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also studied. It can be I s t i t u t o  S u p e r i o r e  S t a t a l e  d i  Educaz ione  F i s i c a  o f  Rome, I t a l y  

INTRODUCTION bserved, particularly 
During t h e  downswing p h a s e  o f  a  g i a n t  swing a t  t h e  uneven b a r s ,  gymnasts  a r e  

nts. Men not practis- f o r c e d  t o  e i t h e r  f l e x  t h e i r  h i p s  fo rward  ( " f l e x e d - h i p  c l e a r a n c e " ) ,  l e g s  c l o s e  

t o g e t h e r ,  o r  s p r e a d  t h e i r  l e g s  wide a p a r t  ( " s t r a d d l e  c l e a r a n c e " )  t o  a v o i d  h i t t i n g  fenccrs. Lesser in- 
t h e  lower  b a r  w i t h  t h e i r  f e e t  o r  s h a n k s .  I n  o u r  sample ,  gymnas t s  who chose  t o  c l e a r  
t h e  lower  b a r  by f l e x i n g  t h e i r  h i p s  ( F i g .  1) marked ly  p l h y p e r e x t e n d e d  t h e  s p i n e  
d u r i n g  t h e  s e c o n d  h a l f  o f  t h e  upswing, w h i l e  gymnas t s  u s i n g  t h e  s t r a d d l e  c l e a r a n c e  

carried out (table 1). ( F i g .  2 )  m a i n t a i n e d  a  s l i g h t  f l e x i o n  a t  t h e  h i p s  and s h o u l d e r s  d u r i n g  most  o f  t h e  
upswing and  e v e n t u a l l y  e x t e n d e d  t o  hands tand .  Coaches  r e p o r t  t h a t  gymnasts  who 
hyperex tend  t h e  s p i n e  i n  t h e  l a s t  p a r t  of  g i a n t  swings ,  when t h e  bod? i s  c l o s e  t o  

(0.263 S ~ C )  situated in -. hands tand  p o s i t i o n ,  have a  f a i r  chance  t o  g e t  s e r i o u s l y  i n j u r e d  a t  t h e  s p i n e .  I t  
must b e  p o i n t e d  o u t  t h a t  t h e  e x e r c i s e  may b e  
r e p e a t e d  s e v e r a l  t i m e s  a  day  d u r i n g  t r a i n i n g  

s for the second and s e s s i o n s .  I s  s p i n e  h y p e r e x t e n s i o n  a  p a i n f u l  b u t  

in no-distraction series f o r c e d  c h o i c e  t o  r e a c h  t h e  f i n a l  hands tand  when t h e  

V for fencers, which is gymnast d o e s  n o t  p o s s e s s e s  enough a n g u l a r  momentum 
a t  t h e  e n d  o f  t h e  downswing? Does t h e  s t r a d d l e  
c l e a r a n c e  h e l p  t h e  gymnast t o  g a i n  more a n g u l a r  
momentum d u r i n g  t h e  downswing, s o  t h a t  t h e  gymnast 
i s  f r e e  t o  u t i l i z e  a  l e s s  e f f e c t i v e ,  b u t  n o t  

d for the second and p a i n f u l  t e c h n i q u e  d u r i n g  t h e  upswing? The answer  t o  
b o t h  q u e s t i o n s  i s  c l e a r l y  n e g a t i v e ,  w i t h i n  t h e  
l i m i t a t i o n s  o f  t h i s  s t u d y .  Da ta  g a t h e r e d  i n  t h i s  enables extensive in- 
s t u d y  show t h a t ,  a l t h o u g h  s p i n e  h y p e r e x t e n s i o n  i s  

f view. It may be par- wide ly  u s e d , '  it i s  n o t  t h e  most  e f f i c i e n t  way t o  
r e d u c e  t h e  l o s s  o f  a n g u l a r  momentum d u r i n g  t h e  
upswing, a s  c o a c h e s  b e l i e v e .  On t h e  c o n t r a r y ,  i n  
o u r  s t u d y  t h e  l o s s  o f  a n g u l a r  momentum d u r i n g  t h e  
upswing was s m a l l e r  f o r  gymnasts  who d i d  n o t  - Flexed-hip lower 
hyperex tend  t h e  s p i n e .  The upswing w i t h  f l e x e d  bar  clearance, and equipment to assess the 
s h o u l d e r s  and  h i p s  i s  n o t  a s  e a s y  t o  l e a r n  a s  t h e  h y p e r e x t e n s i o n  d u r i n g  
upswing w i t h  s p i n e  h y p e r e x t e n s i o n ,  b u t  improves  upswing.  
pe r fo rmance  and d o e s  n o t  p roduce  back p a i n .  

time being measured METBODS 

Seven p e r f o r m a n c e s  o f  fo rward  g i a n t  swing 
were f i l m e d  d u r i n g  a n  I n t e r n a t i o n a l  c o m p e t i t i o n  i n  
Rome, w i t h  a  Mekel h i g h  s p e e d  Super- 8 mot ion  
p i c t u r e  camera .  The a v e r a g e  sampl ing  r a t e  was 23.56 
Her t z .  Fo r  e a c h  a n a l y z e d  f rame,  11 landmarks  w e r e  
d i g i t i z e d  ( s h o u l d e r  j o i n t  and  s u p r a s t e r n a l  p o i n t  
were assumed t o  b e  c o i n c i d i n g ) .  Q u i n t i c  s p l i n e  
f u n c t i o n s  d e v e l o p e d  by Wood and J e n n i n g s  (1979)  and 
d e s c r i b e d  i n  d e t a i l  by Vauqhan (1980)  were  u t i l i z e d  
t o  smooth t h e  landmark c o o r d i n a t e s  and c a l c u l a t e  
i n s t a n t a n e o u s  v e l o c i t y  o f  landmarks .  I n e r t i a l  
p a r a m e t e r s  r e p o r t e d  by C l a u s e r  e t  a l .  (1969)  and  
a d j u s t e d  by H i n r i c h s  (1990)  were  used  t o  c a l c u l a t e  time measurements, 
mass and c e n t e r  o f  mass o f  e a c h  segment .  Moment o f  
i n e r t i a  d a t a  from W h i t s e t t  (19631, p e r s o n a l i z e d  f o r  F i g u r e  2 - s t r a d d l e  
each  s u b j e c t  u s i n g  a  p r o c e d u r e  -d e s c r i b e d  by Dapena c l e a r a n c e ,  and  f l e x e d  h i p s  

a n d  s h o u l d e r s  d u r i n g  upswing. 
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axes paraller detail herein. 
r kinematics, Comparing the f lexed-hip 
zero degree clearance with the straddle 
t arm of the clearance, marked differences 

were detected in the values of 
the normalized moment of 
inertia of the body about the 
upper bar (Fig. 3). In 
particular, the moment of 
inertia was remarkably larger 
for gymnasts using the flexed- 

Clearance: hip clearance when their center 
of mass passed by and beyond 
the lower bar (from about 90 to 

X ~"haddle 180 degrees). The maximum 
difference between,group means 
w a s  1 3 4 * 1 0 ' 3  u n i t s  

degrees from handstand (adimensional), when the center 
of mass was at 150 degrees to 

Figure 4 - Normalized angular momentum of the the upper bar. Beyond 180 
body about the bar. degrees, and up to the end of 

the giant swing average values 
remained higher for gymnasts using flexed-hip clearance, which also hyperextended 
the spine during upswing (difference of means oscillating in the range 
31*10'~90*10" units) . The "remote component" of the moment of inertia (Hopper, 
1973) was always more that 5 times largerthan the "local component". The remote 
component of moment of inertia is given by the mass of the body,times the square 

of inertia of the of the distance of its center of mass from the upper bar. The latter distance 
depends on the distances of segment centers of mass from the bar. According to data 
which is not reported herein, the distance of the center of mass of the legs from 
the bar was the main cause of the large difference in the values of moment of 

sometimes larger inertia from about 100 to 180 degrees. Values of r, the moment arm of W about the 
e following main bar, were also larger for gymnasts using flexed-hip clearance, throughout the giant 
bar during the swing (maximum difference of means during downswing was 6% of stature at 138 

the upswing. Gain degrees, and during upswing 8% at 252 degrees). The higher values of moment of 
ar impulses about inertia and weight moment arm about the bar are the reasons why the gymnasts using 
lar impulses. By the flexed-hip clearance had, on the average, larger values of angular momentum at 
angular impulses the end of the downswing (180 degrees, Tab. 1 and Fig. 4). In fact the difference 
ulses' produced by at 180 degree,s was almost twice the initial difference at 30 degrees. At the end 
ar impulse by the of the upswing (360 degrees) the average angular momentum became slightly smaller 
only change r (the for gymnasts using spine hyperextension. It's evident that the latter gymnasts had 

phase). For example, a larger loss of angular momentum during the upswing (2.194-. 409=1.785s-I, while the 
angular momentum) other group lost only 1.933-.466=1.467s-I). 
of the CM from the 
force, and 2) by 

can be obtained by 
(Fig. 3), which in 

Table 1 
he above conditions 

, with all segments Average normalized angular momentum (s") when the body center of mass position i>s 
Unfortunately, this 30, 180, and 360 degrees relative to upper bar. (Group A: flexed-hip lower bar 
bstacle represented clearance, and spine hyperextension during upswing. Group B: straddle clearance, 
the upswing, when and flexed hips and shoulders during upswing). 

reduce the negative 
the angular impulse at 30 degrees at 180 degrees at 360 degrees 

lar momentum for the 
(1973, pp.83-85 and Group A .760 2.194 -409 
swings, did not give Group B -621 1.933 .466 
ot be considered in 



CONCLUSION 
Gymnasts t y p i c a l l y  want t o  have some r e s i d u a l  a n g u l a r  momentum a t  t h e  end o f  

a  g i a n t  swing,  t o  immedia t e ly  s t a r t  a  new e x e r c i s e  keep ing  t h e  same d i r e c t i o n  of  
r o t a t i o n .  Angu la r  momentum is  g a i n e d  d u r i n g  most  o f  t h e  downswing and l o s t  d u r i n g  
t h e  upswing. Gymnasts a r e  f r e e  t o  choose  any t e c h n i q u e  l i m i t i n g  t h e  l o s s  t o  a  v a l u e  
e q u a l  o r  s m a l l e r  t h a n  t h e  g a i n .  C o n t r a r y  t o  t h e  common o p i n i o n ,  d u r i n g  t h e  
downswing t h e  " h i p- f l e x i o n  c l e a r a n c e "  p roduces  a  l a r g e r  g a i n  i n  a n g u l a r  momentum 
t h a n  t h e  " s t r a d d l e  c l e a r a n c e " .  Gymnasts u s i n g  t h e  " h i p - f l e x i o n  c l e a r a n c e "  can 
a f f o r d  a  l a r g e r  l o s s  o f  a n g u l a r  momentum d u r i n g  t h e  upswing.  I n d e e d ,  t h e  s p i n e  
h y p e r e x t e n s i o n  pe r fo rmed  d u r i n g  t h e  upswing by t h e  l a t t e r  g r o u p  o f  gymnasts  i s  
a s s o c i a t e d  w i t h  a  l a r g e r  l o s s  of  a n g u l a r  momentum compared t o  t h e  s l i g h t  h i p  and 
s h o u l d e r  f l e x i o n  used  by t h e  o t h e r  g roup .  The above f i n d i n g s  do n o t  s u p p o r t  t h e  
common o p i n i o n  t h a t  gymnasts  must  needs  l e a r n  t h e  s t r a d d l e  c l e a r a n c e  t o  f r e e  
t h e m s e l v e s  f rom t h e  s l a v e r y  o f  s p i n e  h y p e r e x t e n s i o n ,  a l t h o u g h  t h e  o p p o s i t e  i s  n o t  
proved h e r e i n .  I t  s h o u l d  b e  p o i n t e d  o u t  t h a t  some gymnasts  c a n n o t  pe r fo rm t h e  
s t r a d d l e  c l e a r a n c e  due  t o  i n s u f f i c i e n t  a c t i v e  f l e x i b i l i t y .  A l though  b o t h  lower  b a r  
c l e a r a n c e  t e c h n i q u e s  g i v e  gymnasts  enough a n g u l a r  momentum t o  p e r f o r m ' t h e  upswing 
w i t h o u t  h y p e r e x t e n d i n g  t h e  s p i n e ,  i n  p r a c t i c e  o t h e r  f a c t o r s  may s t i l l  f o r c e  some 
gymnasts  t o  h y p e r e x t e n d ,  and n o t  o n l y  when t h e y  pe r fo rm t h e  f l e x e d- h i p  c l e a r a n c e .  
For  example ,  s p i n e  h y p e r e x t e n s i o n  may be  u s e d  by r e l a t i v e l y  weak gymnas t s ,  t o  
r e d u c e  t h e  i n t e n s i t y  o f  t h e  c o n t r a c t i o n  o f  t h e  s h o u l d e r  e x t e n s o r  musc le s  i n  t h e  
second h a l f  of  t h e  upswing,  by s h o r t e n i n g  t h e  moment arm o f  t h e  b a r  r e a c t i o n  f o r c e  
w i t h  r e s p e c t  t o  t h e  s h o u l d e r s .  Dynamometry i s  needed t o  i n ' v e s t i g a t e  t h i s  
h y p o t h e s i s ,  s i n c e  t o r q u e s  a t  t h e  s h o u l d e r s  may n o t  be  r e l i a b l y  c a l c u l a t e d  w i t h  t h e  
i n v e r s e  dynamics  approach  when t h e  hands  a r e  i n  c o n t a c t  w i t h  a  f i x e d  e x t e r n a l  
o b j e c t .  S p i n e  h y p e r e x t e n s i o n  might  a l s o  b e  e x p l a i n e d  a s  a  n a t u r a l  r e f l e x  induced  
by t h e  i n t e n s e  c o n t r a c t i o n  o f  s h o u l d e r  e x t e n s o r  m u s c l e s  d u r i n g  t h e  second  h a l f  o f  
t h e  upswing. ~ a s t  b u t  n o t  l e a s t ,  s p i n e  h y p e r e x t e n s i o n  may b e  t r a d i t i o n a l l y  l i n k e d  
w i t h  t h e  " f l e x e d- h i p  c l e a r a n c e "  f o r  s i m p l e  h i s t o r i c a l  r e a s o n s .  Hip and  s h o u l d e r  
f l e x i o n  d u r i n g  t h e  upswing may b e  made e a s i e r  by a  s t r o n g e r  " l e g  whipping a c t i o n "  
(Manoni, 1987, pp. 124-127) .  T h i s  a c t i o n  i s  s l i g h t l y  s t r o n g e r  w i t h  s t r a d d l e  
c l e a r a n c e  t h a n  w i t h  f l e x e d- h i p  c l e a r a n c e .  I t  must b e  p o i n t e d  o u t ,  however,  t h a t  
b o t h  g r o u p  of  gymnas t s  f l e x  h i p s  and  s h o u l d e r s  i n  t h e  f i r s t  h a l f  of  t h e  upswing, 
by a b o u t  t h e  same a n g l e s  ( h y p e r e x t e n s i o n  o c c u r s  i n  t h e  second  h a l f ) .  I t  i s  
sug,ges ted t h a t  . t h e  s p i n e  h y p e r e x t e n s i o n  e x e c u t e d  a t  t h e  end  o f  g i a n t  swings  be  
i n d i c a t e d  i n  t h e  I n t e r n a t i o n a l  Code of  P o i n t s  a s  a n  i n f r a c t i o n ,  and p u n i s h e d  w i t h  
a n  a p p r o p r i a t e  p o i n t  d e d u c t i o n  d u r i n g  c o m p e t i t i o n s .  Such r u l e  would undoub ted ly  
r e p r e s e n t  a n  i m p o r t a n t  means f o r  p r e v e n t i n g  i n j u r i e s  a t  t h e  s p i n e  i n  g y m n a s t i c s .  
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