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During t h e  1982 and 8 3  o u t d o o r  t r a c k  and f i e l d  s e a s o n s ,  s e l e c t e d  
Olympic c a l i b e r  men ( n > 1 5 )  and women ( n > 2 0 )  s p r i n t e r s  (100m .. 
400m) were f i l m e d  i n  up t o  f i v e  t o p  l e v e l  c o m p e t i t i o n s .  These  
a t h l e t e s  were s u b s e q u e n t l y  b i o m e c h a n i c a l l y  a n a l y z e d  u n d e r  a  g r a n t  
from t h e  Uni t ed  S t a t e s  Olympic Commit tee .  The p u r p o s e  o f  t h i s  
e f f o r t ,  t e rmed  t h e  E l i t e  A t h l e t e  P r o j e c t ,  was t o  p r o v i d e  f e e d b a c k  
t o  t h e  i n v o l v e d  a t h l e t e s  r e g a r d i n g  t h e i r  s t r e n g t h s ,  w e a k n e s s e s ,  
and p o t e n t i a l  a r e a s  o f  p e r f o r m a n c e  improvement .  

For  t h e  p u r p o s e  o f  o b t a i n i n g  t h e  c r i t i c a l  k i n e m a t i c  d a t a ,  
t h e  s p r i n t e r s  were f i l m e d ,  u s i n g  a  h i g h - s p e e d  camera  ( 1 0 0  f p s ) ,  
o r i e n t e d  t o  r e c o r d  e a c h  p e r f o r m e r  i n  t h e  s a g i t t a l  p l a n e .  The 
camera was p o s i t i o n e d  t o  r e c o r d  t h e  p e r f o r m e r  a t  maximum s p e e d ,  
on t h e  s t r a i g h t .  The f i l m e d  r e s u l t s  were  d i g i t i z e d ,  compute r  
p r o c e s s e d ,  and a n a l y s e d  w i t h  i n t e r e s t  f o c u s e d  on t h o s e  k i n e m a t i c  
p a t t e r n s  t h a t  have  p r e v i o u s l y  been i d e n t i f i e d  a s  i n d i c a t o r s  o f  
t h e  q u a l i t y  o f  s p r i n t  p e r f o r m a n c e .  The v a r i a b l e s  s e l e c t e d  f o r  
p r e s e n t a t i o n  were  d e r i v e d  from i n t e r n a l  r e s e a r c h  (Mann and 
S p r a g u e ,  1980,  Mann, 1981 ,  Mann and S p r a g u e ,  1982 ;  Mann and 
o t h e r s ,  1982 ;  S p r a g u e  and Mann, 19831 ,  s e l e c t e d  e x t e r n a l  r e s e a r c h  
(Arms t rong  and C o s t i l l ,  1984 ;  A t w a t e r ,  1982 ;  B a t e s  and Haven, 
1973;  Bunn, 1972 ;  Cavagna and o t h e r s ,  1971 ;  Deshon and N e l s o n ,  
1964,  D i l l m a n ,  1971 ;  E l f t m a n ,  1940 ,  Fenn ,  1930 ;  Hay, 1978 ;  
Hoffrnann, 1971 ; Hoffmann, 1972 ;  Kuntz and Kaufmann, 1981 ; 
Luhtanen and Komi, 1978 ,  Mann and Hagy, 1 9 8 0 ,  Mehr ikadze  and 
T a b a t s c h n i k ,  1982;  S i n n i n g  and F o r s y t h e ,  1 9 7 0 ) .  and i n p u t  from 
t h e  i n v o l v e d  c o a c h e s  a s  t h e  p r o j e c t  p r o g r e s s e d .  

To r a t e  t h e  k i n e m a t i c  p e r f o r m a n c e  o f  e a c h  s p r i n t e r ,  i t  was 
n e c e s s a r y  t o  i d e n t i f y  c e r t a i n  t o t a l  s y s t e m  a s  w e l l  a s  i n d i v i d u a l  
segment r e s u l t s .  R e s u l t s  s u c h  a s  s t r i d e  r a t e  o r  s t r i d e  l e n g t h  
were s e l e c t e d  t o  i n d i c a t e  how t h e  t o t a l  s y s t e m  was i n t e g r a t i n g  
t h e  c o n t r i b u t i o n s  o f  t h e  s e g m e n t s  toward  p e r f o r m a n c e .  I n d i v i d u a l  
r e s u l t s  s u c h  a s  upper  l e g  o r i e n t a t i o n  a t  s p e c i f i c  p o s i t i o n s  o r  
lower  l e g  r o t a t i o n a l  s p e e d  d u r i n g  s e l e c t e d  p h a s e s  were  c h o s e n  t o  
d e n o t e  how t h e  body p a r t s  c o n t r i b u t e  t o  p e r f o r m a n c e .  The 
examples  p r e s e n t e d  i n  t h i s  s e c t i o n  a r e  f o r  t h e  e l i t e  a t h l e t e  male  
100 me te r  p e r f o r m e r s  examined t o  d a t e ,  h o w e v e r ,  e x c e p t  where  
i n d i c a t e d ,  t h e  t r e n d s  can be expanded t o  c o v e r  a l l  s p r i n t e r s .  



STRIDE RATE A N D  STRIDE LENGTH (TOTAL BODY RESULT) 

The s p e e d  a t  w h i c h  a  s p r i n t e r  m o v e s  h i s  l e g s  ( s t r i d e  r a t e )  a n d  
how f a r  e a c h  s t r i d e  c o v e r s  ( s t r i d e  l e n g t h )  d e t e r m i n e s  t h e  s u c c e s s  
o f  t h e  p e r f o r m a n c e .  An i d e a l  s i t u a t i o n  i n c l u d e s  a  h i g h  s t r i d e  
r a t e  c o u p l e d  w i t h  a  l a r g e  s t r i d e  l e n g t h .  T h e  f o l l o w i n g  t w o  
g r a p h s  s h o w  t h e  a v e r a g e  s t r i d e  r a t e  ( F i g u r e  1 )  a n d  s t r i d e  l e n g t h  
( F i g u r e  2) f o r  a l l  m a l e  1 0 0  m e t e r  e l i t e  a t h l e t e s  i n v e s t i g a t e d  t o  
d a t e .  I n  a d d i t i o n ,  v a l u e s  i n d i c a t i n g  m a g n i t u d e  a n d  d i r e c t i o n  o f  
r e s u l t s  d e e m e d  g o o d  a n d  p o o r  a r e  i n d i c a t e d .  On b o t h  g r a p h s ,  
r e s u l t s  s h i f t e d  t o w a r d  t h e  p o o r  c a t e g o r y  i n d i c a t e  a w e a k n e s s  i n  
t h e  s p r i n t  p e r f o r m a n c e ,  w h i l e  r e s u l t s  s h i f t e d  t o w a r d  t h e  g o o d  
c a t e g o r y  c a n  b e  b e n e f i c i a l  i f  t h e  c o r r e s p o n d i n g  v a l u e  i s  n o t  
d e c r e a s e d .  T h u s ,  a  h i g h  s t r i d e  r a t e  i s  g o o d ,  b u t  o n l y  i f  s t r i d e  
l e n g t h  i s  m a i n t a i n e d  a t  a n  a c c e p t a b l e  l e v e l ,  L i k e w i s e ,  a l a r g e  
s t - r i d e  l e n g t h  i s  b e n e f i c i a l ,  b u t  o n l y  i f  a n  a c c e p t a b l e  s t r i d e  
r a t e  i s  m a i n t a i n e d .  

100 METERS 
DDF STRIDE RATE 

F i g u r e  1 .  S t r i d e  r a t e  t r e n d s  f o r  m a l e ,  e l i t e  a t h l e t e  1 0 0  m e t e r  
s p r i n t e r s .  



100 METERS 
STRIDE LENGTH 

F i g u r e  2 .  S t r i d e  l e n g t h  t r e n d s  f o r  m a l e ,  e l i t e  a t h l e t e  1 0 0  m e t e r  
s p r i n t e r s .  

T h e  m o s t  r e c e n t  r e s e a r c h  o n  s p r i n t i n g  i n d i c a t e s  t h a t ,  i n  t h e  
s h o r t  s p r i n t s  ( 1 0 0 - 2 0 0 ) ,  i m p r o v e m e n t  i n  s t r i d e  r a t e  a n d  l e n g t h  i s  
d o n e  p r i m a r i l y  d u r i n g  g r o u n d  c o n t a c t .  M o r e o v e r ,  i t  a p p e a r s  t h a t  
i m p r o v e m e n t  i n  s t r i d e  r a t e  i s  t h e  m e a n s  b y  w h i c h  t h e  b e t t e r  
s p r i n t e r s  i m p r o v e  t h e i r  p e r f o r m a n c e .  T h u s ,  t h e  s u p e r i o r  e l i t e  
a t h l e t e  100-200 m e t e r  s p r i n t e r  w i l l  m a i n t a i n  a n  a c c e p t a b l e  o r  
s l i g h t l y  a b o v e  a v e r a g e  s t r i d e  l e n g t h ,  w h i l e  p r o d u c i n g  a n  
e x c e l l e n t  s t r i d e  r a t e .  I n  t h e  l o n g e r  s p r i n t  ( 4 0 0  m), w h e r e  
e c o n o m y  o f  e n e r g y  e x p e n d i t u r e  b e c o m e s  a  f a c t o r ,  i m p r o v e m e n t  i n  
p e r f o r m a n c e  a p p e a r s  t o  b e  a c c o m p l i s h e d  t h r o u g h  a  m o r e  b a l a n c e d  
i n c r e a s e  i n  b o t h  s t r i d e  r a t e  a n d  l e n g t h .  R e g a r d l e s s  o f  t h e  t y p e  
o f  s p r i n t  e v e n t ,  b o t h  r e s u l t s  a r e  i m p r o v e d  b y  i n c r e a s i n g  l e g  
s t r e n g t h  s o  t h a t  t h e  n e c e s s a r y  g r o u n d  f o r c e s  c a n  b e  p r o d u c e d  m o r e  
q u i c k l y ,  a n d  i m p r o v i n g  r u n n i n g  m e c h a n i c s  s o  t h a t  l e s s  e n e r g y  is  
w a s t e d  w h i l e  o n  t h e  g r o u n d  a n d  i n  t h e  a i r .  T h e  s e g m e n t  r e s u l t s  
t h a t  f o l l o w  w i l l  d i s c u s s  t h e s e  c o n c e p t s  i n  g r e a t e r  d e t a i l .  

One  f i n a l  f a c t o r  c a n  a f f e c t  s t r i d e  r a t e  a n d  l e n g t h  r e s u l t s .  
I f  a p e r f o r m e r  i s  u n u s u a l l y  t a l l  o r  s h o r t ,  t h e  r e s u l t s  may b e  
m i s l e a d i n g .  A l t h o u g h  t h e  r e s u l t s  p r e s e n t e d  i n  F i g u r e s  1 a n d  2 



a r e  n o t  c o r r e c t e d  f o r  h e i g h t ,  i f  an a t h l e t e  i s  no t  o f  a v e r a g e  
s p r i n t e r  b u i l d ,  t h e  r e s u l t s  shou ld  be  s t a n d a r d i z e d  t o  h e i g h t .  

TOTAL BODY V E R T I C A L  S P E E D  ( T O T A L  BODY R E S U L T )  

Although t h e  p e r f o r m e r  must p r o j e c t  t h e  body v e r t i c a l l y  (upward)  
d u r i n g  t h e  s p r i n t ,  e x c e s s i v e  v e r t i c a l  motion i s  no t  wanted .  
F i g u r e  3 shows good ,  a v e r a g e ,  and poor  l e v e l s  o f  v e r t i c a l  speed  
f o r  a l l  o f  t h e  male 100 me te r  e l i t e  a t h l e t e s  ana lyzed  t o  d a t e .  
The b e t t e r  s p r i n t e r s  t e n d  t o  p roduce  j u s t  enough v e r t i c a l  speed  
t o  a l l o w  t i m e  t o  c o m p l e t e  l e g  r e c o v e r y  and p r e p a r e  f o r  t h e  n e x t  
ground c o n t a c t ,  w h i l e  d i r e c t i n g  more e f f o r t  toward m a i n t a i n i n g  
h o r i z o n t a l  s p e e d .  

100 METERS 

"I- 
800Y VERTICAL SPEED ' 

F i g u r e  3. T o t a l  body maximum v e r t i c a l  speed  t r e n d s  g e n e r a t e d  by 
male,  e l i t e  a t h l e t e  100 me te r  s p r i n t e r s .  



L O U E R  A R M  M O T I O N  (INDIVIDUAL S E G M E N T  RESULT) 

C o n t r a r y  t o  p o p u l a r  b e l i e f ,  t h e  f o r e a r m  ( l o w e r  a r m )  d o e s  n o t  
m a i n t a i n  t h e  same a n g l e  w i t h  t h e  upper  arm d u r i n g  s p r i n t i n g .  The  
a n g l e  n o r m a l l y  r a n g e s  from a m i n i m u m  a t  f u l l  f r o n t  o r  f u l l  back  
p o s i t i o n ,  t o  a  maximum a t  t h e  m i d p o i n t  o f  t h e  arm s w i n g  d u r i n g  
each s t r i d e .  F i g u r e  4 i n d i c a t e s  t h e  a v e r a g e  l o w e r  arm mot ion  f o r  
t h e  e l i t e  a t h l e t e  100 m e t e r  men s p r i n t e r s  a n a l y z e d  t o  d a t e .  I n  
a d d i t i o n ,  r e s u l t s  i n d i c a t i n g  t h e  p e r f o r m a n c e  l e v e l s  deemed good 
and poor a r e  a l s o  i n d i c a t e d .  As i n d i c a t e d  i n  t h e  F i g u r e ,  a v e r a g e  
( o r  even i n s u f f i c i e n t )  arm a c t i o n  i s  n o t  a  p rob lem.  E x c e s s i v e  
arm a c t i o n ,  however ,  s i g n a l s  t h a t  t h e  s p r i n t e r  may b e  p r o d u c i n g  
uneconomical  m o t i o n ,  a s  w e l l  a s  o v e r s t r i d i n g .  

MINIMUM 

100 METERS 
UWER ARM MOTION 

F i g u r e  4 .  Lower arm r a n g e  o f  mat ion t r e n d s  f o r  m a l e ,  e l i t e  
a t h l e t e  100 m e t e r  s p r i n t e r s .  The r e s u l t  i d e n t i f i e d  i s  t h e  a n g l e  
formed between t h e  arm ( u p p e r  arm)  and f o r e a r m  ( l o w e r  a r m ) ,  w i t h  
180 d e g r e e s  i n d i c a t i n g  f u l l  e x t e n s i o n .  

140 

120 

,100 
* 

- 
w 

- MAXIMUM 
- 
- 
- 
- 
- 
- 
- 
- 
- 



U P P E R  A R M  MOTION ( I N D I V I D U A L  SEGMENT RESULT) 

The mot ion o f  t h e  arm ( u p p e r  a rm)  can  t e l l  much a b o u t  t h e  q u a l i t y  
o f  a  $ p r i n t e r .  The u p p e r  arm n o r m a l l y  comes i n  f r o n t  o f  t h e  body 
t o  a b o u t  45 d e g r e e s  i n  r e l a t i o n  t o  t h e  t r u n k ,  t h e n  r o t a t e s  t o  a  
maximum p o s i t i o n  i n  b a c k  o f  t h e  body o f  a b o u t  80 d e g r e e s  d u r i n g  
e a c h  s t r i d e .  F i g u r e  5 i n d i c a t e s  t h e  t y p i c a l  u p p e r  arm mot ion f o r  
a l l  male 100 m e t e r  e l i t e  a t h l e t e s  i n v e s t i g a t e d  t o  d a t e .  For  
c o m p a r i s o n ,  t h e  p e r f o r m a n c e  s h i f t s  i n d i c a t i n g  b e n e f i c i a l  o r  
unwanted r a n g e  o f  mot ion  a r e  a l s o  i n d i c a t e d .  As i n  l ower  arm 
mot ion ,  a l t h o u g h  i n s u f f i c i e n t  arm a c t i o n  i s  u s u a l l y  n o t  a  
p rob lem,  e x c e s s i v e  arm a c t i o n  i n d i c a t e s  t h a t  t h e  s p r i n t e r  may b e  
p r o d u c i n g  uneconomica l  mot ion  and d e n o t e s  o v e r s t r i d i n g  i n  t h e  
p e r f o r m a n c e .  

100 METERS 
UPPER ARM MOTION 

F i g u r e  5. Upper arm r a n g e  o f  mot ion  t r e n d s  f o r  ma le ,  e l i t e  
a t h l e t e  100 m e t e r  s p r i n t e r s .  The r e s u l t  i d e n t i f i e d  i s  t h e  a n g l e  
formed between t h e  t r u n k  and arm ( u p p e r  a r m ) .  P o s i t i v e  r e s u l t s  
i n d i c a t e  t h e  upper  arm i s  I n  f r o n t  o f  t h e  body,  n e g a t i v e  r e s u l t s  
i n d i c a t e  t h e  upper  arm i s  beh ind  t h e  body, and z e r o  i d e n t i f i e s  
t h e  p o i n t  when t h e  upper  arm i s  a l i g n e d  w i t h  t h e  t r u n k .  



HORIZONTAL FOOT S P E E D  AT TOUCHDOWN ( INDIVIDUAL SEGMENT RESULT) 

When t h e  f o o t  c o n t a c t s  t h e  g r o u n d  i n  s p r i n t i n g  i t  i s  m o v i n g  
f o r w a r d  ( h o r i z o n t a l l y )  w i t h  r e s p e c t  t o  t h e  g r o u n d ,  r e s u l t i n g  i n  a 
b r a k i n g  a c t i o n  w h i c h  s l o w s  t h e  s p r i n t e r .  T h e  b e t t e r  s p r i n t e r s  
t e n d  t o  r e c o v e r  t h e  f o o t  s o  t h a t  i t  is  n o t  m o v i n g  f o r w a r d  a s  
q u i c k l y  a t  t o u c h d o w n ,  e f f e c t i v e l y  d e c r e a s i n g  t h e  b r a k i n g  f o r c e .  
F i g u r e  6 s h o w s  t h e  g o o d ,  a v e r a g e ,  a n d  p o o r  f o r w a r d  f o o t  s p e e d  
r e s u l t s  a t  t o u c h d o w n  f o r  a l l  m a l e  e l i t e  a t h l e t e  100 m e t e r  
s p r i n t e r s  a n a l y z e d  t o  d a t e .  A l t h o u g h  n o  s p r i n t e r  h a s  b e e n  a b l e  
t o  r e c o v e r  t h e  f o o t  s o  t h a t  i t  I s  m o v i n g  b a c k w a r d  when  i t  h i t s  
t h e  g r o u n d ,  t h i s  s h o u l d  b e  t h e  g o a l  o f  e v e r y  p e r f o r m e r .  

100 METERS 
I 2 r  

HORIZONTAL FOOT SPEED AT TOUCHOOWN 

F i g u r e  6.  H o r i z o n t a l  f o o t  s p e e d  a t  t o u c h d o w n  t r e n d s  f o r  male,  
e l i t e  a t h l e t e  1 0 0  meter s p r i n t e r s .  

HORIZONTAL FOOT DISTANCE FROM THE BODY AT TOUCHDOWN (INDIVIDUAL 
SEGMENT RESULT) 

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



l e n g t h ,  a s  wel l  a s  g i v i n g  t h e  l e g  a g r e a t e r  r a n g e  o f  mot ion  t o  
p roduce  t h e  n e c e s s a r y  v e r t i c a l  s p e e d  and m a i n t a i n  t h e  f o r w a r d  
mot ion w h i l e  on t h e  g r o u n d .  On t h e  o t h e r  h a n d ,  t h e  f a r t h e r  o u t  
t h e  s p r i n t e r  l a n d s ,  and t h e  g r e a t e r  t h e  r a n g e  o f  mot ion o f  t h e  
ground l e g ,  t h e  l o n g e r  t h e  g round  t i m e .  Thus ,  a  t r a d e o f f  
s i t u a t i o n  o c c u r s  s i n c e  s u f f i c i e n t  l e g  r a n g e  o f  motion i s  needed  
t o  p roduce  t h e  n e c e s s a r y  g round  f o r c e s  and p r o d u c e  an a c c e p t a b l e  
s t r i d e  l e n g t h ,  w h i l e  t h e  g round  t i m e  must be r e d u c e d  t o  a  minimum 
t o  maximize s t r i d e  r a t e .  

The most r e c e n t  r e s e a r c h  on s p r i n t i n g  i n d i c a t e s  t h a t  t h e  
b e t t e r  e l i t e  a t h l e t e  100-200 m e t e r  S p r i n t e r s  a r e  f a v o r i n g  a  
d e c r e a s e  i n  ground t i m e  o v e r  an  i n c r e a s e  i n  l e g  r a n g e  o f  mot ion .  
Thus ,  t h e y  a r e  a c t u a l l y  m i n i m i z i n g  t h e  h o r i z o n t a l  touchdown 
d i s t a n c e  i n  an e f f o r t  t o  m i n i m i z e  t h e  ground t i m e  (and  maximize 
s t r i d e  r a t e ) .  T h i s  s u r p r i s i n g  r e s u l t  r a i s e s  a  number o f  
q u e s t i o n s  c o n c e r n i n g  how t h e  b e t t e r  s p r i n t e r s  a r e  m i n i m i z i n g  t h i s  
touchdown d i s t a n c e .  A s  shown by t h e  s t r i d e  l e n g t h  r e s u l t s  ( s e e  
F i g u r e  2), t h e y  a r e  n o t  s a c r i f i c i n g  s t r i d e  l e n g t h  i n  an e f f o r t  t o  
min imize  ground t i m e .  From t h e  a v a i l a b l e  d a t a ,  i t  i s  e v i d e n t  
t h a t  t h e  s p r i n t e r s  a r e  m i n i m i z i n g  ground t i m e  i n  two ways:  

1.  P r o p e r l y  p r e p a r i n g  t h e  g round  l e g  f o r  touchdown 
( t h i s  w i l l  b e  d i s c u s s e d  i n  t h e  l e g  mot ion  and s p e e d  
r e s u l t s ) .  

2. D e v e l o p i n g  s u f f i c i e n t  l e g  s t r e n g t h  t o  g e n e r a t e  t h e  
n e c e s s a r y  v e l o c i t y  c h a n g e s  d u r i n g  a s h o r t e r  g round  
t i m e .  I t  must  be r e a l i z e d  t h a t  t h e  b i g g e s t  problem i n  
s p r i n t i n g  i s  t o  s t o p  t h e  downward f a l l  o f  t h e  body and 
p r o d u c e  upward p r o j e c t i o n  i n t o  t h e  n e x t  a i r p h a s e .  To 
a c c o m p l i s ~ ~  t h i s ,  l a r g e  v e r t  i c a l  f o r c e s  must be produced 
d u r i n g  ground c o n t a c t .  T h i s  c o m b i n a t i o n  o f  f o r c e  and 
t i m e ,  which i s  t e r m e d  i m p u l s e ,  amounts  t o  about  50 f t / s  
f o r  b o t h  a v e r a g e  and e l i t e  s p r i n t e r s .  The d i f f e r e n c e  
i s  t h a t  t h e  a v e r a g e  s p r i n t e r  e x e r t s  a b o u t  400 pounds o f  
f o r c e  f o r  . I 2 5  s e c o n d s  o f  g round  c o n t a c t  ( 4 0 0  * . 1 2 5 = 5 0 ) ,  w h i l e  t h e  e l i t e  s p r i n t e r  e x e r t s  a b o u t  500 
pounds  o f  f o r c e  f o r  . 10 s e c o n d s  o f  g round  c o n t a c t  ( 5 0 0  
* .10=5O) .  T h u s ,  t h e  e l i t e  s p r i n t e r s  d e c r e a s e  ground 
t i m e  ( w h i c h  i n c r e a s e s  s t r i d e  r a t e )  w i t h o u t  a f f e c t i n g  
t h e  o t h e r  p e r f o r m a n c e  r e s u l t s  ( l i k e  s t r i d e  l e n g t h )  by 
h a v i n g  g r e a t e r  l e g  s t r e n g t h .  

To min imize  t h e  touchdown d i s t a n c e ,  and g e t  t h e  most o u t  o f  t h i s  
a c t i o n ,  t h e  s p r i n t e r  m u s t  be  v e r y  s t r o n g  i n  t h e  h a m s t r i n g  and 
g l u t e a l  m u s c l e s  s i n c e  t h e s e  a r e  needed t o  p u l l  t h e  body o v e r  t h e  
touchdown p o i n t  d u r i n g  t h e  i n i t i a l  p o r t i o n ,  o f  ground c o n t a c t .  
More t h a n  any  o t h e r  f a c t o r ,  t h e  s t r e n g t h  o f  t h e s e  m u s c l e s  d i c t a t e  
t h e  s u c c e s s  o f  a  s p r i n t e r .  

F i g u r e  7 shows t h e  a v e r a g e  h o r i z o n t a l  d i s t a n c e  t h e  f o o t  i s  
i n  f r o n t  o f  t h e  body a t  touchdown f o r  a l l  male 100 m e t e r  e l i t e  
a t h l e t e s  a n a l y z e d  t o  d a t e .  In  a d d i t i o n ,  t h o s e  r e s u l t s  
c o n s t i t u t i n g  good and poor  p e r f o r m a n c e  v a l u e s  a r e  i n d i c a t e d .  I t  



i s  a  t r a d e o f f  between t h e  need t o  d e c r e a s e  g round  t i m e  ( t o  
i n c r e a s e  s t r i d e  r a t e )  and t h e  need t o  p r o d u c e  t h e  n e c e s s a r y  
ground f o r c e s  ( t o  m a i n t a i n  s t r i d e  l e n g t h ) .  Thus ,  a  s m a l l  
touchdown d i s t a n c e  i s  good ,  a s  l o n g  a s  t h e  r e s t  o f  t h e  s p r i n t  
s t r i d e  d o e s  n o t  s u f f e r .  A good i n d i c a t o r  o f  w h e t h e r  a p e r f o r m e r  
can h a n d l e  t h e  touchdown d i s t a n c e  i s  t h e  s t r i d e  l e n g t h  r e s u l t  
( s e e  F i g u r e  2 ) .  I f  t h e  s t r i d e  l e n g t h  i s  a t  l e a s t  a v e r a g e ,  t h e n  
t h e  touchdown d i s t a n c e  i s  a c c e p t a b l e .  On t h e  o t h e r  h a n d ,  i f  t h e  
touchdown d i s t a n c e  i s  l a r g e ,  t h e n  e i t h e r  t h e  s p r i n t e r  d o e s  n o t  
have s u f f i c i e n t  l e g  s t r e n g t h ,  o r  i s  n o t  p r e p a r i n g  p r o p e r l y  f o r  
g round  c o n t a c t  ( t h i s  w i l l  be d i s c u s s e d  i n  s u b s e q u e n t  s e c t i o n s ) .  

100 METERS 
HORlZONTAL FOOT DISTANCE , FROM THE 9r BODY CG A T  TOUCHDOWN 

F i g u r e  7.  T r e n d s  p roduced  f o r  h o r i z o n t a l  f o o t  d i s t a n c e  f rom t h e  
body ( c e n t e r  o f  g r a v i t y )  a t  touchdown f o r  m a l e ,  e l i t e  a t h l e t e  100  
me te r  s p r i n t e r s .  



I n  t h e  long  s p r i n t  (400  m), t h e  endurance  demands e l i m i n a t e  
t h e  t r e n d  toward a d e c r e a s e d  touchdown d i s t a n c e .  I n s t e a d ,  t h e  
endurance s p r i n t e r s  i n c r e a s e  t h e  touchdown d i s t a n c e ,  t h u s  
i n c r e a s i n g  t h e  l e g  range  ,of motion wh i l e  on t h e  ground,  which 
a l l ows  a dec r ea sed  energy  e x p e n d i t u r e  f o r  speed main tenance .  
Although t h i s  approach  does  no t  a l l ow  maximum speed t o  be 
produced,  s i n c e  t h e  long  s p r i n t e r s  a r e  no t  running a t  t o p  
s p r i n t i n g  s p e e d ,  t h i s  t r a d e o f f  of economy f o r  dec r ea sed  speed i s  
a c c e p t a b l e .  

I t  m u s t  be emphasized t h a t ,  wh i l e  an i n s u f f i c i e n t  d i s t a n c e  
i s  unwanted i n  t h e  4 0 0  meter  s p r i n t ,  an i n c r e a s e d  d i s t a n c e  i s  
b e n e f i c i a l  on ly  a s  long a s  t h e  per former  i s  s t r o n g  enough t o  
handle  t h e  i n c r e a s e .  A good i n d i c a t o r  of  whether  t h e  per former  
can hand l e  t h e  touchdown d i s t a n c e  can be found i n  t h e  r e s u l t  o f  
t h e  h o r i z o n t a l  f o o t  speed a t  touchdown ( s e e  F igu re  6 ) .  I f  t h e  
speed a t  touchdown i s  kep t  s m a l l ,  t h en  t h e  touchdown d i s t a n c e  i s  
a c c e p t a b l e  ( o r  cou ld  even be i n c r e a s e d ) .  I f  t h e  f o o t  i s  no t  
r e c o v e r i n g  f a s t  enough,  t h e  a d d i t i o n a l  l e n g t h  b e n e f i t  i s  o f f s e t  
b y  t h e  b rak ing  a c t i o n  caused b y  t h e  f o o t  moving forward r a p i d l y  
a t  touc  hdown . 

UPPER L E G  A N G U L A R  H O T I O N  (INDIVIDUAL SEGMENT RESULT) 

There a r e  t h r e e  c r i t i c a l ,  q u a n t i f y a b l e  p o s i t i o n s  f o r  t h e  upper 
l e g  d u r i n g  s p r i n t i n g ;  1 )  t h e  p o s i t i o n  a t  t a k e o f f ,  2) t h e  f u l l  
ex t ens ion  p o s i t i o n ,  and 3 )  t h e  f u l l  f l e x i o n  p o s i t i o n .  F i g u r e  8 
shows good, a v e r a g e ,  and poor upper  l e g  r e s u l t s  f o r  a l l  o f  t h e  
e l i t e  a t h l e t e  100 meter  male s p r i n t e r s  ana lyzed  t o  d a t e .  The 
b e t t e r  100-200 meter  s p r i n t e r s  t end  t o  minimize upper l e g  
e x t e n s i o n  a t  t a k e o f f  and f u l l  e x t e n s i o n  ( i n  F igu re  8 ,  t h i s  
r e s u l t s  i n  a  l a r g e r  a n g l e )  t o  d e c r e a s e  t h e  ground t ime  (and 
i n c r e a s e  s t r i d e  r a t e ) ,  whi le  t h e  l ong  s p r i n t e r s  (400 m )  t end  t o  
maximize upper l e g  e x t e n s i o n  t o  i n c r e a s e  l e g  r ange  o f  motion (and 
i n c r e a s e  e f f i c i e n c y ) .  Both s h o r t  and long  s p r i n t e r s  t end  t o  
maximize upper l e g  f l e x i o n  a t  f u l l  f l e x i o n  ( i n  F igu re  8 ,  t h i s  
r e s u l t s  i n  a l a r g e r  a n g l e ) .  I t  m u s t  b e  emphasized,  however, t h a t  
a  very good a n g l e  a t  one p o s i t i o n  i s  on ly  b e n e f i c i a l  i f  t h e  o t h e r  
r e s u l t s  a r e  a c c e p t a b l e .  Poor r e s u l t s  h e r e  commonly i n d i c a t e  a  
l a c k  o f  l e g  s t r e n g t h  ( i n d i c a t e d  by e x c e s s i v e  e x t e n s i o n  a t  
t a k e o f f ) ,  o r  an i n a b i l i t y  of  a  per former  t o  p r o p e r l y  r e c o v e r  t h e  
l e g  ( i n d i c a t e d  b y  i n s u f f i c i e n t  f l e x i o n  a t  f u l l  f l e x i o n ) ,  For 
i n s t a n c e ,  t h e  e l i t e  a t h l e t e  women s p r i n t e r s  t end  t o  overemphasize 
t h e  t a k e o f f  and f u l l  e x t e n s i o n  p o s i t i o n s ,  wh i l e  underemphasizing 
t h e  f u l l  f l e x i o n  p o s i t i o n .  The s m a l l  b e n e f i t  ga ined  b y  a  g r e a t e r  
emphasis on t h e  push o f f  o f  t h e  ground i s  o f f s e t  b y  t h e  i n a b i l i t y  
of  t h e  l e g  t o  p roduce  f u l l  r e cove ry  and complete  p r e p a r a t i o n  f o r  
t h e  next  ground c o n t a c t .  



100 METERS 
UPPER LEG MOTION r 

F i g u r e  8. Thigh ( u p p e r  l e g )  a n g u l a r  motion t r e n d s  f o r  male ,  
e l i t e  a t h l e t e  1 0 0  meter  s p r i n t e r s .  

U P P E R  L E G  ROTATIONAL S P E E D  ( I N D I V I D U A L  SEGMENT RESULTS 

Upper l e g  r o t a t i o n a l  speed i s  c r i t i c a l  i n  r e c o v e r i n g  t h e  l e g  
a f t e r  t a k e o f f  ( e x t e n s i o n ,  f l e x i o n ,  t h e n  e x t e n s i o n ) ,  p r e p a r i n g  t h e  
l e g  f o r  ground c o n t a c t  and ,  f i n a l l y ,  c o n t i n u i n g  t h e  e x t e n s i o n  
r o t a t i o n  d u r i n g  ground c o n t a c t .  F i g u r e  9 shows good, a v e r a g e ,  
and poor r e s u l t s  f o r  t h e  ave r age  a b s o l u t e  r o t a t i o n  speed  o f  t h e  
upper  l e g  d u r i n g  r e c o v e r y ,  t h e  e x t e n s i o n  speed  a t  touchdown, and 
t h e  average  e x t e n s i o n  speed d u r i n g  t h e  ground phase  f o r  a l l  o f  
t h e  e l i t e  a t h l e t e  100 meter  male s p r i n t e r s  ana lyzed  t o  d a t e .  The 
b e t t e r  s p r i n t e r s  t e n d  t o  maximize t h e  l e g  r ecove ry  and touchdown 
r o t a t i o n  s p e e d s ,  wh i l e  m a i n t a i n i n g  o r  a c t u a l l y  i n c r e a s i n g  ( l a r g e r  
than  touchdown) l e g  speed d u r i n g  ground c o n t a c t .  A s  i n  upper  l e g  
p o s i t i o n  ( F i g u r e  8 ) .  t h e s e  v a l u e s  a r e  d i r e c t l y  r e l a t e d  t o  t h e  
q u a l i t y  of  t h e  upper  l e g  s t r e n g t h ,  a s  we l l  a s  s p r i n t i n g  
mechanics.  



Figu re  9 ,  Thigh (uppe r  l e g )  r o t a t i o n a l  speed t r e n d s  f o r  male ,  
e l i t e  a t h l e t e  100 meter  s p r i n t e r s ,  

100 METERS 

Of a l l  t h e  upper l e g  r e s u l t s ,  t h e  upper  l e g  speed a t  
touchdown i s  t h e  most c r i t i c a l  s i n c e  i t  a f f e c t s  bo th  t h e  amount 
o f  forward b r ak ing  ( s e e  H O R I Z O N T A L  FOOT SPEED AT T O U C H D O W N )  and 
t h e  amount o f  ground c o n t a c t  t i m e ,  S ince  d e c r e a s i n g  ground t ime  
i s  t h e  means by which e l i t e  100-200 meter  s p r i n t e r s  maximize 
s t r i d e  r a t e ,  and l i m i t i n g  f o r c e  and energy  p roduc t i on  i s  one 
means by which e l i t e  400 meter  s p r i n t e r s  economize t h e i r  running  
a c t i o n  ( s e e  STRIDE RATE A N D  STRIDE LENGTH and H O R I Z O N T A L  FOOT 
DISTANCE FROM THE BODY AT T O U C H D O W N ) ,  p r o p e r l y  p r e p a r i n g  t h e  l e g  
f o r  touohdown l a  a c r i t i c a l  movement, 
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LOWER LEG A N G U L A R  H O T I O N  (INDIVIDUAL SEGMENT RESULT) 

There a r e  t h r e e  c r i t i c a l  p o s i t i o n s  f o r  t h e  lower l e g  d u r i n g  
s p r i n t i n g ;  1 )  t h e  p o s i t i o n  a t  t a k e o f f ,  2 )  t h e  maximum f l e x i o n  
du r ing  r ecove ry ,  and 3 )  t h e  p o s i t i o n  when t h e  ank l e  c r o s s e s  t h e  
o p p o s i t e  l e g  d u r i n g  r e c o v e r y .  The fo l l owing  graph ( F i g u r e  1 0 )  
shows good, a v e r a g e ,  and poor r e s u l t s  f o r  t a k e o f f ,  maximum 

UPPER LEG ROTATIONAL SPEED 
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f l e x i o n ,  and t h e  p o i n t  where t h e  a n k l e  c r o s s e s  t h e  o p p o s i t e  leg 
f o r  a l l  o f  t h e  e l i t e  a t h l e t e  a t h l e t e  100 m e t e r  male  s p r i n t e r s  
a n a l y z e d  t o  d a t e .  The b e t t e r  100-200 m e t e r  s p r i n t e r s  t e n d  t o  
min imize  lower  l e g  e x t e n s i o n  a t  t a k e o f f  (on  F i g u r e  10 ,  t h i s  
r e s u l t s  i n  a s m a l l e r  a n g l e )  t o  min imize  t h e  ground c o n t a c t  t i m e  
(and  i n c r e a s e  s t r i d e  r a t e ) ,  w h i l e  t h e  400 me te r  p e r f o r m e r s  t e n d  
t o  maximize e x t e n s i o n  t o  i n c r e a s e  l e g  r a n g e  o f  mot ion  ( a n d  
e f f i c i e n c y ) .  R e g a r d l e s s  o f  t h e  t y p e  o f  s p r i n t ,  t h e  s u p e r i o r  
p e r f o r m e r  m i n i m i z e s  t h e  l o w e r  l e g  a n g l e  d u r i n g  b o t h  r e c o v e r y  and 
a s  t h e  a n k l e  p a s s e s  t h e  o p p o s i t e  l e g  ( o n  F i g u r e  10 ,  a g a i n  a 
s m a l l e r  a n g l e )  t o  make t h e  t a s k  o f  r e c o v e r i n g  t h e  l e g  b o t h  f a s t e r  
a n d  e a s i e r .  Poor  r e s u l t s  h e r e ,  a s  i n  t h e  upper  l e g  ( s e e  UPPER 
LEG MOTION), commonly p o i n t  t o  a  l a c k  o f  l e g  s t r e n g t h  ( i n d i c a t e d  
b y  e x c e s s i v e  e x t e n s i o n  a t  t a k e o f f ) ,  o r  a n  i n a b i l i t y  t o  p r o p e r l y  
r e c o v e r  t h e  l e g  ( i n d i c a t e d  by i n s u f f i c i e n t  f l e x i o n  d u r i n g  
r e c o v e r y ) .  

100 METERS 
LOWER LEG MOTION 

r n 

F i g u r e  10. Leg ( l o w e r  l e g )  a n g u l a r  mot ion  t r e n d s  f o r  m a l e ,  e l i t e  
a t h l e t e  100 me te r  s p r i n t e r s .  



LOUER L E G  ROTATIONAL SPEED (INDIVIDUAL SEGMENT RESULTS) 

Lower leg r o t a t i o n a l  s p e e d  i s  c r i t i c a l  a s  touchdown o c c u r s  s i n c e  
i t  c o n t r i b u t e s  t o  t h e  amount o f  b r a k i n g  ( s l o w i n g  down) t h a t  
o c c u r s  d u r i n g  g round  c o n t a c t .  F i g u r e  1 1  shows t h e  r e s u l t  f o r  
good,  a v e r a g e ,  and poor  r o t a t i o n a l  s p e e d s  o f  t h e  lower  l e g  a t  
touchdown f o r  a l l  e l i t e  a t h l e t e  1 0 0  m e t e r  s p r i n t e r s  t o  d a t e .  The 
b e t t e r  s p r i n t e r s  a r e  a b l e  t o  c o m p l e t e  l o w e r  l e g  e x t e n s i o n  i n  
s u f f i c i e n t  t i m e  d u r i n g  t h e  a i r  p h a s e  t o  be a b l e  t o  p roduce  a 
s i g n i f i c a n t  amount o f  l o w e r  leg f l e x i o n  speed  a t  touchdown. T h i s  
r e s u l t s  i n  a  r e d u c t i o n  i n  t h e  f o r w a r d  b r a k i n g  f o r c e  d u r i n g  t h e  
i n i t i a l  p o r t i o n  o f  ground c o n t a c t .  

100 METERS 
LOWER LEG ROTATIONAL SPEED AT TOUCHOOWN 

F i g u r e  1 1 .  Leg  ( l o w e r  l e g )  r o t a t i o n a l  speed  t r e n d s  f o r  m a l e ,  
e l i t e  a t h l e t e  1 0 0  m e t e r  s p r i n t e r s .  

S U M M A R Y  

I t  a p p e a r s  t h a t  t h e  a c t i o n  o f  s p r i n t  r u n n i n g  i s  domina ted  by t h e  
g o a l  o f  p r o d u c i n g  maximum h o r i z o n t a l  body speed  u t i l i z i n g  
s t r e n g t h  and p r o p e r  movement m e c h a n i c s .  I n  t h e  s h o r t  s p r i n t s  



(100-200 m ) ,  economy o f  e n e r g y  e x p e n d i t u r e  is o f t e n  s a c r i f i c e d  i f  
g r e a t e r  s p e e d  can be p r o d u c e d .  I n  t h e  l o n g  s p r i n t  ( 4 0 0  m ) ,  
however ,  t h i s  d o e s  n o t  a p p e a r  t o  be t h e  c a s e  s i n c e  e n d u r a n c e  
becomes a  ma jo r  f a c t o r .  R e g a r d l e s s  o f  t h e  movement a p p r o a c h ,  t h e  
c r i t i c a l  t o t a l  body and i n d i v i d u a l  segment  p e r f o r m a n c e  r e s u l t s  
can be used t o  i d e n t i f y  t h e  q u a l i t y  o f  p e r f o r m a n c e .  
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