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S h o r t w 3 v 2  d i a t h e r n y  was u s ~ d  t? e i 3 v a t a  t h e  

i n t r a m u s c u f  a r  t e r n p E r a t u r 2  o f  h u m a n  z l b o u  f l e x o r  m u s c l e s  

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

t h s  f 3 t i q u z  i n d u c s d  b y  d y n a m i c  e x e r c i s e .  T h 3  tast o f  

s t r a n l j t h  i n v ~ l v s ?  t h r e ?  m a x i m a l  v ~ l u z t a r y  c 3 r t r a c t i o n s  

(MVC's) f a c i l i t a t s d  by  v i s u 3 l  f s 2 d b a c k  of f o r c - .  a n d  v e r b a l  

e n c o u r a q e w 2 n t .  I somet r ic  e n d u r a n c e  was e x a m i n e d  d u r i n g  t h r e e  

c ~ n t r a c t i o n s  ? f  2 /3  MVC s u s t a i n ~ d  u n t i l  s x h a u s t i o n .  D y n a m i c  

e x z r c i s ?  i n v z l v e d  a s t a n d a r d i z ~ d  s u b m a x i m a l  d y n l m i c  t z s k  o f  

f i v e  a n d  a h 3 l f  a i n u t e s  d u r 3 t i o n .  T h a  + f f e c t s  o f  t h i s  

exe rc i s s  were a s s e s s 2 d  b y  m e a n s  z~f t h r l n  i s o m ? t r i c  

c c ~ n t r a c t i o n s  3 f  2 /3  M V 2  s u s t a i n s d  u n t i l  ~ x h a u s t i o c .  R s s u l t s  

i n d i c a t e d  t h a t  I n c r ~ a s i n g  L n t r a m u s c u l a r  t + m ~ z r a t u r +  a b o v ?  40 

d 3 q r . 1 . e ~  C t l r n p o r a r i l y  d 2 p r s s s z d  a l l  t h r t e  m 2 a s l r 9 s  o f  

p h y s i o l  o q i c a  1 w o r k .  

Ar, i n t l q r a  t e d  e l e c t r o m y o g r a m  ( I E H G )  was r ~ c s r a e d  d u r i n g  

e a c h  s u s t a i n e d  c o n t r a c t i o n  a n d  c o n v 3 r t e d  t o  a n  t q u i v a l z n t  

f 3 r c e  (FIEMG) by m e a n s  3f d a t a  o b t a i n e d  iR a c d l i h r a t i o n  

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

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

b e t w e a n  ~ x p r . r i m e n t a i  s ? s s i o n s  a n d  s u b  j o c t s .  FIEMG was f o u n d  

ta Fncreas?  l i n e a r l y  w i t h  tims d u r i n q  t h e  p r o g r e s s  of ar- 



i s c ~ w + t r - i c :  c . ) r i t ~ d c r - i 3 r i .  - t~rmind1 I v d i u ~ s  wer- 

c ~ n s + s t ~ c t l  y Inwar t h r r r  p r i l i l i s t - d  m?x,!n_?l v ; l l u e s ,  I c d h c s t i n g  

b q t h  a r n q t a b o i i c  a n d  r . G u r o i o g i c a l  c o m p Q n a n t  o f  f a t i g u a .  

H a w s v ~ r  a c o n s i d o r a b l y  q r e a t e r  t s r r n i n s l  FIEMG o b t a i n e d  i n  

t 5 3  i s c n n t r i :  c3:; t r d c t i 3 r . s  i x m e d i a t e l y  f o l l a w i c g  d y n a m l c  

e x e r c i s ?  s u q q z s t e d  a h i q h e r  n t t a b o l i c / n e u r o l o g i c a l  r a t i o  o f  

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

H i q h ? r  I n t r a m u s c u l a r  t e r n p " r a t u r z s  were f o u n 4  t o  

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

v a r i a t i o n  l i m i t + d  t h s  i n t e r p r c t a ' l c n  af t h e  d a t a  o b t a i n e d  

3 .ur i r tq  i s c m z t r i c  work. Howevt j r ,  after c 3 r r - s c t i o n s  wer? made  

f o r  t h e  d e p r s s s l n g  - f f e c t  o f  t z m p e r a t u r a  o n  F I E M G ,  a h i q h e r  

FIEMG gas f a u n d  a t  t h e  b r q i r : n i n g  o f  i s ~ m ? t r i c  c o ~ t r 3 c t i r 3 n s  

f o l l q w i n g  d i a t h e r m y .  E v i 3 e n t l y  q r e a t s r  m o t o r  u n i t  a c t i v i t y  

was n ~ c e s s 3 r y  t o  p r o d u c r  t h e  r f q u i r k d  f o r c e  (2 /3  MVC) a t  

h i q h e r  i n t r a m u s c u l a r  t " m p e r a t u r 2 s .  

A h i g h e r  r a t e  o f  o x y g e n  u p t a k a  wss o b s z r v 2 d  d u r i n q  

d y n a a i c  ~ x c r c i s ~  3t h i g h s r  i n t  r a m u s c u i s r  t 3 , n p " r a t u r ~ s ,  

p a r t i c u l a r l y  a t  t h e  b a g i n n i n g  o f  t h e  ? x a r c L s e  t a s k .  A iiir2ct 

c a r r c l 3 t i o n  w 3 s  f o u n d  b ~ t u s e n  i ~ i c r - . a s ? d  n x y g + n  u p t a k s  3nd 

d e c r ~ s s e d  i s ~ m ~ t r i c  + n d u r a n c . -  f o l i 2 u i n g  d y n a m i c  ~ x z r c i s o .  

T h i s  s u g g e s t s  t h a t  t h ?  i n c r e a s e d  o x y g + n  c o n s u m p t i o n  gas  a 

m + l n s  of c o r n p a n s a t i n g  p a r t i a l l y  f o r  3a  i n e f f i c i e n c y  o f  ac 



e n e r q y  t ~ d 1 . 3 c i u ~ i n g  p r o c - . i s  w i t n i  I: rh-3 ild i t a ~ l  m u i j c i e .  12:s 

ref1 2ct-s e i  t h ~ r  :rlcraawd u t i  l F 2 3 t i . n ~  ~ ? f  aC!-r!3si!:~3 

t r I p n ~ s p h a t 0  (ATP)  a t  t h . 3  n r y o f i b r i l i d r  l z v - l ,  t o  p t r f o r r n  t h c  

same 2 x e r c i s e  t a s k ,  o r  some u n c o u p l i n g  of ATP p r o d u c t i o n  

fzzm =l:ctr=r, cxyj,. n trl;'.s?c;rt I n  t h 2  i n l t ? z f i o n i i r i ~ .  :-i;;*.?v+r, 

d e c r e a s s s  i n  b o t h  s t r e n g t h  a n d  i s o n e t r i c  - 3 n d u r a n c f i  s u j g e s t  

ti12 m y o f i h r i l s  a s  th+ most l i k e l y  sits of  i n e f f i c i e n c y .  

T h ? s . =  r e s u l t s  c o n f i r m  a n  i i n p o r t a n t  r o l e  f o r  +-ha  + f f s c t s  s f  

t s m p 9 r 3 t u r z  i n  t h 3  m e c h a n i s m s  w n 3 r t ~ y  m u s c u l a r  ? • ’ f o r t  

r e s u l t s  ic f a t i q u ~ .  
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CHAPTER I 

T h e  i ~ f l u e n c e  of t e m p ~ r a t u r e  on  m u s c u l a r  f u n c t i o n  is a  

s u b j e c t  of c c n t r o v ~ r s y .  Whereas i n c r e a s e d  i n t r a i f i u s c u l a r  

t e m p e r a t u r e s  h a v e  beer?. c i t e d  a s  b e i n g  b e n e f i c i a l  f c r  

s u b s e q u e n t  e x e r c i s e  ( A s t r a n d  a n d  R o d a h l ,  l 9 7 0 ) ,  o t h e r  

i n v e s t i g a t o r s  h a v e  v iewed  i t  a s  a  c o r n p o ~ e n t  o f  f a t i g u e  

( D a v l s o n  e t  a l . ,  1974)  . 

T n t r a m u s c u l 3 r  t e m p e r a t u r e  c a n  be e l e v a t e d  by  p r i o r  

a c t i v i t y  or p a s s i v e  h e a t l n q .  S t u d i e s  w h i c h  h a v e  u s e d  

p r e l i m i n a r y  e x e r c i s e  t o  warm t h e  a c t i v e  m u s c l e s  a r e  

d i f f i c u l t  t o  i n t e r p r e t  d u ~  t c  a l a r g e  cumber  o f  other 

p h y s i c l o g i c a l  r e s p o n s e s  a s s o c i a t e d  w i t h  e x e r c i s z .  I n  o r d e r  

t o  d i s t i c q u i s h  e f f e c t s  of t e m p e r a t u r e  f rom c t h e r  

p h y s i o l o g i c a l  e f f e c t s  o f  a c t i v i t y  a number 3f  i n v e s t i g a t o r s  

h a v e  a t t e m p t e d  t o  d e t e r m i n e  the e f f e c t s  o f  p a s s i v e  h e a t i n g  

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

m u s c l e s  a n d  m u s c l e  g r o u p s .  

T ~ m ~ e r a t u r e s  h a v e  been i n c r e a s e d  i n  i r t a c t  human m u s c l e  

by t h e  u s e  o f  i n f r a r e d  l a m p s  { S a u n d e r s ,  1 9 6 3 1 ,  h o t  s h o w e r s  

( R o b b i n s ,  19421 ,  w a t e r  b a t h s  (Clarke et a l . ,  1958;  Edwards  



e t  a l ,  1 9 7 2 )  a n d  s h o r t w a v e  d i a t h e r m y  (Asmussen  a n d  B o j e ,  

1 9 4 5 ;  Muido,  1 9 4 6 ;  Nukada,  1 9 5 5 ;  S e d g w i c k  a n d  Wha le r ,  

1 9 6 4 ;  M F c h F e l l  i , 1 9 6 5 )  . N e e d l e s s  t o  s a y ,  t h e s e  

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

r g s p c n s e s  d e p e n d e n t  upon t E e  a t t i t u d ~  cf t h e  s u b j e c t  

(Smith a n d  Boxyrnowski, l 9 6 5 ) ,  t h e  body a r e a  t o  which  

t h e  h e a t  is a p p l i e d  a n d  t h e  i n t e n s i t y  o f  t h o  h e a t  

a p p l l  c a t i o n  ( W r i g h t ,  1 9 5 9 )  . T h e  r e s u l t s  o f  t h e s e  

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

p r c c e d u r e s  a n d  s u b s e q u e n t  e x e r c i s e  t a s k s .  Hot s h o w e r s  

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

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

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

I n f r a r e d  r a d i a t i o ~  a n d  water b a t h  t e c h n i q u e s  h a v e  

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

m u s c u l a r  f u n c t i o n  b u t  h a v e  one ma jcr f i a i t a t i o n .  

S t u d i  PS w h i c h  h a v e  r e c o r d e d  i n t r a t n u s c u l a r  t e m p e r a t u r e s  

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

s u p e r f i c i a l  s k i n  l a y e r  r a t h e r  t h a n  t h e  m u s c l e  i t s e l f ,  

E d w a r d s  e t  a l . ,  11972)  r e p o r t  t h a t  the t e m p e r a t u r e  o f  t h e  

m u s c l e  a t  a d a p t h  of 3-6  cms. was o n l y  3 8 . 6  d e g r e e s  C,  

a f t e r  i m m e r s i o n  i n  a water b a t h  a t  4 4  d e g r e e s  C f o r  

4 5  m i c u t e s .  T h i s  was o n l y  1 . 4  d e g r e e s  C h i g h e r  t h a n  t h e  

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

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



D i a t h e r m y  h a s  been  r e p o r t e d  t o  e l i c i t  t h e  h i g h e s t  

a r t i f i c i a l l y  i n d u c e d  i n t r a m u s c u l s l r  t e m p e r a t u r e s  (Lahmann e t  

a l . ,  1 9 6 9 ;  Lehmann e t  a l . ,  1 9 7 4 )  a n d  h a s  b e e n  r e p o r t e d  t o  

h a v e  a more  s p e c i f i c  h e a t i n g  e f f e c t  (Lehmann e t  a l , ,  1 9 6 9 )  

a ~ d  v a s o d i l a t o r y  r r s p c n s e  (Downey e t  al., 1 9 7 0 )  t h a n  

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

r f p o r t f d  by  Lehmann e t  a l ,  ( 1 9 6 9 ) ,  G u y  e t  a l ,  (1973) ar.d 

t e h m a n n  e t  a l . ,  ( 1974)  o f  40-42 d e g r e e s  C s i m u l a t e  

c l o s e l y  t h e  m a x i m a l  i n t r a m u s c u l a r  t e m p e r a t u r e s  wh ich  c a n  b e  

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

R o b i n s o n  ( 1 9 4 2 )  a n d  C o s t i l l  (1972) b o t h  r e p o r t  b c d y  core 

t e m p r a t u r e s  a b c v e  4 1  d e g r e e s  C f o l l o w i n g  a m a r a t h o n  

race, R I t  h cuqh  i n t r a m u s c u l a r  t e m p e r a t u r p s  w e r o  n o t  

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

m u s t  b s l i g h t l y  h i g h e r  t h a n  the b o d y  c9re t e m p e r a t u r e .  

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

f a t i g u e  h a v e  been well d o c u m e n t e d  { r e v i e w e d  ky Hardy f t  

a f . ,  1 9 7 1 ) ,  t h e  l o c a l  i s e d  effscts of  i n t r a m u s c u l a r  

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

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

s t u d i e d .  O n l y  f i v e  s t u d i e s  h a v e  i n v e s t i g a t e d  t h e  e f f e c t  

o f  d i a t h e r m y  o n  s u b s e q u e n t  e x e r c i s e .  T h e s e  s t u d i e s  d i d  n o t  

s t a n d a r d i z e  a p p l  i c a t i c ~ s  cn d i f f e r e n t  e x p e r i m e c t a l  

o c c a s i o n s  a n d  d i d  not. u s e  p r o c e d u r e s  d e s i g n t d  t c  e l i c i t  t h e  

h i g h e s t  t c l e  r a  b l e  i ~ t r a m u s c u l a r  t e m p e r a t u r e s .  



T h i s  s t u d y  h a s  u s e d  s t a n d a r d i z e d  p r o c ~ d u r e s  d e s i g n e d  t o  

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

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

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

the ic f l u e n c e  cf F r c r e a s e d  i n t r a m u s c u l a r  t e r n p o r a t u r e  cn 

s t r e n q t h ,  i s o m e t r i c  e n d u r a n c e  a n d  d y n a ~ i c  e x e r c i s e .  

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

d u r i n g  m a x i a a l  v o l u n t a r y  c o n t r a c t i o n  ( U V C ) ,  i n  a n  a t t e n p t  t o  

r e d u c e  t h e  i n • ’  l u e n c e  of p s y c h o l o g i c a l  i n h i b i t i c n  a n d  

t h e r e f c r e  p r o v i d o  q r e a  t e r  p r e c i s i o n  t h a n  p r e v i o u s  s t u d i e s .  

I s o m s t r i c  c o r t r a c t i o n s  were s u s t a i r e d  a t  a  c o n t r a c t i l e  

force { two  thirds o f  BVC) v f . . ~ r t =  i n t r a m u s c u l a r  p r e s s u r e  is 

h i g h  ( S y l v e s t  and  H v i d ,  1959)  a n d  m u s c u l a r  b l o o d  f l o w  is  

e s s e n t i a l l y  a r r e s t e d  (Royce ,  1960; L i n d  e t  a l . ,  1964). 

C o n s r q u e n t l y  this e l i m i n a t e s  t h e  e f f e c t s  cf o x i d a t i v e  

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

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

a t t e m p t  t o  d e l i n e a t e  thc c r i t e r i a  a f f e c t i n g  p e r f o r m a n c e .  

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

a s s e s s e d  b y  a s u s t a i n e d  i s o m e t r i c  c o n t r a c t i o n  (two t h i r d s  cf 

MVC) f o l l o w i n g  a s t a r d a r d i z e d  d y n a m i c  e x e r c i s e  t a s k .  A 



s i m i l a r  t e c h n i q u e  h a s  p r ~ v i c u s l y  been u s e d  t c  a s s a s s  t h e  

e f f i c i z = n c y  o f  d i f f 3 r e n t  p e d a l l i n g  f r e q u e n c i e s  c n  a b i c y c l e  

e r g o m e t e r  ( P e t r o f s k y  s t  a l ,  , 1 9 7 4 ) .  T h e  p r c s e c t  t e c h n i q u e  

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

c a u l d  b e  p e r f o r m e d  wh ich  r e v e r t h e l e s s  a l l c v e d  a r e a a i l y  

d a f i r s b l e  p o i n t  cf axhaustics. S e c o n d l y ,  t h c  m y o e l e c t r i c a l  

a c t L v i t y  r e c o r d e d  d u r i n g  a s u s t a i n e d  c o n t r a c t i o n  is Bore 

r e a d i l y  a n a l p z e d  t h a n  i c  d y n a m i c  c o n d i t i o n s .  Cxygen u p t a k e  

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

c o n t r 5 h u t i . c n  o f  o x i d a t i v e  m e t a b c l i s m  t o  i n c r e a s e d  e n e r q y  

u t i l i z a t i o n .  

S t u d i e s  o f  human p e r f o r m a c c e  h a v e  shown  t h a t  i t  is 

p r c f i t a b l e  t.o u s e  t h e  i n t e g r a t e d  e l e c t r c m y o g r a @  (IEHG) as a 

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

been r e p o r t e d  ( L i p p c l d  e t  a l . ,  7960 ;  Chapmac a n d  T r o u p ,  

1 9 7 0 ) ,  m o s t  m u s c l e s  e x h i b i t  i n c r e a s e d  IEHG a c t i v i t y  i f  a 

s u b 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  is s u s t a i c e d  a t  a s p e c i f i e d  

fcrce o v e r  a p e r i c d  o f  time ( S c h o r r e r  a n d  B o u r g u i g n o n ,  1959; 

E a s o ~ ,  1 9 6 0 ;  d s v r i e s ,  1 9 6 8 a ;  K u r o d a  et a l . ,  1 9 7 0 ) .  R o s t  

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

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

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

i c c r e a s e d  f r e q u e n c y  o f  n ~ u r c m u s c u l a r  s t i m u l a t i o n  n e e d e d  t o  

c o m p e a s a t e  f o r  t h e  d e c r e a s e d  t e n s i o n  g e n 2 r a t e d  b y  e a c h  



f i b r e .  O t h e r  i ~ v e s t i q a t o r s  h a v e  s u g g e s t e d  t h a t  

s y n c b r c n i z a t i o n  of motor u n i t  p o t e n t i a l s  ( B u c h t h a l  a n d  

Hads f r . ,  1 9 5 0 ;  L l o y d ,  1971)  acd roc ru i tm . ; r , t  o f  h i g h e r  

t h r e s h o l d  motcr n n i t s  ( K u g e l h o r g  a n d  S k o g l u n d ,  1 9 4 6 ;  L l o y d ,  

1 9 7 1 )  c o u l d  a l s o  c o n t r i b u t e  t o  t h e  r i s e  i n  m y o e l e c t r i c a l  

a c t i v i t y  a s  a  f u r c t i o c  cf  t ime.  A f r a q u g a c y  a n a l y s i s  o f  the 

e l e c t r o m y o g r a m  d u r i n g  a  s u s t a i n e d  i somet r i c  c o n t r a c t i c n  

s u g g e s t s  t h a t  t h e r e  i s  a l s o  a l o s s  o f  l o w  t h r e s h o l d  motcr 

unF ts d u r i c g  a  s u s t a i p e d  c o n t r a c t i o n  ( L l o y d ,  1 9 7 1 )  . I t  is 

of c o n s i d e r a b l e  I n t e r e s t  t h a t ,  w i t h  t h e  e x c e p t i o n  of t h i s  

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

c o n t r i b u t e  t o  t h e  i n c r e a s e d  IEBG w i t h  r e s p e c t  t c  i n c r e a s i n g  

m u s c u l a r  t e n s i o n  ( L i p p o l d ,  1 9 5 2 ;  Lenman,  1 9 5 9 ;  K u d a r a  e t  

31, , 1 9 7 0 ;  C o g g s h a l l  a n d  Rekey ,  1 9 7 0 ) .  I t  i s  c o n s e q u e n t l y  

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

i n v e s t i g a t e d  t h ~  r e l a t i o n s h i p  b e t w e e n  IEMG d u r i n g  f a t i g u e  

a n d  i ts  e q u i v a l e n t  f o r c e  i n  a n  u n f a t i g u e d  c o n d i t i o n ,  f o r  a  

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

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

c o n t r a c t i o n s .  Although t h i s  was  n o t  t h ~  p u r p o s ?  of t h e  

p r e s e n t  s t u d y ,  t h i s  p r o c e d u r e  was u s e d  t o  correct f o r  

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

e x p e r  i r n e n t a l  o c c a s i o n s .  The force e q u i v a l f c t  cf t h o  IEEG 

( F I E B G )  c o u l d  t h e n  be u s e d  t o  a s s e s s  t h e  e l ec t r i ca l  a c t i v i t y  

r e q u i r e d  t o  s u s t a i n  t h e  r e q u i r e d  force,  B o t h  t h e  i n i t i a l  



d2gree o f  e l e c t r i c a l  a c t i v i t y  ( E d w a r d s  a n d  L i p p c l d ,  1956)  

a n d  t h c  r a t e  of i n c r e a s i n q  e l e c t r i c a l  a c t i v i t y  ( d e v r i e s ,  

l 9 6 8 a )  h a v 2  k e n  p r e v i o u s l y  u s e d  t o  a s s e s s  f a t i g u e .  T h e  

tr-st-retest c c r r p l 3 t i o n  c o e f f i c i e n t  o f  t h 5  l i n n a r  s l o p e  

d e t z r m i n ~ d  by d e B r i e s  ( 1 9 6 8 a )  was 0.934 when 1 5  m i n u t e s  rest 

i n t e r v e n e d  b e t w e e n  t h e  twc c o n t r a c t i o n s ,  a n d  0 .827  on  

d i f f e r e n t  e x p e r i m e n t a l  s e s s i o n s ,  

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

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

f u n c t i o n  a r e  n u m e r a b l ~  a n d  c o m p l e x ,  I n c r e a s e d  t e m p e r a t u r e  

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

p e r f o r m a n c e  ( e s p e c i a l l y  d y ~ a r n i c  e x e r c i s e )  by: 

1) V a s o d i l a t o r y  e f f ec t  ar,d i m p r o v e d  k l ~ c d  f l o w  t o  t h e  

m u s c l e  ( B a r c r o f t  a n d  Edholm, 1946 ;  Downey e t  a l . ,  1 9 7 0 ;  

G r e o c b u r g ,  1 9 7 2 )  , 

2) I c c r e a s ~ d  p e r m e a b i l i t y  o f  m e m b r a n e s  (Lehmann e t  

al., 1 9 5 0 ;  Hoare, 1 9 7 2 )  c o u l d  a l l o w  a n  i n c r e a s e d  d i f f u s i o n  

r a t e  cf s u b s t r a t e s  t c ,  a n d  metabol ic  waste F r c d u c t s  from 

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

p e r m e a b i l i t y  c o u l d  c i l u s e  a l e s s  o f  p o t a s s i u ~  i c n s  (Brown a n d  

von  E u l e r ,  1938)  and  a  d e t r i m e n t a l  ef fect  o n  e x e r c i s e  

p e r f o r m a n c e ,  



3) An i n c r e a s e d  r a t e  o f   xid dative m e t a b o l i s m  a n d  

t h e r e f e r e  a p o t e n t i a l l y  sore r a p i d  a d a p t a t i o n  t o  t h e  cxygen 

r e q u i r e m e n t s  of  t h e  t a s k .  

4) B d e c r e a s e d  v i s c o s i t y  r e s u l t i r g  i r .  a  d e c r e a s e d  

F n t ~ r n a l  r e s i s t a c c ~  { E u c h t a l  e t  a l . ,  1944)  c c u l d  i n c r e a s e  

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

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

a s  e x p l a i n e d  l a t e r .  

5) T h e  i n c r e a s e d  a c t i v i t y  of enzymes  a s s c c i a t e d  w i t h  

i n c r e a s e d  t e m p e r a t u r e  might  l e a d  t o  a n  i n c r e a s e d  myosin  

ATPase a c t i v i t y  a c d  a @crp r a p i d  c r o s s - b r i d g e  t u r n o v e r .  

Whcreas  t h i ~  l a s t  mechanism c o u l d  p o t e n t i a l l y  i m ~ r o v e  

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

f o u r  m e c h a r i s m s  would s p e c i f  i c a l l p  f a v o u r  d y n a m i c  e x e r c i s e .  

However, t h e r e  a r e  a l s o  a  number cf o t h e r  r e a s c n s  why 

i n c r e a s e d  t e m p e r a t u r e  c o u l d  be  d e t r i i a e n t a l  t o  a l l  f o r m s  o f  

m u s c u l a r  work.  T h e s e  c o u l d  i n c l u d e :  

1 )  T h e  p o s s i b i l i t y  o f  p r o t e i n  d e n a t u r a t i c n .  

U n p u h l i s h e d  c a l c u l a t i c n s  t n  estimate t h e  t e m p e r a t u r e  a t  t h e  

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

v e r y  h i g h  ( C a l v e r t ,  1976) . An a d d i t i o n a l  t h e r m a l  l o a d  a ~ d  



tho d e c r e a s e d  d i f f u s i o n  of h o a t  d u e  t o  i n c r e 8 s e d  t e m p e r a t u r e  

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

d e n a t u r a t i o n  of  o x i d a t i v e  c n z y m e s .  A n o t h e r  p o s s i b l e  sFte o f  

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

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

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

t e m p e r a t u r e s  abcve 40 d e g r e e s  C ( N a r t s h o r n e  e t  a l . ,  1 9 7 1 ;  

H e d v e d e v a  a n d  Ruage ,  1 9 7 5 ;  B e d v e d e v a  e t  a l . ,  1 9 7 5 ) .  W h i l e  

B a r t s h o r n e  e t  a l . ,  ( 1 9 7 1 )  s u g g e s t  t h a t  the c c n f o r n i a t i c n  o f  

~ ~ O S I P  a t  h i g h e r  t e m p e r a t u r e s  no  l o n g e r  M r e c o q n i z e s w  

t r o p o n i n ,  f l e d v e d e v a  et a l .  (1975)  h a v e  r e p o r t e d  t h a t  

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

t e m p e r a t u r e s .  

2) I n c r e a s e d  i n t r a m u s c u l a r  t e m p e r a t u r e  l e a d s  t o  an  

i n c r e a s e d  d i s t a n c e  b e t w e e n  t h ~  a c t  i n  a n d  myosin f i l a m e n t s  

(Medvedeva  a n d  R u u g ~ ,  1 9 7 5 )  w h i c h  c o u l d  l e a d  t o  a n  

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

e f f i c i e n c i e s  c f  c r o s s b r i d g e  f u n c t i o n  have b e e n  i m p l i e d  from 

s t u d i o s  c o m p s r i ~ q  f a s t -  a n d  s l o w - t w i t c h  m u s c l e .  T h e  

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

m u s c l e  ( G o l d s p i n k  et a l . ,  1 9 7 0 )  p r e s u m a b l y  contributes t o  a n  

F n c r e a s e d  r a t e  of ATP u t i l i z a t i o n  p e r  u n i t  o f  f c r c e  d u r i n g  

s u s t a i r e d  c o n t r a c t i c n s  { D a v i e s  e t  a l . ,  1 9 7 0 )  . 



3)  T h e  i n c r e a s e d  r a t e  o f  r i se  a n d  f a l l ,  a n d  d e c r e a s e d  

d u r a t i . c n  of t ~ n s i c n  i n  aQ i s o t t i e t r i c  t w i t c h  a t  h i g h e r  

i n t r a m u s c u l a r  t e m p e r a t u r e s  {BacLagan a n d  Zaimis, 1 9 5 7 ;  Close 

a n d  N c h ,  1 9 6 8 )  p r o b a b l y  r o f l e c t s  t h e  i t c r e a s o d  r a t e  of 

r e l e a s e  (Kaufman a n d  F l e c k ~ n s t e i n ,  1 9 6 5 )  a n d  r e m o v a l  ( I n e s i  

a n d  W a t a n a b e ,  1967)  of c a l c i u m  f r o m  t h e  m y c f i b r i l l a r  s p a c ~ s  

o r  a  f a s t e r  m e t a b o l i s m  o f  r e a c t i o n s  l i m i t i n g  t h e  ra te  of 

c r o s s b r i d g e  t u r n o v e r .  T h e  i c c r e a s e d  r a t e  i n  the d e v e l o p m e c t  

of  t e ~ s i o n  s h o u l d  i n c  r n a s e  t h e  v e l o c i t y  o f  c o n t r a c t i o n  fcr 

the w h c l e  m u s c l e .  A l t h o u g h  s t u d i e s  h a v e  b e e n  r e p o r t e d  on 

s k e l e t a l  m u s c l e ,  Yeatman e t  a l .  (1969)  r e p o r t  a  g r e a t e r  

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

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

s t r e n g t h  is n o t  clear. W h i l e  HacLagan a n d  Z a i m i s  ( 1 9 5 7 )  

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

t e m p e r a t u r e s ,  C l o s e  a n d  Hch ( 1 9 6 8 )  r e p o r t  a  r e d u c t i o n  i n  

t w i t c h  t e n s i o n  i n  f a s t  t w i t c h  m u s c l e s .  However  t h e  

r e d u c t i o n  i n  t w i t c h  d u r a t i o n  a t  h i g h e r  tern ~ e r a t u r e s  would  

n e c e s s i t a t e  a  g r ~ a t e r  f r e q u e n c y  of m o t o r  u n i t  a c t i v a t i o n  s o  

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

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

a n d  n o n - h e a t e d  s i t u a t i o n .  D o u b o u a o p o u l o s  a n d  C h a t f i e l d  

( 1 9 5 9 )  a n d  T r u c n g  et a l .  ( 1 9 6 4 )  h a v e  shown t h a t  i f  the 

f r e q u e n c y  of s t i m u l a t i o n  o f  i s o l a t e d  a u s c l e  is l i m i t e d  to  6 0  

c/sec a s i g n i f  i c 3 n t  r e d u c t i c n  of i s o m e t r i c  t e t a n i c  t e n s i o n  



i s  a s s c c i a t e d  w i t h  i n c r e a s e d  t e a p e r a t u r e .  T h e  CNS a n d  

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

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

T h e  d e c r e a s e d  t w i t c h  d u r a t i o n  c o u l d  a l s o  be d e t r i m e n t a l  t o  

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

@ o r e  f r e q u a n t  r e l e a s e  a n d  u p t a k e  cf calcium, which  Is 

p r e s u m a b l y  r e s p c n s i b l e  f o r  t h i s  e f fec t ,  wou ld  a l s o  i n v o l v e  

i n c r e a s e d  e n e r g y  e x p e n d i t u r e ,  

4 )  E d w a r d s  a n d  H i l l ,  (1975) h a v e  r e p o r t e d  e n e r g y  

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

c o n t r a c t i o r  a n d  h a v e  s u g g e s t e d  t h a t  t h e  d e c r e a s e d  ra te  of 

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

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

(1975) s u g g e s t  that t h e  d e c r e a s e  i n  r e l a x a t i o n  t ime, w h i c h  

a c c o m p a n i e s  f a t i g u e ,  is n o t  related t o  the pH e f f e c t  on  

c a l c i u m  s e q u e s t r a t i o n  ( I ~ e s i  a n d  W a t a n a b e ,  1967)  . T h e y  

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

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

c o n t r a c t i o n .  It is  p o s s i b l e  t h a t  t h e  i n c r e a s e d  ATPase 

a c t i v i t y  a t  h i g h e r  t e m p e r a t u r e s  may c o u n t e r a c t  t h e  effects 

of  t b e  e n e r g y  c o n s e r v i n g  m e c h a n i s m ,  

5 )  I ~ c r p a s e d  m u s c u l a r  t e m p e r a t u r e  docrea sos t h e  

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



e t  a l ,  1 9 4 4  a n d  B u c h t a l  a ~ d  K a i s e r ,  1 9 4 4 ) .  W h i l e  t h i s  

fiffect c o u l d  r ~ d u c o  t h e  i n t e r n a l  r e s i s t a n c e  a n d  c o n s e q u e n t l y  

i m p r c v e  t h e  e f f i c i e n c y  ef m u s c u l a r  movement ,  i t  e f f e c t i v e l y  

a d d s  a c o m p l i a n c e  t o  the m u s c l e  a n d  c c u l d  increase t h e  

d i s t z n c e  o f  c r c s s b r i d g e  move me^ t n e c e s s a r y  t a  g e n e r a t e  t h e  

same t e n s i o n ,  t h e r e b y  i n c r e a s i n g  t h e  e n e r g y  c o s t  of a  

s u s t a i n e d  i s o m e t r i c  c o n t r a c t i o n .  Combined  w i t h  a r e d u c t i o n  

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

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

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

c o n t r a c t i o r ! .  A r e p o r t  b y  A a j d u  ( 1 9 5 1 )  i n d i c a t e s  t h a t  when 

when f r o g  s a r t o r i u s  m u s c l e  was  i n c r e a s e d  f r o m  1 5 - 3 5  d e g r e e s  

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

t e m p r a  t u r e s  was more r a p i d  f o r  c o n t r a c t i o n s  w h i c h  a l l o w ~ d  

g r e a t e r  m u s c l e  movement.  Ttis e f f e c t  c o u l d  b e  p a r t l y  

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

m u s c l e .  

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

inefficiency c f  a n e r g y  t r a n s d u c i n g  p r ~ c e s s a s  h a s  h c e n  

s u g g e s t e d  p r e v i o u s l y  ( B r o c k e s  e t  a l . ,  1 9 7 1 ;  S a a r  a n d  C a s s u t o ,  

1 9 7 6 ) .  B r o o k ~ s  e t  a l .  ( 1 9 7 1 )  f o u n d  t h a t  t h e  r e s p i r a t i o r ,  o f  

i s o l a t e d  r a t  s k e l e t a l  m u s c l e  m i t c c h o n d r i a  was i n c r e a s e d  by 

o v e r  200% when the t s m p e r a t u r e  was i n c r e a s n d  f r c m  2 5  t o  4 5  

d e g r e e s  C. Hcwevor,  t h e  P:O r a t i o  d e c r e a s e d  1 E X  k e t w e ~ n  a0 



a n d  4 5  d e a r e ~ s  C. i r d i c a t l c g  a d e c r o a s e  i n  p h o s p h ~ r y l a t i v e  

offS c i e n c y  o v e r  t h i s  t e m p e r a t u r e  r a n g e .  S a a r  ar ,d  C a s s u t o  

(1976) r ~ c o r d e d  o x y g e n  d e f i c i t ,  o x y g e n  d e b t  a r d  

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

c c n c e n t r i c  a n d  e c c e ~ t r i c  work. T h e  h i g h e r  cxygen d e b t  a n d  

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

were s u g g e s t e d  t o  ref lect  u n c o u p l i ~ g  of m l t o c h c n d r i a l  e n e r g y  

d e p e r d e n t  r ~ a c t i o n s .  Howeve r ,  i t  is a l s o  p o s s i b l e  t h a t  

i n e f f i c i e n c y  o f  e n e r g y  t r a n s d u c t i o c  may be  a s s o c i a t e d  w i t h  

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

c o u l d  be  a s s o c i a t e d  w i t h  a n y  of t h e  f i v e  h y p o t h e s i z e d  

d e t r i m e n t a l  e f f e c t s  of i r c r e a s e d  t e m p e r a t u r e  a l r ~ a d y  

d i s c u s s e d ,  

7 )  I n c r ~ a s o d  i n t r a m u s c u l a r  t e m p e r a t u r e  might b e  

e x p ~ c t e d  t o  dccrwse t h e  r e s t i r g  p a r t i a l  p r E s s u r 3  o f  o x y g e n  

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

c o m p n s a t o r y  i n c r e a s e d  oxygen u p t a k e ,  S t a i n s b y  a n d  O t i s  

( 1 9 6 4 )  h a v e  d e ~ o n s t r a t e d  t h a t  a d e c r e a s e  i n  t h e  p a r t i a l  

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

o x y g e n  u p t a k e  u n t i l  a  c r i t i c a l l y  low oxyge r .  p a r t i a l  p r e s s u r e  

was r e a c h e d ,  a n d  t h a t  t h i s  v a l u e  was lower ir resting t h a n  

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



The p r e s e n t  s t u d y  was d e s i g c e d  to d e t o r m i n o  t h e  extent 

t o  which t h e  a b o v e  p k y s i o l o g i c a l  mechanisms a f f e c t  m u s c u l a r  

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

r e s p o n s e s  of m u s c l e  t o  t h r e e  d i f f e r e n t  forms of 

p h y s l a l o g i c a l  w c r k  and t h e  r e c o v e r y  of muscle f rcm 

t ? w p e r a t u r ~ s  s i m u l a t i n g  t h e  highest p h y s i o l o g i c a l  raRge. 



CHAPTER I1 

REVIE# OF RELATED LITERATUPE 

F o r  p u r p o s e s  o f  c l a r i t y  t k e  l i t e r a t u r e  d i r e c t l y  

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

t e m p e r a t u r ?  o n  e x e r c i s e  p e r f o r m a n c e  w i l l  b e  d i s c u s s e d  u n d e r  

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

e x e r c i s e .  

I s o m e t r i c  S t r e n g t h  

A 1  t h o u g h  t h e  e f f e c t s  of i r c r e a s e d  i r ,  t r a m u s c u l a r  

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

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

t c p i c  b a v e  b e e =  p u b l i s h e d .  Thcse w h i c h  h a v e  b e e n  d o n e  h a v e  

y i e l d e d  c o n t r o v o r s i  a1 r e s u l t s .  A r e v i e w  of r e l a t e d  

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

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

a c t i v a t e d  a ~ d  the t y p e  cf m u s c l ~  u n d e r  s t u d y ,  

T h e  p o s s i b i l i t y  t h a t  t h e r e  i s  a n  o p t i m a l  t e m p e r a t u r e  

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

(1959)  who r a i s e d  t h e  who le  body  t e r t r p e r a t u r e  of  3 s u b j e c t s  

1.12 d e g r e e s  C ,  a n d  t h e n  a f u r t h e r  0.56 d e g r e e s  C t o  38.34 



d e q r e ~ s  C by i m m e r s i n g  oat? s u b j e c t  i n  h o t  w a t e r  f o r  t b e  

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

Whereas a rec ta l  t e m p e r a t u r e  o f  37.78 d e g r e e s  C was 

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

was  O e c r e a s e d  a t  r e c t a l  t e m p e r a t u r e s  o f  38.34 d e g r e e s  C 

c o m p a r e d  t o  q r i ~  s t r e n g t h  r e c o r d e d  a t  r e s t i n g  b o d y  

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

r e g a r d i n g  i n c r e a s e d  i n t r a m u s c u l a r  t e m p e r a t u r e  when t h e  who le  

body t e m p e r a t u r e  h a s  c h a n g e d ,  t h e  s t u d y  d ~ m o n s t r a t e s  t h e  

i m p o r t a n c e  of t e m p e r a t u r e  o n  m u s c u l a r  f u n c t i o r .  

A l t h o u g h  s t u d i e s  i n v e s t i g a t i n g  t h e  e f f e c t s  cf 

i a t r a m n s c u l a r  t c ) m p e r a t u r a  o n  ccc t rac t i l e  t e ~ s i c n  of i s o l a t e d  

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

p h y s i o l o g i c a l  r a n g e  of mammals, they h a v e  n c t  i n v e s t i g a t e d  

t e m p e r a t u r e s  o v e r  40  d e g r e e s  C, c o r r e s p o n d i n g  t h e  t o  h i g h e s t  

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

i c v e s t i g a t i o n s  u s i n g  i s o f  a t  e d  mammal ian  s k e l e t a l  ~ u s c f e  h a v e  

d e m c r s t r a t e d  a n  i n c r e a s e d  iscmetric t o t a n i c  t e n s i o n  w i t h  an 

t n c r e a s e  o f  t e m p e r a t u r e  u p  t o  40  d e g r e ~ s  C, F f  a 

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

C u l l F n a h a m  e t  a l ,  ( 1960)  a n d  T r u o n g  e t  a l .  (1964)  found  

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

w a s  more  r a p i d  f o r  i n d i r e c t  s t i m u l a t i o n  c o m p a r e d  t o  

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



39 - 4 0  d e a r e ~ s  C.  A p a r t i a l  n e u r o m u s c u l a r  b l c c k  was 

h y p c t h o s i z e d  a t  lcwer tern pe r a t u r e s .  

C l o s o  (1965) a n d  C l o s o  ~t a l ,  (1968) h a v e  shown  an  

I n c r e a s e  i n  t e t a n i c  t e n s i o n  w i t h  a t e m p e r a t u r e  i n c r e a s e  u p  

t o  35 d e g r e e s  C. Bcwever t h e  increase is much m o r e  

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

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

f o r  s l c w - t w i t c h  rea m u s c l e  ( s o l e u s ) .  I n  b o t h  m u s c l e s  t h e  

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

t e m p e r a  t a r e s ,  while t h e  p e a k  t w i t c h  t e n s i o n  was r e d u c e d  i c  

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

i n c r e a s e d  i ~ t r i n s i c  s p e e d  of s h o r t e n i n g  a c d  more  r a p i d  

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

responsible f o r  t h e  d e c r e a s e d  t w i t c h  t e ~ s i o n .  It was 

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

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

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

d e s p i t e  t h e  d e c r e a s e  i n  t w j t c h  t e n s i c n .  However n o  

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

t e r s i o n  d u r i n g  t e t a n i c  c o l ? t r a c t i o n s .  MacLagan a n d  Z a i a t i s  

(1957)  f o u n d  a s i m i l a r  i n c r e a s e  i n  i s o m e t r i c  t e t a n i c  t e n s i o n  

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

o v e r  the range 30 - 36 d e g r e e s  C .  O v e r  t h i s  t e m p e r a t u r e  

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



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

i s o m e t r i c  t e t a n i c  t e n s i o n .  

* 

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

c o c t r o v e r s i a l .  A p a r t  f r o m  t h e  s t u d y  ~ f  W r i g h t  (1959)  

a l r e a d y  m e n t i o ~ e d ,  o n l y  Ha l l  O+ a l .  ( 1 9 4 7 )  a n d  Sedgwick a c d  

Whalen  (1964)  h a v e  f o u n d  a s i g r i f i c a n t  r e d u c t i o n  i n  s t r e n g t h  

a t  h i g h e r  i n t r a m u s c u l a r  t e m p e r a t u r e s .  B a l l  e t  a l .  (1947)  

a p p l i e d  h o t  p a c k s  t o  t h e  e l b o w  f l e x o r s  o f  human s u b j e c t s  

w h i c h  r e s u l t e d  i~ a  s k i n  t ~ c n p e r a t u r e  of 41-43  d e g r e e s  C a r d  

a d e c r e a s e  i n  s t r e n g t h  o f  10%.  S e d g w i c k  a n d  Whalen  (1964) 

a p p l i e d  s h c r t w a s e  d i a t h e r m y  t o  t h ~ ?  e l b o w  f l e x o r s ,  f c l l o w e d  

by  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  t h i r t y  s e c o n d s  a f t e r  

h o a t i n q .  T h e  i n t r a m u s c u l a r  t e m p e r a t u r e s  r e c o r d e d  f o r  t w o  

s u b j e c t s  were b o t h  abcive 4 0  d e g r e e s  C. No o t h e r  s t u d i e s  

h a v e  r e c o r d e d  s u c h  h i g h  t e m p e r a t u r e s  befcre a t e s t  o f  

s t r c ~ g t h .  ~ i c h i e l l i  ( 1965)  who a p p l i e d  a m i l d  dose of 

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

39.3 d e g r e e s  C c b s ~ r v e d  a  s l i g h t  d e c r e a s e  i n  s t r e n g t h  

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

C l a r k e  e t  a l .  ( 1 9 5 8 )  a n d  S a u n d e r s  ( 1 9 6 3 )  k c t h  r e p o r t  co  

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

s t r e ~ g t h .  C l a r k e  e t  a l .  (1958) t e s t e d  f o r e a r m  g r i p  s t r e n g t h  

a f t e r  t h e  f o r e a r m  was i a m e r s e d  i~ a  water b a t h  o f  42  d e g r e e s  



C ,  w h i l e  S a u n d e r  (1963) nsc-d ar, i n f r a - r e d  l a m p  t o  i ~ c r ~ a s e  

t b ~  t e m p e r a t u r e  cf the ~ l b o w  f l e x o r s  be for^ f l ~ x i c c  s t r a n g t h  

w a s  m e a s u r e d  b y  a cable t e n s i o m e t e r .  

T h e s e  s t u d i e s  a r e  c h a l l e n g e d  by  t h e  r e s u l t s  of Asmussen 

et al. ( 1 9 7 4 )  who f o u n d  ar, 87 i n c r e a s e  cf i s o m e t r i c  s t r e n g t h  

of  human b i c e p s  b r a c h i i ,  t r i c e p s  s u r a c  a n d  q u a d r i c e p s  

f e m o r l s  when t h e  t e m p e r a t u r e  of t h e  w u s c l e  was i n c r e a s e d  

f rora  30 d e g r e e s  C t o  4 0  d e g r e e s  C. T h e y  a t t r t b u t e d  t h e i r  

f i n d i n s s  t o  an  i n c r e a s e d  r a t e  o f  c r o s s - b r i d g e  a c t i v i t y  a t  

h i g h e r  t e m p e r a t u r e s .  T h i s  h y p o t h e s i s  was g i v e r .  s u p p c r t  by 

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

t h e  s a a e  t e m p e r a t u r e  r a E g e  i n c r e a s e d  b y  35%. 

It i s  a p p a r e n t  t h a t  w h i l s  the l i t a r a t u r e  is 

c o n t r o v e r s i a l ,  o n l y  o n e  s t u d y  by S e d g w i c k  a n d  Whalen (1964) 

h a s  e x a m i n e d  s t r e n g t h  a t  t r m p e r a t u r E s  c o r r e s p o n d i n g  t o  t h o s e  

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

s u k m e x i m a l  e x e r c i s e ,  No e x p l a r a t i o n  was o f f  e r ~ d  f o r  t h e  

i m p a i r e d  s t r e n g t h  a t  h i g l - e r  t e m p e r a t u r e s ,  a n d  t h e  

r e v e r s i b i l i t y  of t h e  i m p a i r a e n t  was n o t  t e s t 2 d .  



I sc@ft r ic  E n d u r a n c e  

Most s t u d i e s  r e p o r t i n g  t F c  e f f e c t s  o f  i n c r e a s e d  

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

i s o m e t r i c  c o ~ t r a c t i c n s  h a w  b e e n  p e r f o r m e d  on human 

s u b j e c t s .  A l t h o u q h  cr.e s t u d y  r e p o r t s  nc s i g n i f i c a n t  e f f e c t  

( f l i c k i o l l i ,  1 9 6 5 ) ,  c t h e r  i n v e s t i g a t i o n s  hzve f o u n d  t h a t  

i c c r ~ a s i n g  i n t r a m u s c u l a r  t e m p e r a t u r e  a b o v e  r e s t i n g  l e v e l s  

was  d e t r i m e n t a l  t c  isometric  e n d u r a n c e .  

D e s p i t e  t h e  s c a r c i t y  of e x p e r i m e n t s  r e l a t i n g  t o  

i ~ c r e a s e d  i r . t r a m u s c u l a r  t e m p e r a t u r e  i n  i s o l a t e d  p r 2 p a r a t i o r . s  

o n e  cf t h e  f i r s t  e x p e r i m e n t s  o n  i n t r a m u s c u l a r  t e m p e r a t u r e  

a n d  e n d u r a n c e  were p e r f o r m e d  a n  i s o l a t e d  m u s c l e .  Hall et a l .  

( 1 9 4 4 )  f o u n d  a mere r a p i d  d e c l i n e  i n  t e n s i c r .  p r o d u c e d  b y  a  

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

t e m p ~ r a t u r e  was  e l e v a t e d  b y  3 - 3  d e g r e e s  C. T h e  k a s e f i n e  

v a l u e s  f o r  i n t r a m u s c u l a r  t e m p e r a t u r e  were n o t  r e ~ c r t e d .  

Nukada ( 1 9 5 5 )  u s e d  b o t h  s h o r t w a v e  d i a t h e r ~ p  and h c t  

w a t e r b a t h  t e c h r t i q u e s  t o  f l ~ v a t e  i n t r a m u s c u l a r  t e m p e r a t u r e s  

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

i n t e r p r e t a t i o n  cf t h e  r e s u l t s  is  l i m i t e d  b y  d a t a  from o n l y  

o n e  s u b j e c t ,  t hero was f o n n d  t o  b e  a d e c r e a s ?  i n  e n d u r a n c e  

a f t ~ r  h e a t i n q  r e g a r d l e s s  cf t h e  t e c h n i q u e  u s e d .  He 



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

b l o c d  flcw f r o m  t h e  m u s c l e s  +o the s k i n .  T h a  e x p e r i m e n t  w a s  

e x t e n d e d  t o  t e s t  t h e  r e c o v e r y  of e n d u r a n c e  5 ,  1 0  a n d  20 

m i n u t e s  a f t e r  a p p l i c a t i o n  of d i - a t h e r m y .  E n d u r a n c e  was n o t  

a f fec ted  by d i a t h e r m y  when any of the a b o v e  r e c o v e r y  p e r i o d s  

were i c t r o d u c e d .  

C l a r k e ,  H e l l o n  a n d  L i n d  ( 1 9 5 8 )  f o u n d  t h a t  t h e  d u r a t i o r .  

of c c n t r a c t i o n s  s u s t a i n ~ d  t o  f a t i g u e  w i t h  a f o r c e  of oce 

t h i r d  o f  max ima l  v o l u n t a r y  c o n t r a c t i o n  (HVC) was l o n g e s t  a t  

an i n t r a m u s c u l a r  t e m p e r a t u r e  of 27 d e g r e e s  C.  A f o l l o w - u p  

s t u d y  b y  L i n d  ( 1 9 5 9 )  c o n s i s t e d  of a s e r i e s  cf s u s t a i n e d  

c o n t r a c t i o n s  a t  o n e  t h i r d  R V C  a t  s e t  i n t e r v a l s  f o l l o w i n g  

i m m e r s i c n  of t h e  f o r e a r m  i n  u a t e r  a t  18 d e g r e e s  C. i n  o n e  

e x p e r i m e n t a l  s e s s i o n  a n d  a t  3 4  d e g r e e s  C. i n  a n c t h e r  

s e s s i o n ,  When t h e  i n t e r v a l  b e t w e e n  t h e  c c n t r a c t i o n s  was 

k e p t  c o n s t a n t  a t  a g i v e r !  v a l u e ,  t h e  d u r a t i c n s  cf t h e s e  f i n a l  

c o n t r a c t i o n s  wer2 a l w a y s  l o n g e r  a f t e r  i m m e r s i o n  a t  t h e  l o w e r  

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

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

t e m p e r a t u r e s .  

E d w a r d s  et a l .  ( 3 9 7 2 )  c c n f i r m ~ d  b y  a  m u s c u l a r  b i o p s y  

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

i n t e r m e d i a t e s  were h i g h e r  a t  38.6 d e g r e e s  C .  t h a n  a t  3 7 . 6  



d o g r ~ q s c .  H o u e v ~ r ,  t a k i n g  i n t o  a c c o u r t  t h e s e  i n i t i a l  

v a l u e s  t h e y  d e t e r m i n e d  t h a t  t h e  r a t e  of g l y c c l y s i s  was 

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

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

 on- hea  t e d  m u s c l e  were s i m i l a r  a t  e x h a u s t i o n  d e s p i t e  t h e  

d e c r e a s e d  e n d u r a n c e  cf t h e  h e a t e d  m u s c l e .  ? h e y  s u g g e s t e d  

t h a t  the d e c r e a s e d  e n d u r a n c s  time was d u e  t o  a n  i n e f f i c i e n c y  

of  ATP u t i l i z a t i o n  by t h e  m y o f i b r i l s .  T h e  c b s e r v a t i o n  t h a t  

a t  e x h a u s t i o a  ATP and P h o s p h o c r o a t i n e  l e v e l s  were 

r ~ s p e c t i v e l y  1 0 0 %  a n d  23% o f  t h o s e  r e c o r d e d  b e f c r ~  t k e  

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

were l i m i t i n g ,  However  t h e  s t u d y  e x h i b i t z d  cne c h v i o u s  

l i m i t a t i o n  i n  t h a t  t h e  a s s u a p t i o n  was made t h a t  t h e  

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

t h e  i n c r e a s e d  r e s t i r g  m e t a b o l i s m .  T h e  p c s s i k i l i t y  of t h i s  

m e c h a n i s m  a s  a major c a u s e  f o r  d e c r e a s e d  e n d u r a n c e  seems 

l e s s  l i k e l y  h c w e v e r ,  i~ v i e w  rf the fact t h a t  e e d u r a n c e  was 

a l s o  d e c r e a s e d  o n  s u c c e s s i v e  c o n t r a c t i o n s  a t  20  s e c o n d  

i n t e r v a l s .  

Dynamic  E x e r c l s e  

H o s t  of t h e  e f f ec t s  of i n c r e a s ~ d  t e m p e r a t u r e  w h i c h  

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

m o r e  e f f e c t i v e  u n d e r  c o n d i t i c r s  o f  d y n a m i c  a e r c b i c  e x e r c i s e .  



W h i l e  t h e  r e s u l t s  of s t u d i e s  u s i n g  a c t i v e  warm-up a r e  

coc t r o v e r s i a l  ( P c n n e r ,  1 9 7 2 )  t h e  mcst f r e a u a n t l y  c i t e d  

e x p e r i ~ e n t s  u s i n q  p a s s i v e  h e a t i n g  (Asinussen a n d  Bo je, 1 9 4 5 ;  

Muido ,  1946)  h a v e  r e p o r t e d  i+ t o  be b e n e f i c i a l  t o  s u b s e q u e ~ t  

d y c a m i c  e x e r c i s 2 .  D e s p i t e  t h e  q u e s t i c n a b l e  r e f  i a b i l i t y  of 

t h e  p e r f c r m a r i c f  c r i t e r i a  u s e 2  i c  t h e s e  s t u d i e s  t h e  d y n a m i c  

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

beer l a r g e l y  b a s e d  o n  t h e s e  e x p e r i m e n t a l  r e s u l t s  ( K a r p o v i c h ,  

1 9 6 8 ;  A s t r a n d  a n d  R o d a h l ,  7 9 7 0 ) .  

Asmussen a n d  E o j e  (1945)  o b s e r v e d  t h a t  p a s s i v e  h e a t i n g  

by e i t h e r  s h o r t w a v e  d i a t h e r m y  o r  by  h o t  s h o w e r s  had  a 

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

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

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

t o  c c m p l e t r  a s t a n d a r d i z e d  e x e r c i s e  t a s k  c n  a  b i c y c l e  

e r g o m e t e r  by 3.9% t o  7.6% f c l l o w i n g  d i a t h e r ~ y  a n d  5 . 0 %  t o  

7 . 2 2  f o l l o w i n g  h c t  s h o w e r s .  Tbe i n t r a m u s c u l a r  t e m p e r a t u r e s  

r a n g e d  f r o m  38 - 39.4 d e g r e ~ s  C a f t e r  d i a t h e r m y  a n d  37.4 t o  

37.9 d e g r e e s  C f o l l o w i n g  h o t  s h o w e r s .  

Muido ( 1 9 4 6 )  a n d  C a r l i s l e  ( 1  956) b o t h  r e p c r t e d  i m p r o v e d  

swimming times f c l l o w i n g  d i f f ~ r e ~ t  f o r m s  o f  p a s s i v e  warm-up. 

Pluido ( 1 9 4 6 )  u s e d  h o t  b a t h s ,  s h o r t w a v e  d i a t h s r s y  a n d  t u r k i s h  

b a t h s ,  a n d  C a r l i . d e  ( 1 9 5 6 )  u s e d  h o t  s h o w e r s .  However ,  



w h e r e a s  Muido ( 1946 )  a t t r i b u t ~ d  t h e  i m p r o v e d  p e r f o r m a n c e  t o  

an  i n c r e a s e d  b l o o d  t e m p e r a t u r e ,  C a r l i s l e  ( 1  956) r e p o r t e d  

t h a t  t h e  i m p r o v e d  p e r f o r m a a c e  i n  h i s  e x p e r i m e n t s  were n o t  

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

t h i s  f i n d F n g  s u p p o r t e d  t h e  o b s e r v a t i o n  o f  A s s m u s s e n  a n d  

F o j e  (1945) t h a t  t h e  i n c r e a s e d  p e r f o r m a ~ c e  Mas r e l a t e d  t c  

i n c r e a s e d  m u s c u l a r  t e m p e r a t u r e .  

C k a l l e r g i n g  t h e  r e s u l t s  cf t h e s e  s t u d i e s  a r e  t w o  

i n v e s t i g a t i o n s  which  m e a s u r e d  t h e  r a t e  o f  c n s e t  o f  f a t i g u e  

by t h e  c r i t e r i c n  o f  t ~ n s i c n  e x e r t e d  d u r i n g  i n t e r m i t t a n t  h a n d  

g r i p  c o n t r a c t l o n s .  W h i l e  G r o s e  (1958) f o u n d  a more  r a p i d  

onset ef f a t i g u e  i n  h e a t e d  m u s c l e ,  S e d g w i c k  a n d  Whalen 

( 1 9 6 4 )  f o u n d  nc s i g n i f i c a n t  e f f e c t  o f  h e a t i n g .  G r o s e  (1958)  

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

i n  water of 4 8  d e g r e e s  C. A l t h o u g h  Grcs2 ( 1  958) d i d  n o t  

r e c o r d  i n t r a m u s c u l a r  t e m p e r a t u r e s  S e d g w i c k  a n d  Wha len  (1964) 

r e p o r t e d  maximum r e a d i n g s  o f  39 .0  d e g r e e s  C ,  38.2 d e g r e e s  C 

a n d  38.0 d e g r e e s  C f o l l o w i ~ g  f i v e  m i r u t e s  of  s h o r t w a v e  

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

P a i j s e r  ( 1 9 7 0 )  i n v e s t i g a t e d  t h e  e f f t ? c t  o f  c o c l i n g  cn  

t h e  d y n a m i c  fcrearm E x e r c i s e  o n  a  h a n d  e r q o m e t e r .  T h e  

i n t r a m u s c u l a r  t e m p e r a t u r e  was n o t  r e c o r d 2 d  b u t  t h e  d e e p  

f o r a r m  v e i n  t e m p e r a t u r e  was l o w e r e d  f r o m  34 .1  d e q r e e s  C t o  



32.7 d e g r e e s  C h o f c r ~  a n  e x h a u s t i v e  e x e r c i s e  t a s k .  T h e  

d ~ c r e a s e d  t e m p e r a t u r e  c a u s e d  a  33% r e d u c t i o n  i n  t h e  

o n d u r a c c e  time t o  e x h a u s t i c n ,  It  was  a l s o  f o u n d  t h a t  a t  

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

b l o o d  a t  e x h a u s t i o n  was  l e ss  w h e r e a s  t h e  l a c t a t e  

c o n c e n + r a t i o n  diZ n o t  d i f f e r  c c n s i s t e n t l y  . T h i s  s u g q e s t e d  

t h a t  a d e c r e a s e d  a e r o b i c  m e t a b o l i c  r a t e  was t h e  m o s t  l i k e l y  

e x p l a n a t i o n  of t h e  d e c r e a s e d  e n d u r a n c e  time, 

B r o o k s  et a1. ( 1 9 7 1 )  d e m o n s t r a t e d  a n  i r c r e a s e d  o x i d a t i v e  

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

H o r s t m a n  et a l .  ( 1 9 7 6 )  r e p o r t e d  an  i n c r e a s e d  c a p a c i t y  f c r  

o x i d a t i v e  metabolism w i t h  i m p r o v e d  o x y g e n  s u p p l y  t o  t h e  

m u s c l e .  These f i n d i n g s  s u g g e s t  t h a t  t h e  a c a 2 r c b i c  c c m ~ c n e n t  

cf d y ~ a m i c  e x e r c i s e  c o u l d  p o t e n t i a l l y  b e  r e d u c e d ,  It is 

there fe re  s u r p r i s i n g  t h a t  n o  s t u d i e s  h a v e  k e n  r e p o r t e d  o n  

t h e  e f f e c t s  of  p a s s i v e  h e a t i o g  o c  t h e  r a t i o  of 

a n a c r c b i c / a s r c b i c  e n f r g y  e x p e n d i t u r e .  Bowover ,  Watt a c d  

Hodgson  ( 1 9 7 5 )  f o u n d  a x  i n c r e a s e d  o x y g e n  c o n s u m ~ t i c n  d u r i n g  

a nPe m i n u t e  r u n  t o  e x h a u s t i . c n  a f t e r  a r  a c t l v e  warm-up 

c o n s i s t i n g  of w a l k i n g  5.6 k p h  a t  10% g r a d e  f o r  1 0  m i n u t e s .  

A r e s t  p e r i o d  o f  4 t o  5 m i n u t e s  b e t w e e n  t h e  warm-up a c d  t h e  

r u n  a l l o w e d  some  r F c o v e r y  of  t h e  a c c u m u l a t e d  f a t i g u e  e f f e c t s  

from t h e  warm-up. I n t r a m u s c u l a r  t e m p 2 r a t u r e s  f c l l o u i n g  t h e  

warm-up were cct r e c o r d e d  b u t  a c c o r d i n g  t o  t h e  r e s u l t s  cf 



S a l t i n  a n d  Hermarsex? ( l 9 6 6 ) ,  t h e y  c a n  be e s t i m a t e d  t o  he 

w i t h i n  t h e  r a n q e  of 37.5 - 39.0 d e g r f e s  C .  There w c u l d ,  

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

b e c a u s e  t h e  warm u p  w a s  n o t  graded r e l a t i v e  t c  t h e  s u h j e c t y s  

m a x i m a l  o x y g e n  u p t a k ~  [ S a l t i n  a ~ d  H e r m a n s e n ,  1 9 6 6 )  . T h e  

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

reflect a r e d u c t i c r  i n  t h e  a n a s r c b i c  c o m ~ o n e ~ t  cf t h e  

e x e r c i s e  t a s k ,  w i  t E  z c c n s ~ q u e n t  i m p r c v e m e n t  i n  w o r k  

c a p a c i t y .  
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MATERIALS, METHODS, A N D  PROCEDUEES 

MATEEIAL 

S u b j e c t s  

T e n  h e a l t h y  ma le  u ~ i v e r s i t y  s t u d e n t s ,  r a n g i n g  i n  a g e  

f r o m  20 t o  31 y e a r s  v o l u n t e e r e d  a s  s u b j e c t s .  A l l  t e n  

s u b j e c t s  c o m p l e t e d  t h e  s t r e n g t h  e x p e r i m e n t s ,  n i n e  c o m p l e t e d  

the i s o m e t r i c  e x p e r i m e n t s  a n d  e i g h t  c c m ~ l e t e d  t h e  

e x p e r i m e n t s  o n  d y n a m i c  e x e r c i s e .  A l l  s u b j e c t s  were 

r i g h t - h a n d e d  a n d ,  a l t h o u g h  s o w  e x e r c i s e d  r ? g u l a r l y ,  n o n e  

wore ecgaged ic p r c g r e s s i v e  r e s i s t a n c e  e x e r c i s e s .  

E x p e r i m e n t a l  R u s c l ~  G r o u p  

Tl-e  e l b o w  f l e x o r s  were s e l e c t e d  a s  the ~ x p e r i m e n t a l  

m u s c l e g r o u p  f o r  the f o l l o w i n g  r e a s o n s :  a )  They a r e  

f r e q u o s  t l y  u s e d  a n d  a r e  c o n s e q u e n t l y  r e l a t i v e l y  well 

t r a i r e d .  b) T h e y  are c a p a b l e  o f  d y n a m i c  e x e r c i s e  tasks. 

c) T h e  monode d i a t h e r m y  a p p l i c a t o r ,  p r e f e r r e d  k e c a u s e  cf its 

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

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

tissues ( L ~ h m a n  ? t  a l . ,  1969) , c a n n o t  d i s t r i b u t e  h e a t  o v e r  a  



l a r u o  m u s c l e  g r o u p .  d )  S u t c u t a a e o u s  l a y e r s  o f  f a t ,  w h i c h  

i n s u l 2 t e  a n d  p r o d u c e  l a r g e r  t e m p e r a t u r e  g r a d i e n t s  w i t h i n  a  

m u s c l e  f l e h m a n n  e t  dl., 1969 ) ,  a r e  r e l a t i v e l y  t h i n  o v e r  t h i s  

m u s c l e  g r o u p .  T h e  m i d - b i c e p  s k i n f o l d  fcr t h e  s u b j e c t s  of 

t h i s  e x p e r i m e n t  r a n g e d  f r o m  2.7mm. t o  4.4mm., w i t h  a  w a n  of 

3.3an. 

METHODS 

A p p l i c a t i o n  o f  S h o r t  wave D i a t h e r m y  

A 27 .12  WRz, s h o r t w a v e  d i a t h e r m y  a p p a r a t u s  

( m a c u f a c t u r e d  b y  S i e m e n s  L t d . )  w i t h  a maximum c u t p u t  of 4 0 0  

w a t t s  was u s e d  t o  i n c r e a s e  t h e  i n t r a m u s c u l a r  t e m p e r a t u r e .  A 

moacdf  a p p l i c a t c r  ( m a n u f a c t u r e d  by S i e m a ~ s  Ltd . )  , 

c o n t a i r i n g  a c o m p a c t  i n d u c t i c r  c o i l  was  s e l e c t e d  b e c a u s e  cf 

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

of a n y  i n d u c t i o n  c o i l  a p p l i c a t o r  ( L e h m a ~ r !  et a l . ,  1 9 6 8 ;  

G u y  e t  al., 1974) . T h i s  i s  e s p e c i a l l y  s o  w h e n  it  is 

p o s i t l c n e d  so  t h a t  t h e  s i d e  of t h e  a p p l i c a t o r  w i t h  f o u r  

f l e m e n t s  is  p l a c e d  directly e v e r  t h e  a u s c l e  s u c h  t h a t  t h e  

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

a p p l i c a t o r  (Lehman e t  a l . ,  1968) .  T h i s  p o s i t i o r  w a s  

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

guide fcr the arm { F i g u r e  I ) ,  a n d  s t a n d a r d i z i n g  t h e  d i s t a n c e  



F I G U R E  1 

The p h o t o g r a p h  s h o w s  t h e  p o s i t i o n i n g  of t h e  arm f o r  

d i a t h e r m y .  T h e  p o s i t i o n  w a s  s t a n d a r d i z e d  o n  d i f f e r e ~ t  

e x p e r i m e n t a l  o c c a s l o ~ s  b y  m a i n t a i n i n g  t h e  l o w e r  arm i n  

c o n t a c t  w i t h  t h e  p o s i t i o c i n a  a p p a r a t u s  w i t h  t h e  h a n d  i n  tl-e 

proce p o s i t i o n .  The  e l b o w  was ~ a i n t a i n e d  a t  r i g h t  a n g l e s  by 

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

a r o t h e r  p o s i t i o n i n g  b o a r d  o b s c u r e d  b y  t h e  arm i n  t h e  

p h o t o g r a p h .  An e l ec t r i c  f a n  shown  on  t h e  l e f t  was  p l a c e d  so  

t h a t  t h e  a i r  f l o w  was  c h a n n e l l e d  t o w a r d s  t h e  a r e a  of 

a p p l i c a t i o n .  





frcm t h e  p o s i t i c n i c g  g u i d e  tc t h e  c e n t r e  cf t h e  a p p l i c a t c r  

a n d  t h e  a l i g n r n 2 ~ t  of the a p ~ l i c a t o r  r e l a t i v e  t o  t h e  

a rm cr. e a c h  e x p e r i m e n t a l  s e s s i o n  ( F i g u r c l  2 ) .  T h e  d i s t a n c e  

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

was  1.8 crn, a n d  was s t a n d a r d i z e d  c n  e a c h  

~ x p s r i m e n t a l  s a s s i o c  b y  t ~ a p o r a r i f y  f c s o r t i n g  a  w o c a e ~  

s p a c e r .  An e lec t r ic  f a n  was  d i r e c t e d  t o  t h e  s u r f a c e  o f  

t h e  a p p l i c a  t i o a  area i n  o r d e r  t o  r e d u c e  t h e  

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

a c c u m u l a t i o n  o f  sweat d r o p l e t s  wh ich  c o u l d  i c d u c e  a  b u r n  

i n j u r y .  

P c s i t i o n i n g  cf S u b j e c t .  f o r  P e r f o r m a n c e  o f  S t r e n g t h ,  

I s o m ~ t r i c  a n d  Dynamic Work T a s k s  

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

a n d  d y ~ a m i c  e x e r c F s e  were p e r f o r i c e d  w i t h  t h e  s u b j e c t  s e a t e d  

o n  a c h a i r  a d j u s t e d  i n  h e i g h t  s o  t h a t  t h e  t h i g h  was p a r a l l e l  

t o  t h e  f l o o r .  T h e  t o r s o  was s t a b i l i z e d  b y  a s u ~ p o r t  

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

s u b j e c t  *s  c h e s t .  T h e  r i g h t  h u m e r u s  was m a i n t a i n e d  

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

u p p e r  arm was  a d j u s t e d  s o  t h a t  t h e  a x i s  of r c t a t i c n  o f  t h e  

elbcw j o i n t  was commor? w i t h  t h a t  o f  t h e  beam which  e x t e n d e d ,  



T h e  p h o t o g r a p h s  show how the p o s i t i o n  of t h e  a p p l i c a t o r  

was s t a n d a r d i z e d  c~ e a c h  e x p e r i m e n t a l  s e s s i o n  ky: 

1) Y e a s u r i n g  t h e  d i s t a n c e  from the p o s i t i o n i n g  b o a r d  

f o r  the l o w e r  arm ( t o p  p h o t o g r a p h ) .  

2) A l i g n i n g  the b a c k  of  t h e  a p p l i c a t o r  a t  r i g h t  a n g l e s  

t o  the p o s i t i o n i n g  b o a r d  f o r  the lower ara ( b o t t o m  

p h o t o g r a p h ) .  





p a r a 1 1 0 1  t o  t h e  lcwer a rm.  A h a r d l e  w h i c h  e x t e n d e d  

h o r i z n r t a l l y  from t h e  t c p  of t h e  beam w a s  a d j u s t e d  sc t h a t  

t h e  h a n d  c o u l d  c o ~ f o r t a b l p  g r a s p  it. F i g u r e  3 s h o w s  t h e  

r i q h t  a r m  i n  the e x p e r i m e n t a l  p o s i t i o n .  A l l  a d j u s t m e n t s  

were r o c c r d e d  f o r  each s u b j e c t  ar.d u s e d  t c  s t a n d a r d i z e  h i s  

p o s S  t i c n  o n  each e x p e r i m e n t a l  s e s s i o n .  

T b e  beam was c a p a b l e  of  r o t a t i n g  t h r o u g h  30 t c  110 

d e g r f s s  (lower v 3 l u e s  r e p r e s e c t i c g  e x t e n s i c n  o f  t h e  e l b o w )  

from a h o r i z o n t a l  p o s i t i o n  i n  t h e  s a g g i t a l  p l a n e .  The beam 

a n d  a  l e v e r  were b c t h  a t t a c 3 , e d  t o  a commoc a x l e  ( F i g u r e  4 ) .  

when t h e  d y n a m i c  l e v e r  was l o c k e d  i n  t h e  h o r i z c n t a l  p c s i t i o n  

( F i g a r e  5) t h e  beam was v e r t i c a l  f o r  s t r e n g t h  and  s u s t a i n e d  

i sometr ic  c o n t r z c t i o n s .  Dynamic  e x e r c i s e  t a s k s  were 

a s s i a c e d  by  a d j u s t i n g  a  w ~ i g h t  c n  t h e  d y n a m i c  l e v e r ,  A 

b i c y c l e  pump b u f f e r e d  t h e  f a l l  of t h e  l ever  a s  t h e  arm was 

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

r u b h ~ r .  

D e t e c t i o n  a n d  T r a n s d u c t i  or  o f  T o r q u ~  

T h e  t o r q u e  o r  t h e  beam w a s  d e t e c t e d  b y  fcur s t r a i n  

g a u g e s  ( t y p e  WA-06-250BA-120, m a n u f a c t u r e d  by  Micro 

@ e a s u r e m e n t s ,  R ich . )  c n  t h e  beam. The u s e  cf f o u r  g a u g e s  

m i n i m i z e d  t h e  e f f e c t  of a m b i e n t  t e m p e r a t u r e  ( a l l  f c u r  would 

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

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

e r d u r a n c e ,  T h e  h a c a l e  a n d  s u p p o r t  f o r  t h e  u p F e r  arm were 

sE j u s t e d  for i c d i  v i d u a l  d i f f e r e n c e s  b e t u e e n  s u k  jects, s o  

t h a t  t h e  e l b o w  j o i n t  a n d  t E e  beaa t o  w h i c h  t h e  h a n d l e  is 

a t t a c h e d  fcrmed a common axis of r o t a t i o n .  





F I G U R E  4 

T h e  p h o t o g r a p h  s h o w s  t h e  beam b e i n g  h e l d  cn the left 

a n d  t h e  d y n a m i c  lever os t h e  r i g h t  connected ky a  commoc 

a x l e .  T h i s  is t h e  p o s i t i o r .  o f  t h e  a p p a r a t u s  duricg t h e  

dyna~ic e x e r c i s e  t a s k  wken t h e  e l b o w  was f l e x e d  110 d ~ g r e k s  

f r o m  a m a x i m a l l y  extecded p o s i t i o n ,  





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

t h f :  h o r i z o n t a l  p o s i t i o n  s o  t h a t  t h e  beaat ( r to t  shcwn) c n  

which work was performed,  was i n  a v e r t i c a l  p o s i t i o n .  

Quring d y n a m i c  e x e r c i s e  t h e  s t o p  m a i n t a i n i r - g  the l s v e r  was 

removed w h i c h  a l l o w e d  movempnt u p  t o  t h e  s t o p  on t h e  w a l l  a t  

t h e  t o p  o f  t h ~  p h o t o g r a p h  and  down t c  a n c t h e r  step ( n o t  

shown)  cn t h e  f l c c r .  





D e t e c t i o n  a n d  T r a n s d u c t i o n  o f  M y o e l e c t r i c  S i g n a l s  

i) l ? l e c + r o d e s  

A b i p o l a r  e l e c t r o d e  s y s t e m  was  u s e d  t h r o u q h c u t  a l l  

isometric a n d  d y n a m i c  e x p e r i m ~ n t s .  Tho a c t i v e  e l e c t r o d e s  

wero s i l v e r /  s i l v e r  c h l o r i d e  s u r f a c ~  e l e c t r o d e s  

( m a n u f a c t u r e d  by  IMI., Newpor t  Beach ,  C a l , ,  U . S . A . )  f i v e  

a l l c w e d  f o r  g r e a t e r  r ~ s c l u t i c r  of t h e  a p p l i e d  t o r q u e  a s  two  

o f  t h o  g a u g e s  w e  s u b j e c t  t o  s t r a i n  w l - i l e  t h e  c t h ~ r  t w o  

werc s u b j e c t  t c  c c m p r e s s i o n .  

T ~ E  p c w e r  s u p p l y  tc e a c h  t r a n s d u c e r  a r d  a m p l i f i c a t i o n  

of i t s  output voltage was c o ~ t r o l l e d  b y  s e r a r a t e  s t r a i n  

gauge a m p l i f i e r s  ( t y p e  AD6) m o u n t e d  i n  a s i n q l e  i n t ~ g r a t e d  

u n i t  It y p e  T E 4 ,  m a n u f a c t u r e d  b y  TECA C o r p . ,  W h i t e  P l a i n s ,  

N.Y.). 

A seriss cf known t o r q u e s ,  e x c e e d i c g  t h ?  r a n g e  e x p e c t e d  

i n  t h e  e x p e r i m e n t s ,  were a p p l i e d  t o  t h e  bsam ky h a n g i n g  a 

number  of  d i f f e r e n t  w e i g h t s  f r o m  t h e  h a n d l e ,  w i t h  t h e  beam 

f i x e d  i n  a h c r i z o n t a l  p o s i t i c ~ .  T h e r e  was no d e t e c t a b l e  

d e v i a t i o c  f r o m  l i n e a r i t y  b e t w e e n  t h e  a p p l i e d  t c r q u e s  acd t h e  

o u t p u t  v o l t a g e .  



mi1liareters ( 5  m m . )  i n  d i a m ~ t e r ,  w h i l e  an  ECG p l a t e  

~ l o c t r c d e  was u s e d  a s  t h ~  g r o u n d  e l e c t r o d e  e n  t h e  v o l a r  

a s p e c t  of t h e  wrist. Low c h l o r i d e  g e l  {IMf Low C h l o r i d e  

G e l ,  m a c u f a c t u r e d  by IHI., N e w p o r t  Beach ,  Cal,, U.S.A.)  was 

u s s d  a s  electrode j o l l y  betwecs t h e  s k i r  a n d  t h e  e l e c t r o d e s .  

Ic c r d e r  t o  r e d u c e  i t n p e d a r c e  t h e  e l e c t r c d ~  s i t e s  were 

s h a v e d  free  o f  s u r f a c e  h a i r  a n d  l o o s e  s k i n ,  a r d  c l e a n 2 d  w i t h  

a l c c f o l  befcrc t h e  p c s i t i o c  f o r  d i a t h e r m y  was a s s u m e d ,  The 

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

p a r a l l ~ l  w i t h  t h e  m u s c l e  f i b r e s  o v e r  t h e  b e l l y  cf b i c e p s  

T h e  i n t e g r a t e d  u r . i t  ( t y p e  T E 4 )  w h i c h  c o ~ t  a i n e d  t h e  

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

e l e c t r o m y o g r a p h i c  s y s t e m  which was u s e d  t@ a m p l i f y  the 

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

The m y o e l e c t r i c a l  a c t i v i t y  was f irst  a m p l i f i e d  by a  

p r e a m p l i f i e r  p l a c e d  c l o s e  e n c u g h  t o  t h e  s u b j ? c t * s  r i g h t  arm 

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

a m p l i f y i n g  unit ( t y p e  A A 6 ,  m a n u f a c t u r e d  b y  TECA C o r p  ., W h i t e  

P l a i r s ,  N,Y.) . The ma in  a m p l i f i e r  had  its f i l t e r  c o n t r o l  

s e t  f o r  a b a n d w i d t h  f r o m  32 - 1600 Hz. a n d  i t s  g a i n  s e t t i n g  

v a r i ~ d  bftweer. s u b j e c t s  from 500 m V / c m .  t o  1 V / c r a ,  d i v i s i o n  

on t h e  d i s p l a y  scope o f  t h e  T E 4  s y s t e m .  



An e l e c t r o n i c  i n t e g r a t o r  ( t y p e  I- 6, m a n u f a c t u r e d  by 

TFCF C o r p . ,   whit^ P l a i n s ,  R . Y . )  was  i n c o r p o r a t ~ d  a s  a m o d u l e  

o f  t h o  T E 4  s y s t e m ,  a n d  u s e d  t o  r e c t i f y  a n d  i n t e g r a t e  t h e  

m y o e l e c t r i c  waveform.  Thg time c o r s t a n t  u s e d  f c r  

i n t e g r a t i o o  w a s  1.0 s e c c c d ,  

T h e  a m p l i t u d e  of a  s i ~ e  wave i n p u t  (300 Hz) g e n e r a t e d  

from a f u n c t i o n  g e n e r a t o r  (type 3310A,  m a c u f a c t u r e d  by 

H e w 1 ~ t t . - P a c k a r d )  was  l i n e a r l y  r e l a t e d  t o  o u t p u t  v o l t a g e  

f r o m  t h e  i n t e g r a t i o n ,  when z m p l i f i e d  w i t h i n  t h e  r a n g e  o f  t h e  

d i s p l a y  s c c p e  on t h e  TE4 s y s t e m .  

P e r m a n e n t  R o c o r d i n g  cf T c r q u e ,  E l e c t r c m y c g r a a  ( E m )  

a n d  1 n t e g r a t e d  E l e c t r o m y o g r a m  (IEBG) 

Two m e t h o d s  were e m p l o y e d  t o  make p e r m a n e n t  r e c o r d i r g s  

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

i) T h e  o u t p u t  v o l t a g e  f o r  t o r q u e ,  EMG a n d  I E l l G  from 

t h r ? ~  r e s p e c t i v e  c h a n n e l s  cf t h e  TE4 s y s t ~ a ,  s ~ p a r a t e l y  

p o w e r e d  t h r e e  d i f f e r e c t  q a l v a n o m e t o r s  ( t y p e  7-326, 

m a n u f a c t u r e d  b y  F e l l - H o w e l l ,  B a s i n g s t o k e ,  U.K .) w i t h i n  a n  

u l t r a - v i o l e t  r e c o r d i n g  o s c i l l  o g r a p h  ( t y  P@ 5 -127 ,  

t r t a n u f a c t u r e d  by F e l l - H o w e l l ,  B a s i n g s t o k s ,  U.K.). E a c h  

q a l v a n o m e t ~ r  d e f l e c t e d  aR u l t r a - v i o l e t  beau! o f  l i g h t  a 



d i s t a n c e  p r o p c r t i c n a l  t o  the i r p u t  v o l t a g e .  

i i )  T h e  o u t p u t  v o l t a q e  f r o s  e a c h  c h a n n ~ l  a f  t h s  TE4 

s y s t ~ m  was s e p a r a t e l y  r e c o r d e d  t h r o u g h  t h r e e  s e p a r a t e  

c h a ~ c o l s  cf ar! F . R .  t a p e  r r - c c r d o r  ( t y p e  3096A, m a n u f a c t u r e d  

b y  H e w l e t t - P a c k a r d ,  C o l o r a d o ,  U, S .  A , )  o n t c  lcw n o i s e  

m a g n e t i c  i n s t r u m e n t a t i c n  t a p f  ( ~ a n u f a c t u r e d  b y  P h i l l i p s ,  

V a n c c u v e r ,  Can, )  r u n  a t  a  speed of 38.1 cm/sec, T h e  i r , p u t  

a n d  c u t p u t  v o l t a g e s  were a d j u s t e d  w i t h i n  t h e  l i n e a r  r e s p o n s e  

r a n g e  o f  t h e  a m p l i f i e r s  ( f u l l  s c a l e  O - 2. 5 v )  by u s i n g  t h e  

i n p u t  a n d  o u t p u t  g a i a  c o n t r o l s .  

A c a l y s i s  of t h e  r e l a t i o n s h i p  b e t w e e n  IEMG a n d  

f crce. 

T h e  f o r c e  o f  e a c h  o f  t h e  ~ i g h t  l e v e l s  h s l d  f o r  t h ~  

d e t e r m i n a t F o n  o f  + h e  fo rce / IEBG r e l a t i c n s h i p  was c a l c u l a t e d  

frcm t h e  U/V trace, us i r .g  t h e  c a l i b r a t i o n  d a t a ,  a n d  

e x p r e s s e d  a s  a  p e r c e n t a g e  cf e a c h  s u b j e c t ' s  MVC. T h e  

u l t r a - v i o l e t  heaa  o f  l i g h t  was d i r e c t e d  o n t c  U/V s e n s i t i v e  

p a p e r  ( t y p e  2 0 2 2 ,  Z i n c g r a p h  Cirect  P r i n t  P a p z r ,  m a n u f a c t u r e d  

by Eas tman  Kodak Corp.,  R o c h e s t e r )  r u n  a t  a s p e e d  cf 3 . 8  

cm/sec. 



A n a l y s i s  of IENG r e c o r d e d  d u r i n g  s u s t a i n e d  i s c m e t r i c  

c c n t r a c t i o n s  

T h e  a c a f o g u ~  s i g n a l  of  TRMG o n  m a g ~ e t i c  t a p e  was 

t r a n s f c r m e d  t o  d i g i t a l  d a t a  a t  a s a m p l i c g  r a t e  cf 2 5  s a m p l e s  

p F r  s ~ c o c d  by  a n  a n a l o g u e  t o  d i g i t a l  c c n v c r t G r  { t y p e  ADC, 

m a n u f a c t u r e d  by D i g i t a l  Equ ipment  C o r p . ,  Mass., U . S . A . )  , 

T h e  d i g i t i z e d  d a t a  was s t o r e d  on m a g n e t i c  t a p e  [ t y p e  

DECTAPE, m a n u f a c t u r e d  b y  Digital Equipmect  Corp., Bass., 

1I.S. A . )  . T h e  msan d i g i t a l  v a l u e  o f  IEMG was c a l c u l a t e d  for 

one s e c o n d  E v e r y  three  seccn6s oft a m i n i c c n t p u t e r  [ t y p e  

PDP-8e, m a n u f a c t u r e d  by ~ i g i t a l  E q u i p m e n t  C c r p ,  , Mass., 

U . S . A . ) .  

R e c o r d i n g s  o f  Oxygen U p t a k e  

Oxygen u p t a k e  d u r i n g  dynamic e x e r c i s e  was c a l c u l a t e d  

f rom m e a s u r e m e n t s  o f  t h e  e x p i r e d  a i r  vo lume  Fer m i n u t e  cf 

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

s u b j e c t  i n s p i r e d  room a i r  t h r o u g h  a  mouth p i ~ c e  a t t a c h e d  t o  

a  v a l v e  which  d i r e c t e d  the e x p i r e d  a i r  a l o n g  a  c c n n e c t i n g  

t u b e  tc a  m i x i n g  c h a m b c r  (volume 5 l i t r e s ) .  The g a s  l e a v i n g  

t h e  m i x i n g  chantber  was d i f e c t ~ d  a l o n g  a n o t h e r  c c n n e c t i n g  

t u b e  t o  a  vc lume meter a n d  thermometer, w h e r e  e x p i r e d  g a s  

v o l u a e  a n d  t e m p e r a t u r e  were r e c o r d e d .  



The c o m p o s i t i o n  of t h e  e x p i r ~ d  g a s  was measured t y  a  

mass s p e c  t r o m e t s r  ( t y p e  B e d s p e c t  1, m a n u f a c t u r e d  b y  

S c i o ~ t i f  i c  R e s e a r c h  I n s t r u m e r t  Corp .  , E a r y l a n d ,  U.S. h . )  

w h i c h  s a m p l e d  mlxed e x p i r e d  g a s  t h r c u g h  a c a t h e t e r  a s  i t  

l e f t  the m i x i n g  c h z m k e r .  

R e c o r d i n g s  of  e x p i r e d  g a s  v o l u m e ,  t e m p e r a t u r e  a n d  

c o m p c s i t i o n  were t a k e n  a t  t h e  b e g i n ~ i n g  a n d  e n d  of  e v e r y  

c c m p l e t e d  m i n u t e  of t h e  5.5 m i c u t e  d y n a m i c  e x e r c i s e  t a s k  a n d  

a t  t h e  b e g i n n i n g  a n d  e n d  of t h e  l a s t  m i ~ u t e  o f  a f i v e  m i n u t e  

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

V i s u a l  F e e d b a c k  of F o r c e  a n d  E l e c t r o a y o g r a p h i c  

A c t i v i t  y  

An o s c i l l c s c c p e ,  p l a c e d  I n  f r o n t  of t h e  s u b j e c t ,  was 

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

g e n e r a t i o n  o f  farce by h i s  o l b c n  f l e x o r s .  T h e  beam of t h e  

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

t h e  m a g n i t u d e  of h i s  max ima l  v o l u n t a r y  c o n t r a c t i o n  (BVC)  i n  

t h e  s t r e n g t h  e x p e r i m e n t s  a n d  two t h i r d s  o f  RVC d u r i n g  t h e  

s u s t a i ~ e d  c c n t r a c t i o ~ s  o f  t h e  Isometric a n d  d y n a m i c  

e x p e r i m e n t s .  



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

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

t h e  d y o a m i c  e x e r c i s e  t a s k ,  s o  t h a t  t h e  s u b j e c t  c c u l d  B o r e  

~ f f e c t i v e l y  r e l a x  b e t w e e n  c o n t r a c t i o n s .  

C a l i  b r a t i c n  

i) T o r q u e  

C a l i b r a t i o n  of t o r q u e  i n  e a c h  e x p e r i m e n t  was c c n d u c t e d  

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

a f t e r  a known w e i g h t  was hung f r o a  t h e  h a n d l e  o f  t h e  beam, 

T h e  beam was f i x e d  i n  a  h o r i z c x t a l  p o s i t i o n  t o  t h e  f l o o r  a n d  

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

d e t ~ r m i n ~ a  f o r  e a c h  s u b j e c t .  

ii) H a s s  S p e c t r o n i ~ t e r  

C a l i b r a t i o n  cf t h e  mass s p ~ c t r o m a  t e r  was c o n d u c t e d  

h e f c r ~  e a c h  of t h e  e x p e r i m e n t a l  s e s s i e n s  of  dynamic  

e x ~ r c i s e .  T h e  t o t a l  o f  t b e  p a r t i a l  p r e s s u r e  r e a d i n g s  

of c i t r o g e n ,  o x y g ~ n  and c a r b o n  d i o x i d e  w5re a d j u s t e d  t o  

t o t a l  t h e  b a r m e t r i c  p r e s s u r e .  T h e  r a t i o  c f  t h e  three 

r e a d i n g s  were ther .  a d j u s t e d  u s i n g  a known g a s  m i x t u r e  o f  

n i t r o g e n ,  o x y g e n  a n d  c a r b o n  d i o x i d e .  T h e  s e t t i n g s  were 

c h e c k 4  u s i n g  a s i m i l a r  g a s  m i x t u r e  o f  d i f f e r e n t  r a t i o s .  



PROCEDURES 

T h e r e  were 10 e x p e r i m e n t a l  s e s s i o n s  e a c h  s e ~ a r a t e d  b y  a 

p ~ r i o d  o f  a t  l e a s t  7 d a y s .  The o r d e r  a n d  n a t u r e  of e a c h  

c x p ~ r i m e n t a l  s e s s i o c  i s  q u t l i n e d  i n  T a b l e  1.  A s  f a r  a s  

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

r ~ x i a i n e d  u n a l t e r e d  f c r  a n y  one s u b j e c t .  

T h e  p u r p c s e  c f  t h e  f i r s t  s e s s i o n  was  t o  lo cat^ 

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

d ~ t e r m i c s  h i s  t n i t i a l  v a l u c  cf  HVC, t c  c a l c u l a t e  h i s  d y n a m i c  

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

e x p e r i m e n t a l  ~ r o c e d u r p s  of t h e  s t u d y .  F c f  l o w i n g  t h e  

a d j u s t m e n t  of  t h e  a p p a r a t u s  t o  t h e  m e a s u r e m e n t s  of t h e  

s u b j e c t  h e  was i f i s t r u c t e d  t o  m a i n t a i n  a f i x o d  p c s i t i o n  cf  

t h o  wrist a n d  t o  " p u l l  a s  f o r c e f u l l y  a s  ~ c s s i b l e  on t h e  

h a n d l e  w i t h o u t  j e r k i n g . "  T k c  v e r b a l  s t i n u l u s  f r o m  t h e  

i n v e s t i g a t o r  d u r i n g  t h e  c o ~ t r a c t i o n  was t h e  ccmarand, **or,e 

a n d  p u l l . * '  T h e  beam of t h e  u z u s e d  c h a n n e l .  on t h e  

o s c i l l o s c o p n  ( m a r k e r  beam) was a d j u s t e d  t o  mark  t h e  u r e a t s s t  

o u t p n t  v o l t a g e ,  r e p r ~ s e ~ t i n g  t h e  s u b j e c t  's g r e a t e s t  MVC. 

Thf s u b j e c t  was  t h e n  p r e p a r e d  f o r  r e c c r d i n g  E H G  a n d  t h ~  

d y n a m i c  w o r k l o a d  was a d j u s t e d  s o  t h a t  when t h e  heam was 

v e r t i c a l  ic a s t a t i c c a r y  p o s i t i o n  ( t h e  p o s i t i o n  of g r e a t e s t  



TABLE I 

An outline of  the procedures for each of the ten 

experimental sessiocs. The three sessions on strergth 

(sess l .ons  2-4) , isometric endurance (sessicns 5-71, and 

dy~amic exercise (sess iccs  8-10) wers each randomized a s  

described in t h e  text. 



Session Nature of experiment 

3 determinations of MVC 
Dynamic work load 
First sustained isometric contraction 

at 2/3 MVC 
Two minutes recovery 
Second sustained isometric contraction 

at 2/3 MVC 

3 determinations of MVC 
Either: Application of diathermy to 

pain producing level followed by 
further application at one dosage 
level below this level 

OR: Positioning of the arm for 
application without application of 
diathermy 

3 determinations of MVC 

Either: 20 minutes of diathermy 
application at one dosage level below 
the pain producing level 

OR: 20 minutes of positioning for 
diathermy without application 

Placement of electrodes over belly of 
biceps brachii 

First sustained isometric contraction 
at 2/3 MVC 

Two mi.nutes recovery 
Second sustained isometric contraction 

at 2/3  MVC 
Twenty minutes recovery 
Third sustained isometric contraction 

at 2 / 3  MVC 
Twelve minutes recovery 
Determination of Force/IEMG relationship 

and b) as for sessions 5-7 
D namic work load 
e 3 to i) as for sessions 5-7 



t o r a u o ) ,  t h e  t n r q w  reccrdod r e p r e s e n t ~ d  15 - 20% of t h a t  

q e n s r a t e d  d u r i c g  a  MVC. A m e t r o n o m e  was se t  a t  80 b o a t s / s e c  

s o  t h a t  t h o  s u b j e c t  c o u l d  p e r f o r m  40  d y n a m i c  c o n c e n t r i c  

c o n t r a c t  i o n s  e v e r y  m i n u t e .  V i s u a l  f e e d b a c k  o f  REG a c t i v i t y  

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

was 3 r c o u r a g e d  t c  r e l a x  a n d  e l i m i n a t e  EMG a c t i v i t y  a s  the 

e l b o w  w a s  e x t e n d e d  by t h e  e x t e r n a l  load. 

T h e  d y n a m i c  e x e r c i s e  t a s k  was c o n t i n u e d  f c r  5 - 5  

m i n u t e s .  Ten s e c c n d s  f e l l o w i n g  t h e  c o m p l ~ t i c ~  of  d y n a m i c  

exercise t h e  s u b j e c t  s u s t a i c e d  a n  i s o m e t r i c  c o n t r a c t i o n  a t  

2/3 B V c  u n t i l  e x h a u s t i o r . .  T h e  m a r k e r  orr t h e  

o s c l l f o s c o p ~ ?  h a d  p r e v i o u s l y  b e e n  l o w e r e d  t o  r e ~ r e s e n t  2/3 of 

t h o  c u t p u t  v c l t a g e  g e n e r a t e d  from t h e  t o r q u e  of h i s  flVC 

( d e t ~ r m i n e d  p r e v i o u s l y ) .  T ~ F  f o r c e  q f  t h e  s u s t a i n e d  

c o n t r a c t i o n  was m a i n t a i a o d  by a t t e m p t i n g  t c  h c l d  t h e  c t h e r  

beam on  the o s c i f l o s c o p e ,  i n d i c a t i n g  t o r q u e ,  c o i n c i d e r , t  w i t h  

t h e  m a r k e r  beam. After a r e c o v e r y  p e r i o d  of 2 m i n u t e s  a 

secord i s o m e t r i c  c o n t r a c t i o n  was s u s t a i n e d ,  

T h e  r e x t  n i n e  e x p e r i m e n t a l  s e s s i o c s  w i l l ,  f o r  t h e  s a k e  

of c o n v e n i e n c e ,  b e  c o n s i d e r e d  a s  three grcups cf t h r e e  

r e l a  t i ~ g  r e s p e c t i v e 1  y tc t h e  s t u d y  of s t r ~ n q t h ,  i s o m e t r i c  

e n d u r a n c e  a n d  d y n a m i c  e x e r c i s e .  



S t r e n g t h  [ S e s s i o ~ s  2 - 4) 

0~ theso  e x p e r i m e n t a l  s e s s i o n s  t h o  s u b j e c t  was  p l a c e d  

i~ t h o  e x p e r i m e n t a l  p o s i t i o n  f c r  work a n d  t h s  m a r k e r  keam o n  

t h e  o s c i l l o s c o p e  w a s  a d j u s t e d  t o  r e p r e s e ~ t  t h e  BVC r e c c r d e d  

i r .  the f i r s t  e x p e r i m e n t s 1  s e s s i c n .  T h i s  vafuc- was r e t a i n e d  

e v e n  when t h e  s u b j e c t  e x c e e d e d  i t .  T h e  s u b j e c t  ~ e r f o r r n e d  3 

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

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

F o l l o w i n g  t h e  c o n t r a c t i o n s  t h ~  e x p e r i m e n t a l  ~ c s i t i o n  

frzr d i a t h e r m y  was a s s u m e d .  I n  o n e  s e s s i o n  ( c o n t r o l )  t h e  

s u b j e c t  s a t  f o r  20 m i n u t e s  w i t h o u t  d i a t h e r m y  a n d  i n  t h e  

c t h o r  t wc s e s s i o n s  ( e  x p e r i m e r t a l )  d i a t h e r ~ l i y  was  a p p l i e d .  

T h e  o r d e r  of t h e  c o n t r o l  s ~ s s i o n  was r a n d o m i z e d  s o  t h a t  i t  

was  s e s s i o r  2 f a r  t h r e e  s u b j e c t s ,  s e s s i o n  3 f o r  f o u r  

s u h j e c t s ,  a n d  s e s s i o n  4 f o r  t h e  o t h e r  3 s u b j e c t s .  

I n  t h e  f i rs t  s e s s i o n  o f  a p p l i c a t i o n  a  m i d d l e  racge 

d o s a g e  l e v ~ l   dos sag^ g r a d e  3 on t h e  d i a t h e r m y  t i p p a r a t u s )  was 

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

d e v e l o p e d  w i t h i r  t h e  f i rs t  t e n  m i n u t e s  cf a ~ p l i c a t i o n  t h e  

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

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

t h ~  t e n  s u b j e c t s .  A s  s c s n  a s  d i s c o a f c r t  o r  p a i n  d e v e l o p e d  



t h e  d o s a g e  was  l o w e r e d  c n o  level a n d  c o n t i n u e d  for a  f u r t h e r  

f i v e  m i  n u t ~ s .  

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

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

t h a t  a 1 1  s u b j e c t s  were u c a w a r e  of t h e  d c s a g e  level s i x  of 

t h e  t e n  s u b j e c t s  € x p ~ r i ~ n c e d  t h e  s a m e  p a i n  o r  d i s c o m f o r t  

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

i n c r e a s e d  o n e  level f c r  t h e  c t h e r  t w o  s u b j e c t s  a n d  b o t h  

e x p e r i e n c e d  d e e p  p a i n  a t  i s  l e v e l .  o n e  cf t h e s e  two 

s u b j e c t s  had  ~ o t  e x p e r i e n c e d  p a i c  ic t h e  f i r s t  s e s s i o n  w h i c h  

m e a p s  t h a t  e i g h t  o f  t h e  t e n  s u b j e c t s  e x p e r i e n c 4  t h i s  

s f n s a  t i o n .  D i a t h f  rmy a p p l i c a t i c ~  was c o n t i n u e d ,  a t  a d o s a g e  

i m m e d i a t e l y  b e l o w  t h e  p a i n  p r o d u c i n g  level, t c  c c m p l e t e  2 0  

m i n u t o s  cf a p p l i c a t i o a .  This d o s a g e  level w 2 s  s e l e c t e d  fcr 

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

r e l a t i n g  t o  t h e  s t u d y  of isometric a n d  d y n a m i c  e x e r c i s e .  

I m m e d i a t e l y  f o l l o w i n g  t h e  a p p l i c a t i o n ,  o r  f o l l o w i n g  2 0  

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

s u b i p c t  r e s u m e d  t h e  experimental p o s i t i o n  f o r  work a n d  t h r e e  

f u r t h e r  f i V C t s  wF?rE p ~ r f o r n t e d ,  e a c h  s e p a r a t e d  i n  time by a 2  

m i n u t e  r e s t  p e r i o d .  T h e  t ime b e t w e e n  t h e  e n d  o f  d i a t h e r m y  

a n d  the f i r s t  c o n t r a c t i o n  was a p p r o x i m a t e l y  1 0  s e c o n d s .  



I s o m e t r i c  E n d u r a n c e  ( S e s s i o n s  5 - 7)  

T h r e e  c o n t r a c t i o n s  o f  2/3 MQC were s u s t a i n e d  f o l l o w i n g  

b o t h  2 0  m i n u t e s  of p o s i t i o n i n g  f o r  d i a t h e r m y  w i t h o u t  

a p p l i c a t i o r  ( c c r t r o l )  a n d  20 m i n u t e s  o f  a p p l i c a t i c ~  

( e x p ~ " r 4  m e n t a l )  . F i v e  s u b j e c t s  r e p e a t e d  t h e  s e s s i o n  ai t h o u t  

d i a t h e r m y  a p ~ l i c a t i o c  a n d  t h e  o t h e r  f c u r  r e p e a t e d  t h e  

s f s s i . c n  w i t h  d i a t h ~ r m y .  T h e  t h r e e  s e s s i o n s  were p e r f o r m e d  

i r! r a n d o m  order.  

A t  t h e  b e g i c n i n g  of each s e s s i o n  t h e  s k i c  o v e r  t h e  

r i q h t  b i c e p s  b r a c h i i  was ~ r e p a r e d  f o r  e l ec t rode  p l a c e m e c t  

a n d  t h e  g r o u n d  c l e c t r o d ~  was a t t a c h e d  t o  the wrist. The 

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

f o l l o w i n g  d i a t h e r m y  a n d  t h ~  s u b j e c t  a s s u m e d  t h o  . ? x p e r i m e r , t e l  

p o s l t i o n  f o r  w c r k .  T h e r e  was a p p r o x i m a t e l y  3 0  s e c c n d s  o f  

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

the hoyinclng of t h e  f i r s t  s u s t a i n e d  c o c t r a c t i o n .  The 

s e c o n d  s u s t a i n e d  c o n t r a c t i c r .  b e g a n  a f t e r  2 m i n u t e s  o f  

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

f u r t h e r  20 m i n u t e s  of r e c o v e r y .  

T h e  s u b j e c t  rested for  1 2  m i n u t e s  f o l l o w i c g  t h e  t h i r d  

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

f o r c e /  IEMG r e l a t i o n s h i p .  T h e  m a r k e r  beam on t h e  



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

w f t h i n  t h o  r a n g e  of t h ~  s u b j ~ c t ' s  HVC. T h e  f o r c e s  were 

ass!gr ,ed  i n  r a n d o m i z e d  o r d f r  e v e r y  t w o  m i n u t e s  a n d  were 

s u s t a i p e d  f o r  a p o r i o d  o f  time s u f f i c i e c t  t o  a l l o w  t h e  mean 

v o l t a q e  o f  t h e  IEHG t c  r e a c h  a s t e a d y  l e v e l .  The 

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

g e n e r a t e d  s m o o t h l y  t o  t b e  z s s i g n e d  level. P r e l i m i n a r y  

e x p e r i m e n t s  h a d  shown t h a t  t h e  level of IEHG r e c o r d e d  f r o a !  

t h i s  musc l ;  was l o w e r  wher f o r c e  was r a p i d l y  g e n e r a t e d .  

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

s t i r n u l a t i o r ,  f r e q u e n c y  n i t  h  more  r a p i d  c o r t t r a c t i c n s  ( N i l n ~ r  

e t  a l . ,  1 9 7 3 ) .  

D y c a n i c  E x e r c i s e  ( S a s s i c n s  8 - 1 0 )  

F i v e  m i n u t e s  a n d  t h i r t y  s e c o n d s  o f  d y n a m i c  e x e r c i s e  

were c o m p l e t e d  f o l l o w i n g  b o t h  20 m i n u t e s  o f  p c s i t i c n i n g  f o r  

d i a t h ~ r m y  w i t h o u t  a p p l i c a t i r n  ( c o n t r o l )  a n d  2 0  m i n u t e s  c f  

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

s ~ s s i c r  w i t h o u t  d i a t h e r m y  a p p l i c a t i o n  aad  t h e  o t h o r  f o u r  

r e p e a t e d  t h e  s e s s i o n  w i t h  d i a t h e r w y .  T h e  o r d e r  o f  

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

T h e  p r ~ c e d u r ~ s  f o r  a p p l i c a t i o r  of d i a t h e r m y  a n d  p l a c e m e n t  cf 

e l ~ c t r o d e s  a r e  i d e n t i c a l  t o  t h o s e  cf t h e  i s c m e t r i c  

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



f o l l c w e d  t h e  d y n a m i c  e x c r c i s ?  t a s k  by  p r ~ c i s a l y  10 s e c o n d s .  

The t i m i n g  of  the second a p d  t h i r d  c o n t r a c t i c n  a n d  t i m i ~ g  

a n d  p r c c e d u r e s  f o r  t h e  d e t e r m i n a t i o n  o f  t h e  force/IEMG 

r e l a t i o n s h i p  were i d e n t i c a l  t o  that d e s c r i k e d  fcr t h e  the 

i scmetr ic  e x ~ e r l m e n t s .  



CHAPTER IV 

RESULTS 

S t r e n g t h  

I n i t i a l l y  e a c h  v a l u e  o f  force a p p l i e d  a t  t h e  hand12  was  

~ x p r o s s e d  a s  a p e r c e n t a g e  o f  t h e  a v e r a g p  f o r c e  o f  a l l  

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

a l l  t h ree  e x p e r i m e n t a l  s e s s i o n s .  T h e  mean o f  t h c  p e r c e n t a g e  

v a l u e s  of t h e  f i rs t  c o n t r a c t i o c s  o n  t h e  two sessicns w i t h  

d i a t h ~ r m y  yielded t h e  s i n g l e  p E r c e n t a g e  v a l u e  f c r  t h ~  f i r s t  

c o n t r a c t i o n  vitE d i a t h e r m y .  The p e r c e n t a g e  v a l u e s  cf t h e  

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

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

m a n r f r .  T h e  rccar, v a l u e s  and s t a n d a r d  d e v i a t i o n s  of the 

t h r ee  c o n t r a c t i o c s  before a n d  a f t e r  b o t h  p o s i t i c n i n g  w i t h  

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

T a b l e  I a .  A p a i r e d  c o r r e l a t i v e  2- t a i l e d  t- t e n t  d e t e r m i n e d  

t be s i a n i f  i c a n c e  of d i f f e r €  nces b e t w e o c  t h e s e  t w c l v ?  v a l u e s ,  

s e e n  i c  T a b l e  I b .  

It is a p p a r e n t  t h a t  t h e  maxima l  f o r c e  p r o d u c e d  is t k e  

f i rs t  a c d  s e c o n d  c o n t r a c t i o n s  a f t e r  d i a t h e r m y  w a s  

s i q ~ i f  i c a c t l y  less fp<O.Ol a n d  p<0.05 respectively) t h a r i  a l l  

si x c o n  t r a c t  i o n s  b e f o r e  d i a t h e r m y  a n d  b e • ’  c re  p o s i t i c n i n g  



TABLE I a  

E f f e c t s  of  dFath~rmy  a n d  positioning w i t h c u t  d i a t h e r m y  

or! strength. V a l u e s  a r e  e x p r e s s e d  a s  a p ~ r c e n t a g r !  of t h e  

s v e r a g e  fo rce  r e c o r d e d  b e f c r z  diathermy and pcsitloning 

w i t h c u t  d i a t h e r m y .  Hears and s t a n d a r d  d 2 v i a t i c n s  b e f o r e  a ~ d  

after d i a t h e r m y  were c a l c u l a t e d  f r c ~  t h e  a v e r a g e d  v a l u e s  of 

two n x p e r i m e c  t aZ  sessiocs whereas the means  and s t a n d a r d  

d e v i a t i  e n s  b r f  ore and a f ter  p c s i t i o n i n g  w i t b c u t  diathermy 

were c a l c u l a t e d  f row cne experimer.ta1 s e s s i o n  (n =1 C) . 



Conditions r- Contraction Number 

No Diathermy 
(34 - 37Oc) 

Mean S.D. Mean 

Diathermy 

S.D. Estimated 
Temp. OC 



TABLE Ib 

D i f f e r e n c e s  b e t w e e n  t h e  mFans of s t r e n g t h  values before 

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

d i a t h e r m y .  P o s i t i v z  v a l u e s  i n d i c a t e  t h a t  t h e  sean s t r e n g t h  

ir! tke columr,  c o n d i t i c r  i s  g r e a t e r  t h a r ,  t h a t  i n  t h e  rcw 

c c n d l  ti o n ,  S i g n i f i c a c t  d i f f e r e n c e s  a r e  m a r k e d  (* I .  
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w i  t . h o n t  d i a t h e r m y .  A l t h o u g h  t h e  s i g n i f i c a r c ~  cf the 

d i f f ~ r e n c e  was g r e a t e r  f o r  t E s  f i r s t  c c n t r a c t i o n  there was 

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

a f t e r  d i a t h e r m y .  The f i r s t  c ~ n t r a c t i o n  a f t e r  p o s i t i o n i n g  

w i t h o u t  d i a t h e r m y  was s i g n i f i c a n t l y  (p<0.05)  l o w e r  t h a n  t h e  

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

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

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

a s i g c i f i c a n t  iccrease  of s t r e n g t h  between t h e  f i r s t  a ~ d  

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

T h i s  r e l a t i o c s h i p  is seen i c  E i g u r e  l a  whicE ccmFares t h e  

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

w i t h  t h e  t h r e e  c o c t r a c t  i o ~ s  a f t e r  p o s i t i c n i n g  w i t h o u t  

d i a t h e r m y .  

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

s i g n i f i c a n t l y  lower [p<O.O5) t h a n  t h e  t h i r d  c o n t r a c t i o n  

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

s i g ~ i f i c a n t l y  g r e a t e r  t h a n  t h e  f i rs t  c c n t r a c t i o n  f o l l o w i n g  

d i a t F e r m y .  T h e  t h i r d  c o c t r a c t i o n  a f t s r  p c s i t i o n i n q  w i t h o u t  

d i a t h f l r m y  was s i g ~ i f  i c a r t l y  l o w e r  (p<O. 05)  t h a n  t h e  s e c o n d  

c o n t r a c t i o n  b e f o r e  d i a t h e m y ,  



FIGUFE l a  

TEe effects of d i a t h e r m y  o n  s t r e n g t h  a s  a f u n c t i c n  of 

t h e  time f o l i o w i n g  d i a t h e r m y  (showr, by  c i rc les)  acd 

p o s i t i c r i i n g  w i t h o u t  d i a t h e r m y  (shown by s q u a r e s )  (n=lO)  , 

This t F m ~  is refcrrcd t o  a s  recovery time tc d ~ p i c t  recovery 

f r o m  i c c r e a s e d  temperature a n d ,  i n  tha case cf t h e  secord 

two coctractions, r e c o v e r y  f r o m  t h o  c o m b i n r d  e f f e c t s  cf h e a t  

and the p r e v i c u s  maxiaaal c o n t r a c t i o n  ( s f .  S t r e n g t h  is 

e x p r e s s e d  a s  a p " r c e ~ t a g 9  of  the mean of a l l  c o n t r a c t i o n s  so 

t h a t  1 0 0 %  r e p r s s ~ ~ t s  t h e  meac s t r e n g t h  i n  a n  u n f a t i g u e d  

c o n d i t i o n .  
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T s c m e t r i c  E n d u r a v c e  

The e r i d u r a n c c  times were s t a n d a r d i z e d  b y  ~ x p r e s s i n g  

e a c h  as  a  p e r c e n t a g e  c f  t h e  u r s a t ~ s t  e n d u r a n c e  time fcr t h a t  

s u b j e c t ,  i r r e s p e c t i v ~  of t h e  c c n d i t i o n s  u n d e r  w h i c h  t h e  

g r e a t e s t  e n 0 u r a ~ c e  tlme was c b t a i c e d .  A s  e a c h  s u b j e c t  h a d  

two  t r i a l s  u n d e r  e i t h e r  thc e x p e r i m e n t a l  o r  c o n t r c l  

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

o b t a i n e d  a s  t h o  m a n  of t h e  r e p e a t e d  t r i a l s ,  S i x  s e t s  of 

d a t a  were o b t a i c e d  froa t h e  e n d u r a n c e  t iwes of t h r e e  

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

p o s i t i o n i n g  w i t h o u t  d i a t h e r m y  a t  i n t e r v a l s  o f  0 . 5 ,  2.5 a n d  

20.5 m i n u t e s ,  The meac e n d u r a n c e  times, e x p r e s s e d  a s  a  

p e r c e n t a g e  of  t h e  g r e a t e s t  e c d u r a n c e  t i@@, and p c o l o d  over  

s u b j e c t s  a r e  t a b u l a t e d  i n  T a b l e  I I a  a n d  p l c t t e d  a g a i n s t  t i ~ e  

a f t e r  c e s s a t i c n  cf p o s i t i o n i n g  f c r  d i a t h e r m y  { r e c o v e r y  t i m e )  

i n  F i g u r e  2b.  

A p a i r e d  c o r r e l a t i v e  2 - t a i l e d  t - t e s t  was u s e d  t c  

d ~ t ~ r m i  r e  t h e  s i g n i f i c a n c e  of the d i f f e r e n c e  b e t w e e n  vaf  u e s  

o f  p e r c e n t a g e  o n d u r a n c e  time ( T a b l e  IIb) . The p e r c e n t a g e  

e n d u r a c c e  time of t h e  f i r s t  s u s t a i c s d  c o n  t r a c t i c n  

i m m e d i a t e l y  f c l l c l w i n g  d i a t h s r r n y  was  lower (6.41%; ~ < 0 . 0 1 )  

t h a c  t h e  f i rst  s u s t a i r e d  c o n t r a c t i o n  w i t h o u t  d i a t h e r m y .  No 

o t h e r  s i g n i f i c a n t  d i f f e r e n c e s  were f o u n d  ketween 

e x p e r i m e n t a l  a n d  c o r r e s p o c d i n g  c o n t r o l  e n d u r a n c e  titn?s. 



TABLE I I a  

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

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

iscnie t r i c  c c c t r a c t i o c s .  V a l u c s  shown  a r e  m e a r s  a n d  s t a c d a r d  

d e v i a t l o c s  e x p r e s s e d  a s  a p e r c e n t a g e  of  t h e  greatest 

e r d u r a n c e  time f c r  e a c h  s u b j e c t  ( n = 9 ) .  E s t i m a t e d  v a l u e s  of  

i n t r a m u s c u l a r  t e m p e r a t u r e  were e x t r a p e l a t e d  f r c ~  the d a t a  cf 

L ~ h m a r I ?  et a l .  ( 1 9 7 4 ) .  The i n t r a m u s c u l a r  t e m p e r a t u r e  for  t h e  

t h i r d  c o n t r a c t i o n  was e s t i m a t e d  t o  be a t  t h e  u p p e r  r ange  of 

r ~ s t i n q  muscle t e m p e r a t u r e  sir.ce b l o o d  flow w c u l d  s t i l l  be 

e l e v a t e d  (Downey e t  a l . ,  1 9 7 0 )  . 



Contraction 
Number 

No Diathermy 
(34 - 37Oc) 

Raw Values 

Mean S.D. 

Diathermy 

Raw Values 

Mean S.D. 

Estimated 
Temp. OC 



T h e  e f f ec t s  cf d i a t h e r m y  (shown b y  circles) and 

p n s i t i ~ n i n g  w i t h c u t  d i a t h e r ~ y  (shom b y  s q u a r e s )  o n  

isometric  e n d u r a c c e  a s  a f u n c t i o n  of the time following 

application ( n  = 9 ) .  T h i s  time is r o f e r r ~ d  to a s  r e c o v e r y  

t i ~ e  t o  d e p i c t  r e c o v e r y  from increased t e m ~ e r a t u r e  and,  i n  

t h e  c a s e  of  the s e c o ~ d  two c o n t r a c t i o n s ,  its c c m b i n e d  effect 

w i t h  p r e v i o u s  i s c ~ e t r i c  wcrk.  
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T ~ P  e n d u r a n c e  t i m ~  o f  t h e  s e c o n d  s u s t a i n e d  c o n t r a c t F o n  

was l o w e r  t h a r !  the f i r s t  a n d  t h i r d  c o n t r a c t i o ~ e  i n  b o t h  

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

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

g r e a t e r  t h a n  t k , z t  cf t h e  t h i r d  c o n t r a c t i c n  cnly when 

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

TFP r r l a t i o n s h i p  b e t w e e n  fo rce  and IFMG w a s  f o u n d  t o  be 

n o n - l i n e a r  ( F i g u r e  2 b ) ,  a n d  was f i t t e d  b y  a ~ c l y n c m i a l  of 

2 3 
t h e  f o r m  F o r c e  = C o n s t a n t  + A [ I E N G )  + E (IFMG) + C (IEMG) . 
T k i s  n q u a t i o n  was u s e d  t o  c s l c u l a t e  t h o  f o r c s  ~ q u i v a l ~ n t  cf 

the TEMG (EIEMG) r e c o r d e d  f o r  o n e  s e c o n d  e v e r y  t h r e e  s e c o n d s  

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

A l t h c u g h  I E M G  w i t h  r e s p e c t  t o  t ime o f t e n  d e m c c s t r a t o d  some 

d e v i a t i o n  f r c m  l i n e a r i t y ,  i t s  e x p r e s s i c n  a s  FfEHG showed a n  

a p p r o x i m a t e l y  l i c e a r  r e l a t i o c s h i p  w i t h  r 3 s ~ e c t  t o  time 

( F i g u r e  2 c ) ,  Tbo rate cf i n c r e a s e  was f o u n d  t o  b e  

inversely p r o p o r t i o ~ a l  t o  t h e  e n d u r a n c e  t ime o f  t h e  

c o n t r a c t i o ~  (F igure  2 d ) .  H o w e v e r ,  t h e  FIEMG c f  o n e  s u b j e c t  

s h o w c d  a n  i n i t i a l  i c c r e a s ~  a n d  t h e n  a  decreasf d u r i n g  a i l  

t h r e e  c o n t r a c t i o n s .  T h e  d a t a  of  t h i s  s u b j e c t  was e x c l u d e d  

f r o m  p o c l e d  d a t a  a r a l y s i s  a s  i t  d ~ v i a t e d  c o c s i d e r a b l y  frcm 

t h a t  o f  a l l  o t h e r  s u k j e c t s .  H o w e v e r ,  c o n s i d e r a t i c n  o f  t h e  

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

C h a p t e r  V .  



D i f  fsrencos ketwser me a c s  of p e r c e n t a g e  e n d u r a n c e  t i ~ e s  

o f  t h e  f irst ,  s e c o n d  a n d  third i scmetr ic  c c n t r a c t i o c s .  

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

c o l u n n  c c n d i t i o n  was g r e a t e r  that t h a t  i n  t h e  rcw c c n d i t i o n .  

S i g r l f i c a n t  v a l u o s  a re  ~ a r k e d  (* ) .  



Conditions and 
C o n t ~ a c  tion No. 

No Diathermy Diathermy 



F I G U R E  2 b  

An example cf the relationship betweer I f H G  r e c o r d e d  

f r o m  biceps C r a c h i i  a n d  force cf ~ u s c f c  c 3 n t r a c t i a n .  T h e  

I E H G  i s  o x p r e s s e d  i n  a r b i t r a r y  units ard ~ l c t t e d  with 

respect t o  the percectago cf t h e  s u b j e c t  * s  m a x i m a l  voluntary 

contractioc. 
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FIGURF 2c 

An ~ x a m p l e  rf t h o  e f f e c t  cf e x p r e s s i n g  I F E G  a s  i ts  

force e q u i v a l ~ n t  (FIEMG) on  the n a t u r e  of  t h e  i n c r e a s i r g  

m y o e l e c t r i c a l  a c t i v i t y  w i t h  r e s p s c t  t o  t i n e .  T h e  IEBG 

v a l u e s  ( s h c u r .  b y  s q u a r e s )  wsre r~corded f rcm b i c s p s  k r a c h i l .  

T h e  FIXHG v a l u e s  ( shown ky c i rc les)  were c a l c u l a t e d  from t h e  

recorded I X M G  v a l u e s  a n d  t h e  I E M G / f o r c e  r e l a t i o n s h i p  shown 

i n  F i g u r 2  20, T h e  I E R G  is e x p r e s s e d  i n  a r b i t r a r y  units acd 

th? F I E U G  a s  a p e r c e r i t a g e  o f  its* m a x i m a l  v a l u e .  Bcth v a l u e s  

a r e  p l c t t e d  w i t b  r e s p e c t  tq t h e  s u b j e c t ' s  e n d u r a n c e  time. 





T h e  r e l a t i o n s h i p  hetweec t h e  r a t e  a t  w h i c k  F I E R G  

i ~ c r ~ a s e d  a n d  e n 2 u r a r c e  time of i n d i v i d u a l  s u h  jects f c r  t h e  

f i rs t ,  s e c o n d  a n d  t h i r d  i s o r a ~ t r i c  c ~ n t r a c t i o n s  a f t e r  

p o s F t i c c i r q  w i t h o u t  diathermy. T h l s e  c c n t r a c t i o c s  

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

leads t o  a r e d u c e d  c o n t r a c t i o n  time. The c o r r e l a t i o n  

c o e f f i c e n t  of t h a  r e l a t i o n s h i p  was -0.71 (c=24) .  





T , i c e a r  r e g r ~ s s i o n s  of FIEMG w i t h  r e s p e c t  t o  b o t h  

a b s c l u t e  t imo a n d  p r r c e r t a g F  o f  c o n t r a c t 5 . c n  time were 

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

d i a t h e r m y  a n d  p o s i t i o c i n g  w i t h o u t  d i a t h e r m y .  ahere s u b j e c t s  

r e p e a t e d  t r i a l s ,  t h ~  FIEPIG d a t a  f r o m  b o t h  t r i a l s  were u s e d  

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

c o s d i  t i o n .  The  mean c c r r e l a t i o n  c o e f f i c i e n t s  o f  t h e  l i n e a r  

r e g r e s s i o n s  fcr  t h e  f irst ,  s e c o n d  a n d  t h i r d  c c c t r a c t i c n s  was 

r ~ s p e c t i v e l y  0.906, 0.921 a n d  0 . 9  18 a f t e r  p o s i t i o n i n g  

w i t b o u t  d i a t h e r m y ,  a n d  0 .884,  0.909 and 0.871 a f t e r  

d i a t h e r m y .  T h e  mean c o r r e l a t i o n  c o e f f i c i e n t s  b e t w e e n  F I E R G  

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

e x p e r i m e n t a l  c o n d i t i o c s  were r e s p e c t i v e l y  0 , 8 4 5 ,  0.794 a r d  

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

P i v e  c a t c g o r i o s  cf FIE!% d a t a  were a n a l y s e d  f r o m  t h e  

l i c e a r  r e g r e s s i o r ,  t r e a t m e n t .  T h e  p o o l e d  mear! v a l u e s  ar?d 

s t a n d a r d  d f v i a t i c n s  o f  t h e  s l o p e  o f  FIEMG1s w i t h  respect t o  

both time ( c a t e g o r y  1) a n d  p e r c e n t a g e  e n d u r a n c e  time 

( c a t ~ y c r y  2)  a r c  seer! i n  T a b l o  IIc. T h e  p o c f e d  mean v a l u e s  

a n d  s t a r d a r d  d e v i a t i c n s  o f  a v e r a g e  F I E H G  ( c a t e g o r y  3) and 

i n t e r c e p t s  o f  FIEHG1s o n  t h e  a x e s  r e p r e s e n t i n g  zezc  time 

( c a t c g c r y  4 )  arid time o f  e x h a u s t i o n  ( c a t s g o r y  5 )  a r e  seen i n  

T a b l e  f I d .  



Effects of diathermy a n d  positioning w i t b c n t  diathermy 

o~ t h e  s l c p e  of FfEMG with r e s p e c t  t o  k o t h  time and 

pe r cen t age  of c c n t r a c t i o r  time f o r  the f i r s t ,  secccd and 

t h i r d  s u s t a i r e d  iscme t r i c  c o n t s a c t i o c s .  Valuqs a r e  

e x p r ~ s s e d  a s  t h e  Rear, ar,d s t a n d a r d  d e v i a t i c r !  cf a l l  means 

( n = 9 )  c a l c u l a t e d  f o r  ~ a c h  s u k j e c t .  The meac c o r r ~ l a t i a r ,  

c o e f f i c i e n t s  of t h e  l i n e a r  r e g r e s s i o n s  a r e  shcun fcr each 

C O P  t r a c t i o n .  E s t i ~ a t e d  v a l u e s  of i c t r a m u s c u l a r  t e m ~ e r a t u r e  

were e x t r a p c l a t e d  from t h e  d a t a  of Lehmann e t  a l .  (1974) .  





TABLE fId 

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

9 t b e  mean FfEMG ar.d t h o  raw a n d  c o r r e c t e d  v a l u e s  

f d i a t h e r m y  o n l y )  o f  t h e  i n t e r c e p t  of t h e  F I E H G  c n  t h e  a x i s  

r ~ p r ~ s e n t i n g  zprc time f o r  t h e  first, second a n d  t h i r d  

i s o m e t r i c  c o n t r a c t i o n s .  V a l u e s  a r e  e x p r e s s e d  a s  the mEan 

a n d  s t a n d a r d  deviation of m e a n s  (n=9) c a l c u l a t e d  f o r  e a c h  

s u b  j ~ c + .  E s t i m a t e d  v a l u e s  cf i n t r a m u s c u l a r  t ~ m p e r a t u r e  f o r  

t h e  f i  rst a n d  s e c 0 r . d  c o n t r a c t i o n  a f t e r  d i a t h e r m y  were 

e x t r a u o l a t e d  from t h e  da ta  of Lehmann  e t  al. , (1 974)  . T h e  

t h i r d  c o n t r a c t i o n  a f t e r  d i a t h e r a y  was e s t i m a t e d  t o  b e  a t  tbe 

higbor r a n g e  o f  r ~ s t i n g  v a l u e s ,  s i n c e  b lood  f l c w  w o u l d  s t i l l  

he e l e v a t e d  a t  t h i s  time (Dcwnoy e t  af., 1970) .  





T h e  i r t e r c e p t  of FIEMG on  t h e  a x i s  c o r r e s p o n d i n g  t o  

z e r c  time cf t h o  f i r s t  c o ~ t r a c t i o n  a f t e r  d i a t h e r m y  w a s  

c o r r e c t e d  f o r  t h e  d e p r e s s t v e  e f f e c t  of t e m p e r a t u r e  on  t h e  

r ~ c o r d e a  m y o e l e c t r i c a l  a c t i v l t y .  T h i s  w a s  a c h i e v e d  by 

n o r m a l i  z i n g  t h e  mean FIEHG o f  t h e  first  c o n t r a c t i c n  a • ’  t e r  

d i a t h e r m y  t c  t h e  mean FIEPIG cf t h e  f i r s t  c o r t r a c t i o r  a f t e r  

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

r e a s s e s s i ~ q  t h e  i n t e r c e p t .  Tho r e s u l t  of t h i s  a n a l y s i s  

d e m o n s t r a t e d  t h a t  t h e  c c r r e c t e d  i n t e r c e p t  cf FIEMG cn t h e  

a x i s  c o r r e s p c n d i n g  t o  z e r o  time was g r q a t e r  f o l l o w i c g  

d i a t h ~ r m y  (3 .19%; p< , 005 ) .  A p a i r e d  c o r r e l a t i v e  t - t e s t  was  

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

h e t w e e n  m e a n s  of t h e  f i r s t ,  s e c o n d  a n d  t h i r d  c o n t r a c t i o n s  

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

w i t h i p  e a c h  of t h e s e  f i v e  c a t e g o r i e s  o f  d a t a .  T h e s e  

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

T a b l e s  IIe, I f f ,  I I g ,  I I k  a n d  f I i  r e s p b c t i v c l y  f o r  mean 

FIEMG, i n t e r c e p t  cf FIEFIG'S a t  z e r o  time, i n t e r c e p t  cf 

FIFEG8s a t  t h e  time of e x h a u s t i o n ,  s l o p e  of  FIEMGts w i t h  

r e s p p c t  t o  time a n d  w i t h  r e s p e c t  t o  ~ e r c e n t a g s  of 

c c n t r a c t i o n  time. F i g u r e  2e s h o w s  FIEMG v a l u e s  w i t h  

r e s p e c t  t o  p e r c e c t a g e  o f  r c d n r a n c e  time r ~ c n r d o d  d u r i r i g  t h e  

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

c o ~ t r a c t i o r .  a f t e r  p o s i t i o ~ i  ng w i t h c u t  d i a t h e r m y .  The 

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

the FIEMG w i t h  r e s p e c t  t o  p e r c e n t a g e  o f  f n d u r a n c e  time 



Dif ferences  be tweer  w a n  EIEf lG for the f i r s t ,  second 

a r d  t h i r d  s u s t  alnf d lsoreetric c o r t r a c t i o n s  (n=R) . P o s i t i v e  

v a l u e s  indicate t h a t  t h e  meac FIEHG i n  t h e  column c c n d i t i o n  

was u r e a t e r  t h a n  t h a t  ic t h ~  row c o a d i t i o z .  S i g c i f i c a c t  

v a l u e s  a r e  m a r k e d  {*) . 
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D i f f e r e n c e s  b e t w e e n  mGac i n t e r c e p t s  o f  FIFMG o n  t h e  

a x i s  r e p r e s e n t i n g  z e r o  t i m e  f c r  t h e  first, s e c o n d  a n d  t h i r d  

s u s t a i ~ e d  i s c m o t r i c  c c n t r a c t  i o n s  (n=8) , P c s i t i v e  v a l u e s  

i c d i c a t ~  t h a t  tht= meari intercept i n  t h e  c o l u m n  c o r d i t i o n  w a s  

g r e a t e r  t h a n  t h a t  i n  the row c o n d i t i c n .  The d i f f e r e n c e  

be tween  i c t e r c e p t s  f o l l o w i c g  c o r m a l i z a t i o n  of EIFPlG is 

i n d i c a t e d  f o r  t h e  f i r s t  c c r t r a c t i o n  a f t e r  d i a t h e r m y ,  a n d  

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

a f f e c t  the s i g n i f i c a n c e  betweec e x p e r i m e n t a l  a n d  c c n t r o l  

v a l u c s  f o r  the c t h o r  two c o c t r a c t i o f i s .  S i g n i f i c a n t  v a f  u e s  

zre m a r k e d  (*) . 
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No Diathermy Diathermy 

+ = -3.98**" when the average FIEMG of the first contraction 
after diathermy is normalized to the average FIEMG of the 
first contraction after positioning without diathermy. 



TABLE IIq 

D i f f e r e n c ~ s  ketweer. t h e  u x a n  i n t e r c e p t  o f  FIPiSG'S on 

tho a x 5 s  r e p r e s o r t i n g  t h e  t i m e  of  e x h a u s t i c n  fcr t h e  f i r s t ,  

soccrd a n d  t h i r d  iscmetr ic  c o c t r a c t i o n s  [ n = 8 )  , P o s i t i v e  

v a l u e s  i n d i c a t e  t h a t  t h e  moan i n t e r c e p t  I r .  t h e  c o l u m n  

c o n d i t i c n  was areater t h a r ?  that i n  the rcw c c n d i t i o r . ,  

S i g n i f j c a n t  v a l u e s  a r e  m a r k e d  { * ) .  





TARLF I I h  

Differences betweer meac slopes of F I E B G  c a l c u l a t e d  a s  

a function of  t h ~  t i ~ e  f o r  t b e  first, seccnd and third 

isnm~Iric c o n t r a c t i o r s  (n=8) . P o s i t i v e  va luzs  i r d i c a t e  that 

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

i~ t h ~  rcw cond i t i cn .  S i g n i f i c a n t  v a l u e s  art. marked (*) .  
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Differences htwee-rr: w a r .  slcpes of  FfElgG c a l c u l a t ~ d  a s  

a f u n c t i o n  of t h e  percentage of e n d u r a n c e  time f o r  t h e  

f i r s t  , s ~ c o r , d  a n d  t h i r d  i s o m ~ t r i c  c o ~ t r a c t i o n s  (n=8) . 
Positive v a l u ~ s  i r d i c a t e  t h a t  t h e  meac s l c p  i n  the c c l u ~ n  

c c c d i t i o n  was g rea te r  t h a n  that ic t h e  row c o n d i t i o n ,  

S i g n i f i c a n t  v a l u e s  a r e  m a r k e d  {*) , 

TABLE 1 Ii 
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FIGURE 2e  

T h e  ef foc  ts ef i ccreased in t r amuscu la r  temperature on 

m y c e l e c t r i c a l  a c t l v i t y  recorded from b i c e ~ s  h r a c h i i  d u r i n g  

t h e  f i r s t  s u s t a i c e d  i s o m e t r i c  coc t r a c t i o r . .  T h e  va lues  shcwn  

a r e  f o r c e  e q u i v a l e r . t s  cf I F R G  (FIEMG) c l c t t e d  a q a i n s t  

percentage of e ~ d u r a n c e  t ime a f t e r  diathermy {shcwn ky 

c i r c l f s )  a r d  a f t e r  no d i a t h e r m y  (shown by c r o s s e s ) ,  (n=8), 
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f o l l e w i n g  d i a t h e r ~ y .  F c r  t h e  p u r p o s e s  o f  d i s p l a y  (9nd  n c t  

a n i l l y s i s )  t h e  mean FIEPIG v a l u e s  o b t a i n e d  b c t h  w i t h  ar.d 

w i t h o u t  d i a t h e r m y  wers n o r m a l i z e d  for e a c h  s u b j e c t  s o  t h a t  

t h e  i n t e r c e p t  of  FIRMG o n  t h e  a x i s  r e p r e s 5 n t i r g  zero t i r e  

c o r r e s p o n d e d  w i t h  t h e  mean p o o l e d  v a l u e  fcr t h e  g r o u F .  

Dynamic E x e r c i s e  

The e n d u r a n c e  times were s t a n d a r d i z e d  by e x ~ r e s s i n q  

e a c h  a s  a  p e r c 2 n t a g e  cf t h e  g r e a t e s t  e n d u r a n c e  tlme r e c o r d f d  

I n  t h o  i s o m e t r i c  ~ x p e r i m e n t s  f o r  e a c h  s u b j e c t .  B S  e a c h  

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

c o n t r o l  c o n d i t i o ~ s ,  t h e  v a l u e  of t h e  e n d u r a n c e  time E c r  t h a t  

s u b j e c t  was cbtained a s  t h e  mean o f  t h e  r s p c a t e d  t r i a l s .  

six s e t s  of  d a t a  wers o b t a i n e d  t r o m  t h e  e n d u r a n c e  t i m o s  cf 

t h r e f  s u s t a i n e d  c c c t r a c t i o n s  which foflowed 3 l t h e r  d i a t h e r m y  

a n d  the d y n a m i c  work t a s k ,  a t  i n t e r v a l s  cf 1 0  s o c c n d s ,  2 

m i n u t e z  10 s e c c n d s  a n d  20 m i n u t e s  10 s e c o c d s .  T h e  mean 

v a l u e s  for p e r c p n t a g E  e c d u r a n c ~  time a re  s e e n  i n  T a b l e  IIIa. 

A p a i r e d  c o r r e l a t i v e  2 - t a i l e d  t - t a s t  was  u s ~ d  t o  

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

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

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

d y n a m i c  w ~ r k  t a s k  a t t e r  d i a t h e r m y  was l o w e r  (5.6391, ~(0.05) 



TABLE I I I a  

E f f e c t s  o f  d i a t h e r m y  a n d  p o s i t i o n i n q  w i t h c u t  diathermy 

f o l l o v ~ d  b y  5.5 m i c u t o s  o f  d y n a m i c  work c n  v a l u e s  o f  

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

i s em~t r i c  c c ~ t r a c t i o r s .  Va lues  s h o w n  a r e  me3rs  a c d  s t a n d a r d  

d e v i a t i o n s  ~ x p r e s s e d  a s  a percentage cf the g r e a t e s t  

endurance t i m ~  recorded i n  t h e  isometric o x p r ? r i m e n t s  fcr 

oath s u b j e c t  ( n = 8 ) .  S i g ~ i f i c a c t  v a l u e s  a r e  marked (*I .  



C o n t r a c t i o n  
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Mean 



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

d y n a  n i c  w o r k  w i t h o u t  d i a  t F ~ r m y .  T h e  p e r c 3 n t a q e  e n d u r a n c e  

times o f  t h e  f irst ,  s e c o n d  a n d  t h i r d  c o n t r a c t i o n s  were 

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

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

p e r c ~ ~ t a g e  ~ n d u r a r c e  time a1or .y  w i t h  t h e 5  r s t a t i s t i c a l  

s i g n i f i c a n c e  a rp  s e e n  ir Table IIIb. F i g u r e  3 a  s h c w s  t h e  

meaxi ~ x p f r l m e c t a f  a n d  c c n t r ~ f  p e r c e n t a g e  e n d u r a n c e  times 

p l o t t e d  a g a i n s t  time a f t e r  t h e  d y n a m i c  work t a s k  ( r e c o v e r y  

time) . 

TEE p g r c o n t a a e  ~ n d u r a r . c e  v a l u ~ s  o f  ths f i r s t  s u s t a i n e d  

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

T h o  i m p a i r m e n t  f o l l o w i  ng d i a t h e r m y  was m e a s u r e d  i n d i r e c t l y  

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

cor! t r a c  t i o c s  i n  t h e  e x p e r i m e ~ t a l  a n d  c o n t r o  1 s i t u a t i o n  f o r  

? a c h  s u b j e c t  f o l l o w i n g  d y n a m i c  work.  The d y n a s i c  work l o a d  

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

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

w i t h o u t  d i a t h e r m y  a n d  *he d y c a m i c  work t a s k .  It was  assumr;d 

t h a t  a  s h o r t e r  iscmetric e n d u r a n c e  time i n d i c a t e d  t h a t  t h e  

p r e c e d i n g  d y n a m i c  w c r k f o a d  was more d e m a n d i n g ,  It c a n  b e  

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

d i a t h ~ r m y  was d i r e c t l y  r e l a t e d  t o  the f a t i g u e  i n d u c e d  b y  t h e  

d y c a m i c  w c r k l c a d  ( F i g u r e  3 b ) ,  



T A B L E  IIIb 

D i f f e r e n c e s  b t w e e ~  mats of p e r c e n t a g e  values cf 

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

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

p o s i t  icnlng w i t h c u t  d i a t h e r m y .  P o s i t i v o  values i n d i c a t e  

t h a t  t h e  mean e n d u r a c c e  time i n  t h e  cclumn c c n d i t i c n  was 

g r e a t e r  thar t h a t  i n  the row c o n d i t i o n .  S i g n i f  i c a c t  

dif f e r ~ n c e s  are m a r k e d  (*) . 
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F T G U F F  3a 

T h e  e f f e c t  cf d i a t h e r m y  cn d y n a m i c  w o r k .  T h e  v a l u e s  

s h o w c  a r e  t h e  p ~ r c e n t a g e  e ~ d u r a n c e  times f c r  t h r o e  iscmetric 

c c n t r a c t i o n s  a f t n r  a s t a n d a r d i z e d  dynamic w o r k  t a s k ,  The 

r e c o v e r y  time z g a i r s t  w h i c h  ttc v a l u ~ s  a r e  p l c t t e d  indicates 

t h s  time a f t e r  e i t h e r  diathermy [shown b y  circles) o r  

positioning w i t h o u t  d i a t h e r m y  (shouc b y  s q u a r e s )  a n d  the 

d y r a m i c  w o r k  task ( n = 8 ) .  





F I G U R E  3 b  

T h e  r e l a t i o r s h i p  b ~ t v e e ~  t h e  i m p a i r m e ~ t  of  work 

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

w o r k l c a d  i n d u c e d  f a t i g u e  f o r  i n d i v i d u a l  s u b j e c t s .  T h e  

differonce between p e r c e r t a  gc e n d u r a r c e  of t h e  h e a t e d  a rd  

nap-heated m u s c l e  f o r  i n d i v i d u a l  s u b j e c t s  is ~ l c t t e d  a g a i n s t  

t h e  er d u r a n c e  time of t h e  f i r s t  s u s t a i n e d  contraction 

f o l l c w i n g  d y n a m i c  work i n  the GOD- h e a t e d  c o n d i t i o n .  T h e  

c o r r e l a t i o r  c o e f f i c ~ r t  cf t h e  r e l a t i o n s h i p  i s  -0.59 (p<O- 1) 
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T h e  n o n - l i n e a r  r r l a t i o n s h l p  b e t u e s n  f o r c ~  a r d  IFNG was 

s5 mila r  t o  t h a t  f o u n d  f r o m  t h e  i s o m e t r i c  e x ~ e r i m e n t s .  T h i s  

d a t a  was t r e a t e d  a n d  u s e d  t o  c a l c u l a t e  t h e  PIEMG w h i c h  was 

f o u n d  t o  a p p r o x i m a t e  a l i n ~ a r  i n c r e a s e  w i t h  r e s p e c t  tc time 

f o r  a l l  s u b j e c t s .  L i n e a r  r e g r e s s i o n s  of FIEMG with r e s p e c t  

tc b o t h  t l m ~  a r d  p e r c o c t a q e  of c o n t r a c t i x  time were 

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

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

r e p e a t e d  t r i a l s ,  t h e  FlEMG d a t a   fro^ b o t h  t r i a l s  was u s e d  t o  

c a l c u l a t e  t h e  single l i n e a r  r e g r e s s i o n  o f  F I E H G  f o r  e a c h  

c c n d i  t i  o n ,  

F i v e  c a t o g c r i e s  of  FIEMG d a t a  were a n a l y s e d  frcm t h ~  

l i n e a r  r e g r e s s i o n  t r ~ a t m e n t .  The p o o l e d  m3an v a l u e s  a n d  

s t a n d a r d  d e v i a t i m s  o f  t h e  slope of Y I E 3 G e s  w i t h  r e s p e c t  t o  

b o t h  time ( c a t s a r r y  1)  a r d  p e r c e n t a g a  e n d u r a n c e  time 

( c a t e g o r y  2)  a r e  seer, i n  T a b l e  IIIc. T h e  p o o l e d  mean v a l u e s  

a n d  s t a r d a r d  d o v i a t i o ~ s  of a v e r a g e  FIEMG ( c a t e g o r y  3) a n d  

intercepts cf PIPPIG'S o r  t h e  a x e s  r e p r e s r n t i n g  z e r c  time 

[ c a t e q c r y  4 )  a n d  time o f  e x h a u s t i o n  ( c a t e g c r y  5 )  a r e  s o e n  ir. 

T a b l e  I f f d .  

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

s i q r i f i c a n c e  of  t h e  d i f f ~ r ~ c c e s  b e t w e e n  m e a n s  cf t h e  t h r e e  

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



TARLE I I I c  

E f f ~ c t  cf  diathermy acd dynamic work on meacs a n d  

s t anda rd  d e v i a t i o c s  (S.D.) for t h e  s l o p e  o f  FIERG a s  a 

f u c c t i c n  cf t i m ~  a n d  a s  a f u n c t i o r  of percentage cf 

c o ~ t r a c t i o r .  t ime c f  t h e  f i r s t ,  second acd t h i r d  s u s t a i n e d  

c o c t r a c t i c n s  after dycamic work  ( n = 7  fer t h e  f i r s t  

c o n t r a c t i o n ;  n=8  f o r  t h e  s e c c n d  ar.d t h i r d  c o n t r a c t i c n s )  . 



- - -- 

No Diathermy 
-- 
Slope FIEMG 

(time) 

Mean 

- 
S.D. 

Slope FIEMG 
($ c ontr . ~ i m e )  

S.D. 

Diathermy 

Slope FIEMG 
(time) 

Mean 

Slope FIEPIG 
% contr.~ime) 

lean S.D. 



TABLE IfId 

e f f e c t  cf d i a t h e r m y  a n d  d y n a m i c  w o r k  c n  means  a n d  

s t a c d a r d  d e v i a t 5 a ~ s  [S.D.) of average FIEMG a c d  i ~ t e r c e p t  o f  

FXEMG o n  t h e  axes r e p r e s ~ n t i ~ g  z e r o  time a ~ d  time cf 

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

c c n t r a c t i o n s  a f t ~ r  d y n a m i c  work  [n=7 f2r t h e  f i r s t  

c o n t r a c t i o n ;  n = 8  f o r  t h e  s e c o n d  a n d  t h i r d  c o n t r a c t i c n s ) .  
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s i t u a t i o n  w i t h i n  each o f  t h ~ s n  r i v e  c a t e g 3 r i e s  of d a t a .  

A l t h c u g h  t h e  s l c p e  a g a i c s t  t i m ~  was g r a a t e r  ( 0 .214 ,  ~ < . 0 5 )  

f o r  t h e  s e c c n d  c o c t r a c t i o n  a f t e r  d i a t h e r m y  a n d  d y n a m i c  w o r k  

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

d i a t h e r m y  a c d  d y c a m i c  w o r k ,  t h e r e  were c c  s i g n i f i c a n t  

d i f f ~ r e n c ~ s  be twwc c c n t r a c t i c c s  f o r  t h e  s f  ope w i t h  r e s p e c t  

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

s t a t i s t i c a l  s l q n i f i c a c c ~  b e t w e e n  c o n t r a c t i c n s  for s l o p e  w i t h  

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

e n d u r a n c e  time a r e  seen r e s p e c t i v f l y  i ~ .  T a b l e s  IIIe acd 

ZTIf. 

The a r a l y s i s  of t h e  E i f  f ~ r e n c e s  be t  ween c o n t r a c t i o n s  

f o r  a v e r a g e  PIEMG, a r d  i n t e r c e p t  o f  FIEMG o n  t h e  a x e s  

r e p r e s e n t i n g  z e r o  t i a e  a n d  time o f  e x h a u s t i c n  ref lect  a 

s i m i l a r  p a t t e r n  f c r  both c a t e g o r i e s  of d a t a .  Whereas P O  

s i g n i f i c a n t  d i f f e r e n c e s  exist b e t v e s n  c c r r e s ~ c n d i s g  

c c c t r a c t i o n  n u m b e r s  a f t e r  t E e  e x p e r i m e n t a l  a ~ d  c o n t r c l  

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

the f i r s t  a c d  socccd c o n t r a c t i o n s  a f t e r  b o t h  d i a t h e r m y  a ~ d  

d y n a m i c  work a n d  p o s i t i c n i r . g  w i t h o u t  d i a t  h ~ r m y  a n d  d y n a m i c  

w o r k .  F i g u r e  3 c  d e m c n s t r a t f s  t h i s  e f f e c t  using PIFMG d a t a  

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

w i t h o u t  d i a t h e r m y  a n d  d y n a m i c  work .  T h e  d i f f  ~ r e n c e s  a r d  

s t a t i s t i c a l  s i g n i f i c a n c e  b e t w e e n  c o n t r a c t i c r s  f c r  a v e r a q e  



TART E 1 IIe 

D i f f e r e n c e s  h e t w e ~ r  mear- s l o p e s  o f  FIEMG c a l c u l a t e d  a s  

a f u n c t i o n  o f  t h ~  time fcr the first, second a n d  t h i r d  

c o n t r a c t i c n s  fol lowifig t h e  d y ~ a m i c  w o r k  t a s k  after d i a t h e r ~ y  

arra p c s i t i c r i r g  w i t h o u t  diathermy, Positive v a l u e s  i ~ d i c a t e  

t h a t  the mean FIEFIG i n  the c o l u m n  c o n d i t i c r .  was grea te r  t h a n  

t h a t  i n  the rcw c o n d i  t i o a .  S i g n i f i c a n t  v a l u e s  are marked 

{*I 



Conditions 2nd 
Contraction No. 

No Diathermy 

0. goo 

0.715 

Diathermy 



T A B L E  I I Z f  

D l  f f e r e n c r s  between mean s l o p e s  of  FIFMG calculated as 

a function o f  t h e  p e r c e n t a g e  o f  e n d u r a n c e  time f c r  the 

f i r s t ,  s e c o n d  a r d  t h i r d  c o n t r a c t i o n s  f o l l o w i c q  the d y n a ~ i c  

w c r k  t a s k  a f t e r  d i a t h e r m y  a n d  p o s i t i o n i n g  w i t h o u t  d i a t h ~ r m y .  

P o s i t i v e  v a l u e s  i t d i c a t e  t h a t  t h e  mean FIEMG i n  the column 

c o n d i t i c n  was g r e a t e r  t h a n  t h a t  i n  t h e  row conditicn. T h e r e  

were nc s i g n i f  icant differences, 



Conditions and 
Contraction Wo. 

No Diathermy Diathermy 



FIGUPF 3~ 

T h e  e f f e c t  o f  d y n a m i c  wcrk  o f  t h e  e l b c w  f l e x o r s  c n  tke 

m y e r l ~ c t r i c a l  a c t i v i t y  r ~ c o r d c d  from biceps k r a c h i i  d u r i r g  

t h e  f i rs t  i s o m e t r i c  c o n t r a c t i o n  f o l l o w i c g  d y n a a i c  wcrk a f t e r  

p o s i t i c r i c g  w i t h c u t  diathermy. FIEMG v a l u e s  showc  are 

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

sustained iscmetric c c n t r a c  t i o c s  i m m e d i a t e l y  f o l l o w i r g  

( s h o w n  y crosses) a n d  22  m l ~ u t e s  a f t e r  (shown b y  circles) 

d y c a m i c  work. 





FIFMG a n d  i n t e r c e p t  cf FIEMG on a x e s  r p p r e s e n t i n g  zero time 

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

1 1 1 9 ,  IIIh a n d  I I T i .  

The o x y g e n  u p t a k e  a t  res t  ar.d a t  t h e  e n d  o f  t h e  first, 

s e c o r d ,  t h i r d ,  f o u r t h  a r d  f i f t h  m i n u t e s  of  t h e  d y n a m i c  work 

t a s k  were c a l c u l a t e d  a c d  e x p r e s s e d  a s  a m u l t i p l e  o f  t h e  

r e s t i n g  v a l u e  ( T a b l e  If I j) . These v a l u e s  were c b s e r v e d  t o  

i n c r e a s e  w i t h  r e s p e c t  t c  time cf t h e  d y n a r a i c  w c r X  t a s k ,  The 

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

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

ccmmaccemcn t  cf t h e  dynamic work task, A l i n e a r  

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

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

e a c h  s u b j e c t  . Where s u b j e c t s  r e p s a t e d  t r i a l s  t h e  

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

c a l c u l z t i o n  o f  t h e  l i n e a r  r e g r e s s i c n ,  T h e  mean 

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

~ x p e r i m o n t a l  a n d  c o n t r o l  v a l u o s  was 0 . 9 1 6 .  Thc o x y g e n  u p t a k e  

v a l u ~ s  f o r  a l l  s u k j e c t s  i n  bctE t h t  e x p f r i m e c t a l  a c d  

c o n t r c l  si t u a t i c n  acd t h r  c a l c u l a t e d  l i n e a r  r e g r ~ s s i o c s  

a re  p l o t t e d  a g a i c s t  t ime i n  F i g u r s  3 d .  TEE c o r r e l a t i o n  

coefficient cf the l i n e a r  r e g r e s s i o n ,  a n d  t h e  meaps a n d  

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

o x y g e n  u p t a k e  w i t h  r e s p e c t  t o  time, a n d  i n t e r c e p t  of t h e  



F I G U F E  3 d  

The e f f z c t  cf d i a t h e r m y  cn cxygen u p t a k e  r e c o r d e d  

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

o x y g e ~  c c n s u m ~ t i c r  r e c o r d e d  a t  r e s t .  T h e s e  values are  

p l o t t e d  a g a i c s t  t h e  time cf  d y n a m i c  w c r k  f c f  fovicq b o t h  

d i a t h e r a y  ( s h c w n  by  c ircles)  and  p o s i t i o n i n g  w i t h o u t  

d i a t h e r m y  (shown by s q u a r e s ) .  The average linear regression 

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

v a l u e s  a t  the h e g i ~ n i n g  o f  d y n a m i c  work f o l l o w i n g  d i a t h e r m y  

(n  = 8) . 
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TABLE IIIg 

Differences b e t v e o c  nrfaps of a v e r a g e  FIEMG f o r  t h e  

f i r s t ,  s e c o n d  a n d  t h i r d  c o n t r a c t i o n s  following t h e  dynamic 

w o r k  t a s k  after d i a t h e r m y  a n d  positioning w i t h c u t  d i a t h e r m y .  

P c s i t i v e  v a l u e s  t o d i c a t e  t h a t  th& mean FIEMG i n  t h e  columc 

condl t i o n  was g r e a t e r  t h a n  t h a t  i n  t h e  row conditioc. 

significant v a l u e s  a r e  m a r k e d  f * ) .  



No Diathermy 

- - 

Diathermy 



Differences b e t w e e n  t h e  means of the i c t e r c e p t  of FIEFIG 

on tks axis r e p r e s e n t i c g  ze ro  time f o r  t h e  f i r s t ,  second 

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

d jatkermy s ~ d  r r s i t i c n i ~ g  without d i a  therw y. ~ c s i t  i v e  

values i n d i c a t e  t h a t  the mean i n t e r c e p t  i n  the c o l u m n  

c c ~ d i  t ie r ,  was g r f a t f r  t h a n  that i n  t h e  row c o n d i t i o r . .  

S i g n i f L c a ~ t  v a l u e s  a r e  m a r k e d  (*) .  



Conditions and 
Contraction No. 

1. 

No Diathermy 



T A B L E  IIIi 

D l f f ~ r e n c e s  b e t v e e r  the w a c s  of t h e  i n t e r c e p t  o f  FIEPlG 

o r  t h e  a x i s  r e p r o s n n t i n g  the t i ~ e  of e x h a u s t i o n  f o r  the 

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

work task after d i a t h e r m y  and ~ o s i t i o c i c g  without d i s t k e r m y .  

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

c o l u n r n  c o n d t i c n  was greater  t h a n  t h a t  i n  th- .  row c o n d i t i o c .  

S i g n i f i c a n t  v a l u e s  a r e  marked  (*) . 



Conditions and 
Contraction No. 

No Diathermy Diathermy 



F f f e c t  of d i a t h e r m y  cn t h ~  means and standard 

d e v l a t S o n s  (5.13.) of oxygen uptake, d u r i n g  d y c a m i c  e x e r c i s e ,  

e x p r ~ s s e d  a s  a m u l t i p l ~  of t h e  r e s t i n g  value ( n = 8 ) .  



Minute of 
Exercise 

No Diathermy 

Mean S.D. 

Diathermy 

Mean S.D. 



r e l a t i o n s h i p  hetweer  t h e  l i r e a r  r ~ g r s s s i o r  o f  o x y g e n  

u p t a k ~  a n d  t i m r -  o f  t h e  f!rst r e c o r d i ~ g  (1 m i n u t e )  d u r i ~ g  

t h e  d y n a m i c  work t a s k  w e r e  c a l c u l a t e d  ( T a b l e  I .  A 

pairad c o r r c l a t l  v~ t- tsst syowod a s i g c i f  i c a z t l  y f i i g h ~ r  

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

r ~ s p p c t  t c  t L m ~  was s i g r i f i c a n t f y  g r e a t e r  f c r  t h e  

c o n t r o l  v a l u e s  of o x y g e n  u p t a k e  ( ~ ( 0 . 0 2 ;  p(0.05 ) ,  

T h e  i n t e r c e p t  v a l u e s  cf o x y g e n  u p t a k e  wfre 

a n a l y s e d  f u r t h e r  f o r  i r d i v i d u a l  s u b j e c t s .  The e f f ~ c t  of  

d i a t h e r ~ y  en o x y g e n  u p t a k e  was a s s e s s e d  f r o m  t h e  d i f f e r e n c e  

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

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

c c n t r c l  s e s s i o n s  d u r i r . g  d y n a m i c  work.  T h e  f a t i g u o  i ~ d u c e d  

b y  t h e  d y n a ~ i c  v c r k  t a s k  was  a s s e s s e d  b y  t h e  F o r c e a t a g e  o f  

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

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

a n d  t h e  d y n a ~ i c  wcrk  t a s k .  It  was a s s u m e d  t h a t  a s h o r t e r  

i s o m e t r i c  e n d u r a n c e  time i n d i c a t e d  a more f a t i g u i n g  d y n a m l c  

work l c a d .  T t  c a n  ha  seen t h a t  t h e  h i g h a r  oxygen 

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

d y n a m i c  work l o a d s  { F i g u r n  3 ~ ) .  F u r t h e r m o r e ,  t h e r e  was a  

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

a n d  t h ~  c o a p c n e n t  of f a t i g u e  i ~ d u c ~ d  b y  d i a t h e r m y  ( F i g u r e  



MFans ar-d s t a n d a r d  d e v i a t i o n s  f o r :  

1) a v e r a g e  c x y g e n  u p t a k e  

2) v a l u e  of t h e  i r t c r c e p t  f a t  o n e  m i r - u t e )  of t h ~  

r e l a t i o n s h i p  b e t w e e n  o x y g m  u p t a k e  and time ( i n t e r c e p t )  , 

(SOP F i g u r e  3 d . )  

3) s l c p c  of c x y g e r ,  u p t a k f  w i t h  r e s p e c t  t c ?  t ime of 

d y n a m i c  work [ s l o p e  (t) ] 

Q) correlation c c e f f i c i e n t  of t h e  r e g r e s s i c n  o f  c x y g e n  

u p t a k c  a g a i ~ s t  t i a e  (Ccrr. C c ~ f f .  ) 

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

r e c o r d e d  after d i a t h e r m y  a n d  t h o s e  r e c o r d s d  a f t e r  

p o s i t i o n i n g  w i t h o u t  d i a t h e r m y  a r E  i n d i c a t e d  (*)  . 
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FIGUFF 3e 

Tbe r e l a t i o n s h i p  betweer. t h e  e f fec t  of  d i a t h e r m y  n n  t h e  

i n t t l a l  o x y g e r .  u p t a k ~  v z l u e s  a n d  fatigue i n d u c e d  by t h e  

dynamic work l e a d .  T h e  d i f f e r e ~ c e  b e t w e e n  t h e  i n t ~ r c e ~ t s  of 

o x y g e n  u p t a k e  v a l u e s  a f t e r  1 m i n ,  of e x e r c i s e  r e c o r d e d  i n  

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

were p l c t t e d  a g a i n s t  the e ~ d u r a n c e  time cf the f i r s t  

s u s t a i r e d  isometric c o n t r a c t i o n  f o l l o w i n g  d y n a m i c  work i n  

t h e  n o c - h e a t e d  c o r d i t i o n .  T h e  c o r r e l a t i c n  c o e f f i c i e n t  of t h e  

i n v e r s e  r e l a t i c n s h i p  i s  0.81 ( ~ < O . 0 5 )  . 



PERCENTRGE ENDURRNCE 



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

i n 5 t t a l  oxygen u p t a k e  v a l u e s  ( d e t e r m i n e d  f r o m  t h e  d i f f e r e n c e  

ic t h c  i r . t e r c e p t  of oxygec u p t a k e  v a l u e s  a f t e r  1 min .  o f  

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

( d e t e r m i n e d  by  t h e  d i f f e r e n c e  b e t w e e n  t h e  f i r s t  s u s t a i n e d  

c o ~ t r a c t i o n s ,  a f t e r  d i a t h e r m y  ar.d d y n a m i c  work,  a n d  a f t e r  

p o s i t i o n i n g  w i t h o u t  d i a t h e r m y  and d y n a a i c  w o r k ) .  Tho 

c o r r e l a t i o c  coefficient cf the r e l a t i o r s h i p  is 0.71 

(~(0.05) . 
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Iscmstric S t r e c g t h  

CHAPTER V 

Df S C U S S I O N  

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

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

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

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

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

e i t h e r  c o n d i t i o n s  i n d i c a t e  t h a t  t h e  s u p p r e s s i v e  e f f e c t s  of 

d i a t h e r a y  l a s t  o n l y  2 - 4 m i n u t e s .  

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

w i t h  t h e  f i ~ d i n q s  o f  S e d g w i c k  a n d  Whalen  ( 1 9 6 4 )  who I n d u c e d  

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

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

s t u d y  may h a v e  been d u e  t o  t h e  v i s u a l  f e e d b a c k  of f o r c e  

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

d i a t h e r m y .  However t h e  s e c o n d  a n d  t h i r d  c o a t r a c t i o n s  a r e  

w i t h i n  t h e  e s t i m a t e d  t e m p e r a t u r e  range ul-ere p r e v i o u s  

i n ' s e s t i g a t c r s  ( C u l l i n g h a a r  e t  a l . ,  1960, a n d  T r u o n g  e t  a l . ,  

1964) h a v e  f o u n d  i n c r e a s e d  c o n t r a c t i l e  s t r e n g t h  of isclated 

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



lcwer a n d  t h e  t h i r d  c o n t r a c t i o n  n c  d i f f e r e ~ t  f r c m t h e  

r e s p - c t  i v e l y  t Fmed c c ~ t r  a c t i c r s  a f t e r  p o s i t i c n l n g  w i t h o u t  

d i a t h e r m y .  Two h y p o t h e s e s  ca r .  b e  c o ~ s i d e r c d  t o  a c c o u ~ t  f c r  

t h o s e  a p p a r e n t  c o n t r a d i c t i o n s :  

1) The d e l e t e r i c u s  e f f e c t  o f  d i a t h f t r a y  c r  musculi . , r  

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

i n d u c e d  ic t h e  f i r s t  c o n t r a c t i o n  a f t e r  d i a t h a r m y  may lead t o  

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

t e m p e r a t u r e  a l o n e  was i n i t i a l l y  e l e v a t e d  tc 3 8  - 39 d ~ g r e e s  

C. Pfedvedeva et a l . ,  (1975) h a v e  d e m o n s t r a t e d  a c h a n g e  i n  

t h e  c o n f  i g u r a t i o r  o f  m y o s i n  a t  t e m p e r a t u r e s  a b o v e  40  d e g r e e s  

C. It  is i n t e r e s t i n g  t o  s p e c u l a t e  t h a t  t h e  r e c c v e r y  t c  

n o r m a l  c o n f i g u r a t i o n  may be slcwer t h a n  t h ~  r a t e  o f  d e c r e a s e  

I n  i c t r a m u s c u l a r  t e m p e r a t u r e  ic t h i s  s t u d y .  

2 )  T h e  f a c t o r s  i r i f l u e n c i n y  m u s c u l a r  s t r e c g t h  i n  v i v o  

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

C l o s e  a n d  Hoh 11968) h a v e  s h e w n  t h a t  w h e r e a s  t e m p e r a t u r e  

i n c r ~ a s e s  t h e  t w i t c h  t a n s i c n ,  t h e  i s o m e t r i c  t w i t c h  

c o n t r a c t i o n  time is d e c r e a s e d .  On t h i s  k a s i s  o n e  would  

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

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

t e m p e r a t u r e s .  I n  i s o l a t e d  p r e p a r a t i o n s  t h e  s y n c h r o n i z a t i o n  

w i t h  a s t a n d a r d i z e d  e l e c t r i c a l  i ~ p u l s e  is p o t e n t i a l l y  much 



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

c c n t r a c t i o c  i n  v i v o .  T h i s  h y p o t h e s i s  i s  e v e n  more 

a t t r a c t i v e  when i t  is e x t r a p o l a t e d  t o  a c c o u n t  f o r  t h e  

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

i n  v i v o  (Asmuss+r .  a n d  E t c n d e - P e t e r s e n ,  1974) when i n c r ~ a s r d  

v e l o c i t y  d o e s  n o t  d e p e c d  upcr:  s y n c h r o n i z a t i o n  cf m o t c r  u n i t  

a c t i v a t i o n .  Yaa tman o t  a l .  (1969)  h a v e  shcwn  a n  

L n c r e a s e d  v e l o c i t y  of s b o r t e ~ i c g  a t  zero l o a d  a n d  d e c r e a s e d  

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

v e n t r i c u l a r  p a p i l l a r y  m u s c l e s  of t h e  ca t .  D i f f e r e n c e s  i n  

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

s k e l c t e l  m u s c l e  may a c c o u n t  f o r  t h e  d e c r e a s e d  maxi mu^ 

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

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

c c n s i d e r a t i o n  i n  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  { c c m p a r s d  to 

p h y s i c l o g i c a l  s t i m u l a t i o c )  is t h e  s u p e r i o r  ability t c  

m a i n t a i n  o r  a d j u s t  t o  a n  i n c r e a s e d  r a t e  o f  s t i m u l a t i o n  

n e c e s s a r y  t o  c c m p e n s a t e  f o r  a  r e d u c e d  twitch time a t  h i g h e r  

i n t r a m u s c u l a r  t e m p e r a t u r e s  ( T r u o n g  et al., 1964)  . 

It is q u i t e  a p p a r e c t  t h a t  s t r e n g t h  is a l s c  s u ~ p r e s s e d  

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

T t  is p o s s i b l e  t h a t  t h i s  effect  may h a v e  keen c a u s e d  b y  

r e l a t i v e  c i r c u l a t o r y  s t a s i s ,  I n  s u p p o r t  of  t h i s  h y p o t h e s i s ,  

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



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

flow i s  r e d u c e d  boy0r.d a c r i t i c a l  l e v e l  ( H i r v o c ~ n  and 

S c n c c s n s c h ~ i n ,  1 9 6 2 ;  d o b s i s  a n d  D u f f i e l d ,  1 9 6 7 )  I n  v i e w  of 

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

t e m p r r a t u r E s  ( D o u n e y  e t .  a l . ,  1970)  t h i s  e f f e c t  w o u l d  n o t  

b e  e x p ~ c t e d  t o  a f f e c t  s t r e r g t h  f o l f o w i c g  d i a t h e r m y ,  T h e  

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

c o n t r a c t i o n s  f o l l o w i n g  d i a t h e r m y  ( T a b l e  I b )  f u r t h e r  

s u p p c r t s  t h i s  h y p o t h e s i s ,  

I s o m e t r i c  E n d u r a n c e  

T h s  d e c r e a s ~ d  isometric e n d u r a n c e  time o f  t h e  f irst  

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

N u k a d a  ( l 9 5 5 ) ,  C l a r k e  F+, a l .  ( 1 9 5 8  , S a u n d e r s  ( 1 9 6 3 )  

a n d  Ed w a r d s  et a l . ,  ( 1 9 7 2 )  . H o w e v e r  t h e r e  was n o  

s i g r i f i c a n t  d e c r e a s e  of e ~ d u r a n c e  time f o r  t h e  s e c o n d  

c o n t r a c t i o n  a t  a n  e s t i m a t e d  i n t r a m u s c u l a r  t e m p e r a t u r e  (38.5 

- 3 9 . 5  d e g r e e s  C,) c o r r e s p o n d i n g  t o  the r a n g e  r e p o r t e d  

b y  C l a r k e  et a l ,  (1958) a n d  E d w a r d s  i.t a l .  ( 1 9 7 2 ) .  A 

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

a n d  t h c s e  of C l a r k e  et a l .  ( 1 9 5 8 )  a n d  E d w a r d s  et a l . ,  

( 1 9 7 2 )  is t h e  r e c o v e r y  of m u s c u l a r  f u n c t i o n  a f t e r  

h e a t i n q ,  B o t h  p r e v i o u s  r e s e a r c h  g r o u p s  f c u n d  d e c r ~ a s e d  

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



c c n t r a c t i o n .  A l t h o u g h  t h e  e n d u r a n c e  time o f  t h e  s e c o n d  

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

t h a n  t h e  s e c o n d  c o r t r a c t i o n  a f t e r  p o s i t i e ~ i n q  w i t h o u t  

d l a t l - e r m y  t h e  d i f f e r e n c e  was n o t  s i g n i f i c a n t .  T h e s e  

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

mr.tbod o f  h e a t i n g  e m p l o y e d  ic t h i s  s t u d y .  R i c h i e f l i  

{ l 9 6 5 ) ,  who f o u n d  n o  s i g n i f i c a n t  e f fec t  cf a  m i l d  

a p p l l c a  t i o n  cf d i a t h e r m y  o n  i somet r i c  e n d u r a n c ~ ,  

s u g g e s t e d  t h a t  d i a t h e r m y  w a s  more s p e c i f i c  i s  h e a t i n g  the 

m u s c l e  t h a n  w a t e r b a t h  t e c h c i q u e s ,  a c d  t h a t  i n  h i s  

e x p e r i m e n t s  t h e  d e t r i m e n t a l  ~f f ec t s  of t e m ~ e r a t u r e  were 

c o m p e n s a t e d  f o r ,  d u r i n g  t h e  c o n t r a c t f o r : ,  b y  a  more r a p i d  

r e m o v a l  of waste p r o d u c t s .  Due t o  t h e  large i n t r a m u s c u l a r  

t s m p e r a  t u r o  g r a d i e n t  p r o d u c e d  b y  w a t 3 r t a t h  h e a t i n g  

t e c h r l q u e s  ( E d w a r d s  e t  a .  1 9 7 2 ) ,  t h e  h y ~ e r e m i c  

r ~ s p c n s e  a s scc ia  tea w i t h  h i g h e r  i n t r a i a a s c u l a r  

t e m p l r a t u r e s  ( B a r c r o f t  a ~ d  E d h o l r ~ ,  1946) w o u l d  l a r g ~ l y  h e  

d i r e c t e d  t o w a r d s  the s u p e r f i c i a l  v a s c u l a t u r e  [Rowell e t  a l . ,  

1 9 7 1 ) .  A l t h o u g h  t h e  ~ a g n i t u d e  of  t h e  f o r c e  s u s t a i c e d  i n  

this s t u d y  o c c l u d ~ d  b l o o d  flow a n d  t h o r 3 f c r e  p r e v e n t e d  

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

i n c r e a s e d  r e c o v e r y  r a te  f r o m  t h e  f i r s t  c o n  t r a c t i o n  a f t o r  

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

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



I n  v i ~ w  o f  + h e  s l o w  r a t e  cf r e c o v e r y  20 m i n u t e s  a f t e r  a 

s u s t a i ~ e d  i s o m e t r i c  c o ~ t r a c t l o n  ( E u n d e r b u r k ,  1974), a n d  t h e  

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

h a v e  l a r g e l y  d i f f u s e d  f r o m  t h ~  m u s c l e  a t  t h i s  time { K a r l s s e n  

a t  a l . ,  1975) '  it is most u n l i k e l y  t h a t  t h e  i n s i g n i f i c a n t  

d i f f q r ~ n c e  i n  c r d u r a n c e  t i m ~  b ~ t w e e r .  t h e  t h i r d  s u s t a i n e d  

c o n t r a c t i o n  i n  t h e  h e a t e d  a n d  n o n - h e a t e d  c o n d i t i c n  c o u l d  

r e f l ~ c t  a d i f f e r ~ n t i a l  r e c c v e r y  r a te .  C o n s e q u e n t l y  t h i s  

s u g s e s t s  t h a t  n o  d e t e c t a b l e  long term damage  r e s u l t s  from 

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

d i a t h e r m y  i n  t h i s  e x p e r i a e n t .  

It is  a p p a r e n t   fro^ t h e  r e l a t i v e l y  s m a l l  s t a n d a r d  

d e v i a t i o n s  of a l l  F I E M G  v a l u e s  ( f c r  acy  p a r t i c u l a r  

c o n t r a c t i o r  number  a n d  e x p e r i m e n t a l  c o ~ d i  t i o r . )  t h a t  t h e  

~ x p r e s s i o n  o f  I E M G  v a l u e s  a s  FIEHG is a n  e f f s c t i v s  method cf 

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

a n d  v a r i a b l ~  i m p e d e c c e  b o t h  b e t w e e n  s u b j e c t s  and 

e x p e r i m e n t a l  s e s s i o n s .  C o r r e l a t i o n  c o e f f i c i e n t s  cf 0,845 

0 , 7 9 4  a n d  0 ,810  r e s p e c t i v e l y  f o r  FIEPIG v a l u e s  cf t h e  f i r s t ,  

s e c o n d  a n d  t h i r d  con t r a c t i o n s  on two d i f f e r e n t  e x p e r i m e n t a l  

s e s s i c ~ s  u c d e r  t h e  same c o n d i t i o n s  is c o m p a r a b l e  t o  the 

c o r r e l a t i c n  of IEMG c n  d i f f e r e n t  e x p e r i m e n t a l  o c c a s i o n s  

r e p o r t e d  by d e ~ r i e s  ( 1968a ) .  If t h e  EMG was p e r f e c t  we 

wou ld  e x p e c t  t o  see t h e  i n t e r c f p t  o f  FIEBG a t  z e r o  time t o  



h e  e q u a l  te 66.67%. ~ h o  fact t h a t  t h e  i n t ~ r c c p t  nf PIEMG 

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

e x t e n t  of f a t i g u e  a t  t h e  time t h ~  fo rce / IEf iG  

r e l a t i e n s h i p  was d e t e r m i n e d .  IP the u c f a t i g u ~ d  s t a t e ,  when 

t h e  intercept was o b t a i r . e d ,  l e s s  EPIG a c t i v i t y  would  b e  

r e q u i r e d  t o  s u s t a i n  66 .67% of MVC. However taker! t h i s  l e v e l  

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

c o n t r a c t i o ~ s  t h o  small  a c c u m u i a t e d  s f f e c t  c f  f a t i g u e  would  

n a t u r a l l y  y i e l d  a l e v e l  o f  f o r c e  b e l o w  66,67$2 ( E d w a r d s  a n d  

L i p p o l d ,  1 9 5 6 )  . 

The n c n - l i n e a r  r e l a t i o n s h i p  b e t w e e n  I E f l G  and  f o r c e  

f o u n d  i n  t h i s  s t u d y  ( F i g u r ~  2 a )  s u p p o r t s  t h e  f i n d i ~ g s  of 

N i g h t  i n g a l 4  (1960)  , Z u n i g a  and. S i a o n s  { l 9 6 9 ) ,  Kurcda  e t  

a 1. ( 1 9 7 0 ) ,  G c t t l i e b  a r d  A g a r w a l  ( 1 9 7 1 )  a n d  T r c u p  a c d  

Chapman ( 1 9 7 2 ) .  I n  c o n t r a s t ,  L i p p o l d  ( 1 9 5 2 ) ,  E d w a r d s  ar,d 

L i p p o l d  (1956) , Lenman ( 1 9 5 9 )  , E a s o n  ( 1 9 6 0 )  , L i h e r s o n  e t  

a l . ,  (1962) a n d  d e V r i o s  ( 1 9 6 8 b )  h a v e  f o u n d  a  l i n e a r  

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

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

L i p p o l d  (1952) p r o v i d e d  e x t e r n a l  i n d i r e c t  s t i m u l a t i o n  

t o  tho m u s c l e  a n d  E d w a r d s  a n d  L i p p o l d  ( 1 9 5 6 )  o n l y  r e p o r t e d  

t h e  r e l a t i o n s i p  w i t h  t e n s i o n s  u p  t o  Q4$ BVC.  W i t h  

f e w  e x c e p t i o n s  a  s t r a i g h t  1 i n e  c o u l d  well r e p r e s e n t  

the r e l a t i c n s h i p  between  f o r c e  a c d  IFMG a t  lcwer 



n e r c e n t a g e s  of MVC i n  t h e  p r ~ s e n t  s t u d y ,  K u r s d a  e t  a l .  

{ 1 9 7 0 ) ,  who o b t a i c e d  s i m i l a r  r e s u l t s ,  s u g g e s t s  t h a t  

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

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

t o  t h e  f r e q u ~ n c y  w i t h i c  a c e r t a i c  s u b m a x i m a l  f o r c e  l e v e l ,  

b u t  b e y o r d  t h i s  p c i n t  t h o  f o r c e  g e n e r a t e d  F e r  g i  ve  r! 

i c c r e a s e  i n  f r e q u e n c y  b e c o w s  p r o p o r t i o n a t e l y  less .  T h i s  

h y p o t h e s i s  i s  s u p p o r t e d  by s t u d i e s  w h i c h  h a v e  d e t e r m i n e d  

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

d e v e l o p m e n t  i n  i s o l a t e d  m u s c l e  ( H e r t o n ,  1 9 5 4 ) .  

T h e  p r o g r e s s i v e  i n c r e a s e  of m y o e l e c t r i c a l  a c t i v i t y  

d u r i n q  s u s t a i n e d  c o n t r a c t i o n s  i n  t h i s  s t u d y  s u p ~ c r t s  t h e  

f i n d i n g s  of p r e v i o u s  s t u d i e s  ( S c h e r r e r  a n d  E o u r q u i g n o n ,  

1959; E a s o n ,  1960; d e V r i e s ,  1 9 6 8 a ;  K u r o d a  e t  a l . ,  1 9 7 0 ) .  

Most p r e v i o u s  s t u d i e s  r e p o r t  a n o n - l i n e a r  i n c r e a s e  i n  IEHG 

d u r i n a  a s u s t a i n e d  i s o w e  t r i c  c o n  t r a c t i o n  ( E d w a r d s  a n d  

L i p p o f d ,  1956; E a s o n ,  1 9 6 0 ;  K u r o d a  ?t a l . ,  1 9 7 0 ) .  

K u r c d s  e t  a l .  ( 1970)  f c u n d  a " 1 i n ; e a r - p l  u s - e x p o c e r , t i a l t *  

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

s u s t a i n e d  c o n t r a c t i o u s  o f  5 7 8  a n d  28% HVC. B g r e a t e r  

e x p o n o c t i a l  c o m p c ~ e n t  a t  2 8 %  HVC may h a v e  r e f l e c t e d  a  l a r g e r  

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

r e c r u i t m n t .  Tho l i n e a r  r e l a t i o n s h i p  h e t w e e n  F I F R G  a n d  

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



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

h e c a u s o  o f  t h e  e x p r ~ s s i o n  o f  IEqG i n  " f o r c e  

e q u i v a l e n t s .  " F i g u r e  2 b  d e m o n s t r a t e s  how a n c n - l i o e a r  

i n c r c a s o  i n  IPHG d u r i n g  a s u s t a i c e d  c o n t r a c t i o c  a p p r o x i m a t e s  

l i c e a r i  t y  when e x p r e s s e d  a s  P I E R G .  

O f  p a r t i c u l a r  i n t e r e s t  is t h e  a b b e r e n t  s u t j e c t  where  

t h e  FIEMG i n i t i a l l y  increased a n d  t h e n  d e c r e a s e d  w i t h  

r e s p s c t  t o  time. T h i s  r e s u l t  is c o ~ p a r a b l e  w i t h  t h o s e  o f  

Chapman a c d  T r c u p  ( 1 9 7 0 )  who f o u n d  a d e c r e a s e  i n  I E B G  f r o m  

t h e  l u m b a r  m u s c u l a t u r e  d u r i n g  a  s u s t a i n e d  c o n t r a c t i o n  of 30% 

MVC. L i p p o l d  et a l .  ( 1 9 6 0 )  a l s o  r e c o r d e d  a d e c r e a s e  i n  

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

e x t e n s c r  a c t i v i t y  o f  t h e  f o r e f i n g e r .  W h e r e a s  Chaprsar? a n d  

T r c u p  ( 1 9 7 0 )  s u g g e s t e d  t h e  decrease i n  I E R G  t o  b e  d u e  t o  

s e l e c t i v e  r e c r u i t m e n t  o f  d e e p e r  f i b r 2 s ,  L i p ~ o f d  e t  a l ,  

11960) f o u n d  t h a t  t h e  e x t e n s o r  a c t i v i t y  was beicg 

t r a n s f e r r e d  t o  e x t e n s o r  i n d i c i s .  T h e  d e c l i n e  of I E R G  

a c t i v i t y  r e c o r d e d  t o w a r d s  t h e  e n d  o f  t h e  c o n t r a c t i o n  i n  this 

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

r e c r u i t s e n t  f o r  t h e  s u b j e c t  c o n c e r n e d  whereby flexor I E M G  

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

d e e p e r  f i b r e s  of  b i c e p s  b r a c h i i  o r  from the b i c e p s  t o  

h r a c h i o r a d i a l i s .  



T h e  o r i g i n a l  reasop fc r  r e c o r d i c g  IENG was t o  p r o v i d e  

an o b j e c t i v e  c r i t e r i o n  c f  m o t o r  u n i t  a c t i v i t y  w i t h i n  t E e  

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

FIEMG o n  t h e  a x i s  r e p r e s e n t i n g  ze rc  time i n d i c a t e s  t h e  

c o m b i n ~ d  e f f e c t  cf i c i t i a l  f i r i c g  f r e q u e c c y  a n d  number  cf 

c p e r a t i o n a l  m o t o r  u n i t s ,  t h e  s l o p e  o f  F I E R G  w i t h  r e s p e c t  t o  

time l a r g e l y  r e f l ec t s  t h e  r a t e  o f  r e c r u i t m e n t  (Kuroda  e t  

a l . ,  1970 ) -  T h i s  h y p o t h e s i s  is s u p p o r t e d  ky tEe f i n d i n g s  of 

t h i s  s t u d y  a n d  those o f  Eascr ,  ( 1 9 6 0 )  t h a t  t h e  r a t e  o f  

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

c o n t r a c t i o n  time [ F i g u r e  2 c ) .  T h i s  relations hi^ is  also 

d e m o n s t r a t e d  b y  tE+ s i g n i f i c a c t l y  g r e a t e r  mean s l o p e  f o r  t h e  

more r a p i d l y  t 9 r m i n a t e d  s e c o n d  c o n t r a c t i c n  c c i n ~ a r e d  t o  the 

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

d i a t h e r m y  ( T a b l e s  IIc a n d  Ifb). However ,  i n  t h e  l a t t e r  

s t a g e s  o f  a l l  c o n t r a c t i o ~ s  t h e r e  a p p e a r s  t c  b e  some o t h e r  

f a c t o r  l s )  o p e r a t i ~ q ,  f o r  d e s p i t e  t h e  c o n s i s t ~ c c y  o f  f i n a l  

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

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

g r e a t e r  t h a n  t h e  r e s u l t s  i ~ d i c a t e ,  s i n c e  t h e  d e c r e a s e d  

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

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

( l i n d s t r o m  e t  a l . ,  1 9 7 0 ;  R o r t i w e r  e t  a l . ,  1970).  T h e  

p o s s i b i l i t y  of s y c a p t i c  i ~ h i b i  t i o n  o r  s o m e  CNS c c n t r c l  

p r e v e n t i n g  f a t i g u e d  m o t o r  u n j  ts f r o m  f i r i n g  a r e  p r o b a b l y  



tho only f a c t o r s  w h i c h  c o u l d  a c c c u n t  f o r  s u c h  a larqe 

d e f i c i t  i n  t h e  t e r m i n a l  F I R P G  a t  e x h a u s t i c n .  S t u d i e s  

where  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 s  h a v e  t e e n  s u s t a i n e d  

h a v e  c b s e r v e d  t h a t  I E B G  d e c r e a s e s  d u r i n g  t h e  c c n t r a c t i o n  i n  

c l o s e  p r o x i m i t y  t o  t h e  d e c r e a s e  i n  f o r c ~  (Kogi a n d  

H a k a ~ a d a ,  1 9 6 2 ;  S t e p h e r s  ar.d T a y l c r ,  1 9 7 0 ) ,  s u q g e s t i n q  

p r e g r e s s i v ~  s y ~ a ~ t i c  i m p a i r m e n t .  A n u m b e r  o f  s t u d i e s  

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

a t t r i b u t a b l e  t o  t h e  effects of ischemia ( P a u l ,  1 9 6 1 ;  

L u n d h o r g ,  1 9 7 0 ;  D a h l b a c k  e t  a l . ,  1 9 7 0 )  , D a h l k a c k  r t  

a l .  ( 1 9 7 0 )  r e p o r t  t h a t  i s c k e m i a  i r c r e a s e d  t h e  time 

i n t e r v a l  b e t w e e n  a c t i c n  p o t e n t i a l s  from twc m u s c l e  f i b re s  

b e l o n g i n g  t o  the s a m e  motcr u n i t  a n d  o n  t h i s  e v i d e n c e  

s u g q f s t ~ d  t h a t  t h e  b lock  o c c u r s  d u e  t o  e m p t y i n g  of 

a c c t y l c h c l i n e  steres. The h y p e r p o l a r i z i n g  e f f e c t  cf 

d e c r e a s e d  pH may a l s o  b e  a f a c t o r  r ? s ~ o n ~ i h l @  fc r  

i r a p a i r e d  s y n a p t i c  t r a n s m i s s i o n  ( G u y t o n ,  1974)  . On t h e  

o t h e r  h a n d ,  I l i s s i u r o  et a l ,  (1962)  s u g g e s t  a CNS 

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

a c t i v a t i o n  to i n c r e a s e d  p r e s s u r e  on the m o t o r  n e u r o p  ( R e i d ,  

1 9 2 8 ;  L l o y d ,  1 9 7 1 ) .  

T h e  maximum FIEf iG r e a c h e d  was g r e a t e r  (2.64%; F < 0.05)  

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

p o s i t i o n i n g  w i t h o u t  d i a t h e r m y  ( T a b l e  11) i n d i c a t i n g  e i t h e r  a  



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

o f  a o t l v a t i c n  ic t h e  t h i r d  c o n t r a c t i o n .  W h e r e a s  t h e  

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

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

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

m c t l v a t i c c .  C o n s e q u ~ n t l y  either cf t h e s ?  e x p l a n a t i o c s  secm 

t e n a b l e .  H o w e v e r  t h e  lcwer maximum FIEMG r e a c h e d  f c r  t h e  

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

e x p l a i n e d  o n  t h i s  b a s i s .  A l t h o u g h  t h e  e n d u r a n c e  time was 

g r e a t e r  f o r  t h e  f i r s t  c c n t r a c t i o n  w i t h o u t  d i 3 t h e r m y  c o m p a r e d  

t o  t h e  f i r s t  c o n t r a c t i o r ,  a f t e r  d i a t h ? r m y  ( P i q u r e  2c), t h e  

s l o p e  w i t h  r e s p e c t  t o  time was g r e a t e r  w i t h o u t  d i a t h e r m y .  

An e x p l a n a t i o n  of t h i s  f i n d i r g  is n o t  t e n a b l e  c n  t h e  b a s i s  

t h a t  t h e  r a t e  cf i n c r e a s e  i n  FIEHG reflects t h e  r a t e  of  

mctor r e c r u i t m e n t .  I n  a d d i t i c n  t h e  B e a n  F I E H G  cf t h e  f i rs t  

c c n t r a c t i o n  f o f l c w i n g  d i a t h e r m y  was lower t h a n  a l l  o t h e r  

c o n t r a c t i o n s  ( T a k l e  ZIf). It is u n l i k e l y  t h a t  i n c r e a s e d  

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

i t  is  more l i k e l y  t o  f a c i l i t a t e  mctor p e u r o n  a c d  

p e n r e - r r u s c u l  a r  t r a n s m i s s i o n  ( P a i n t a I ,  1965; P c o l a ,  7972) . 
T h e r e f o r e  t h e  r e s u l t s  s u g g e s t  t h a t  f o r  t h e  f i r s t  c o n t r a c t i o n  

a f t e r  O i a t h e r m y  t h e  i n c r e a s e d  t e m p e r a t u r e  d e c r e a s e d  t h e  

e x t e r n a l l y  m e a ~ u r e d  e l e c t r i c a l  a c t i v i t y  ( e x p r e s s e d  a s  FIEHG) 

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

c o m p a t i b l e  w i t h  t h e  r e s u l t s  o f  F r a u e n d o r f  e t  a l .  (1974) 



who f o u n d  a d ~ c r c a s e  o f  I E M G  by a p p r o x i m a t e l y  8% i n  

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

a r e  f u r t h e r  e l a b o r a t e d  i n  t h e  r e s u l t s  05 E d e l w e j n  ( 1 9 6 4 ) ,  

who f c u c d  t h a t  t h o  d u r a t i o n  cf single p o l y p h a s i c  p o t e n t i a l s  

was r ~ d u c e d  ic h e a t e d  i s o l a t e d  r a b b i t  m u s c l a .  T h i s  e f fec t  

was  s u q g e s t e d  t c  be c a u s e d  by a n  i r c r e a s e d  r a t e  

o f  d e p o l a r i z a t i o r  a t  h i g h e r  t e m p e r a t u r e s .  However t h e  

r e s u l t s  of Clarke o t  a l .  ( 1 9 5 8 )  who r e p o r t e d  a Bore r a p i d  

i n c r e a s e  of I E M G  w i t h  i n c r e a s e d  i n t r a m u s c u l a r  t e m p e r a t u r e ,  

c o n t r a d i c t s  t h e  r e s u l t s  o f  t h i s  e x p e r i m e n t .  This may h a v e  

been d u e  to  t h e  f a c t  t h a t  i n  t h e i r  e x p e r i m e n t s ,  t h e  

I E M G  was cc t  c o r r e c t e d  f o r  v a r i a b l e  i m p e d e n c e  a n d  e l e c t r o d e  

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

d i f f e r e n c e  f o r  c o n s i d ~ r a t i s n  was t h e  mothod  of h e a t i c g  

a n d  t h e  l o w e r  p e r c e n t a g o  BVC s u s t a i n e d  ( 3 3 %  H V C ) .  T h e  

lower i n t r a m u s c u l a r  t e m p e r a t u r e s  e l i c i t e d  f rcm w a t e r  b a t h  

h o a t l n g  a n d  t h e  p c s s i b i l i t y  of b lood!  f low a r d  

s u b s e q u e n t  c o o l i n g  d u r i n g  a c o r t r a c t i o n  o f  33% MPC ( L i c d  

e t  a l . ,  1 9 7 4 )  may h a v e  c o n t r i b u t e d  t o  t h p  i ~ c r e a s e d  

s l o p e  o f  I E M G  r e p o r t e d  by C l a r k e  et a l .  ( 1 9 5 8 ) .  

W h e r e a s  t h e  s lope  o f  F I E R G  p e r  u n i t  time h a s  been 

p r o p o s e d  t o  r e p r e s e n t  t h e  c o m b i n e d  e f fec t s  cf r e c r u i t m e n t  

a n d  i n c r e a s e d  f i r i n g  f r e q u e r c y  of m o t o r  u n i t s  ( d e v r i e s ,  

l 9 6 8 a ) ,  t h e  i n i t i a l  FIEMG, r e f l e c t e d  by  i ts  i n t e r c e p t  o n  t h e  



ax:s r e p r e s e n t i n a  zerc time, s u p p o s e d l y  r e p r e s e n t s  t k e  

i n i t i a l  m e t a b o l i c  s t a t e  ( E d w a r d s  a n d  L F p p o l d ,  1 9 5 6 )  a n d / c r  

t h e  e f f i c i e n c y  of t h e  m y o f i b r i l s  ( d e v r i e s ,  1968b). On t h e  

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

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

d i a t h x r n y  r e s u l t s  f r c ~  tho n e e d  f o r  more r a p i d  r e c r u i t m e n t .  

HowFver  t h e  decreased e n d u r a n c e  time t h a t  r e s u l t s  from t h e  

e f f e c t  of h e a t i n q  s u g g e s t s  t h e  p r e s e n c e  of scme l i m i t i n g  

f a c t o r  a t  t h e  b e g i n n i n g  of t h e  c o n t r a c t i o r !  k e c a u s e ,  a f t e r  

a l l o w a n c e s  were m a d s  f o r  t h e  e f f e c t  of h e a t i n g  c n  tke 

w y o e l e c t r i c a l  a c t i v i t y ,  t h e  i c i t i a l  PIEBG v a l u e s  o f  t h e  

f i rs t  c o n t r a c t i o n  were h i g h e r  a f t e r  d i a t h e r m y  ( T a b l e  IIf) .  

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

f o l l o w i n g  d i a t h e r m y ,  s t r e n g t h e n s  the s u g g e s t i o n  made by 

E d w a r d s  e t  a l .  (1972) t h a t  i rc reased t e m p e r a t u r e  a f f e c t s  t h e  

e f f i c i e n c y  of mycf  i b r i l l a r  f u n c t i o n .  

D y n a m i c  a x e r c i s e  

The e n d u r a n c e  t i a e s  of t t ? ~  f irs t  s u s t a i n e d  c o n t r a c t i o c  

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

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

isometric  m u s c l e  f u n c t i o n  ( F i g u r e  3 a ) ,  T h e  d e t r i m e n t a l  

e f f e c t  is a s s o c i a t e d  w i t h  O y n a m i c  w o r k l o a d s  which a r e  more 

f a t i g u i n g  ( F i g u r ~  3 b )  a n d  a c c o m p a n i e d  b y  b i g h ~ r  v a l u e s  of  

o x y g e n  c o n s u m p t i o n  ( F i g u r e  3 f ) .  



It may b e  a r g u e d  t h a t  t h e  r e d u c t i o n  i n  e r d u r a n c e  of t h o  

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

work  may r e f l ec t  t h e  e f f e c t  of  d i a t h e r m y  o n  t h e  s u s t a i n e d  

c c n t r a c t i o r ,  i t s e l f  ar.d r o t  t h e  d y n a m i c  u o r k  t a s k .  Hcwevrr  

t h i s  ~ x p l  a n a t i o n  Is u n a c c e p t a b l e  f o r  t h e  f o l l c w i n g  r e a s o n s :  

1) T h o  r e s u l t s  f r o m  t h e  i s o m e t r i c  e n d u r a n c e  s e c t i o n  o f  

t h i s  s t u d y  s u q q ~ s t  t h a t  the ef fec t s  o f  d i a t h e r m y  h a v e  

d i s s i p a t e d  w i t h i n  t w o  a n d  a  h a l f  m i n u t s s  f o l l o w i n g  its 

a p p l i c a t i o n .  

2 )  T h e  s l o p e  of  P I E f l G  w i t h  r e s p e c t  t o  t i n e  f c r  t h e  

f irst  s u s t a i n e d  c c n t r a c t i o n  was n o t  s i g n i f i c a r t l y  d i f f e r e n t  

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

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

c o n t r a c t i o n s .  

However  i f  t h e  m e t a b o l t c  s t a t e  o f  t h e  m u s c l e  was more 

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

t h e  c c r r e s p o n d i n g  tiae i n  t h e  c o n t r o l  s i t u a t i c n  o n e  would  

e x p e c t  a  h i g h e r  FIEMG a t  the b e g i n n i n g  cf t h e  first 

s u s t a i n e d  c o n t r a c t i o n  [ F d w a r d s  a n d  L i p p o l d ,  1956; d e V r i e s ,  

1968b). A l t h c u q h  t h e  i n t e r c e p t  was h i g h e r  ( T a b l e s  IIId a n d  

ITIh) t h e  s i g n i f i c a n c e  of t h e  d i f f e r e n c e  may h a v e  b e e n  

o b s c u r e d  by  t h e  more  o b v i o u s  e f f e c t  o f  d y n a m i c  wcrk  c n  t h e  

FIEMG. T h i s  e f f e c t  w i l l  be  d i s c u s s e d  i n  d e t a i l  l a t s r .  



Grose (1958) h a s  r e p o r t e d  t h o  o n l y  p r ~ v i c u s  s t u d y  w h i c h  

m e a s u r e 6  t h e  e f fec t s  of i n c r e a s e d  i n t r a m u s c u l a r  t e m p e r a t u r e  

c c  m u s c l e  f a t i g u ~  d u r i n g  d y n a m i c  work, a n d  i n  a g r e e m e n t  w i t h  

t h e  r e s u l t s  of t h i s  s t u d y  t h e r e  w a s  a r e d u c t i c n  i n  t h e  

a m o u r t  cf w o r k  a c c c m ~ l i s h e d .  The m a g n i t u d e  of t h e  d e c r e a s e d  

work c u t p u t  w a s  5 . 8 %  which c o r r e s p o c d s  c l c s e l y  t c  t h s  6 . 5 9 %  

decrease i n  i s c m e t r i c  e n d u r a n c e  • ’0110  w i n q  d i a t h e r m y  a n d  

d y n a m i c  w o r k  i n  t h e s e  e x p e r i m e n t s .  On t h e  o t h e r  h a n d  

A s m u s s e n  a n d  F o j e  ( 1 9 4 5 )  who r e ~ o r t  a n  i m ~ r o v e d  ~ e r f o r m a n c e  

time f o r  a s p e c i f i c  d y n a m i c  w c r k l o a d  a t  h i g h - 3 r  i n t r a m u s c u l a r  

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

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

e x p e r i m e n t s  a n d  t h o s e  c o n d u c t e d  b y  Grcss  ( 1 9 5 8 ) ,  t h e  

c r i t e r i o n  o f  p e r f o r m a ~ c e  in t h e  e x p e r i m e n t s  b y  A s m u s s e n  acd 

Bojo (1945) w a s  v e l o c i t y  ef c o n t r a c t i o n .  Y e a t m a n  ct a l . ,  

6 )  , w o r k i n g  w i t  f; i s o l a t e d  v e n t i c u l a r  p a ~ i l l a r y  m u s c l e s  

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

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

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

d i r e c t l y  c a r d i a c  a n d  s k e l e t a l  m u s c l e  it is r e a s c n a b l e  t o  

h y p o t h e s i z e  t h a t  a s imi lar  effect may r e s u l t  w h m  t h e  

t e m p e r a t u r e  of s k e l e t  a 1  m u s c l e  is i n c r e a s e d .  S h c u l d  t h i s  

h y p o t h e s i s  be  correct  the r e d u c t i o n  i n  e f f i c i e n c y  d u r i n g  

d y n a m i c  w c r k  c a n  be r e l a t e d  t c  t h a t  p a r t  cf the series 

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



( A s s m u s s e n  e t  a l . ,  1976) , An i n e f f i c i e n c y  o f  SORIP 

p h y s j o l c g i c a l  p r c c e s s  i o v o l v e d  i n  d y c a m i c  w c r k  is  s u q q e s t e d  

from t h e  f i n d i n g  t h a t  t h e  g r e a t s s t  i m p a i r m e n t  d u e  t c  h e a t i ~ g  

was f o u n d  when t h e  d y c a n a i c  w o r k l o a d  was most d ~ m a n d i n g  ( F i g -  

u r e  3 b ) .  T h i s  r e l a t i o n s h i p  is i m p r e s s i v e  when cne c o n s i d e r s  

t h s t  a n  i n c r e a s e 6  c x y q e c  u p t a k e  s h o u l d  t e n e f i t  t h o s e  

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

work t a s k ,  o r  i n  o t h e r  words t h e  s u b j e c t s  w h i c t  h a v e  

d e m o n s t r a t e d  t h e  g r ~ a t e s t  i m p a i r m e n t  from h i g h e r  

i n t r a m u s c u l a r  t e m p e r a t u r e s .  O n e  l i m i t a t i o n  i n  t k e  

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

o f  t h e  m u s c l e  t o  fatigue Is i n c r ~ a s e d  a s  t h e  e x t e n t  o f  

f a t i g u ~  i n c r e a s ~ s .  T h i s  i s  r ~ f l e c t e d  by a  more r a p i d  

r e c c v o r y  f o l l o w i n g  c o n d i t i o n s  w h e r e  t h e  m u s c l e  i s  more 

e x t e n s i v e l y  f a t i g u e d  ( P a s t c r ,  19 59; C l a r k e ,  1971; 

f u n d e r b u r k ,  1 9 7 4 ) .  C o n s e q u e n t l y  some r e s e r v a t i o n  is 

n P c e s s a r y  when c o m ~ a r i n g  t h e  r e f a t i o n s h i ~  o f  f a t i g u e  

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

work  t a s k .  

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

i c t r a m u s c u l a r  t e ~ ~ s r a t u r c g s  may r e f l ~ c t  e i t h e r  a n  i n c r e a s e d  

r a t e  o f  m e t a b o l i s m ,  a n  i n c r i ? a s e d  b l o o d  flcw o r  b o t h .  

Kai jser ( 1 9 7 0 )  c o n c l u d e d  t h a t  o x y g e n  c o n s u m p t i c n  w a s  l i m i t e d  

b y  t h e  r a t e  of m e t a b o l 5 s m  w h e r e a s  t h e  r e s u l t s  o f  H o r s t m a n  e t  



a l .  (1976) i n d i c a t e  t h a t  c o n s u m p t i o n  is l i m i t e d  b y  the r a t e  

cf s u p p l y .  T ~ P  q u e s t i o r !  i s  r a i s e d  a s  tc w h e t h e r  t h e  

o b s e r v e d  i n c r e a s e  i n  oxygGn u p t a k e  may n o t  r ~ f l e c t  a  h i g h e r  

oxygen u p t a k e  i n  r e s t i n g  m u s c l ~  i m m e d i a t e l y  ~ r i c r  t c  t h e  

d y r a ~ i c  work t a s k .  E v i d e n c e  f o r  t h i s  p o s s i b i l i t y  h a s  been 

r e p s r t e d  b y  S t a i n s k y  acd Otis (1964)  whc f c u n d  t h a t  cxyger. 

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

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

v a l u e s  were r e d u c e d  b e l o w  c r i t i c a l  v a l u e s .  I n  v i e w  cf t h e s e  

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

a t  h i g h e r  t e m p e r a t u r e s  may h a v e  b e e n  a c o r n p e n s a t c r y  i n c r e a s e  

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

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

rest .  ~ O W ~ V D ~ ,  t h e  f a c t  t h a t  t h e  g r e a t e s t  i n c r e a s e  i n  

c x y g o n  u p t a k e  d u e  t o  h e a t i n g  c c c u r r e d  w i t h  t h c s e  s u b j e c t s  

where w c r k l c a d s  were mcst d e m a n d i c g  t o  t h e  p k y s i o l c q i c a l  

s y s t e m s  i n v o l v e d  i n  m u s c u l a r  w o r k  ( F i g u r e  3e) , is i n d i r e c t  

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

c o n s u m p t i o r  may re f lec t  p r o c e s s e s  u n r e l a t e d  t c  t h e  work 

t a s k .  T h c r e f c r c ,  i t  a p p e a r s  m o s t  l i k e l y  t h a t  t h e  h i g h o r  

o x y g e n  c o n s u m p t t o n  a t  t h e  b e g i n n i n g  of the w o r k  t a s k  

i n d i c a t e s  e i t h ~ r  a lower a m o u n t  of ATP g e n n r a t ~ d  p e r  u ~ i t  o f  

o x y g e n  c o n s u m e d  { P : O  r a t i o )  d u e  t o  a n  i c e f f i c i e n c y  cf a n  

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

i n c r e a s e d  r e q u i r e m e n t  f o r  ATP f o r  a  g i v e r  w c r k  t a s k ,  



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

V h a t ~ v e r  t h e  m e c h a n i s m  r e s p o n s i b l e  f o r  l ~ s t  ~f f i c i e n c y ,  t h i s  

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

s t a n d a r d i z e d  work t a s k  does n o t  a l w a y s  i n v e r s e l y  r e l a t e  t o  

t h e  a r i a e r o b i c  compcnert of t h e  w c r k  t a s k  a s  s u g g e s t e d  by 

Ffatt ar ,d  H o d g k i n  ( 1 9 7 4 ) .  

TFe p o s s i b i l i t y  of  an u n c o u p l i n g  cf t h e  r e s ~ i s a t c r y  

c b a i c  h a s  p r e v i o u s l y  been s u g g e s t e d  b y  B r c o k e s  et a l ,  

( 1 9 7 1 )  a n d  Saar a n d  C a s s u t o  (1976) .  H o w e v e r  r e s u l t s  of 

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

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

e n e r g y  t r a n s d u c i ~ q  p r o c e s s e s  is more l i k e l y  tc be t h e  

m y o f i b r i l s ,  a n d  i s  l i m i t i n g  from t h e  k ~ g i n n i n g  o f  a 

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

c a u s e  of i n e f f i c i e n c y  is a  t e m p e r a t u r e  e f f e c t  o n  t h e  

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

time a c c o m p a c y i c g  t h e  o n s e t  cf f a t i g u e  ( E d w a r d s  a n d  H i l l ,  

1 9 7 5 ;  E d w a r d s  e t  a l , ,  1 9 7 5 )  is i n c o m p a t i b l e  w i t h  

t h e s e  r e s u l t s ,  f o r  F r  t h i s  case i ~ e f f i c i e n c y  wculd be  

most a ~ p a r e n t  t o w a r d s  t h e  e n d  of a c o n t r a c t i o n ,  

One of t h e  h y p o t h e s e s  on w h i c h  t h e s e  e x p e r i m e n t s  were 

d e s i g n e d  was t h a t  t h e  a l r e a d y  h i g h  t e m p e r a t u r e s  cf a c t i v e  

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



t ~ m p o r a  t u r e  effects from d i a t h ~ r m y ,  and t h e  r ~ d u c t i o c  i n  

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

t e m p e r a t u r e s .  H c u e v e r  t h e  h i g h e r  oxygec u p t a k e  v a l u e s  a t  

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

d i a t h e r m y  is  i n d i r ~ c t  e v i d e n c e  t o  s u g g e s t  t h a t  t h e  

a c t i v i t i e s  of  m i t o c h o c d r i a l  oxidative s y s t E m s  were n o t  

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

d i s e n g a g e d ,  t h e  c o r n b i n a t i o ~  of i n c r e a s e d  oxyqec  u p t a k e  w i t h  

d e c r e a s e d  e n d u r a n c e  w o u l d  be e x p l a i n e d .  D e n a t u r a t i o n  o f  

some o x i d a t i v e  e n z y m e s  i s  known t o  o c c u r  a t  t e m ~ e r a t u r e s  

a p p r o x i m a t i n g  4 4  - 4 5  d e q r e e s  C, On t h e  b a s i s  of t h i s  

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

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

o v e r l o o k e d  i n  p r e d i c t i o n s  of m i t o c h o n d r i a 1  t e m p e r a t u r e  

d u r i n g  p h y s i c a l  w o r k  ( C a l  v o r t ,  1976 ) .  A t h a  a n d  A c k e r s  

(1974) h a v e  r e p o r t e d  a t e m p e r a t u r e  d e p e n d a n t  e n d c t h e r m i c  

r e a c t i o n  i n  h a e m o q l o b i n  w h i c h  ac t s  a s  a " h e a t  s i n k " .  T h e  

p r e s e n t  r e s u l t s  cpec t h o  p o s s i b i l i t y  t h a t  c e r t a i n  unknown 

m i t o c h c n d r i a l  r e a c t i o n  ( s )  may a l s o  be  t e m p e r a t u r e  d e p e n d e ~ t  

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

C o n s i d z r i n g  t h e  r e l a t i v e  h i g h  i n t e n s i t y  a n d  d u r a t i o n  cf 

t h e  d y n a m i c  w o r k  load  i t  is s u r p r i s i n g  t h a t  t h e  cxygen 

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

work t a s k  w i t h o u t  a n y  i n d i c a t i o n s  of a s t e a d y  s t a t e  beirg  



r e a c h e d .  T h i s  e f fec t  may h a v e  i n d i c a t e d  a n  u n n o t i c e d  

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

i n  t h e  work t a s k  a s  t h e  s u b j e c t  became  f a t i g u e d .  However it 

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

c o n t r i b u t e d  t c  d i f f e r e c c e s  I n  c x y g e n  c o n s u ~ p t i c n  b e t w e e n  t h e  

n x p e r i m e c t a l  a n d  c o c t r o l  d y n a m i c  work  t a s k s  s i n c e  t h e  

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

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

T h e  i c f l u e n c e  o f  d y n a m i c  

( F i g u r e  3 c )  c l o s e r  t o  maxim 

work  on i c c r e a s i n g  

a 1  v a l u e s  is a f 

FIEHG 

a c t o r  which  

u c u l d  b e  o f  c c n s i d e r a b l c  i m p o r t a n c e  i n  q u a n t i f y i n q  IEMG 

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

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

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

1 9 7 4 1 ,  a n d  t h e r f c r o  i t  seems mcre p l a u s i b l e  t h a t  t h e  d y n a m i c  

work t a s k  e l i c i t e d  some m e t a b o l i c  c h a n g e  w i t h i n  t h e  m u s c l e  

n e c e s s i t a t i n g  g r e a t e r  e l e c t r i c a l  a c t i v a t i c n  d u r i n g  

s u h s ~ q u c n t  i s o m e t  r ic  c o n  t r a c t i o n s .  T h e  d e p l s t i o n  o f  

g l y c o g e n  is much g r e a t e r  f o l l o w i n g  p r c l o n g e d  h e a v y  

s u b m a x i m a l  d y n a m i c  work ( C c s t i l l  ~t a l . ,  1 9 7 3 )  t h a n  t h a t  

a f t e r  s u s t a i n e d  l s c m o t r i c  c o n t r a c t i o n s  t o  f a t  i g u ~  ( G o l f n i c k  

et a l . ,  1 9 7 Q a ) .  T h e  l - i g h e r  FIEBG a f t e r  d y n a m i c  w c r k  c o u l d  

r e f l ec t  g r e a t e r  g l y c o g e n  d ~ p l ~ t i o n ,  s o  t h a t  a g r e a t e r  motcr 



r e c r u i t m e n t  i s  necessary t o  s u p p l y  ATP f o r  c o n t r a c t i o . n  

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

a c c u m u l a t i o r i  ( G u y t o n ,  1 9 7 4 )  , a c e t y l c h o 1 i n e  d e ~ l e t i o r ,  

( D a h l h a c k  e t  a l . ,  1 9 7 0 ) ,  o r  i r c r e a s e d  p r e s s u r p  c n  t h o  m o t c r  

r ,eurcr ,  ( R e i d ,  1928 ;  L l c y d ,  1 9 7 2 ) .  W h a t e v e r  t h e  mechanism o f  

electrical i m p a i r m e n t  a s s o c i a  tea w i t h  s u s t  ~ i n e d  iscmetric 

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

t h e  same e x t e n t )  d u r i c g  d y n a m i c  work. W h e r e a s  s u h m a x i m a l  

d y n a m i c  work  s e l e c t i v e l y  d e p l e t e s  g l y c c g e c  f r c m  s l c w - t w i t c h  

f i b r e s  ( G c l l n i c k  e t  a l . ,  1 9 7 4 b ) .  s u s t a i n e d  iscrnetric 

c o n t r a c t i o n s ,  above 20% MVC, s ~ l e c t i v o l y  d 2 p l e t e s  g l y c o g e n  

f r c m  f a s t - t w i t c h  fibres ( G o l l n i c k  e t  al,, 1 9 7 4 a ) .  The  f a c t  

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

f i b r e s  Ray s u g g e s t  a  s e l e c t i v e  i m p a i r m e ~ l t  of  t h e s e  f i b r e s ,  

r a t h e r  t h a n  p r e f e r e c t i a l  r e c r u i t m e n t  of f a s t - t w i t c h  f i b r e s ,  

s u q q e s t e d  bp the a u t h o r s  o f  t h e s e  s t u d i e s .  T h e  h y p o t h e s i s  

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

r e s o c n s i b l e  f c r  the l o w e r  t e r m i n a l  FIEMG v a l u e s  d u r i ~ g  

i s o m e t r i c  c o n t r a c t i o ~ s ,  n o t  p r e c e d e d  by d y r a m i c  work,  

s u p p o r t s  t h e  f i n d i n g s  of L l o y d  ( 1 9 7  1) , who s u g g e s t e d  a ' d r o p  

o u t *  o f  h i g h  f r e q u e n c y  m o t o r  u r i t s  was r e s ~ o r s i b l e  f o r  

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

s u s t a i n e d  i s o m e t r i c  c o n t r a c t i o r . ~ .  



CHAPTER VI 

S I J M M A R Y  A N D  C O N C L U S I O N S  

T b i s  s t u d y  i n v e s t i g a t e d  ckarac te r i s t ics  o f  m u s c u l a r  

f a t i g u e  r e s u l t i n g  from e l e v a t i o n  o f  i n t r a m u s c u l a r  

t ~ m n ~ r a  t u r ~ .  E v a l u a t i o n s  were mads  a t  e s t i m a t e d  

t e m p e r a t u r e s  a b o v e  40 d e g r e e s  C, a n d  a t  l o w e r  e s t i m a t e d  

t z m p e r a t u r e s  d u r i n g  r e c o v e r y .  Some of t h e  f i n d i n g s  o f  the 

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

t e m p e r a t u r e  effects.  T h e s e  arc; 

1) The FLPMG i n c r e a s e d  l i r e a r i l y  d u r i n g  s u s t a i n e d  

isometric  c o n t r a c t i o n s  of  two t h i r d s  MVC. However  t h e  F f E B G  

a t  t h e  p o i n t  o f  a x h a u s t i o n  was  o n l y  81.92 -84.56 p e r c ~ c t  cf 

t h e  m a x i m a l  F I E H G  r e c o r d e d  i n  a b r i e f  u n f a t i g u e d  ~ a x i m a l  

c o n t r a c t i o n .  B h e r e a s  t h e  i n c r e a s e  o f  FIEPIG d u r i n g  s u s t a i n e d  

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

d e p r e s s e d  v a l u e s  at .  e x h a u s t i o n  s u g g e s t  s y c a   tic a n d / o r  

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

2 )  Dynamic  wcrk  i n c r ~ a s ~ d  t h e  a v e r a g e  FIEPlG r e c o r d e d  

d u r i n g  s u b s e q u e n t  s u s t a i n e d  isometric c c r t r a c t i o n s .  B o t h  

t h e  i n i t i a l  a n d  f i n a l  v a l u e s  o f  FIEMG were g r e a t e r  d u r i n g  



s u s t a i ~ e d  i scm~tr ic  c o n t r a c t i c c s  f o l l o w i n g  i m m e d i a t e l y ,  a n d  

two  m i n u t e s  a f t e r  a  s u h m a x i m a l  d y n a m i c  wcrk  t a s k .  

3 ) T h e  r a t e  a t  w h i c h  t h e  FIERG i n c r e a s e d  was  i n v e r s e l y  

r e l a t e d  t o  t h e  e n d u r a ~ c e  t i m e  ci a s u s t a i n e d  c o n t r a c t i o n .  

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

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

are:  

1) I n c r e a s e d  i n t r a m u s c u l a r  t e m p e r a t u r e ,  e s t i m a t e d  a b o v e  

40  d ~ q r e e s  C, d e c r e a s e d  s t r e n q t h ,  a n d  a c c e l e r a t e d  o n s e t  of 

f a t i g u e  d u r i n g  i s o m e t r i c  a n d  d y n a m i c  c o n t r a c t i c c s .  T h e r e  was  

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

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

f a l l e n  b e l o w  a n  e s t i m a t e d  39 d e g r e e s  C .  

2) A t  e l e v a t e d  t ~ m p e r a t u r e s  t h e  FIEMG i n c r e a s e d  less 

r a p i d l y .  S h o u l d  t h o  FIEBG r e f l e c t  m o t o r  r e c r u i t m e n t  t h e r e  

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

t e m p ~ r a  t u r e s  c c r r e s p o n d i n g  t c  tho decreased e n d u r a n c e  time. 

Tt was s u g g e s t e d  t h a t  t h i s  a p p a r e n t  c o n t r a d i c t i o n  r e s u l t e d  

from a n  5 n c r e a s e d  r a t e  o f  d e p o l a r i z a t i c c  a1 o c g  i n d i v i d u a l  

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

r e c r u i t  m e c t .  



3) When c c r r e c t i o c s  were made f o r  t h ~  d e p r e s s e d  FIEHG 

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

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

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

d n c r e a s ~  i c  s t r e r g t h ,  s u g g e s t s  t h a t  t h e  t e n s i c c  p r c d u c e d  by 

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

4 )  T h e  more f a t i g u i n g  t h e  d y n a m i c  w o r k  t a s k  t h e  g r e a t e r  

t h e  F m ~ a i r m e n t  r e s u l t i n g  f r c n  i n c r e a s e d  i n t r a m u s c u l a r  

t e m p e r a t u r e s .  

5 )  T h e  r a t e  cf oxygen u p t a k e  was g r e a t e r  a t  t h e  

b e g i ~ r i n q  cf a d y n a m i c  work t a s k  a t  h i g h s r  t e m p r a t u r e s .  

T h i s  e f f e c t  was g r e a t e s t  when t h e  i s o m e t r i c  e n d u r a n c e  

f o l l o w i n g  t h e  d y r a m i c  wcrk  task was m o s t  i m p a i r e d .  

It is a p p a r e n t  f r o m  t h e  f i n d i n g s  of  t h i s  s t u d y  t h a t  

e l e v a t i o n  of i n t r a m u s c u l a r  t e m p e r a t u r e  t o  a n  e x t r e m e  

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

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

i s o m e t r i c  c o n  t r a c t i o n s  a n d  d y n a m i c  w o r k .  The h y p o t h e s e s  

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

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

c o u l d  e i t h e r  b e  b e c e f i c i a l  o r  d e t r i m e n t a l  d e p 9 n d i n g  o n  t h e  

c r i t e r i a  cf p e r f o r m a n c e  m e a s u r e d  a n d  t h e  e x t e n t  of  t h e  



t e ~ p c r a  t u r ~  i ~ c r e a s e .  I t  i s  p l a u s i b l ~  t h a t  s ~ v ~ r a l  

mpcCan i sms  may be  o p e r a t i v e  r e s u l t i n g  i n  e i t h e r  a c c m b i n e d  

n r  c o u n t e r - b a l a n c i n g  e f f e c t .  Rowever ,  c e r t a i n  c o n c l u s i o n s  

c a r  bn mad? r e g a r d i n g  t h e  r e l a t i v e  i ~ f l u e n c e  of t h e s e  

m ~ c h a n i s m n ,  T h e  p c t e n t i a l l y  bccef i c i a l  e f f e c t s  o f  i n c r e a s e d  

t f m p ~ r a t u r e  w c u l d  f a c i l i t a t e  a y n a m i c  work a n d  ~ c s s i b l y  

s t r e c g t h .  A s  b o t h  of  these f a c t o r s  were t e m p c r i l y  i m p a i r e d  

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

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

p o t e ~ t i a l l y  b e n e f i c i a l  e f f e c t s .  The  p o s s i b i l i t y  t h a t  

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

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

b a t w e e r  t h e  i n c r e a s e d  oxyqpn  u p t a k e  a n d  demand o f  t h e  

a s s i g n e d  work t a s k  on t h e  p h y s i o l o g i c a l  s y s t e m s  i n v c l v e d .  

F u r t b ~ r ~ o r ~ ,  the h y p o t h e s i s  t h a t  d e n a t u r a t i c n  of  enzyae 

p r o t e i n s  mag l i m i t  tke r a t e  of  m e t a b o l i s m ,  a n d  h e n c e  work 

r a t e ,  is not apparent  i n  these e x p e r i m e n t s  s i n c e  i ~ p a i r e d  

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

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

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

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

d e c r e a s e d  ~ h o s ~ h o r y l a  t i v e  ef f i c i o n c y  i s  f e a s i b l e  . It d c e s  

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

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

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



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

1) A r e d u c t i o n  i r  c0 r . t  r a c + i l e  s t r e n g t h .  

2) A h i g h e r  e s t i i c a t ~ d  force e q u i v a l e n t  of IElYIG a t  t h e  

h c g i ~ n i  n g  of  s u s t a i n e d  c o n t r a c t i c n s  of h e a t e d  m u s c l e  be to r s  

g l y c c l y t i c  e n e r g y  s y s t e m s  a r e  likely t o  become i n v o l v e d .  

U n f o r t u n a t e l y  it i s  n e t  p c s s i b l e  from t h e  r e s u l t s  of 

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

t r a n s d u c t i o n  i n e f f i c i e n c y .  P o s s i b l e  m ~ c h a n i s m s  c o u l d  

i n v o l v e  a c h a n g e  i n  t h e  c o n f o r m a t i o n  of t h e  c c n t r a c t i l e  

p r o t e i n s ,  a d e c r e a s e d  t w i t c h  time, o r  a n  i n c r e a s ~ d  

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

P u r t  her r e s e a r c h  s h c u l d  b~ d e s i g r i e d  t o  d i f f  ~ r e n t i a t f  thzse  

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

t h i s  s t u d y ,  e v e n  when t e m p e r a t u r r s  a re  s t i l l  a b o v e  n o r m a l  

r e s t i n g  m u s c l e  t e m p e r a t u r e ,  s u g g e s t s  e i t h e r  t h e  

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

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

t e m p e r a t u r e  t h r e s h o l d  f c r  t h e  d e t r i m e n t a l  e f f e c t  (s) . Taken 

t o g e t l - e r  the r e s u l t s  of  these  s t u d i e s  c o n f i r s  a n  i m ~ c r t a n t  

r o l e  f o r  t h e  e f f ec t s  of i n c r e a s e d  t e m p e r a t u r e  vhereby  

m u s c u l a r  e f f o r t  r e s u l t s  i r  f a  t i y  ue. 
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