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INTRODUCTION

T h e  c o n c e p t s  o f  i s o k in e t i c  e v a l u a t i o n ,  c o n d i t i o n in g  a n d  
r e h a b i l i t a t io n  h a v e  b e e n  w i d e l y  a c c e p t e d  s in c e  th e ir  i n t r o d u c 
t io n  to th e  m e d i c a l  f ie ld .  T o d a y  a n  in c r e a s i n g  n u m b e r  o f  
r e h a b i l i t a t io n  c e n t r e s  a n d  s p o r t s  c l in ic s  u t i l is e  h i g h ly  s o p h i s 
t ic a te d  i s o k in e t i c  t e s t in g  a n d  r e h a b i l i t a t i o n  d e v ic e s  (C y b e x ,  

K in c o m ,  B io d e x )  o n  a d a i ly  b a s is .
S in c e  th e  c o n c e p t  o f  i s o k in e t i c s  w a s  f i r s t  d e s c r ib e d  b y  H is -  

lo p  a n d  P e r r i n e  in  1 9 6 7 ] a s e r ie s  o f  h i g h ly  s o p h i s t i c a t e d  d e v ic e s  
h a v e  b e e n  a v a i l a b l e  o n  th e  m a r k e t  fo r  d y n a m i c  m u s c l e  tes t in g .  
I s o k in e t ic  t e s t in g  h a s  b e e n  f o u n d  to b e  b o t h  a r e l ia b le  a n d  v a l id  
m e t h o d  o f  o b j e c t i v e l y  r e c o r d i n g  m u s c l e  f u n c t i o n 2,3,4. A l 
t h o u g h  i s o k i n e t i c  d y n a m o m e t e r s  h a v e  b e c o m e  s t a n d a r d  
e q u i p m e n t  in  r e h a b i l i ta t i o n  c l in ic s ,  d e t e r m i n i n g  th e  m o s t  e f 
fe c t iv e  p r o t o c o l s  fo r  t e s t in g  a n d  r e h a b i l i ta t io n  a r e  sti ll  a n  a c t iv e  
a r e a  o f  r e s e a r c h 5,6,7.

S t a n d a r d i s e d  g u i d e l i n e s  fo r  t h e  u s e  o f  i s o k in e t i c  d e v ic e s  a re  
la c k in g .  M a n u f a c t u r e r s  d o  n o t  p r o v i d e  d e ta i l e d  g u i d e l i n e s  o n  
h o w  to p r o c e e d  in  o r d e r  to u s e  th e  o p t i o n  fo r  v isu a l  f e e d b a c k  
a n d  v e r b a l  e n c o u r a g e m e n t .  M o s t  o f  th e  r e s e a r c h  s t u d ie s  w h e r e  
i s o k in e t i c  t e s t in g  is u s e d  d o  n o t  m e n t i o n  w h e t h e r  v i s u a l  fe e d 
b a c k  a n d  v e r b a l  e n c o u r a g e m e n t  w e r e  u s e d .

R e s e a r c h  in th is  a r e a  h a s  r e c e iv e d  l im i te d  a t te n t io n  o v e r  th e  
y e a r s .  F e w  s t u d i e s  h a v e  i n v e s t i g a t e d  th e  e f fe c t s  o f  v i s u a l  f e e d 
b a c k  o n  th e  tes t  r e s u l t s .  W e  w e r e  n o t  a b le  to f in d  p u b l i s h e d  
r e s e a r c h  s t u d i e s  th a t  h a v e  i n v e s t i g a t e d  th e  e f fe c t  o f  v e r b a l  
e n c o u r a g e m e n t  a l o n e  in i s o k in e t i c  t e s t in g .  H u l te n  et als u t i l 
ise d  v i s u a l  f e e d b a c k  to  g u i d e  s u b je c t s  to p e r f o r m  a t  a c e r ta in  
f r a c t io n  o f  m a x i m a l  i s o k in e t i c  to r q u e .  N o  d a ta  w e r e  r e p o r te d  
o n  the  e f f i c i e n c y  o f  th e  m e th o d  u s e d .  A  s t u d y  b y  P e a c o c k  et a f  
u s e d  i s o m e t r i c  k n e e  e x t e n s i o n  p e a k  t o r q u e 's  b e t w e e n  g r o u p s

^A B STRA C T ^
The purpose of this study was to examine the effects of visual feedback 
and verbal encouragement on peak torque and total work measurements 
during maximum isokinetic concentric activation of knee extensors. 
Twenty-seven healthy male subjects between the age of 19 and 42 
completed the two test sessions 14 days apart using an isokinetic 
dynamometer at 60°/s and 450°/s. Visual feedback was provided as 
real-time display of the moment output. Verbal encouragement was done 
using a standardised procedure. With visual feedback and verbal encour
agement peak torque and total work at both speeds were significantly 
greater than without.
These findings suggest that combined visual and verbal encouragement 
are strong motivating factors. It is therefore recommended to use feed
back and verbal encouragement as part of a standardised procedure 
during isokinetic testing.
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w a t c h i n g  th e  t o r q u e  d ia l  a n d  a c o n t r o l  g r o u p  n o t  r e c e iv i n g  
v is u a l  f e e d b a c k .  N o  s t a t i s t i c a l ly  s i g n i f i c a n t  d i f f e r e n c e s  w e r e  
r e p o r te d .  V is u a l ,  p lu s  v e r b a l  e n c o u r a g e m e n t  d id  p r o d u c e  s i g 
n i f i c a n t  s t r e n g th  in c r e a s e s  a s  f o u n d  b y  F i g n o n i  et a f .

T h e y  f o u n d  h i g h e r  s t r e n g t h  a n d  f a t i g u e  v a l u e  in i s o k in e t i c  
k n e e  e x t e n s o r  a n d  f le x o r  te s t in g  b u t  o n l y  fo r  s l o w  s p e e d  te s t in g  

3 0 ° / s .  N o  d i f f e r e n c e  w a s  r e c o r d e d  d u r i n g  h i g h  s p e e d  3 0 0 ° / s .  
T h e  s u p e r i o r  q u a l i ty  o f  th e  s l o w  s p e e d  k n o w l e d g e  o f  re s u l ts  
w a s  e x p l a i n e d  b y  th e  lo n g e r  t im e  to u t i l is e  th e  v is u a l  f e e d b a c k .  
H a ld  a n d  B o t t je n 5 u s e d  s u b - m a x i m a l  c o n t r a c t i o n s  a t te m p t e d  
a t  5 0 %  o f  m a x i m u m  p e a k  t o r q u e  o f  q u a d r i c e p s  a n d  h a m s t r i n g  

m u s c l e  g r o u p s .  P e a k  t o r q u e  a t  b o t h  s p e e d s  6 0 ° / s  a n d  1 8 0 ° / s  
w a s  s i g n i f i c a n t l y  g r e a t e r  in b o t h  m u s c l e  g r o u p s .  In  a m o r e  
r e c e n t  s t u d y  K e l l i s  a n d  B a l t z o p o u l o s 7 s t u d i e d  th e  e f fe c ts  o f  
v i s u a l  f e e d b a c k  o n  p e a k  t o r q u e  v a l u e s  d u r i n g  i s o k i n e t i c  e c c e n 
tric  a c t iv a t io n .  T h e s e  in v e s t i g a t o r s  u s e d  a n g u l a r  v e l o c i t i e s  o f  

3 0 ° / s  a n d  1 5 0 ° / s .  T h e  r e s u l t s  s h o w e d  a n  8 %  in c r e a s e  in p e a k  
to r q u e  v a l u e s  w h e n  v i s u a l  f e e d b a c k  w a s  u s e d .

T h e  p u r p o s e  o f  th is  p r e s e n t  s t u d y  w a s  to i n v e s t i g a t e  the  
e f fe c ts  o f  v i s u a l  f e e d b a c k  c o m b i n e d  w i t h  s t r o n g ,  a g g r e s s i v e  
v e r b a l  e n c o u r a g e m e n t ' s  o n  i s o k i n e t i c  t o r q u e  a n d  to ta l  w o r k  
p r o d u c t io n .

METHOD

T w e n t y - s e v e n  m a le  s u b je c t s  b e t w e e n  th e  a g e s  o f  19  a n d  4 2  
y e a r s  p a r t i c ip a t e d  in th is  s t u d y .  A ll  s u b je c t s  h a d  a  r i g h t  d o m i 
n a n t  l o w e r  e x t r e m i ty .  N o n e  o f  th e  s u b je c t s  h a d  a n y  h i s to r y  o f  
lo w e r  e x t r e m i t y  jo i n t  in ju r y ,  s u r g e r y ,  o r  d is e a s e .  F u r t h e r m o r e ,  
n o  s u b je c t  h a d  a n y  c a r d i a c  c o n d i t i o n  n o r  h a d  t h e y  p a r t i c ip a t e d  
in p r o f e s s io n a l ,  s e m i - p r o f e s s io n a l ,  o r  h i g h  le v e l  s p o r t s .  T h e  
m e a n ,  s t a n d a r d  d e v ia t io n  a n d  r a n g e  o f  s u b je c t  a g e ,  h e ig h t  a n d  
w e i g h t  a r e  s h o w n  in T a b l e  l. S u b je c t s  w o r e  s i m i l a r  c l o t h i n g  
a n d  id e n t ic a l  f o o t w e a r  d u r i n g  th e  t w o  te s t  s e s s i o n s  a n d  w e r e  
a s k e d  n o t  to a l te r  th e i r  p h y s ic a l  a c t i v i t i e s  b e t w e e n  th e  tw o  
s e s s io n s .

Table 1. Mean, standard deviation and range of age, height and 
weight of subjects

Mean SD Ranqe
Age 27 7.03 1 9 - 4 2

Weight (Kg) 67 10.03 4 9 - 9 8

Height (cm) 170 7.97 1 5 5 -1 8 8

PROCEDURE

T w o  te s t  s e s s io n s  w e r e  a d m i n i s t e r e d  to  e a c h  s u b je c t .  T h e  

s e s s i o n s  w e r e  h e ld  o n  t h e  s a m e  d a y  an d  s a m e  t im e ,  t w o  w e e k s  
a p a r t .  D u r i n g  e a c h  tes t  s e q u e n c e ,  h a l f  t h e  g r o u p  did  th e  test  
w i th  v i s u a l  f e e d  b a c k  a n d  v e r b a l  e n c o u r a g e m e n t  w h e r e a s  th e  
m o n i t o r  w a s  b l a n k  a n d  n o  v e r b a l  e n c o u r a g e m e n t  w a s  g i v e n  

for  th e  res t  o f  t h e  g r o u p .  T h e  p r o c e d u r e  w a s  r e v e r s e d  d u r i n g  
th e  n e x t  te s t  se s s io n .  I t  w a s  a l s o  d e e m e d  i m p o r t a n t  to  l im i t  th e  
t im e  b e t w e e n  th e  tes t  s e s s i o n s  to  r e d u c e  th e  e f fe c t  o f  u n c o n 
t r o l la b le  fa c to r s  th a t  m a y  c a u s e  c h a n g e s  in th e  s u b je c t .  A t  the  
b e g i n n i n g  o f  th e  f ir s t  s e s s i o n ,  i n f o r m e d  c o n s e n t  w a s  o b ta in e d  
a n d  e a c h  s u b je c t ' s  a g e  in y e a r s ,  h e i g h t  in c m  a n d  w e i g h t  in 
k i lo g r a m s  w e r e  r e c o r d e d .  L o w e r  e x t r e m i t y  d o m i n a n c e  w a s  
d e t e r m i n e d  b y  k i c k in g  a b a l l  p la c e d  o n  th e  f l o o r 10. A ll  p e a k
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t o r q u e  a n d  total w o r k  tests  w e r e  a d m in is t r a t e d  b y  th e  s a m e  
in v e s t ig a t o r  (A S )  u s i n g  a B io d e x  i s o k in e t i c  ( B io d e x  C o r p . ,  
S h ir le y ,  N Y )  d y n a m o m e t e r .  T h i s  s y s t e m  p e r m i t s  i so la ted  jo in t  

e x e r c i s e  a n d  te s t in g  a t  a p r e s e t ,  c o n s t a n t  a n g u l a r  v e lo c i ty .  I t  
m e a s u r e s  th e  s u b je c t ' s  e x e r te d  fo rc e  a s  to rq u e .  F o r  e a c h  test 
s e s s io n ,  the  c o n c e n t r i c / c o n c e n t r i c  i s o k in e t i c  m o d e  w a s  u sed .  
All s e t t in g s  r e m a in e d  c o n s t a n t  t h r o u g h o u t  th e  s t u d y .  T h e  
s y s t e m  w a s  in te r fa c e d  to a P C  c o m p a t i b l e  c o m p u t e r .  S u b je c t s  

w e r e  r a n d o m l y  a s s ig n e d  to o n e  o f  the  te s t  g r o u p s  eg. v is u a l  

f e e d b a c k  a n d  e n c o u r a g e m e n t  ( V F B E )  o r  n o n - f e e d b a c k  (N F B ) .
O n  th e  f irst  tes t  d a y ,  d e s c r i p t i v e  d a ta  w e r e  c o l l e c te d  a n d  

s u b je c t s  w e r e  fa m i l ia r is e d  w i th  th e  a p p a r a t u s  a n d  t e s t in g  

p r o to c o ls .  In e a c h  tes t  s e s s io n ,  s u b je c t s  w e r e  s e a te d  o n  the  

d y n a m o m e t e r  ( d o u b l e  c h a ir  m o d e l ) .  T h e  a x i s  o f  th e  d y n a 
m o m e t e r  w a s  v i s u a l ly  a l ig n e d  w i th  e a c h  s u b je c t ' s  d o m i n a n t  

k n e e  jo i n t  a x i s  a n d  th e  in p u t  le v e r  a r m  a d ju s t e d  a n d  s e c u r e d  

to th e  d is ta l  lo w e r  leg. V e r t ic a l  a n d  h o r i z o n t a l  p o s i t io n s  o f  the 
d y n a m o m e t e r ,  l e v e r  a r m  le n g t h  a n d  c h a i r  p o s i t io n s  w e r e  re 
c o r d e d  to p r o v i d e  id e n t ic a l  a l i g n m e n t  for b o t h  te s t  s e s s io n s .

S t a b i l i s i n g  b e l t s  w e r e  p la c e d  a c r o s s  th e  s u b je c t ' s  c h e s t ,  p e l 

vis a n d  th ig h  o f  the  d o m i n a n t  l o w e r  e x t r e m i ty .  S u b je c t s  w e r e  
in s tr u c te d  to c r o s s  th e ir  a r m  o v e r  th e ir  c h e s t  a n d  h o ld  o n  th e  
s t r a p s  d u r i n g  t e s t in g  to p r o v i d e  a d d i t io n a l  s ta b i l i s a t io n .  A  

w a r m - u p  o f  f ive  m in u t e s  w a s  c o n d u c t e d  o n  a b i c y c le  e r g o m e -  
ter  a t  6 0  r p m ,  th e n  g r a d u a l l y  in c r e a s e d  to 9 0  r p m  w h i l e  m a i n 
t a in in g  a c o n s t a n t  w o r k  lev e l .

T h e  s u b je c t s  th e n  p e r fo r m e d  five  to ten  s u b - m a x im a l  r e p e 
t i t io n s .  T h is  a l lo w e d  th e  s u b je c t  to " g e t  u s e d "  to the  s p e e d  o f  
m o v e m e n t  a t  e a c h  p r e -s e t  a n g u l a r  v e l o c i t y 3. S t a n d a r d is e d  

in s t r u c t io n s  w e r e  read  b y  th e  i n v e s t i g a t o r  b e fo r e  e a c h  test .  T h e  

V F B E  g r o u p  w a s  s h o w n  p r i n to u t s  o f  th e  s c r e e n  th a t  th e y  

w o u ld  s e e  a n d  i n f o r m e d  to w a t c h  th e  h i g h e s t  p o in t  o f  the  c u r v e  
a n d  to t ry  to i n c r e a s e  th e  h i g h e s t  le v e l  fo r  e a c h  r e p e t i t io n .  T h e  
v e r b a l  e n c o u r a g e m e n t  w a s  d o n e  in a s t a n d a r d i s e d  w a y .  A g 

g r e s s iv e  v e r b a l  c o m m a n d s  a n d  e n c o u r a g e m e n t  w e r e  g iv e n  b y  

th e  s a m e  in v e s t ig a to r .
T h e  te s ts  c o n s i s t e d  o f  f iv e  c o n s e c u t iv e ,  r e c ip r o c a l  c o n t r a c 

t io ns  o f  q u a d r ic e p s  a n d  h a m s t r i n g s  b e g i n n i n g  f r o m  a s ta r t in g  

p o s i t io n  o f  a p p r o x i m a t e l y  1 0 0 °  k n e e  f le x io n ,  to full e x t e n s io n ,  
a n d  r e tu r n  to th e  s t a r t i n g  p o s i t io n .  L o w  s p e e d  r e c o r d in g  

(6 0 ° / s )  w a s  d o n e  f irst ,  f o l lo w e d  b y  f iv e  m in u t e s  rest.  H ig h  

s p e e d  t e s t in g  ( 4 5 0 ° / s )  w a s  d o n e  a t  th e  en d .
T h e  s a m e  p r o c e d u r e  w a s  u s e d  1 4  d a y s  la te r  w i th  a n d  w i t h 

o u t  f e e d b a c k  r e s p e c t iv e ly .  A s  m e n t i o n e d  e a r l ie r ,  h a l f  the  s u b 
je c t s  w e r e  a s s ig n e d  to e i t h e r  g r o u p  r a n d o m l y  in th e  b e g i n n i n g ,  
a n d  th e  p r o c e d u r e  w a s  r e v e r s e d  a t  th e  s e c o n d  test in g .

S u b je c t s  w e r e  e n c o u r a g e d  to d ir e c t  th e i r  a t t e n t io n  a w a y  
f r o m  o t h e r  i r r e le v a n t  i n f o r m a t i o n  s o u r c e s  a n d  to c o n c e n t r a te  
e n t i r e ly  o n  th e  m o n i t o r .

DATA ANALYSIS

I s o k i n e t i c  d a ta  w e r e  o b t a in e d  f r o m  th e  B io d e x  c o m p u t e r  

s o f t w a r e .  (3 .2 ,  B io d e x  C o r p . ,  S h i r l e y ,  N Y ) .
T h e  p e a k  t o r q u e  o f  e a c h  e x e r c i s e  s e t  w a s  m e a s u r e d  in N m .  

T o ta l  w o r k  w a s  c o m p u t e d  a s  th e  s u m  o f  all  w o r k  p e r fo r m e d  

d u r i n g  o n e  e x e r c i s e  s e t  i.e. f iv e  re p e t i t io n s .  C o m p a r i s o n  b e 
t w e e n  the  test  s e s s i o n s  w i th  a n d  w i t h o u t  v i s u a l  f e e d b a c k  w a s  

d o n e  u s i n g  a th re e  fa c to r s  r e p e a te d  m e a s u r e s  A N O V A .
E a c h  s u b je c t  w a s  a c t i n g  a s  h is  o w n  c o n t r o l .  T h e  le v e l  o f  

s ig n i f i c a n c e  w a s  s e t  a t  p < 0 .0 5 .  T h e  m o m e n t s  w e r e  c o r r e c te d  

for th e  e f fe c ts  o f  g r a v i ty .  T h e  m a x i m u m  m o m e n t  f r o m  a n y  o f  

th e  f iv e  r e p e t i t io n s  w a s  u s e d  in th e  a n a ly s i s .  S ta t i s t ic a l  a n a ly s i s  
w a s  p e r f o r m e d  for  b o t h  p e a k  t o r q u e  a n d  total  w o r k  for  s p e e d s  

o f  6 0 ° / s  a n d  4 5 0 ° / s .

RESULTS

T h e  m e a n  v a l u e s  a n d  s ta t is t i c a l  c o m p a r i s o n  o f  th e  tw o  test  
s e s s i o n s  for th e  e n t i r e  s a m p l e  a r e  f o u n d  in T a b l e  II. A th re e  
fa c to r  r e p e a te d  m e a s u r e s  A N O V A - t e s t  r e v e a le d  s i g n i f i c a n t  
d i f f e r e n c e s  (p < 0 .0 5 )  b e t w e e n  th e  g r o u p  th a t  h a d  v i s u a l  f e e d 
b a c k  a n d  v e r b a l  e n c o u r a g e m e n t  a n d  th e  n o n - f e e d b a c k  g r o u p .  
T h e  d i f f e r e n c e s  w e r e  s i g n i f i c a n t  a t  b o t h  h i g h  a n d  l o w  s p e e d .  
A l s o  to ta l  w o r k  p e r f o r m a n c e s  r e v e a le d  s i g n i f i c a n t  d i f f e r e n c e s  
a t  b o t h  s p e e d s .  T h e  a v e r a g e  m a x i m u m  m o m e n t s  o f  k n e e  e x 

te n s o r s  a t  6 0 ° / s  a n d  4 5 0 ° / s  w i th  v e r b a l  e n c o u r a g e m e n t  a n d  

v i s u a l  f e e d b a c k  w e r e  8 %  a n d  1 3 %  h i g h e r  th a n  th e  N F B  m o 
m e n t s  r e s p e c t iv e ly .  S i m i la r ly ,  th e  m e a n  to ta l  w o r k  re s u l t s  
in d ic a te d  1 5 %  a n d  1 7 %  h i g h e r  v a l u e s  d u r i n g  V F B E  th a n  d u r 
in g  N F B .

Table II. Mean values and statistical comparison of feedback (F) and 
non-feedback (NF) in relations to peak torque and total work

Speed 450°/s Speed 60°/$
t-value df p-value lva lu e df p-value

Difference between F& NF

Peak Torque 3.64 15 0.002 3.32 26 0.003

Total Work 3.16 15 0.006 2.06 26 0.049

DISCUSSION

V e r b a l  e n c o u r a g e m e n t  is p r o b a b l y  m o r e  l ik e ly  to  s t i m u l a t e  
a m a x i m u m  e f fo r t  d u r i n g  a n y  k in d  o f  s t r e n g t h  a s s e s s m e n t  or  
p e r f o r m a n c e 11. T h e  d e g r e e  to w h i c h  v e r b a l  e n c o u r a g e m e n t  is 
r e s p o n s ib le  fo r  h i g h e r  p e r f o r m a n c e s  r e m a i n s  u n e x p l a i n e d .  

R u b e  a n d  S e c h e r  in d ic a te d  a p a r a d o x ic a l  in f l u e n c e  o f  e n 

c o u r a g e m e n t  o n  m u s c l e  fa t ig u e .  H o w e v e r ,  th e  t e s t in g  p r o c e 
d u r e s  u s e d  w e r e  d i f f e r e n t  f r o m  w h a t  o n e  u s e s  in m o d e r n  
r e h a b i l i ta t io n  se t t in g s .

O u r  s t u d y  is th e  f irs t  to e x p l o r e  th e  in f l u e n c e  o f  b o t h  v e r b a l  
e n c o u r a g e m e n t  a n d  v is u a l  f e e d b a c k  d u r i n g  i s o k i n e t i c  t e s t in g  
s i m u l t a n e o u s l y .  W h i l e  th e  re s u l ts  o f  o u r  s t u d y  a r e  c o n s i s t e n t  
w i th  a r e c e n t  s t u d y  b y  K e l l i s  a n d  B a l t z o p o u l o s 7, th e  la t te r  
s t u d y  d id  n o t  u s e  v e r b a l  e n c o u r a g e m e n t  a s  a v a r ia b le .  O n ly  
v is u a l  f e e d b a c k  w a s  u s e d .  A l s o  K e l l i s  a n d  B a l t z o p o u l o s 7 u s e d  
e c c e n t r i c  m u s c l e  w o r k  w h e r e a s  o u r  w o r k  w a s  d o n e  w i th  c o n 
c e n tr ic  a c t iv a t io n .  O u r  s t u d y  a l s o  i n d ic a te d  a s i g n i f i c a n t  in 
c r e a s e  in to ta l  w o r k  w h i c h  m e a n s  th a t  n o t  o n l y  p e a k  p e r f o r m 
a n c e s  a r e  in c r e a s e d  b u t  a n  in c r e a s e  o c c u r r e d  d u r i n g  a l l  the  

r e p e t i t io n s .
T h e  re s u l t s  o f  o u r  s t u d y  a n d  f r o m  K e l l i s  a n d  B a l t z o p o u l o s 7 

s t u d y  a r e  p a r t ia l ly  in c o n t r a s t  to  p r e v io u s  s t u d i e s  b y  H a l d  a n d  
B o t t je n 5 a n d  F i g n o n i  a n d  M o r r i s 6. T h e s e  a u t h o r s  r e p o r t e d  n o  
e f fe c t  o f  v isu a l  f e e d b a c k  d u r i n g  a s s e s s m e n t  a t  h i g h  s p e e d s  o f  

1 8 0 ° / s  a n d  3 0 0 ° / s .  V is u a l  in f o r m a t i o n  r e q u i r e s  a b o u t  1 9 0 - 2 6 0  
m s e c  to b e  p r o c e s s e d  b y  th e  c e n t r a l  n e r v o u s  s y s t e m ,  d e p e n d 
in g  o n  th e  t a s k  c o n s t r a i n t s 14. It  w a s  p o s t u l a te d  th a t  t im e  re 
q u ir e d  to p r o c e s s  in f o r m a t i o n  f r o m  the  d i s p la y  d u r i n g  h ig h  
s p e e d s  w a s  too s h o r t .  In  a d d i t i o n ,  th e  r e c ip r o c a l  n a t u r e  o f  fast  

s p e e d  i s o k in e t i c  t e s t in g  d e m a n d e d  th a t  s e c o n d a r y  t a s k  b e  

p e r fo r m e d  d u r i n g  th e  p o s t  f e e d b a c k  p e r io d  ie. d u r i n g  the 

f le x io n  p a r t  o f  th e  c y c le .  In the  p r e s e n t  s t u d y ,  th e  s u b je c t s  w e r e  
a s k e d  to c o n c e n t r a t e  e n t i r e ly  o n  o n e  p a r t  o f  th e  c y c l e  ( e x t e n 

s io n )  o n ly .  N o t  o n l y  d id  w e  find  a n  in c r e a s e  in p e a k  t o r q u e  
a n d  total  w o r k  d u r i n g  h ig h  s p e e d  t e s t in g  b u t  th e  d i f f e r e n c e s  

w e r e  la r g e r  th a n  d u r i n g  l o w  s p e e d  te s t in g .
T h e  p o s s ib le  r e a s o n  for  th is  i m p o r t a n t  d i f f e r e n c e  in test  

re s u lts  b e tw e e n  b o t h  s t u d ie s  c o u ld  be  th e  u s e  o f  d i f f e r e n t  

in s t r u c t io n  p r o t o c o ls  g iv e n  to th e  s u b je c t s  b e f o r e  th e  tests  ie.
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to c o n c e n t r a t e  o n  e x t e n s i o n  o n ly  in o u r  s t u d y .  A n o t h e r  fa c to r  
a f fe c t in g  th e  r e s u l t s  c o u ld  b e  th e  n a t u r e  o f  m u s c l e  c o n t r a c t io n  
w h ic h  w a s  u s e d  ie. c o n c e n t r i c  v e r s u s  e c c e n t r i c  c o n t r a c t io n s .

T h e  e f fe c t  o f  s t a n d a r d i s e d  a g g r e s s i v e  v e rb a l  e n c o u r a g e 
m e n t  is le ss  l ik e ly  to b e  r e s p o n s i b l e  for  the  d i f f e r e n c e s  in r e s u lts  
b e c a u s e  d u r i n g  lo w  s p e e d  te s t in g  re s u l ts  w e r e  s i m i l a r  in b o th  
s tu d ie s .  F u r th e r  r e s e a r c h  is n e e d e d  to e lu c id a te  the  im p o r t a n c e  

o f  c o n c e n t r i c  o r  e c c e n t r i c  m u s c l e  c o n t r a c t i o n s  in V F B E  o r  N F B  
is o k in e t ic  d y n a m o m e t r y .

T h e  l im i te d  r e s e a r c h  th a t  is d o n e  o n  the  u s e  o f  f e e d b a c k  to 
o b ta in  s t r e n g th  i m p r o v e m e n t s  h a s  g iv e n  v a r i a b le  f in d in g s .  
O u r  s t u d y  s u g g e s t s  th a t  v is u a l  f e e d b a c k  c o m b in e d  w ith  s t a n d 
a r d is e d  v e r b a l  e n c o u r a g e m e n t  is a s t r o n g  m o t iv a t i n g  fa c to r  for 
th e  m a x i m u m  m u s c u l a r  m o m e n t  a n d  total w o r k  o u t p u t  d u r 
in g  c o n c e n t r i c  a c t iv a t io n .

CONCLUSION

A p r o c e d u r e  o f  v is u a l  f e e d b a c k  a n d  s t a n d a r d i s e d  v e rb a l  
e n c o u r a g e m e n t  w a s  in c o r p o r a t e d  in to  a c o n c e n tr i c  i s o k in e t ic  
test  o f  the  q u a d r i c e p s  m u s c l e  g r o u p  u s in g  n o r m a l  m a le  s u b 

je c ts .  P e a k  t o r q u e  a n d  total  w o r k  o u t p u t  a t  b o t h  lo w  6 0 ° / s  a n d  

h ig h  4 5 0 ° / s  s p e e d  in c r e a s e d  s i g n i f i c a n t l y  u n d e r  v is u a l  fe e d 
b a c k  a n d  v e r b a l  e n c o u r a g e m e n t  c o n d i t i o n s  in c o m p a r i s o n  to 
g r o u p s  w h e r e  n o  f e e d b a c k  w a s  p r o v id e d .  T h e  in c lu s io n  o f  
v e rb a l  e n c o u r a g e m e n t  in a p r o to c o l  is a n  i m p o r t a n t  fa c to r  to 
c o n s i d e r  w h e n  te s t in g  o r  r e h a b i l i ta t in g  p a t ie n ts  on  i s o k in e t ic  
d e v ic e s .  O u r  r e s u l t s  s u g g e s t  th a t  V F B E  s h o u ld  a l w a y s  b e  
i m p l e m e n t e d  d u r i n g  i s o k in e t i c  d y n a m o m e t r y  e s p e c ia l ly  in 
th e s e  test-  a n d  r e h a b i l i t a t io n  s e t t in g s  w h e r e  m a x i m u m  p e r 

f o r m a n c e s  a r e  r e q u ir e d .
M a n u f a c t u r e s  o f  i s o k in e t i c  t e s t in g  d e v ic e s  s h o u ld  in c lu d e
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