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Looking back over the  p a s t  10-15 yea r s  of s p o r t  b i anechan ics ,  we 
can s e e  pe r iods  of emphasis (and indeed overemphasis) on: 
ins t rumenta t ion  (cameras,  f o r c e  p l a t e s ,  computers) ;  methodology 
( t h r e e  dimensional a n a l y s i s ,  model1 ing ,  d a t a  smoothing, on-1 ine  
d a t a  c o l l e c t i o n ) ;  and subsequent ly ,  techniques of conveying 
information ( a n g l e  diagrams,  computer genera ted  s t i c k  f i g u r e s ,  
vector diagrams).  Unti l  the  l a t t e r  p a r t  of the  197OVs,  t h e r e  
were few c o n s i s t e n t  c o n t r i b u t o r s  t o  t h e  body of knowledge and 
both the  number and scope of pub1 i c a t i o n s  r e f l e c t e d  t h i s  
s i t u a t i o n .  Now, however, with a p p r o p r i a t e  ins t rumenta t ion ,  
method01 ogy and techniques as wel l  as ind iv idua l s  devoted t o  t h e  
research endeavor,  we should be a b l e  t o  make resea rch  
c o n t r i b u t i o n s  in  s p o r t  biomechanics in  a  more meaningful way than 
we have in  the  p a s t .  

In 1977, I was asked t o  address a  s i m i l a r  topic  a t  t h e  inaugural  
meeting of the  American Socie ty  of Biunechanics.  What was the  
s t a t e  of the  a r t  i n  s p o r t  biomechanics? Where was the  f i e l d  
going? At t h a t  t ime,  I chose t o  focus  upon running and I 
mainta in  t h a t  t h e r e  con t inue  t o  be important reasons for  
s e l e c t i n g  t h i s  p a r t i c u l a r  a c t i v i t y  as the  barometer of s p o r t  
bianechanics r e sea rch .  These inc lude  i t s  long h i s t o r y  of 
s c i e n t i f i c  i n v e s t i g a t i o n ;  the  number of people who could  
p o t e n t i a l l y  be a f f e c t e d  by the  r e s u l t s  of such re sea rch ;  and the  
ex tens ive number of b  i  anec han i c  s  r  es ea rc  her s  who, a t  s  ane t  ime or 
o t h e r ,  have s tud ied  the  biomechanics of running. I t  fo l lows t h a t  
the  most funding,  t h e  l a r g e s t  volume of d a t a ,  and the  g r e a t e s t  
number of research r e p o r t s  and pub1 i c a t  ions have been devoted t o  
t h i s  aspect  of s p o r t  biomechanics. Likewise,  s t a t e  of the  a r t  
ins t rumenta t  ion and method01 ogy have been appl ied in  a t tempt ing 
t o  answer r e sea rch  ques t ions  of varying complexity from almost 
purely t h e o r e t i c a l  t o  v i r t u a l l y  e n t i r e l y  appl ied .  In a d d i t i o n ,  
we s h a r e  t h i s  a rea  of inquiry with o ther  s p o r t  s c i e n c e  
d i s c i p l i n e s .  Thus,  t h e r e  a r e  s u b s t a n t i a l  o p p o r t u n i t i e s  f o r  



coopera t ive  pro j  ec t s  wi th  appl i c a t  i  ons in  educa t ion ,  medic ine ,  
business and industry.  Given t h e s e  f a c t s ,  few would argue t h a t  
research  in running bianechanics  r ep re sen t s  a  v i a b l e  microcosm of 
the f i e l d  in  gene ra l .  

In my concluding remarks t o  the  American Society of 
Bianechanics ,  I  indicated t ha t  we had a  reasonably good 
understanding of the  temporal re1 a t  ionships  and 1  inear kinematics  
of the running s t r i d e .  Information was beginning t o  accumulate 
on t h e  angular kinematics  of the  segments. Some work had focused 
upon ground reac t ion  force- t ime h i s t o r  ies and r e s u l t a n t  muscle 
torques.  To t h a t  po in t  i n  t ime,  a n a l y s i s  had been 1  imited almost 
e n t i r e l y  t o  t h e  s a g i t t a l  p l ane  ( M i l l e r ,  1 9 7 8 ) .  

Table  1. C l a s s i f i c a t i o n  of running bianechanics  research  
published s ince  1977. 

Category Subcat qgor ies  

ma1 e  
f emal e  
ch i ld ren  
a typ i ca l  

i ogger s 
d i s t a n c e  runners  

e l  i t e  a t h l e t e s  
marathoners 

1  eve1 grade curves 
treadmil 1  overg round 

f a t i g u e  
s  teady speed accel erated 
canpet i  t i  on p r a c t i c e  1  aboratory 

temporal and s t r i d e  cha rac t e r  i s t i c s  
j o i n t  kinematics  

work - energy - power 
ef f ic i  ency 

ground reac t ion  f o r c e  
muscle a c t i v i t y  and r e s u l t a n t  torque 

t h r e e  d  imens ional ana lys i s  
e l  ec tromyography 

cinematography 
pressure  t ransducers  

f o r c e  p la t forms  
treadmil 1 s  
mod e l  1  i  ng 

Now a l i t t l e  more than s i x  yea r s  l a t e r ,  I  have t he  
opportuni ty  t o  again examine some of the  progress  t ha t  has been 



made i n  r u n n i n g  b i a n e c h a n i c s ,  M o s t  of t h e  p u b l i c a t i o n s  s i n c e  
1 9 7 7  f a l l  i n t o  o n e  of  t h e  c a t e g o r i e s  s h a v n  i n  T a b l e  1. As 
i n d i c a t e d  by t h e  e x t e n s i v e  ( b u t  n o t  e x h a u s t i v e )  r e f e r e n c e  1  is  t ,  
t h e  s h e e r  v o l u m e  o f  1  i  t e r a t u r e  p u b l i s h e d  i n  t h e  l a s t  s i x  y e a r s  on  
t h i s  o n e  a s p e c t  of s p o r t  b i a n e c h a n i c s  i s ,  i n  i t s e l f ,  i m p r e s s i v e  
and  r e f l e c t s  t h e  v i t a l i t y  of t h e  f i e l d .  I t  n e c e s s i t a t e s ,  h o w e v e r ,  
a n  e v e n  f u r t h e r  n a r r o w i n g  of t h e  t o p i c  t o  f o c u s  on o n l y  o n e  f a c e t  
of r u n n i n g  b i a n e c h a n i c s .  Of t h e  many e x a m p l e s  w h i c h  c o u l d  b e  
s e l e c t e d ,  t h e  g r o u n d - s h o e - f o o t  i n t e r f a c e  p r o v i d e s  a  r e a s o n a b l e  
t o p i c  t o  r e p r e s e n t  p r o g r e s s  i n  t h e  f i e l d .  

T h i s  a r e a  of  s t u d y  b e g i n s  w i t h  t h e  s a n e w h a t  d a t e d  q u e s t i o n  of how 
t h e  r u n n e r  s  f o o t  c o n t a c t s  t h e  g r o u n d ;  I n c o r p o r a t e s  f o r c e  p l a t e s  
and p r e s s u r e  t r a n s d u c e r s  t o  g a i n  i n s i g h t  i n t o  t h e  n a t u r e  a n d  
d i s t r i b u t i o n  of t h e  f o r c e  i n v o l v e d ;  moves f r o m  s i d e  t o  r e a r - v i e w  
c i n e m a t o g r a p h y  t o  g e t  a  b e t t e r  l o o k  a t  t h e  p h e n a n e n o n ;  and i s  
p r o c e d i n g  t o  m u s c u l o - s k e l e t a l  m o d e l s  of t h e  e f f e c t  of r e p e t i t i v e  
i m p u l s i v e  l o a d i n g .  I t  h a s  a p p l i c a t i o n  t o  s h o e  d e s i g n  and i n j u r y  
r e d u c t i o n .  You may o r  may n o t  a g r e e  t h a t  i t  h a s  i m p l i c a t i o n s  f o r  
d i r e c t l y  a f f e c t i n g  r u n n i n g  t e c h n i q u e  b u t  i t s  p o t e n t i a l  f o r  
r e d u c i n g  t h e  i n c i d e n c e  of  o v e r u s e  i n j u r i e s  may i n f l u e n c e  t h e  
t r a i n i n g  m i l e a g e  o f  b o t h  t h e  weekend  j o g g e r  and Olympic  
c o n t e n d e r  . 

H e e l  f i r s t ?  I n i t i a l l y  on t h e  b a l l  of t h e  f o o t  f o l l w e d  by 
h e e l  c o n t a c t ?  On ly  on t h e  b a l l  of t h e  f o o t ?  W i t h  t h e  e n t i r e  
f o o t ?  And t h e  a n s w e r  seems  t o  b e  ' y e s ,  a l l  of t h e  a b o v e t .  

Common m i s c o n c e p t i o n s  h e l d  s e v e r a l  y e a r s  a g o  t h a t  
i n d i v i d u a l s  e i  t h e r  r a n  c a n p l e t e l y  on t h e i r  t o e s  o r  a l w a y s  p l a n t e d  
h e e l  f i r s t  w e r e  e x p o s e d  by N e t t  ( 1 9 6 4 )  who f i l m e d  t o p  r u n n e r s  a t  
6 4  f p s  d u r i n g  c a n p e t i t i v e  e v e n t s  v a r y i n g  i n  l e n g t h  f r a n  1 0 0  m t o  
t h e  m a r a t h o n .  He c o n c l u d e d  t h a t  i n i t i a l  c o n t a c t  w a s  a l w a y s  m a d e  
w i t h  t h e  l a t e r a l  b o r d e r  of t h e  f o o t ,  a  f a c t  w h i c h  h a s  s i n c e  b e e n  
r e p l i c a t e d  many t i m e s  ( e . g . ,  C a v a n a g h  & L a f o r  t u n e ,  1 9 8 0 ;  P a y n e ,  
1 9 8 3 ;  P l a g e n h o e f ,  1 9 7 9 ,  1 9 8 0 ;  R o c h e ,  1 9 7 2 )  and a b o u t  w h i c h  t h e r e  
i s  l i t t l e  o r  n o  a r g u m e n t .  N e t t  f u r t h e r  c o n c l u d e d  t h a t  t h e  
i n i t i a l  p o i n t  of c o n t a c t  of t h e  f o o t  w i t h  t h e  g r o u n d  w a s  r e l a t e d  
t o  r u n n i n g  s p e e d .  I n  t h e  100  a n d  200 m  d i s t a n c e s ,  i  t w a s  m a d e  
h i g h  on t h e  b a l l  of t h e  f o o t ,  t e r m e d  by N e t t  a s  a n  a c t i v e  o r  
d y n a m i c  f o o t  p l a n t .  I n  t h e  400 m, i t  w a s  b a c k  a 1  i t t l e  c l o s e r  t o  
t h e  h e e l ,  I n  t h e  8 0 0  m,  t h e  f o o t  w a s  n e a r l y  f l a t  ( a  m e t a t a r s a l  
p l a n t ) ,  w h e r e a s  i n  d i s t a n c e s  g r e a t e r  t h a n  1 5 0 0  m, i n i t i a l  c o n t a c t  
was  b e t w e e n  t h e  h e e l  and t h e  b a s e  o f  t h e  m e t a t a r s a l s  ( p a s s i v e  o r  
s t a t i c  p l a n t ) ,  R e g a r d l e s s  of w h e r e  t h e  c o n t a c t  o c c u r r e d ,  N e t t  



be1 ieved tha t  t h e  heel  touched t h e  ground a t  s ane  po in t  dur ing  
s t a n c e  and tha t  t h e  type  of f o o t  p l a n t  was r e l a t e d  t o  an energy 
conse rva t ion  rnechani sm. 

For t h e  next  few y e a r s ,  t h e r e f o r e ,  i t  was assumed tha t  
i n i t i a l  con tac t  w i th  t h e  ground was r e l a t e d  t o  speed ,  with foo t  
p l a n t  moving forward f ran the  heel  t o  t h e  b a l l  of t h e  f o o t  as the  
runner progressed from a  j o g  t o  a  s p r i n t .  Fu r the r  r e sea rch  
proved t h i s  concept  over ly  s i m p l i s t i c .  While t h e  gene ra l  p a t t e r n  
descr ibed by Nett  has been shown t o  hold in  sane  cases  ( e .g . ,  
Plagenhoef,  1979,  1 9 8 0 ) ,  i n d i v i d u a l s  a l s o  have been observed t o  
c o n t a c t  t he  ground in  d i f f e r e n t  ways a t  comparable speeds 
(Cavanagh & Lafor tune ,  1980; Payne, 1983) and, t h e r e  i s  evidence 
t o  sugges t  t ha t  s ane  i n d i v i d u a l s  r e t a i n  t h e  same c o n t a c t  p a t t e r n  
over a  range of speeds (Hamill e t  a l . ,  1983; Mason, 1980; Roche, 
1972).  Th i s  r e sea rch  i s  based not only upon s i d e  view f i lms  
taken a t  frame r a t e s  ranging from 25 f p s  (Payne,  1983) t o  500 f p s  
(Plagenhoef ,  1980) but  a l s o  upon c e n t e r  of p r e s s u r e  r eco rds  
determined from f o r c e  p l a t fo rm ou tpu t .  

Cavanagh has been ins t rumenta l  i n  c l a s s i f y i n g  runners as 
r e a r f o o t ,  midfoot ,  and f o r e f o o t  s t r i k e r s  depending upon under 
which t h i r d  of the  f o o t  t h e  c e n t e r  of p r e s s u r e  pa th  begins .  
S ince  c e n t e r  of p r e s s u r e  r e p r e s e n t s  the  r e s u l t a n t  poin t  of 
a p p l i c a t i o n  of t h e  ground r e a c t i o n  f o r c e ,  i t  cannot  be used 
in terchangeably  with t h e  po in t  of c o n t a c t .  I t  i s  s a f e  t o  assume, 
however, t h a t  r e a r f o o t  and f o r e f o o t  c e n t e r  of p r e s s u r e  p a t h s  
co inc ide  wi th  i n i t i a l  c o n t a c t s  in  corresponding regions of the  
f o o t ,  Midfoot s t r i k e  p a t t e r n s ,  on t h e  o the r  hand, may be 
i n d i c a t i v e  of e i t h e r  a  midfoot or nearly f l a t  i n i t i a l  foot  
c o n t a c t .  

I t  i s  c l e a r  from the  r e s e a r c h  tha t  foo t  p l a n t  p a t t e r n s ,  
o the r  than being i n i t i a t e d  on t h e  l a t e r a l  border of the  f o o t ,  a r e  
s u b j e c t  t o  ind iv idua l  v a r i a b i l i t y .  I s  i t  t r u e  t h a t  s ane  
i n d i v i d u a l s  a r e  j u s t  n a t u r a l l y  heel s t r i k e r s  and o t h e r s ,  rnid'foot 
s t r i k e r s  a t  a l l  speeds? Or a r e  we simply looking a t  
h e e l - s t r i k i n g  d i s t a n c e  runners  and m i d -  t o  f o r e f o o t - s t r i k i n g  
s p r i n t e r s  us ing  t h e i r  t r a i n e d ,  and thus p r e f e r r e d  f o o t f a l l  
p a t t e r n ,  a c r o s s ,  what i s  f o r  them, a  noncompeti t ive range of 
speed s?  

I n  any c a s e ,  i t  i s  necessary t o  e l e v a t e  d a t a  on f o o t  p l a n t  
from the  b a s i c a l l y  d e s c r i p t i v e  l e v e l  t o  one which has more 
t h e o r e t i c a l  and c l  i n i c a l  s i g n i f i c a n c e .  Two d i f f e r e n t  approaches,  
one k i n e t i c  and the  o the r  k inemat i c ,  have been pursued 
concur ren t ly  i n  an a t tempt  t o  accomplish t h i s  end. 

I n  r ecen t  y e a r s ,  t h e  f o r c e  p l a t fo rm has been commonly used 



t o  measure ground r e a c t i o n  f o r c e  du r ing  running s t ance .  I t  
provides three-dimensional  d a t a  and i s  not nea r ly  as  
l abor - in t ens  ive a s  photoins  trumentat  ion .  I t  i s  not w i thou t  i  t s  
drawbacks, however. I t s  u sua l ly  small s i z e  necess i t a t e s  t h a t  
e x t r a  c a r e  be  taken t o  ensure  t h a t  "normaln s t a n c e  p e r i o d s  a r e  
recorded.  In same c a s e s ,  f o r c e  plaforms have t o  be loca ted  in  
sanewhat r e s t r i c t i v e  l abora to ry  s e t t i n g s  which l i m i t  running 
speeds t o  moderately slow paces. In a d d i t i o n ,  f l u c t u a t i o n s  in  
t h e  base  l i n e  a s  t h e  r e s u l t  of no i se  r e l a t e d  t o  f o r c e  p la t form 
des ign  or mounting r e q u i r e  t h a t  a  t r i g g e r  l eve l  be  exceeded 
be fo re  d a t a  a r e  s t o r e d  or cons idered  s i g n a l .  We have found t h a t  
s t a n c e  time i s  increased  by almost 20 ms simply by lowering t h e  
t r i g g e r  l eve l  from 50 t o  1 6  N .  Problems r e l a t e d  t o  i n t e r s u b j e c t  
canpar isons have been e f f e c t i v e l y  d e a l t  w i t h  by normal iz ing  
forces  w i t h  r e spec t  t o  body weight and, when a p p r o p r i a t e ,  t imes 
wi th  r e s p e c t  t o  t o t a l  s t a n c e  time. Over the  p a s t  s i x  y e a r s ,  
d e s p i t e  sane  l i m i t a t i o n s ,  t h i s  k i n e t i c  approach has fu rn i shed  
cons ide rab le  ground r e a c t i o n  d a t a  dur ing  s t a n c e  providing a  
reasonable  bas i s  upon which t o  make obse rva t ions  and draw sane  
conclus ions  regarding performance. 

A1 though sane var iab i l  i  ty ex i s  t s  emong ind iv idual s ,  two 
genera l  v e r t i c a l  ground r e a c t i o n  c o n f i g u r a t i o n s  have been 
r epor t ed .  The f i r s t  l a c k s  a  d i s t i n c t  i n i t i a l  peak and seems t o  
be c h a r a c t e r  i s t i c  of midfoot and f o r e f o o t  s t r i k e r s .  The second 
has two peaks and has been i d e n t i f i e d  wi th  heel  s t r i k e r s  by 
severa l  r e sea rche r s  (Cavanagh & Laf or tune ,  1980; Harnill e t  a1 . , 
1983; Payne, 1983).  These two peaks ,  which have sanet imes  been 
r e f e r r e d  t o  as impact and t h r u s t  maxima, have been i d e n t i f i e d  by 
Nigg e t  a l .  (1981) as p a s s i v e  ( h i g h  f requency)  and a c t i v e  (low 
frequency) peaks. They commented t h a t  t h e  f i r s t  or p a s s i v e  peak 
i s  c o n t r o l l e d  only t o  a  small degree  by the  muscular system. 
While t h e  s ta tement  seems reasonab le ,  t h e i r  r a t i o n a l e  based on 
t h e  30 ms or s o  de lay  between muscle a c t i v a t i o n  and t h e  
gene ra t ion  of f o r c e  does not seem p l a u s i b l e  g iven  
e l e c  tromyographic evidence t h a t  t h e  l eg  muscles a r e  a c t i v a t e d  
p r i o r  t o ,  and in  a n t i c i p a t i o n  o f ,  f o o t  c o n t a c t  ( E l l i o t t  & 
Blanksby, 1979a,b;  Mann & Hagy, 1979; Schwab e t  a l . ,  1983).  

A double  peaked or bimodal braking p a t t e r n  has been 
a s soc ia t ed  wi th  midfoot  s t r i k e r s  (Cavanagh & Lafor tune ,  1980)  
whi le  t h e  d a t a  of Payne (1983) and Hamill e t  a l .  (1983)  c l e a r l y  
show i t s  e x i s t e n c e  a l s o  i n  t h e  d a t a  of r e a r f o o t  s t r i k e r s .  I t  i s  
l o g i c a l  t o  expect  t h a t  -an i n i t i a l  f o r c e  peak, i f  p r e s e n t ,  would 
be evident  not only in  t h e  v e r t i c a l  canponent but  t h e  hor i zon ta l  
as w e l l .  Timewise, t h e  i n i t i a l  v e r t i c a l  maximum corresponds  t o  
t h e  f i r s t  of the  two braking peaks observed.  

The s m a l l e s t  ground r e a c t i o n  f o r c e  component, and a l s o  t h e  
one which e x h i b i t s  t he  g r e a t e s t  i n t e r -  and i n t r a - i n d i v i d u a l  
v a r i a b i l i t y ,  i s  i n  t h e  m e d i a l - l a t e r a l  d i r e c t i o n .  Consider ing  
tha t  whether medial r e a c t i o n  has a  p o s i t i v e  or  a  n e g a t i v e  s i g n  
depends on whether i t  i s  a  r i g h t  or l e f t  f o o t s t r i k e  a s  wel l  as  
the  d i r e c t i o n  of the  run ac ross  t h e  p l a t fo rm,  p a r t i c u l a r  c a r e  



must be taken  i n  combining t h e s e  d a t a  f o r  a n a l y s i s .  Few, i f  any, 
publ i shed  r e p o r t s  c l e a r l y  d i f f e r e n t i a t e  between t h e  medial  and 
l a t e r a l  r e a c t i o n  f o r c e  d i r e c t i o n s .  

Having a  r e a s o n a b l e  unde r s t and ing  of t h e  ground r e a c t i o n  
p a t t e r n s  d u r i n g  running s t a n c e  and as a  f u n c t i o n  of running speed 
(Hamil l  e t  a1 ., 1983;  Roy, 1981 ,  1 9 8 2 ) ,  i t  i s  n a t u r a l  t o  want t o  
r e l a t e  s p e c i f i c  c h a r a c t e r i s t i c s  of t h e  c u r v e  t o  a c t u a l  
performance.  While t h e  v e r t i c a l  ground r e a c t i o n  magnitude 
undoubtedly provides  an i n d i c a t i o n  of t he  d e g r e e  of a t t e n u a t i o n  
of t he  l and ing  shock, a t t e m p t s  t o  a s s o c i a t e  c r i t i c a l  p o i n t s  on 
t h e  f o r c e  c u r v e  w i t h  f o o t  p o s i t i o n  v a r i a b l e s  have been g e n e r a l l y  
u n s u c c e s s f u l .  However, s i n c e  ground r e a c t i o n  f o r c e  r e f l e c t s  t h e  
a c c e l e r a t i o n  of t h e  c e n t e r  of g r a v i t y  of t he  body, i t  i s  l i t t l e  
wonder t h a t  d i f f e r e n c e s  i n  ground r e a c t i o n  v a r i a b l e s  as a  
f u n c t i o n  of shoe or  o r t h o t i c  type  have been l e s s  than convinc ing  
( e . g . ,  Ba tes  e t  a l . ,  1981 ,  1983;  Hamill  e t  a l e ,  1983;  Norman, 
1980) .  These  f a c t o r s  r e p r e s e n t  bu t  a few pebbles  on t h e  beach of 
v a r i a b i l i t y  which c h a r a c t e r i z e s  t h e  ground r e a c t i o n  fo r ce - t ime  
h i s t o r y .  A second problem e n t a i l s  t r y i n g  t o  i n f e r  p o s i t i o n  
changes d i r e c t l y  from t h e  f o r c e  r e c o r d s  when, i n  f a c t ,  a  double  
i n t e g r a t i o n  would be r equ i r ed  t o  o b t a i n  t h a t  t ype  of 
i n fo rma t ion .  

The  i n a b i l i t y  t o  l i n k  ground r e a c t i o n  d a t a  t o  f o o t  f u n c t i o n  
t o  t h e  e x t e n t  d e s i r e d  has fo r ced  u s  back t o  a  d i r e c t  a n a l y s i s  of 
t h e  f o o t  k i n e m a t i c s .  To more c l e a r l y  v i s u a l i z e  t h e  i n t r i c a t e  
motion of t h e  f o o t ,  a  camera i s  p o s i t i o n e d  behind t h e  s u b j e c t  and 
a  t r e a d m i l l  i s  commonly employed t o  ensu re  a  s e r i e s  of f o o t f a l l s  
w i t h i n  t h e  f i e l d  of view. Ba t e s  was among t h e  f i r s t  t o  
e x t e n s i v e l y  u se  t h i s  t r e a d m i l l - r e a r  camera p r o t o c o l .  We have 
a l s o  found i t  u s e f u l  t o  i n c l u d e  a  m i r r o r  t o  p r o v i d e  a  second view 
on t h e  same f  ilm frame. 

F i lms  obta ined  w i t h  t h i s  method show t h e  movement of t h e  
c a l c a n e u s  r e l a t i v e  t o  t h e  long a x i s  of t h e  shank and e l u c i d a t e  
t h e  mechanism of p r o n a t i o n  which o s t e n s i b l y  c o n t r i b u t e s  t o  
a t t e n u a t i n g  landing  shock by ex t end ing  t h e  c o n t a c t  t ime and 
sp read ing  t h e  c o n t a c t  f o r c e .  P r o n a t i o n  i s  a  complex t r i p l a n a r  
movement i nvo lv ing  d o r s i f l e x i o n  of t h e  a n k l e ,  abduc t ion  of t h e  
f o r e f o o t ,  and e v e r s i o n  of t h e  c a l c a n e u s .  Because e v e r s i o n  of t h e  
c a l c a n e u s  w i t h  r e s p e c t  t o  t h e  long a x i s  of t h e  shank i s  
a s s o c i a t e d  w i t h  abduc t ion  and d o r s i f l e x i o n  du r ing  s t a n c e ,  
moni tor ing  eve r s ion  of t h e  c a l c a n e u s  p rov ides  i n fo rma t ion  on t h e  
e x t e n t  of p r o n a t i o n  ( C l a r k e  e t  a l . ,  1983) .  

Plagenhoef  (1980 )  has i n d i c a t e d  t h a t  t h e  f a s t e r  t h e  running 
speed ,  t h e  h igher  t h e  ground r e a c t i o n  f o r c e  ( a  f a c t  suppor ted  by 
t h e  r e s u l t s  of Roy (1981,  1982 )  and Hamill  e t  a l .  ( 1 9 8 3 ) )  and 
hence,  t h e  more shock a b s o r p t i o n  needed.  He, t h e r e f o r e ,  reasoned 



t ha t  t h e  f a s t e r  an ind iv idua l  r an ,  t h e  more supinated  the  foo t  
would b e  a t  i n i t i a l  ground c o n t a c t  i nc reas ing  the  p o t e n t i a l  range 
of p rona t ion .  In genera l  , i t  has been found t h a t  fo l lowing 
i n i t i a l  foot  c o n t a c t  i n  a  supinated  p o s i t i o n  e . ,  on t h e  
l a t e r a l  b o r d e r ) ,  t h e  foo t  r o l l s  inward or pronates  reaching a  
poin t  of maximum prona t ion .  I t  then begins t o  s u p i n a t e  and 
cont inues  sup ina t ion  f o r  the  remainder of s t ance .  Based on t h e  
r e sea rch  of Bates e t  a l .  (1979) ,  t h e  fo l lowing sequence of events  
can be i d e n t i f i e d  dur ing  these  two p e r i o d s  of motion: 

(1)  pronat ion  
( a )  t he  foo t  c o n t a c t s  the  ground i n  a  supinated  p o s i t i o n  
( b )  the  ca l caneus  passes through a  n e u t r a l  p o s i t i o n  wi th  

r e spec t  t o  t h e  long ax i s  of the  shank as i t  moves from a  
supinated  t o  a  pronated p o s i t i o n  

( c )  maximum pronat  ion occurs  approximately w i t h i n  30-45% 
of s t a n c e  (maximum knee f l e x i o n  i s  c l o s e l y  a s soc ia t ed  wi th  t h i s  
even t ) .  

( 2 )  sup ina t ion  
( a )  maximum d o r s i f l e x i o n  of the  ank le  occur s  about 50% 

s t a n c e  t ime,  s h o r t l y  a f t e r  maximum pronat ion  
( b )  the  ca l caneus  again  passes  through a  n e u t r a l  p o s i t i o n  

but  t h i s  time moving f r m  a  pronated t o  a  supinated  p o s i t i o n  
( c )  t oe  off  occurs  ending s t ance .  

While a  c e r t a i n  amount of pronat ion  i s  necessary and 
d e s i r a b l e ,  excess ive  p rona t ion  may r e s u l t  i n  i n j u r y .  A1 though 
hard d a t a  a r e  g e n e r a l l y  l ack ing ,  e x c e s s i v e  p rona t ion  has been 
l inked wi th  f o o t ,  a n k l e ,  knee and hip problems. The ques t ion  
then l o g i c a l l y  a r i s e s  as t o  how t he  amount and r a t e  of p rona t ion  
can be c o n t r o l l e d  or modified.  A  recen t  d e f i n i t i v e  paper by 
C l a r k e ,  Freder ick  and Hami11 ( 1 9 8 3 )  i n  M~tr=in~,&nd,&ieua,~n 
SP~~Ls-and-Exeuige has c l e r i f  ied the  i n f l u e n c e  of shoe heel 
h e i g h t ,  heel  f l a r e  and midsole  hardness  on r e a r - f o o t  c o n t r o l .  In 
a  wel l  designed and c a r e f u l l y  c o n t r o l l e d  s tudy,  they showed t h a t  
t h e  g r e a t e s t  amount of pronat ion  was a s soc ia t ed  wi th  shoes which 
had no medial heel f l a r e  and a  s o f t  midsole  w h i l e  t h e  l e a s t  
amount of pronat ion  was permi t ted  by shoes wi th  a  30 deg heel 
f l a r e  and a  hard midsole .  Other s t u d i e s  have 1  inked s o f t  and 
hard o r t h o t i c s  wi th  r educ t ion  i n  t h e  ex ten t  of p rona t ion  (Bates  
e t  a l . ,  1979; Rogers & LeVeau, 1982) .  

While a d d i t i o n a l  comments could  be made concerning t h i s  
p a r t i c u l a r  a rea  of s tudy,  s u f f i c i e n t  informat ion  has been 
provided t o  lay  the  foundat ion  f o r  drawing impl i ca t ions  f o r  
f u t u r e  d i r e c t i o n s  in  s p o r t  biomechanics. I t  seems l o g i c a l  t o  
assume t h a t  t h e  p a s t  and the  p resen t  hold  the  key t o  t h e  f u t u r e .  
I t  i s  unl ike ly  t h a t  we w i l l  completely change d i r e c t i o n  i n  t h e  
next  decade. R a t h e r ,  we w i l l  problably  con t inue  t o  develop and 
expand a reas  of r e sea rch  in  which we a r e  a l r eady  engaged. 



Both i n  running and other  types of s p o r t  b ianechanics  
r e s e a r c h ,  we have proceeded t o  answer a  s e r i e s  of q u e s t i o n s .  (1)  
What i s  happening? We a r e  reaching the  po in t  i n  many a reas  of 
being a b l e  t o  p u l l  together  r e sea rch  r e s u l t s  i n  a meaningful way. 
We a r e  g e t t i n g  beyond t h e  s t a g e  of having only i s o l a t e d  b i t s  of 
informat ion  bear ing  l i t t l e  or no r e l a t i o n s h i p  t a  one another .  
We a r e  pass ing  from a  pure ly  d e s c r i p t i v e  l eve l  t o  one i n  which 
s p e c i f i c  q u e s t i o n s  regarding func t iona l  and c l i n i c a l  s i g n i f i c a n c e  
a r e  being addressed.  ( 2 )  Why i s  i t  happening? While t h e r e  i s  
s t i l l  cons ide rab le  roan for  improvement i n  moving toward a  more 
theory-based approach t o  our r e s e a r c h ,  we a r e  now ready t o  
address ,  more o f t e n  and in  g r e a t e r  depth than i n  t h e  p a s t ,  t h e  
next  q u e s t i o n  i n  t h e  s e r i e s .  ( 3 )  How can we change technique ,  
equipment or execution requirements t o  improve s p o r t  s k i l l  
performance and t o  reduce t h e  inc idence  and/or s e v e r i t y  of in jury  
t o  par  t i c  i p a n t s ?  
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