t h e  

i n i t i a l  rise in c a t  s o l e u s  t e n s i o n  is t h e  s a n e  w h e t h e r  o r  n o t  
X. 

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

I n  s t r e t c h i n g  t h e  s u p i n a t o r  m u s c l e s  f r o m  dS t o  8F t h e r e  was 

a m p l e  t i m e  f o r  r e f l e x  p a t h w a y s  t o  react, D u r i n g  s t r e t c h  t h e r e  

w i l l  he a d e c r e a s e  i n  E#G s i n p l y  d u e  t o  t h e  c h a n g e  i n  m u s c l e  

l e n g t h ,  This can b e  shown by c c m p a r i n g  t h e  i s o i w t r i c  ZMG l e v e l s  

a t  v a r i o u s  h a n d l e  p o s i t i o n s  b e t w e e n  1 7 0 • ‹  a n d  10•‹, A l s o  G o t t l i e b  

g& a, ( 1 9 7 0 )  i n d i c a t e  t h a t  t h e  e x c i t a b i l i t y  of the s e g m e n t a l  

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

b u r s t .  T h i s  r e b c u n d  h y p e r p o l a r i z a  t i o n  l a s t s  for 100-150 msec. A t  

t h e  sa%e time many of t h e  p h a s i c  rno to r  n e u r o n s  w h i c h  were 

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

f o r  EHG t o  fall below i s o m e t r i c  l e v e l s  a t  t h e  new muscle i e n j t h  

( R y a l l  e_& ga., 1 9 7 2 ) -  F i n a l l y  t h e  s t r e t c h  r e s p o n s e  Bay be  

r e f l e x l y  i n h i b i t e d  by signals o r i g i n a t i n g  f r o m  t h e  S o l g i  t e n d o n  

o r g a n s  (Houk and aenneman,  1 9 6 7 ) .  I n  t h e  p r e s e n t  s t u d y  t h e  time 

t a k e n  f o r  t h e  s m a l l  f a s t  s t r e t c h e s  to  be c o m p l e t e d  was 

a p p r o x i m a t e l y  350 ms- 

If reflex a c t i v i t y ,  r e g a r d l e s s  of i ts  o r i g i n ,  i s  ' 

c o n t r i b u t i n g  t o  t h e  e n h a n c e m e n t  o f  p e a k  e c c e n t r i c  t o r q u e s ,  o r e  i' 



m i g h t  e x p e c t  h i g h e r  Eati l e v e l s  a t  t h e  e n d  of s t r e t c h  t h a n  w i t h  

a n  i s o m e t r i c  c o n t r a c t i o n  a t  t h e  same muscle l e n g t h -  T h e s e  EEgG 

values rere  n o t  h o w e v e r  f o u n d  t o  b e  s i g n r f i c a n t l y  different 

( p < i ) , 0 5 ) ,  T h i s  c o u p l e d  w i t h  t h e  f a c t  t h a t  t h e  E M G  t r aces  f r o m  
I 

three o f  t h e  s u b j e c t s  (CT,  AP a n d  AC) rarely showec? any s i g n  of 

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

( ~ a x i m a l  v o l u n t a r y  c o n t r a c t i o n )  i t  is t h e  i n t r i n s i c  m e c h a n i c a l  

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

w h i c h  is p r i m a r i l y  r e s p o n s i b l e  f o r  t h e  t o r q u e  r e s p o n s e  d u r i n g  

stretck,. T h e  a b o v e  h y p o t h e s i s  is s u p p o r t e d  by E l o f f e r  a n d  

Andreasson ( 1 9 8 1 )  who h a v e  s h o w n  t h a t  i n  d e c e r e b r a t e  c a t s  t h e  

n e t  r e f l e x  c o n t r i b u t i o n  d u r i n g  s t r e t c h  is g r e a t e s t  w i t h  medium 

p r e  f oads a n d  d e c r e a s e s  q u i t e  d r a n a t i c a l l y  when h i g h  g r e l o a d s  3re 

used, 



VI- Summary 

Rased  o n  t h e  results f r o m  this s t u d y  it. was f o u n d  t h a t  

excess t o r q u e  , P/Po ( p e a k  e c c e n t r i c / i s o m e t r i c  t o r q u e ) ,  

i n c r e a s e s  w i t h  s t r e t c h  v e l o c l t y  u n t i l  a c e r t a i n  cr i t ic31 
achr;-.-.. . 

v e l o c i t y  h a s  been reached, It __ _,-I- deqge3ses w i t h  an  i n c q e a s e  i n  

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

T h e  rate o f  aecayu&in t o r q u e  a f t e r  s t r e t c h  was f o u n d  t o  h e  
" . .- " ,  

s t r e t c h  . le lp~iG. The ef s t r e t c h  v e l q c i t y  a n d  
" e l . * & .  ' - 

o n  excess t 
---. --- * . a  

t h a t  c r o s s - b r i d g e  a* .+ ..-r.,i,,+,, A s l i p  -. .. may b e  p r e s e n t  

i n  m u s c l e  1% sj& , 

It w o u l d  b e  wro es t  t h a t  t h e s e  results can b e  
<- .a- 

a p p l i e d  d i -=g~2& t o  t h e  c o n t r a c t i l e  process a t  t h e  m o l e c u l a r  
, w e  + - =  

l e v e l ,  The cftan* in t o r q u e '  du e t c h  is not 

s i i a e l y  the sum cf t h e  r e s p o n s e s  o f  fibres i n  a  h o m o g e n e o u s  -*., s.-. *.%A%-. > ' 

p o p u l a t i o n ,  T h e r o  is n o  d o u b t  c o n s i d e r a b l e  v a r i a b i l i t y  u i t t i n  a 
* * "  , , - 

g i v e n  m u s c l e m , d u e  t c  l o c a l i z e d  d i f f e r e n c e s  i v a t i o n  a n d  
+ .  

e q - s t i c i t y .  T h e  s spoase will a l s o  n o s t  c e r t a i n l y  d i f f e r  .".-" 'we 
from muscle t o  mossle d e p e n d i n g  o n  f i b r e  c o m p o s i t i o n ,  

*'\. 

o r & e n t a t i o n  of t h e  rtluscle r e l a t i v e  t o  j o i n t s  d n d  t h e  a c t i o n s  of 
'-*, - 

a g o n i s t i c / a n t a g o n i s t i c  muscle g r o u p s ,  S t i l l  these r e su l t s  iriay - 
p r o v i d e  a d d i t  i n s i g h t  i n t o  t h e  movement of i n t a c L J o i n t  

+ @ v m m * + p r ' "  

s y s  terns a n d / o r  l i m b  s e g m e n t s ,  

~ u r i n g  many a t h l e t i c  a c t i v i t i e s ,  p a r t i c u l a r l y  t h o s e  
' . 

d e s i g n e d  t o  p r o d u c e  a h i g h  t e r m i a a l  v & o c i t y ,  we t a k e  3dvdn tage  
I * 



- .  

of  wior s t r e - t k h  t o  i m p r o v e  per formao 'ce .  Tbese t a s k s  c a n  
\&<% - . ' - t  

---"-" . b- - 
g e n e r a l l y  b e  d i v i d e d  * i n t o  two- " - d i s t i n c t  a l t e r n a t i n g  p h a q e s ,  

y5 r-l" . 4 * u . C * i i i r r t . l W  

I n i  t i a l l y  t h e r c  i s  a n  e c c e n t r i c  c o u n t e r m o v e m e n t  or  w i n d u p  u h e r e  
I 

t h e  c o n t c a c t i n g  muscle i s  s t r e t c h e d  b y  a n t a g o n i s t  g r o u p s ,  ." . " .A - ",, . --'. ..%I 
i n e r t i a l .  f o rces  and/or g r a v i t y ,  T h i s  i s  i m m e d i a t e l y  f o l l o w e d  l;y i 

. 

a c o n c e f i t r i c  p h a s e  d u r i n g  w h i c h  t h e  ac r r i e d  o u t  
," .* ",*k.,2b, ,t+v-w 

u s i n g  t h e  p r e v i ~ u s l y  stretched 1 r u . s ~  le. 
l, $ . --" ", .. 

T h i s  i n c r e a s e  i n  work a n d / o r  powex! d u r i n g  t h e  c o n c e n t r i c  
, $.--..?Wv . -  - a - -"c, . .uM.* 

p h a s e  has g e n e r a l l y  been attr i c a  1 

e n e r g y  i n  p a s s i v e ? .  e l a  e n t s  w i t h i  uscle, While t h i s  
&. 

i n t e r a c  t i o n  b e t w e e n  series e l a s t i c  a n d  c o n  ccwponen ts 
* , , >", "A. A e'.',. "41 

w i l l  u n d o u b t e d l y  e n h a n c e  p e r f o r m a n c e  it can n o t  by  i tselt 
* a  * , w->&s ,rn<.,>W*~..%wP 

a c c o u n t  for all of  t h e  i n c r e a s e  i n  wogll;/pbwer. 

r e f  f' a aa j o r  r o l e  i n  t h e  t o r q u e  r e s p o n s e t  t o  s t r e t c h -  - - * *,,.., , *+ * + 4 ~ " Y t * " W  a 
*I '  , 

W h i l e  i t  is p o s s i b l e  t h a t  the t r u e  EZlG r e s p o c s e  was l o s t  i n  , I-'- 
- r +;L"."")"%+*"%- 

p r o c e s s i n g  t h e  ~ a s - q i g n a  1 t h i s  a d d i t i o n a l  meat seems t o  
4 

be  t h e  r ~ s p l t ~ ~  of a t e a p o r a _ r Z  ~ o t e a t i a t i o n  of the c o n t r a c t i l e  

contribution of  e a c h  o f  t h e  a b o v e  m e c h a n i s m s  may he c o n s i J c l l r a b l y  
,,we a . .H .. ." - 

d i f f e r e n t .  W i t h  f u r i t h e r  *z,"---s-- r e s s d c h  --. i n  t h i s  a r e a  it may be possible 
.di+-*i*" - 

t o  d e v e l o p  oiR$-imal  re-stretch s t r a t e g i e s  f o r  a v a r i e t y  of humar .  ---.- I*- _ - -- --. --..- - - --rrpgl, fl 
?,3 %.. ' . -l-,csw, 

a c t i v i t i e s ,  
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Appendix A: Biomechanics of Forearn Supinat ion  



A S  e a r l y  a s  t h e  mid  1 9 t h  c e n t u r y ,  i n v e s t i g a t o r s  were attaching 

metal r o d s  a n d  p a i n t  b r u s h e s  t o  t h e  r a d i u s  a n d  nlna of c a d a v e r s  
, 

a n d  r e c o r d i n g  t h e  poveme n t s  a s s o c i a t e d  w i t h  p r o n a t i o n  and I 
I 
I 

s u p  i n a t  i o n .  Deve lopmen t  o f  more  s o p h i s t i c a t e d  techniques have 
J 

s i i u p l y  made t h e  k i n e m a t i c s  more c o ~ p l e x  a n d  c o n f u s i n g ,  

Ray & a&, (1951) s u g g e s t  t h a t  movement o f  the n l n a  during 

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

a x i s  c h o s e n .  I n  a d d i t i o n  t o  t h i s  r o t a t i o n a l  m o t i o n  K a p a n d j i  

( 1 9 7 0 )  r a p o r t s  a c e r t a i n  a m o u n t  o t  t r a n s l a t i o n a l  m o v e a e n t  o f  t h e  

u l n a  a t  b o t h  t h e  p r o x i m a l  a n d  d i s t a l  r a d i o u l n a r  j o i n t s ,  L i t t l e  

i t  any u l n a r  movement was o b s e r v e d  b y  H o r r e y  a n d  Chan (1976) on: 

Yourn e t  g;L* ( 1 9 7 9 )  vith respect t o  t h e  h u m e r u s  while tfie d i s t a l  

end s h o w e d  a c o m b i n a t i o n  o f  f l e x i o n :  e x t e n s i o n  a n d  

a b d u c t i o n : a d d u c t i o n ,  These u l n a r  movemen t s  a s  well a s  t h e  

r o t a t i o n  of t h e  r a d i u s  a p p e a r  t o  be i m p a i r e d  b y  a b n o r m a l i t i e s  a t  

e i t h e r  t h e  r a d i o u l n a r  a n d / o r  h u ~ e r o u l n a r  joints ( B a y  22 a_i., 

Youa e t  a&, (1979) f e e l  t h a t  f o r e a r m  p r o n a  t i o n :  s u p i n a t i o n  

a n d  f 1 e x i o n : e x t e o s i o n  of t h e  e l b o w  a r e  i n d e p e n d e n t  a o t i o r i s  which 

d o  n o t  i n f l u e n c e  one a n o t h e r ,  D a r c u s  a n d  S a l t e r  ( 1 9 5 3 )  p r e s e n t  

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

of p r o n a t i o n : s u p i a a t i o n  d o e s  indeed v a r y  with b o t h  elbow a n d  I 

s h o u l d e r  p o s i t i o n ,  V i t h  t h e  eltrcu f l e x e d  t o  9 0 0  t h e y  r e p o r t  

a v e r a g e  v a l u e s  of 156,3•‹ t o  173 ,8• ‹  f o r  t h e  r a n g e  of 

-? 
p r o n a t i o n : s u p i n a t i o n ,  Yourn gt  ( 1 9 7 3 )  g i v e  v a l u e s  o f  70•‹ f r o m  

v e r t i c a  1 f o r  p r o n a t i o n  and  850 f o r  s u p i n a t i o n -  



T h e  maximum i sometr ic  t o r q u e s  g e n e r a t e d  d u r i n g  

p r o n d t i o n : s u p i n a t i o n  o f  t h e  f o r e a r m  a l s o  v a r y  w i t h  s h o u l d e r ,  I 
e l b o w  a n d  h a n d  p o s i t i o n  ( D a r e u s ,  1 9 5 1 ;  S a l t e r  a n d  D a r c u s ,  1 9 5 2 ) -  1 
The r e a s o n s  g i v e n  f o r  t h e s e  d i f f e r e n c e s  i n c l u d e  t h e  d e g r e e  o f  I 

/ 

s h o r t e n i n g  a n d  m e c h a n i c a l  a d v a n t a g e  of the p r i m e  m o v e r s ,  the 

e x t e n t  of  t h e i r  c o n t r a c t i o n ,  tCe a c t i v a t i o n  of s y n e r ~ i s t i c  

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

t o r q u e s  were r e c o r d e d  when t h e  s h o u l d e r  was i n  t h c  a n a t 0 n ; i c a l  

p o s i t i o n ,  t h e  elbow f l e x e d  t o  90  d e g r e e s  a n d  t h e  h a n d  n e a r  f u l l  

p r o n a t i o n ,  

S a l t e r  a n d  D a r c u s  ( 1  952) r e p o r t  c o n s i d e r a k l e  v a r i a t i o n  i n  

b o t h  a m p i i t u d e  and t o r q u e  b e t w e e n  s u c c e s s i v e  r e c o r d i n g s  f r o m  t h e  

same s u b j e c t ,  They feel  t h i s  i s  d u e  t o  s l i g h t  c h a n g e s  i n  p o s t u r e  

a n d / o r  h a n d l e  g r i p .  w i t h  a w r i s t - e u f  f a r t h r o m e t e r  v a r i a t i o n s  

w i t h i n  a g r o u p  were r e d u c e d  b y  a p p r o x i m a t e l y  50%- 

EMG s t u d i e s  c o n d u c t e d  by  T r a v i l l  and B a s m a j i a r i  (1961)  

s u g g e s t  t h a t  u n r e s i s t e d  s u p i n a t i o n  is i n i t i a t e d  a n d  cjecera l l y  

n i a i n t a i n e d  b y  t h e  s o p i n a t o r  m u s c l e  [ f i g u r e  A 1 ) .  However d u r i n g  

r a p i d  movemen ts w i t h  t h e  e l b o w  f l e x e d  o r  f o r c e f u l  s u p i n a t i o n  

r e g a r d l e s s  of elbow p o s i t i o n ,  t r t e  b i c e p s  t d k e s  o v e r  a s  t h e  

p r i n c i p l e  s u p i n a t c r  musc l e .  T h e  a b o v e  a u t h o r s  f o u n d  little 

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

a c t i v i t y  i n  the b r a c h i o r a d i a l i s ,  Sometiines r e f e r r e d  t o  a s  t h e  

s u p i n a t o r  l o n g u s ,  i t  d o e s  not a p p e a r  t o  h e  a  t r u e  s u g i n a t o r .  

T h e r e  was also little a c t i v i t y  i n  a n t a g o n i s t  g r o u p s ,  i aos t  

n o t a b l y  p r o n a t o r  t e r e s ,  d u r i n g  s u p i n a t i o n ,  





short 

long 



W h i l e  l t  is i m g o s s i b l e  t o   arti it ion o u t  t h e  a c t u a l  c h a n g e s  

i n  c o n t r a c t i l e  c o m p o n e n t  a n d  S E C  l e n g t h  a n  a t t e m p t  was made  t o  

g e t  a n  e s t i m a t e  of t h e  o v e r a l l  c h i t n j e s  i n  b i c e p s  m u s c l e  l e n g t h  

d u r i n g  torearm r o t a  t i o n .  U s i n g  i s o m e t r i c  f o r c e - l e n g t h  d a t a  f o r  
1 

b i c e p s  from Noble  ( 1 9 5 0 )  a n d  sizn~le s k e l e t a l  ~ e a s u r e m e n t s  a n  

i n c r e a s e  i n  b i c e p s  muscle l e n g t h  o f  0 , 0 1 6  cm p e r  d e g r e e  of 

p r o n a t i o n  was c a l c u l a t e d ,  N o b l e  (1980)  f o u n d  t h e  mean biceps 

l e n g t h  ( s h o r t  head)  o f  6 s u b j e c t s  t o  b e  3 4 - 2 5  cm w i t h  t h e  e l b o w  

f l e x e d  t o  900, Based o n  t h e  a b o v e ,  s t r e t c h  a m p l i t u d e s  o f  8 0 0  and 

160•‹ p r o d u c e  a  4 %  a n d  8% c h a n g e  i n  biceps l e n g t h  r e s p e c t i v e l y ,  

T h e  h a n d l e  v e l o c i t i e s  used i n  t h e  p r e s e n t  s t u d y  represent 

s t r e t c h  v e l o c i t i e s  of 3XL/sec, 7 F L / s e c  a n d  1 O%L/sec .  



Appendix  B: A v e r a g e  P/Po values for  i n d i v i d u a l  subjects, 



900-10•‹ 

S u b j e c t :  CT 

Vel 1, 1.209k-,031 

Vel 2, 1.249*, 035 

V e l  3, 1.264*,021 

S u b j e c t :  AP 

V e l  1, 1, 197f.036 

Vel 2, 1.288*,060 

V e l  3. 1,290*, 084 

S u b j e c t :  AC 

Vel 1, 1.185~ 066 

V e l  2, 1.269&, 062 

V e l  3. 1,268k.023 

S u b j e c t :  BC 

V e l  1, 1,198k,051 

V e l  2.  1.219*,082 

Vel 3, 1,2372,089 

Sub j e c t : R B  

Vel 1, 1- 132k- 107 

Ye1 2, 1,206&,104 

Vel 3. 1.233~104 1.068+,079 



Appendix C: Time constants for  i n d i v i d u a l  subjec t s -  



900-100 

Sub ject:RB 

Vel 1 ,  0 .119*,038 

Vel 2. 0 , 4 7 6 k -  1 0 3  

V e l  3 -  1 .072k .297  

I so rnetr i c  1 0 0  

0 , 1 0 3 k . 0 1 8  

S u b j e c t  :CT 

Vel 1, 0 . 2 8 5 i , 0 5 5  

Vel 2, 0 , 5 2 l i , 1 4 1  

V e l  3. 0 .545* ,356  

I s o n e t r i c  l o 0  

O.O661t,OO4 

S u b j e c t : B C  

V e l  1 ,  0 . 1 7 5 i ,  1 5 8  

Vel 2.  0 , 1 3 8 ~ 0 1 9  

Vel 3,  0 ,081* ,029  

I sometr ic 1 0 • ‹  

0 -08  1k ,010  

S u b j e c t  :AP 

Vel 1 ,  0 . 6 0 2 i w  1 5 4  

Vel 2, 0 ,330k .  1 4 4  

Vel 3,  0 .393k-  1 0 5  

I s o a e t r i c  1 0 • ‹  

0 . 0 6 3 k . 0 1 6  



8s-0P 

990- 10•‹ 1700-100 1700-90•‹ 

S ub ject : AC 

Vel 1- 0 .205k.123  0 .128+,058  1-47Olt- 342 

Vel 2- 0 . 7 0 5 i , 1 2 0  0.183k-065 1-81 1*.320 

Vel 3, 0 . 8 5 2 ~ .  173  00684+, 194  1,700*, 289 

Isometric 10 O 90•‹ 

0 . 0 5 4 ~ ~ 0 1 0  00053*-  0!3 



Appendix D: Data for repeated tr ia ls ,  Subject: BC. 



Vel 1. 

Vel 2 .  

Vel 3. 




