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A l t h o u g h  n u m e r o u s  s t n d i e s  o f  O l y m p i c  s t y l e  v e i g h t l i f t i n g  h a v e  
b e e n  p e r f o r m e d  u s i n g  a  f o r c e  p l a t e  f o r  d a t a  c o l l e c t i o n ,  m o s t  h a v e  
c o n c e n t r a t e d  o n  t h e  p a r a m e t e r  o f  v e r t i c a l  f o r c e  a p p l i c a t i o n  ( e - g .  
Enoka ,  1973 a n d  P a y n e ,  1 9 6 0 ) .  A f e u  p a p e r s  h a v e  shown e x t e n s i v e  
a n t e r i o r -  p o s t e r i o r  c e n t e r  o f  p r e s s u r e  (CP) movement  r e l a t i v e  
t o  f o o t  s u p p o r t  i n  d a t a  p r e s e n t e d ,  b u t  t h i s  t o p i c  was n o t  d i s c u s s e d  
( B r e n i e r e ,  1 9 8 1  a n d  Ueya,  , 1977 ) .  O n l y  o n e  r e p o r t  h a s  a n a l y z e d  

C P  movemer~t  d u r i n g  w e i g h t l i f t i n g  (Garhammer ,  1976) .  I n  t h e  
d i s c u s s i o n  o f  t h a t  s t u d y  i t  was p o i n t e d  o u t  t h a t  C P  n o v e m e n t  
showe d  some r e l a t i o n s h i p  t o  h o r i z o n t a l  movement  c o m p o n e n t s  
o f  t h e  b a r b e l l ' s  t r a j e c t o r y ,  B a l a n c e  on t h e  f e e t  a n d  h o r i z o n t a l  
b a r b e l l  movement  a r e  k e y  c o m p o n e n t s  o f  p r o p e r  l i f t i n g  t e c h n i q u e .  
Thus, a n  u n d e r s t a n d i n g  o f  t h e s e  p a r a m e t e r s  a n d  t h e i r  r e l a t i o n s h i p  
would be  v e r y  v a l u a b l e  t o  c o a c h e s  f o r  t e a c h i n g  t e c h n i q u e .  T h e  
p u r p o s e  3 f  t h i s  s t u d y  was  t o  o b t a i n  o b j e c t i v e  d a t a  o n  CP 
movements  d u r i n g  e x e c u t i o n  o f  t h e  c l a s s i c a l  l i f t s ,  a n d  t o  d e t e r m i n e  
i f  +.hey a r e  r e l a t e d  t o  h o r i z o n t a l  b a r b e l l  movements ,  

METHODS 

S i x  e l i t e  w e i g h t l i f t e r s  r a n g i n g  i n  b o d y  m a s s  f r o m  67.5 k g  t o  o v e r  
110 kg  s e r v e d  a s  s u b j e c t s  ( T a b l e  1 ) .  A l l  h a d  p r e v i o u s l y  r e p r e s e n t e d  
t h e  U n i t e d  S t a t e s  i n  i n t e r n a t i o n a l  c o r n p e t - i t i o n ,  a n d  a l l  v e r e  
p o t e n t i a l  members  o f  upcoming  i n t e r n a t i o n a l  t e a m s .  E a c h  e x e c u t e d  
three s n a t c h e s  o r  s n a t c h  p u l l s  a n d  t w o  o r  t h r e e  c l e a n s  o r  c l e a n  p u l l s  
o n  a 1;istler f o r c e  p l a t e  ( t y p e  9281B1 1) s e c u r e d  t o  t h e  c o n c r e t e  
f l o o r  and  s u r r o u n d e d  b y  a  t y p i c a l  wooden t r a i n i n g  p l a t f o r m .  
3 u r i n g  e a c h  l i f t i n g  movement a S e l c o m  S e l s p o t  s y s t e m  w a s  u s e d  t o  
m o n i t o r  b a r  t r a j e c t o r y .  A s m a l l  l i g h t  e m i t t i n g  d i o d e  was  t 3 p e d  
t o  o n e  end o f  the b a r  a n d  i ts e m i s s i o n  w a s  f o l l o w e d  by  a n  i n f r a r e d  
s e n s i t i v e  c a m e r a  whose  o p t i c a l  a x i s  was f i x e d  p a r a l l e l  t o  t h e  
ba r .  The c a m e r a  was p l a c e d  f i v e  meters t o  the side of t h e  t r a i n i n g  
p l a t f o r m ,  w i t h  i t s  h e i g h t  e q u a l  t o  a p p r o x i m a t e l y  h a l f  t h e  t y p i c a l  
v e r t i c a l  movement r a n g e  o f  t h e  b a r b e l l .  A ~ a l o g  s i g n a l s  r e p r e s e n t i n g  
h o r i z o n t a l  a n d  v e r t i c a l  b a r  c o o r d i n a t e s  were t r a n s m i t t e d  t o  a n  
a n a l o g - d i g i t a l  c o n v e r t e r ,  3 l o n g  w i t h  t h e  a n a l o g  s i g n a l  r e p r e s e n t i n g  
a n t e r i o r - p o s t e r i o r  C P  movement on  t h e  f o r c e  p l a t e ,  T h e  t h r e e  
r e s u l t i n g  se t s  o f  d i g i t a l  d a t a  v e r e  i n p u t  t o  a n  A p p l e  I1 c o m p u t e r .  
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A s p e c i a l l y  d e s i g n e d  p r o g r a m  p e r m i t t e d  c o n t i n u o u s  i n p u t  o f  t h e  
d a t a  f r o m  i n i t i a t i o n  u n t i l  s t o p p e d ,  when o n l y  t h e  f i n a l  t w o  
s e c o n d s  o f  d a t a  c o l l e c t e d  r e m a i n e d  i n  memory. T h i s  d e s i g n  
a v o i d e d  t h e  n e c e s s i t y  of g u e s s i n g  when  t h e  a t h l e t e  w a s  a b o u t  t o  
b e g i n  h i s  l i f t  ( l f l i f t - o f f m ) ,  D a t a  c o l l e c t i o n  was s t o p p e d  a t  t h e  
a p p r o p r i a t e  p o i n t .  d u r i n g  t h e  l i f t ,  w i t h  t h e  p r e v i o u s  two s e c o n d s  
of d a t a  b e i n g  more  t h a n  s u f f i c i e n t  t o  c o v e r  t h e  s t a r t  o f  t h e  
l i f t .  I m m e d i a t . e l y  a f t e r  e a c h  t r i a l  t h e  t h r e e  p a r a m e t e r s  were 
d i s p l a y e d  a s  a f u n c t i o n  o f  time o n  a  m o n i t o r  t o  c h e c k  t h a t  d a t a  
c : o l l e c t i ~ n  w a s  s u c c e s s f u l .  T h e  data was t h e n  s t o r e d  o n  f l o p p y  - - .  

disk a n d  l a t e r  p r i n t e d  f o r  a n a l y s i s  ( e - g .  P i g u r e s  1 a n d  2 ) .  
D a t a  was a n a l y z e d  t o  f i n d  CP  l o c a t i o n  a t  @ l l i f t - o f f n ,  a n d  i t s  
maximum p o s t e r i o r  a n d  a n t e r i o r  p o s i t i o n  d u r i n g  t h e  p u l l i n g  p h a s e s  
o f  t h e  l i f t i n g  movement .  Maximal  d i s p l a c e m e n t  o f  t h e  b a r  t o w a r d  
a n d  away f r o m  t h e  a t h l e t e ' s  b o d y  was d e t e r m i n e d  from t h e  S e l s p o t  
d a t a ,  a n d  c o m p a r e d  t o  CP m o v e m e n t s  b o t h  t e m p o r a l l y  a n d  i n  m a g n i t u d e .  
F i g u r e s  3 a n d  4 s h o w  m a g n i f i e d  v i e w s  o f  t h e  h o r i z o n t a l  b a r  
movement (LX) s e c t i o n  o f  F i g u r e s  1 a n d  2  r e s p e c t i v e l y ,  H o v s b l e  
m a r k e r  l i n e s  were s e t  a t  k e y  p o i n t s  f o r  m e a s u r e m e n t s  f r o m  t h e  
d a t a  r e c o r d .  F o r  e x a m p l e ,  i n  F i g u r e  3 m a r k e r  t 5  w a s  s e t  a t  b a r  
l i f t  o f f  (see v e r t i c a l  b a r  movement  (LY) r e c o r d  i n  F i g u r e  1)  
a n d  i t s  h o r i z o n t a l  p o s i t i o n  is  g i v e n  u n d e r  LX #5. Marker U4 g i v e s  
m a x i m a l  b a c k w a r d  b a r  p o s i t i o n  a n d  b l  maximal  f o r w a r d  p o s i t i o n .  
I n  some cases t l l c  b o u n d a r y  v a l u e s  o f  t h e  d i s p l a y  'qboxw p r o v i d e d  
t h e  e x t r e m e  p o s i t i o n  v a l u e s  (e .g.  F i g u r e  4 ,  - 0 .229  a n d  - 0 . 0 8 8 ) -  
C a i b r a t i o n  o f  S e l s p o t  d i o d e  movement  was a c c o m p l i s h e d  u s i n g  
s t a n d a r d  m e t h o d s .  A c c u r a c y  o f  2P p o s i t i o n  on  t h e  f o r c e  p l a t e  
was c h e c k e d  by a p p l y i n g  f o r c e  t o  known p o i n t s  o n  t h e  p l a t e .  T h e  
a t h l e t e s  p o s i t i o n e d  t h e m s e l v e s  Dn t h e  60 b y  4 0  cm p l a t e  w i t h i n  
a  c e n t e r e d  r e c t a n g l e  55 by  36 cm, v i t h  t h e  f r o n t  e d g e  o f  t h e i r  
s h o e s  a t  o n e  s i de  ( F i g u r e s  5 - 8 ) .  CP p o s i t i o n  was m e a s u r e d  a s  
c e n t i m e t e r s  b e h i n d  t h i s  s i d e  o f  t h e  r e c t a n g l e ,  w h i c h  was e q u i v a l e n t  
t o  c e n t i m e t e r s  back f r o m  t h e  f r o n t  e d g e  of t h e  s h o e s .  

RESULTS AND DISCUSSION 

Table 1 lists t h e  s n a t c h  o r  s n a t c h  p u l l  a n d  c l e a n  o r  c l e a n  p u l l  
a t t e m p t s  of e a c h  s u b j e c t  r e l a t i v e  t o  a c t u a l  w e i g h t  l i f t e d  a n d  
p e r c e n t a g e  o f  t h e  s u b j e c t ' s  b e s t  s n a t c h  o r  c l e a n .  C o l u m n s  A ,  
3 a n d  C g i v e  t h e  c e n t e r  o f  p r e s s u r e  (CP) l o c a t i o n  i n  c e n t i m e t e r s  
b e h i n d  a  l i n e  c o n n e c t i n g  t h e  f r o n t  e d g e s  o f  t h e  a t h l e t e ' s  
s h o e s  ( F i g u r e s  5-8)  a t  l i f t - o f f ,  f i n i s h  of t h e  f i r s t  p u l l  ( b a r  
r e a c h i n g  k n e e  h e i g h t ) ,  and f i n i s h  o f  t h e  s e c o n d  p u l l  ( ba r  
r e a c h i n g  maximum v e l o c i t y ) ,  r e s p e c t i v e l y ,  N o t e  t h e  c o n s i s t e n c y  i n  
CE, p o s i t i o n  f o r  a g i v e n  a t h l e t e  d u r i n g  a  g i v e n  t y p e  o f  l i f t i n g  
movement. S u b j e c t  D , A .  h a s  a  maximum d i f f e r e n c e  o f  0.6 cm f o r  
a l l  t i a l s  i n  l i f t  o f f  p o s i t i o n ,  J-PI, h a s  a maximum d i f f e r e n c e  
o f  0.0 cm a t  t h e  e n d  o f  t h e  f i r s t  p u l l  f o r  a l l  t h r e e  s n a t c h  
l i f t s ,  a n d  J-H. h a s  a maximum d i f f e r e n c e  o f  1.3 cm a t  t h e  e n d  
o f  t h e  s e c o n d  p u l l  f o r  a l l  t h r e e  c l e a n  p u l l s ,  G e n e r a l l y ,  f o r  
a  g i v e n  a t h l e t e  a n d  a  g i v e n  movement ,  CP p o s i t i o n  d i f f e r e n c e s  
a r e  less t h a n  t w o  c e n t i m e t e r s  w i t h  f e w  e x c e p t i o n a l  c a s e s  o v e r  
f i v e  c e n t i m e t e r s ,  L i f t  off C P  p o s i t i o n s  were t h e  m o s t  
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FIGURE 3: Magnification of LX box from Figure 1. 

FIGURE 4: Magnification of LX box from Figure 2. 



c o n s i s t a n t ,  w i t h  R.S. I s  s n a t c h e s  a  n o  t a b l e  e x c e p t i o n .  T h e s e  
s a m e  s n a t c h e s  a l l  r e s u l t e d  i n  CP p o s i t i o n s  s l i g h t l y  i n  f r o n t  
o f  t h e  r e f e r e n c e  l i n e  a t  t h e  f i n i s h  o f  t h e  s e c o n d  p u l l .  T h i s  
m o s t  l i k e l y  w a s  c a u s e d  by' u n n o t i c e d  s h i f t s  i n  s t a r t i n g  f o o t  
p l a c e m e n t .  N o t e  t h a t  t r i a l  2 o f  R.S, h a d  o n l y  f o r w a r d  CP 
movement ,  r e s u l t i n g  i n  a n e g a t i v e  v a l u e  i n  c o l u m n  D. 

C o l u m n s  D a n d  E list t h e  m a g n i t u d e  o f  b a c k w a r d  movement o f  
t h e  C P  a n d  b a r b e l l ,  r e s p e c t i v e l y ,  d u r i n g  t h e  f i r s t  p u l l .  T h e  
s i n g l e  n e g a t i v e  v a l u e  i n  c o l u m n  D w a s  d i s c u s s e d  a b o v e .  I n  
g e n e r a l ,  i t  c a n  b e  s e e n  t h a t  f o r  a  g i v e n  a t h l e t e  a n d  type o f  
l i f t ,  t h e  g r e a t e r  t h e  b a c k w a r d  ZP movement  the g r e a t e r  t h e  
b a c k w a r d  b a r  movement. V a l u e s  a r e  n o t  g i v e n  f o r  s n a t c h  o r  
c l e a n  p u l l s  i n  c o l u m n s  E a n d  G. T h i s  was d o n e  t o  f o c u s  
a t t e n t i o n  o n  o n l y  c o m p l e t e  l i f t i n g  m o v e m e n t s ,  f r o m  w h i c h  t h e  
m o s t  p e r t i n e n t  c o a c h i n g  i n f o r m a t i o n  c a n  b e  g e n e r a t e d .  A 
l i n e a r  r e g r e s s i o n  of c o l u m n  E a s  a f u n c t i o n  o f  c o l u m n  D 
r e s u l t e d  i n  a  c o r r e l a t i o n  c o e f f i c i e n t  o f  0 .626  (E=6,25  + 
0.35 D, n = 1 6 ) .  T h i s  i n c l u d e d  o n l y  s n a t c h e s  o r  c l e a n s  ( n o  
p u l l s ) ,  e l i m i n a t i n g  c o m p l e t e l y  s u b j e c t  J,H, S u b j e c t  J.H. 
was  a l s o  n o t  i n c l u d e d  i n  t h e  r e g r e s s i o n .  D a t a  f r o m  f i l m  
a n a l y s i s  o f  20 o f  h i s  l i f t s  i n  f i v e  meets s h o w e d  t h a t  
b a c k w a r d  b a r  d i s p l a c e m e n t  d u r i n g  t h e  first p u l l  i n c r e a s e d  
w i t h  w e i g h t  l i f t e d  t o  v a l u e s  o f  a b o u t  12  cm f o r  h i s  h e a v i e s t  
s n a t c h e s ,  a n d  a b o u t  8 cm f o r  h i s  h e a v i e s t  c l e a n s ,  T h e s e  
d i s p l a c e m e n t s  are  much g r e a t e r  t h a n  f o u n d  i n  c o l u m n  E f o r  
h i s  l i f ts  i n  t h i s  s t u d y ,  w h i c h  a v e r a g e d  o n l y  76% o f  maximum. 
T h u s ,  t h e  d a t a  was  n o t  r e p r e s e n t a t i v e  o f  h i s  n o r m a l  p e r f o r m a n c e  
a n d  was e l i m i n a t e d  f r o m  t h e  r e g r e s s i o n .  T h i s  d i s c r e p a n c y  d i d  
n o t  o c c u r  f o r  t h e  o t h e r  f o u r  s u b j e c t s  i n c l u d e d  i n  t h e  r e g r e s s i o n .  

C o l u m n s  F and G list t h e  m a g n i t u d e  o f  f o r w a r d  movement o f  
t h e  CP a n d  b a r b e l l ,  r e s p e c t i v e l y ,  d u r i n g  t h e  s e c o n d  p u l l .  No 
c l e a r  t r e n d  c a n  b e  s e e n ,  a l t h o u g h  s u b s t a n t i a l  f o r w a r d  movements  
o c c u r r e d  f o r  L o t h ,  A l i n e a r  r e g r e s s i o n  o f  c o l u m n  G a s  a  
f u n c t i o n  o f  c o l u m n  F r e s u l t e d  i n  a  c o r r e l a t i o n  c o e f f i c i e n t  
o f  0.460 (G=4,15 + 0.55 P ,  n = 1 6 )  . T h e  same 1 6  l i f t s  were 
i n c l u d e d  i n  t h i s  r e g r e s s i o n  a s  t h a t  d i s c u s s e d  a b o v e ,  

F i g u r e s  9 a n d  10 s h o w  t y p i c a l  t e m p o r a l .  a n d  m a g n i t u d e  
r e l a t i o n s h i p s  b e t w e e n  h o r i z o n t a l  b a r b  e l l  (1.X) a n d  C P  ( A X )  
movements .  E a c h  o f  t h e s e  v a r i a b l e s  i s  p l o t t e d  a s  a f u n c t i o n  
o f  b a r  h e i g h t  ( L Y ) ,  w h i c h  c a n  b e  u s e d  t o  c o m p a r e  LX and 
A X  a t  a n y  g i v e n  p o i n t  i n  time. h ' o t e  t h a t  t h e  i n i t i a l  
b a c k w a r d  ( t o w a r d  l i f t e r ' s  b o d y )  movement  o f  the b a r  c o r r e s p o n d s  
t e m p o r a l l y  w i t h  b a c k w a r d  C P  movement ,  I n  a few t r i a l s  
( e g g ,  F i g u r e  1 0 )  s l i g h t  f o r w a r d  b a r  a n d / o r  CP movement  o c c u r s  

b r i e f l y  j u s t  a f t e r  " l i f t  o f f t 1 .  A l s o  n o t e  t h a t  l a t e r  i n i t i a t i o n  
o f  f o r w a r d  CP movement  p r e c e d e s  i n i t i a t i o n  of f o r w a r d  b a r  
movement, A s  t h e  b a r  a p p r o a c h e s  i t s  maximum h e i g h t  h o r i z o n t a l  
movement d i m i n i s h e s .  T h i s  was g e n e r a l l y  p r e c e e d e d  b y  a  p e r i o d  
o f  f a i r l y  c o n s i s t e n t  CP  p o s i t i o n  ( e - g .  F i g u r e  1 0 )  . n o s t  A X  v e r s u s  
LY r e c o r d s  s h o w  a  v e r y  s u d d e n  CP s h i f t  b a c k w a r d  p r i o r  t o  t h e  
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FIGURE 9: S a m ~ l e  bar trajectory plot (LX vs. LY), and horizontal (front- 
back) balance (AX) vs. bar height (LY) plot. 

M.M. 2CL0185Kg 
FIGURE 10: Sample bar trajectory plot (LX vs.  LY), and horizontal (front- 

back) balance (AX) vs.  bar height (LY) plot. 



bar r e a c h i n g  maximum h e i g h t . .  T h i s  o c c u r s  j u s t  a f t e r  t h e  b a r  
r e a c h e s  maximum v e l o c i t y ,  u h e n  t h e  a t h l e t e  s h i f t s  h i s  b o d y  u n d e r  
the b a r b e l l  t o  c a t c h  and  s u p p o r t  it. O f t e n  a  l i f t e r ' s  f e e t  w i l l  
l e a v e  t h e  g r o u n d  d u r i n g  t h i s  s h i f t  o f  b o d y  p o s i t i o n  c a u s i n g  
t h e  C P  r e a d i n g  t o  be t e m p o r a r i l y  l o s t ,  r e s u l t i n g  i n  a  h o r i z o n t a l  
l i n e  o n  t h e  A x  v e r s u s  LY c u r v e  (e .g .  F i g u r e  9 ) .  

The a b o v e  c h a n g e s  i n  CP p o s i t i o n  d u r i n g  t h e  l i f t i n g  movemen t s  
s t u d i e d  r e l a t e  i n  a r e a s o n a b l e  way t o  a c c e p t e d  l i f t i n g  t e c h n i q u e .  
A t  l i f t  ~ f f  b a l a n c e  is e x p e c t e d  t o  be o n  t h e  b a l l s  o f  t h e  
f e e t  or slightly back t o w a r d  t h e  a r c h .  As t h e  bar is  l i f t e d  
t o w a r d  k n e e  h e i g h t  d u r i n g  t h e  f i r s t  p u l l  t h e  knee j o i n t s  
e x t e n d  a n d  move  b a c k w a r d .  T h e  b a r  s h o u l d  be k e p t  close t o  t h e  
s h a n k  a n d  t h u s  a l s o  m o v e s  b a c k w a r d ,  r e s u l t i n g  i n  b a l a n c e  shifting 
t o w a r d  t h e  h e e l .  A s  t h e  b a r  r ises a b o v e  k n e e  l e v e l  t h e  k n e e  
j o i n t s  flex s l i g l l t l y  ( E n o k a ,  1979) a n d  t h e  h i p s  move downward  
ar,d f o r w a r d .  B a l a n c e  s h i f t s  f o r w a r d  t o  t h e  b a l l s  o f  t h e  f e e t  
a s  t h e  l i f t e r  i n i t i a t e s  a n  u p w a r d  jump. D u r i n g  the s h i f t  o f  
t h e  h i p s  t h e  bar  m u s t  move f o r w a r d ,  d u e  t o  t h i g h  p o s i t i o n  
a n d  movement ,  a s  well a s  upward .  

T h e  e x t e n t  o f  CP movemen t  d u r i n g  e a c h  l i f t  is e v i d e c t  i n  
F i g u r e s  5-8, a s  u e l l  a s  T a b l e  1. PI. M,, f o r  e x a m p l e ,  h a d  a 
b a c k w a r d  CP movement  o f  12 .1  cm o r  38% o f  s h o e  l e n g t h  f o r  h i s  
h e a v i e s t  s n a t c h ,  a n d  13.4 cm or  4 2 5  o f  shoe  l e n g t h  f o r  h i s  
h e a v i e s t  c l e a n .  I l i s  f o r w a r d  CP s h i f t s  f o r  t h e s e  l i f t s  were 
16.5 cm ( 5 2 7 )  a n d  18 .6  cm (589), r e s p e c t i v e l y .  

CONCLUSIONS 

1. S k i l l e d  l i f t e r s  c a n  b e  expected t o  u n d e r g o  l a r g e  backward 
a n d  f o r w a r d  CP s h i f t s  r e l a t i v e  t o  t h e  f o o t  s u p p o r t  base d u r i n g  
e x e c u t i o n  o f  t h e  c l a s s i c a l  lifts. 

2. B a c k w a r d  C P  movemen t  d u r i n g  t h e  f i r s t  p u l l  o f  a s n a t c h  o r  
c l e a n  c o r r e l a t e s  t o  b a c k w a r d  b a r  movemen t  2uring the f i rs t  
p u l l  b o t h  t e m p o r a l l y  a n d  i n  m a g n i t u d e .  

3 .  F o r w a r d  C P  movemen t  d u r i n g  t h e  shift a n d  s e c o n d  p u l l  of a 
s n a t c h  o r  c l e a n  t e m p o r a l l y  p r e c e d e s  f o r w a r d  b a r  movement  3nd 
h a s  s o m e  r e l a t i o n s h i p  t o  the m a g n i t u d e  o f  f o r w a r d  b a r  movement .  

4. It is r e a s o n a b l e  f o r  coaches t o  t e a c h  l i f t i n g  ( p u l l i n g )  
t e c h n i q u e  i n  terms o f  i n t e r r e l a t e d  h o r i z o n t a l  b a r b e l l .  a n d  
f  ront-back CP movemen t s .  
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