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P u b l i c  i n t e r e s t  i n  women's gymnastics has increased over  t h e  pas t  two decades 
as a r e s u l t  o f  t h e  p u b l i c i t y  accorded such performers as Cathy Rigby, 
Olga Korbut,, and Nadia Comenici. Many researchers  and gymnastics coaches have 
sought t o  e x p l a i n  gymnastics s k i 1  1 s th rough  t h e  use o f  s c i e n t i f i c  techniques, 
bu t  because o f  t h e  d e a r t h  o f  q u a n t i t a t i v e  i n f o r m a t i o n  a v a i l a b l e  a bout  women's 
gymnastics, t h e  coach and per former have had t o  r e l y  on s u b j e c t i v e  i n f o r m a t i o n  
which has been d isseminated from pas t  per formers and coaches (Cureton & Welser, 
1970). Because t h e r e  i s  a l a c k  o f  s c i e n t i f i c  i n f o r m a t i o n  a v a i l a b l e ,  gymnastics 
coaches and per formers have tended t o  adopt t h e  methods and techniques o f  t h e  
c u r r e n t  chan'lpions, o f t e n  d i s r e g a r d i n g  c o r r e c t  technique (Wi l  kerson, 1978). It 
i s  t h e  hope o f  t h e  i n v e s t i g a t o r  t h a t  t h e  f i n d i n g s  o f  t h i s  s t u d y  may be b e n e f i -  
c i a l  t o  f u t u r e  s t u d i e s  o f  gymnastics r e l a t e d  s k i l l s ,  and may a1 so c o n t r i b u t e  
t o  t h e  improvement o f  teach ing  and coaching t h e  s k i l l s  performed on t h e  uneven 
para1 1 e l  bars. 

The s c i e n t i f i c  problems o f  t h i s  i n v e s t i g a t i o n  were: 
1. t o  descr ibe  t h e  temporal r e l a t i o n s h i p s  o f  t h e  k i n e t i c  and k inemat ic  

va r ia ,b les  which c o n t r i b u t e  t o  a s k i l l f u l  performance o f  a c l e a r  
backward h i p  c i r c l e  (CBHC) t o  handstand; 

2. t o  determine t h e  r e l a t i o n s h i p  between se lec ted  k i n e t i c  and k inemat ic  
v a r i a b l e s  and e v a l u a t o r s '  rank ings  o f  t h e  q u a l i t y  o f  performance o f  a 
CBHC t o  handstand; and 

3. t o  expand upon t h e  d e f i n i t i o n s  o f  a CBHC t o  handstand c u r r e n t l y  found 
i n  t h e  l i t e r a t u r e .  

The CBHC t o  handstand may be performed f rom an inward o r  outward p o s i t i o n  
on e i t h e r  t h e  low bar o r  t h e  h igh  bar o f  t h e  uneven p a r a l l e l  bars (Schmid & 
Drury, 1977). F igure  1 i s  a p i c t o r i a l  r e p r e s e n t a t i o n  o f  t h e  CBHC t o  handstand. 

The s u b j e c t s  f o r  t h i s  s tudy  were f o u r  members o f  t h e  Washington S t a t e  Uni- 
v e r s i t y  women's gymnastics team. The gyrr~nasts were a l l  capable o f  e x e c u t i n g  
a CBHC t o  handstand w i t h i n  20° o f  v e r t i c a l  i n  e i t h e r  d i r e c t i o n .  The means f o r  
age, he igh t ,  and weight  o f  t h e  sub jec ts  were 19 years, 160.25 cm, and 541 
Newtons, respec t i ve1  y. 

The da ta  f o r  t h i s  i n v e s t i g a t i o n  were c o l l e c t e d  f rom t h r e e  sources: 
1. s t r a i n  gages a t tached  a long  t h e  n e u t r a l  a x i s  o f  t h e  bar, f o r  ho r i zon-  

t a l  and v e r t i c a l  bending, 56 cm f rom each end. These s t r a i n  gages 
were connected t o  a galvonometr ic  t y p e  o s c i l l o g r a p h ,  which recorded 



Figure 1 The Clear Backward Hip Circle to Handstand. 

( Adapted from George. G. S. Biochemics of Women's 

Gymnaetic8. Enplewood Cliffs: Prentice Hall, 1960, 173. ) 
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Flgure 2 Plot of the lolal  body cenler of Qrevlly ueloclty ( X and Y ) during trlal P6 o l  the Clear Backward 
Hip Circl* lo  Hmndatand. 

a ~ e n o t e a  end of phase I. 

Oenote& end of Phase II. 



d e f l e c t i o n s  i n  t h e  bar  by means of a  l i g h t  t r a c i n g  on p h o t o s e n s i t i v e  
paper; 

2. a  16 nim LOCAM camera, o p e r a t i n g  a t  a  speed o f  100 franies per  second, 
which was p o s i t i o n e d  perpend icu la r  t o  t h e  p lane  o f  mot ion  and 13.1 m 
f rom t h e  bars; and 

3 .  a Sony v ideocorder  camera, which was p laced perpend icu la r  t o  t h e  bars, 
and 7.85 m from t h e  c e n t e r  o f  t h e  low bar, i n  o r d e r  t o  determine any 
moves which occurred o u t  o f  t h e  s a g g i t a l  plane, t h e  plane o f  mot ion  
f o r  t h e  CBHC t o  handstand. 

Three t r i a l s  f o r  each s u b j e c t  were se lec ted  f o r  a n a l y s i s  i n  t h i s  i n v e s t i -  
ga t ion .  These 12 t r i a l s  were viewed on f i l m  and scored b y  a  panel o f  four  gym- 
n a s t i c s  exper ts  i n  o r d e r  t o  determine t h e  q u a l i t y  o f  performance. , These four  
eva lua to rs  used a  10-po in t  s c o r i n g  sheet designed by t h e  i n v e s t i g a t o r .  Any 
g iven  t r i a l  was viewed o n l y  once by each e v a l u a t o r ,  and t h e  score f o r  each 
t r i a l  was t h e  sum t o t a l  o f  t h e  f o u r  e v a l u a t o r s '  scores f o r  t h a t  t r i a l .  Based 
on t h e  t o t a l  scores, t h e  t r i a l s  were ranked f rom 1  t o  12, w i t h  1  be ing  t h e  bes t  
perfomlance. As Table 1  i n d i c a t e s ,  t r i a l  P6 was eva lua ted  as t h e  b e s t  p e r f o r -  
mance, w h i l e  t h e  t h r e e  t r i a l s  by  s u b j e c t  L were judged t o  be t h e  poorest .  

Table 1  

Resu l t s  o f  t h e  Eva lua t ions  and t h e  Ranks 
Assigned t o  Each T r i a l  

Eva1 u a t o r  s ' Scores 
Su b j e c t / T r i a l  codea 1  2 3 4 T o t a l  Rank 

a  
L e t t e r  represen ts  s u b j e c t ' s  name; number represen ts  t r i a l  number. 



The CBHC t o  handstand was d i v i d e d  i n t o  3 phases f o r  t h e  purpose o f  analy-  
s i s .  Phase I c o n s i s t e d o f  t h e  t ime f r o m t h e  t o p o f  t h e  c a s t  t o  t h e  t ime when 
t h e  gymnast's body reached a  v e r t i c a l  p o s i t i o n  d u r i n g  descent.  Phase I 1  was 
t h e  t i m e  from one frame a f t e r  t h e  v e r t i c a l  p o s i t i o n  t o  one frame be fo re  f l e x -  
i o n  a t  t h e  shoulders occurred i n  o r d e r  f o r  t h e  gymnast t o  r a i s e  her  body t o  
t h e  handstand p o s i t i o n .  Phase 111 was t h e  t ime from t h e  i n i t i a t i o n  o f  f l e x i o n  
a t  t h e  soulders u n t i l  t h e  body reached t h e  handstand p o s i t i o n .  Phase I 1 1  i s  
a l s o  r e f e r r e d  t o  as t h e  "shoot" p o r t i o n  o f  t h e  CBHC t o  handstand, 

The l e f t  ank le,  knee, h ip ,  i l i a c  c r e s t ,  shoulder, elbow, w r i s t ,  and 
o c c i p i t o - a t l a n t a l  j o i n t  markings were d i g i t i z e d  f rom t h e  f i l m  a t  f i ve - f rame 
i n t e r v a l s .  FILMDATA, a  computer program developed by Ral ph Mann i n  1976, was 
used t o  analyze t h e  data p o i n t s  ob ta ined  from t h e  f i l m  and t o  c a l c u l a t e  and 
p r i n t  t h e  r e s u l t s .  A  subrou t ine  o f  FILMDATA was a1 so u t i  1  i r e d  t o  generate 
p l o t s  o f  t h e  data. Based on t h e  r e s u l t s  f rom FILMDATA f o r  t h e  smoothed d i s -  
placement o f  t h e  t o t a l  body c e n t e r  o f  g r a v i t y  (COG), k i n e t i c  energy, work, and 
power were c a l  c u l  ated. 

Force-de f lec t ion  curves were ob ta ined  i n  t h e  h o r i z o n t a l  and v e r t i c a l  d i -  
r e c t i o n s  f o r  each o f  t h e  12 t r i a l s .  From these  curves, peak f o r c e s  and im- 
pu l  ses were c a l  c u l  ated. 

I n  o r d e r  t o  i n v e s t i g a t e  t h e  r e l a t i o n s h i p s  between t h e  v a r i a b l e s  f o r  which 
data were q u a n t i f i e d ,  Spearman rank  c o r r e l a t i o n s  were c a l c u l a t e d  between t h e  
e v a l u a t o r s '  rank ings  o f  t h e  performances and se lec ted  k i n e t i c  and k inemat ic  
v a r i a b l e s .  Based on t h e  d e f i n i t i o n s  g i v e n  by Weber and Larnb (1970), a  coe f f i c -  
i e n t  between .70 and .89 i n d i c a t e d  a h i g h  c o r r e l a t i o n  and a  c o e f f i c i e n t  o f  .90 
o r  g r e a t e r  i n d i c a t e d  a  v e r y  h i g h  c o r r e l a t i o n .  

Examination o f  t h e  p l o t s  f o r  t h e  v e l o c i t y  o f  t h e  t o t a l  body COG showed 
some i n t e r e s t i n g  s i m i l a r i t i e s  and d i f f e r e n c e s  among t r i a l s .  F igure  2 shows 
t h e  X and Y components f o r  t h e  COG v e l o c i t y  d u r i n g  t r i a l  P6, t h a t  t r i a l  which 
was ranked as t h e  bes t  t r i a l  by  t h e  eva lua to rs .  The nega t i ve  va lues represen t  
t h e  v e l o c i t y  d u r i n g  t h e  descending p o r t i o n  o f  t h e  s k i l l ,  w h i l e  t h e  p o s i t i v e  
va lues occurred as t h e  COG ascended t o  t h e  handstand p o s i t i o n .  The maximum 
v e l o c i t y  d u r i n g  t h e  descending p o r t i o n  f o r  a l l  t r i a l s  i n  b o t h  t h e  X and Y 
d i r e c t i o n s  occurred d u r i n g  Phase 11, as t h e  COG passed under t h e  low bar. For 
a l l  t r i a l s  maximum v e l o c i t y  d u r i n g  t h e  ascending p o r t i o n  o f  t h e  s k i l l  i n  t h e  
X d i r e c t i o n  occur red  as t h e  COG moved over  t h e  bar  and i n t o  t h e  handstand pos i -  
t i o n ,  a t  t h e  end o f  Phase 111. 

A  d i f f e r e n c e  was noted among s u b j e c t s  f o r  maximum ascending v e l o c i t y  o f  
t h e  COG i n  t h e  Y d i r e c t i o n .  A l l  t r i a l s  by s u b j e c t s  P  and T  reached t h e  maximum 
a t  t h e  beginning o f  Phase 111, simultaneous w i t h  t h e  "shoot",  as F igure  2 i n d i -  
cates.  However, F igure  3 shows t h e  d i f f e r i n g  p a t t e r n  e x h i b i t e d  by sub jec ts  
L  and S. Dur ing these  t r i a l s ,  maximum ascending v e l o c i t y  i n  t h e  Y d i r e c t i o n  
was reached d u r i n g  t h e  m idd le  o f  Phase 11, p r i o r  t o  t h e  "shoot".  

Spearman r a n k  c o r r e l a t i o n s  were c a l c u l a t e d  between t h e  e v a l u a t o r s '  rank- 
i n g s  and t h e  magnitudes of  t h e  maximum v e l o c i t i e s  and a c c e l e r a t i o n s  o f  t h e  COG. 
The o n l y  h i g h  c o r r e l a t i o n  was found f o r  nega t i ve  a c c e l e r a t i o n  o f  t h e  X compo- 
nent, w i t h  t h e  c o e f f i c i e n t  be ing  .81. Since t h i s  maximum a c c e l e r a t i o n  was 
reached i n  a l l  t r i a l s  d u r i n g  Phase 11, as t h e  COG began t o  ascend from t h e  
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Figure 3 Plot  o f  t h e  t o t a l  b o d y  cen te r  o f  g rav i t y  ve loc l t y  ( X and  Y du r lng  t r i a l  S 4  of t h e  

c lea r  b a c k w a r d  hip c i r c le  t o  handstand. 

a Deno tes  e n d  o f  Phase  I. 

D e n o t e s  end  o f  P h a s e  II. 
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Figure 4 Plot of the resultant acceleration 0 1  the ar1kte. ~liac, shoulder, and wrlst dullno trial P6 01 the Clear 

Backward Hlp Clrcle to Handstand. 

a Denotes end OI P- 

Denotes end o l  Phase II. ----- 



bottom o f  t he  arc, i t  appeared t h a t  a t  t h i s  po in t  i n  t h e  s k i l l  i t  was benef i -  
c i a l  f o r  t h e  X component o f  t h e  COG t o  be dece le ra t ing  as much as possib le.  
This dece le ra t ion  i n  t h e  X d i r e c t i o n  occurred as t he  Y component o f  t h e  COG 
was accelerat ing,  reaching maxin~urn acce le ra t i on  a t  t he  end o f  Phase 111. 

With respect t o  1  inear  kinematics, r e s u l t a n t  displacement, v e l o c i t y  and 4 
acce le ra t ion  p l o t s  were examined f o r  t he  ankle, i l i a c  c res t ,  shoulder, and 
w r i s t  j o i n t s .  These l i n e a r  k inemat ics were s i m i l a r  among a l l  t r i a l s ,  w i t h  the 
except ion of t he  t i m i n g  o f  minimum ank le  acce le ra t ion .  I n  a l l  t r i a l s  except 
L3 and 15, minimum ank le  acce le ra t i on  occurred as t he  handstand was i n i t i a l l y  
a t t a i ned  and t h e  body became s t a t i o n a r y  (F igure 4). However, f o r  t r i a l s  L3 3 

i 
and L5 minimum ank le  acce le ra t i on  occurred a t  t he  end o f  Phase I 1  (Figure 5). + 

The reason f o r  t h i s  d i f f e r e n c e  was probably due t o  i n s u f f i c i e n t  v e l o c i t y  f o r  
f l ex i on  a t  t he  shoulder by sub jec t  L, which w i l l  be more f u l l y  discussed l a t e r  ' 

i n  t h i s  presentat ion.  

I n  terms o f  angular k inemat ics,  t h e  shoulder and e l  bow were analyzed. A l l  
t r i a l s  exh ib i t ed  s i m i l a r  pa t te rns  f o r  these two j o i n t s ,  w i t h  t he  except ion o f  
t he  th ree  t r i a l s  by sub jec t  L, who was ranked as t he  poorest  performer o f  t he  
f ou r  subjects. I w i l l  present  t h e  angular  v e l o c i t y  p l o t  f o r  t r i a l  P6 as the  
t y p i c a l  pat tern,  and compare i t  t o  t h e  p l o t  f o r  t r i a l  L3 i n  o rder  t o  show the  
d i f f e r e n t  pa t te rns  seen i n  sub jec t  L ' s  th ree  t r i a l s .  

It should be noted t h a t  these p l o t s  have i nve r t ed  Y axes, w i t h  negat ive 
values being a t  t he  t op  o f  t h e  Y a x i s  (F igure 6). The negat ive values i n d i -  
ca te  f l e x i o n  a t  t he  j o i n t s  whereas t he  p o s i t i v e  values are representa t i ve  o f  
extension occur r ing  a t  t he  j o i n t s .  The t y p i c a l  pa t t e rn  showed maximum velo-  
c i t y  f o r  f l e x i o n  a t  t h e  elbow occurred du r i ng  t he  beginning o f  Phase 111, as 
the  gymnast began t h e  shoot t o  handstand. Maximum v e l o c i t y  f o r  extension a t  
t he  elbow was i n  t h e  f i n a l  p o r t i o n  o f  Phase 111, as t h e  body reached t he  hand- 
stand pos i t i on .  

With respect  t o  angular v e l o c i t y  a t  t he  shoulder j o i n t ,  subjects P, T, 
and S a l l  reached maximum v e l o c i t y  f o r  f l e x i o n  a t  t h e  end o f  Phase 111, as 
t he  body reached t he  handstand pos i t i on .  Maximum v e l o c i t y  f o r  extension a t  
t he  shoulder occurred du r i ng  Phase I, as the  body descended from the  t o p  o f  t he  
cast .  

I n  con t ras t  t o  t h e  pa t t e rn  f o r  t h e  o the r  t h ree  subjects,  sub jec t  L showed 
maximum v e l o c i t y  f o r  f l e x i o n  a t  t h e  e l  bow a t  t h e  end o f  Phase I 1  (Figure 7 ) .  
Maximum v e l o c i t y  f o r  extension a t  t he  elbow occurred du r i ng  Phase 1  f o r  subject  
L, as t he  body descended from t h e  t o p  of t h e  cast .  

Subject L  exh ib i t ed  maximum v e l o c i t y  fo r  extension a t  t h e  shoulder a t  t he  
end o f  Phase 11, and maximum v e l o c i t y  f o r  f l e x i o n  a t  t h e  shoulder a t  t he  begin- 
n ing  o f  Phase 111. 

The magnitudes f o r  maxirnurn v e l o c i t y  o f  f l e x i o n  a t  t he  shoulder a1 so appear- 
red  t o  a f f e c t  t h e  qua1 i t y  o f  performance. Whereas t h e  mean f o r  a l l  t r i a l s  was 
5.65 r / s ,  t he  mean f o r  sub jec t  L ' s  t h ree  t r i a l s  was o n l y  3.64 r / s .  Since t he  
most important  j o i n t  i n  terms o f  1  i f t i n g  t he  body t o  t he  f i n a l  v e r t i c a l  posi -  
t i o n  i n  t he  CBHC t o  handstand i s  t h e  shoulder j o i n t ,  i t  appeared t h a t  reaching 
maximum v e l o c i t y  f o r  f l e x i o n  a t  t h e  shoulder too  e a r l y  i n  Phase 111, i n  



ANKLE RESULTANT ACCELERATION VS TlME TRIAL L 3  FOR 
CBHC TO HANDSTAND 
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Figure 5 Plot o l  the resultant acceleration of the ankle d u r ~ n g  t r ia l  L 3  of the Clear 
Backward Hip Circle to Handstand. 

a Denotea end of  Phase I .  ----- 
Denotes end of Phase It. 
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Figure I Plot 01 the angular veloclly a1 the elbow and shoulder during frlal P I  of the Clear Backward 
Hlp Clrcle l o  Handstand. 

' Denotes end o l  Phase I. -- 
Denotes end of Phase II. -- 



VS'TIME TRIAL 13 FOR CBHC TO HANDSTAND 

I = SHOULDER 
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F l w e  7 Plot 01 tho angular volocity at the elbow and ahoulder dUr)ng trlel L3 lor the Clear Backward 
H b  Clrcle to Handatend. 

a Denote, end 01 Phase I. Denotoa end of Phase II. 

Figure 8 Qraphlc portrayal of the force-deflectlon curves ( 1, 2, 3, 4, 6 ) for 
trlal P6 of the Clear Backward Hip Circle to Handstand. Line 'A' 
denotes the reference point which was the deflection of the bar when 
the gymnast was In the front support POsitlon. '8' denotes the top of 
the cast and 'C' denotes the handstand position. 



a d d i t i o n  t o  n o t  a c h i e v i n g  h i g h e r  magnitudes i n  f l e x i o n  v e l o c i t y  a t  t h e  
shoulder, cou ld  have c o n t r i  buted t o  s u b j e c t  L '  s  poor performance. 

When observ ing a  gymnast who i s  i n  t h e  i n i t i a l  stages o f  l e a r n i n g  a  CBHC 
t o  handstand, you o f t e n  see a  common e r r o r  o f  u t i l i z i n g  f l e x i o n  and ex tens ion  
a t  t h e  e l  bow, r a t h e r  than  f l e x i o n  a t  t h e  shoulder ,  t o  reach  t h e  v e r t i c a l  pos i -  
t i o n .  Th is  i n v e s t i g a t i o n  supported t h a t  con ten t ion .  The poorest  performer, 
sub jec t  L, showed t h e  g r e a t e s t  v e l o c i t i e s  f o r  f l e x i o n  a t  t h e  elbow and t h e  
lowest  v e l o c i t i e s  f o r  f l e x i o n  a t  t h e  shoulder  d u r i n g  her 3 t r i a l s ,  o f  a l l  t h e  
12 t r i a l s .  Subject  P  had t h e  lowes t  v e l o c i t i e s  f o r  f l e x i o n  and ex tens ion  a t  
t h e  e l  bow d u r i  ug t h e  bes t  o f  her  t h r e e  t r i a l  s, P6. 

I n  terms o f  t h e  k i n e t i c  data, f o r c e - d e f l  e c t i o n  curves, k i n e t i c  energy, 
work, and power w i l l  be discussed. F igure  8 shows t h e  h o r i z o n t a l  fo rce - t ime 
h i s t o r i e s  f o r  t r i a l  P6. Un fo r tuna te ly ,  t h e  v e r t i c a l  fo rce - t ime h i s t o r i e s  
showed d i s c o n t i n u i t y ,  i n d i c a t i n g  a  p o s s i b l e  break i n  t h e  s t r a i n  gage i n s t r u -  
mentat ion, t h e r e f o r e  I do n o t  f e e l  t h e y  should be r e p o r t e d  u n t i l  t h e  s tudy  can 
be rep1 i c a t e d  i n  o r d e r  t o  va l  i d a t e  those r e s u l t s .  

There were 5 prominent d e f l e c t i o n s  i n  t h e  h o r i z o n t a l  d i r e c t i o n  f o r  each 
o f  t h e  12 t r i a l s .  The f i r s t  d e f l e c t i o n  occur red  d u r i n g  Phase I, as t h e  body 
descended f rom t h e  t o p  o f  t h e  c a s t  (1 ). This  f o r c e  was d i r e c t e d  away fro111 
bo th  bars, toward t h e  gymnast 's f e e t .  The fo rce  s h i f t e d  h o r i z o n t a l l y  toward 
t h e  h i g h  bar  as t h e  gymnast 's f e e t  passed under t h e  low bar ( Z ) ,  and aga in  
s h i f t e d  away from b o t h  bars as t h e  l e g s  passed under t h e  low b a r  (3) .  A t  t h e  
beginning o f  t h e  "shoot"  t h e  f o r c e  was aga in  d i r e c t e d  h o r i z o n t a l l y  toward t h e  
h i g h  bar as t h e  gymnast began maximum f l e x i o n  a t  t h e  shoulder  (4) .  There was 
a  f i n a l  h o r i z o n t a l  f o r c e  d i r e c t e d  away from bo th  bars j u s t  before t h e  gymnast 
reached t h e  handstand p o s i t i o n  (5 ) .  

The magnitudes o f  t h e  peak fo rces  i n  t h e  h o r i z o n t a l  d i r e c t i o n  were as h i g h  
as s i x  t imes body weight ,  which agreed w i t h  t h e  r e l e v a n t  1  i t e r a t u r e  (Dusenbury, 
1968; Hay, Putnam, & Wilson, 1979; Sale & Judd, 1974). Th is  1  i t e r a t u r e  r e p o r t -  
ed va lues rang ing  f rom f i v e  t imes body weight  t o  n i n e  t imes  body weight  f o r  
both males and females per forming var ious  gymnastic s k i l l s  o f  a  swinging nature.  

The v e r t i c a l  f o r c e s  w i t h  respec t  t o  d i s t a n c e  and t i m e  o f  a p p l i c a t i o n  were 
c a l c u l a t e d  f rom t h e  k inemat ic  da ta  as k i n e t i c  energy, work, and power (Table 2) .  
Negative work and power occur red  as t h e  COG descended from t h e  t o p  o f  t h e  cast ,  
w i t h  t h e  p o s i t i v e  va lues  r e s u l t i n g  f rom t h e  ascent  o f  t h e  COG. Spearman rank  
c o r r e l a t i o n s  were c a l c u l a t e d  between t h e  e v a l u a t o r s '  r a n k i n g s  and t h e  t o t a l  
p o s i t i v e  and nega t i ve  work and power va lues.  A v e r y  h i g h  c o e f f i c i e n t  o f  -0.93 
was found f o r  p o s i t i v e  work and power, i n d i c a t i n g  t h a t  b e t t e r  performances o f  
t h e  CBHC t o  handstand r e s u l t e d  i n  g r e a t e r  amounts o f  work and power being per -  
formed as t h e  COG ascended from under t h e  bar t o  t h e  handstand p o s i t i o n .  

To summarize, I would l i k e  t o  g i v e  some p o i n t e r s  which cou ld  be b e n e f i c i a l  
t o  gynnast ics coaches and teachers who a r e  work ing w i t h  performers e x e c u t i n g  a  
CBHC t o  handstand. These teach ing  cues a r e  based on t h e  f i n d i n g s  o f  t h i s  i n -  
v e s t i g a t i o n .  

1. There should be as 1  i t t l e  r e s i s t a n c e  as  p o s s i b l e  d u r i n g  t h e  body 's  
descent f rom t h e  t o p  o f  t h e  c a s t  i n  o r d e r  t o  a t t a i n  maximum COG v e l o -  
c i t y  a t  t h e  bottom o f  t h e  a rc ,  and maximum 1  i n e a r  v e l o c i t y  a t  t h e  d i s -  
t a l  j o i n t s .  The hands should mere ly  m a i n t a i n  c o n t a c t  w i t h  t h e  bar, 



Table 2 

Maximum K i n e t i c  Energy, To ta l  Negative and P o s i t i v e  
Work and Power Perforrned During t he  Execut ion 

o f  a Clear Backward Hip C i r c l e  t o  Handstand 

Subject/ c 
T r i  a1 K . E . ~  Neg. workb Pos. workb Neg. powerC Pos. Power 

Mean 4.48 399.13 472.31 7982.54 9452.09 

S.D. 1.73 30.1 5 64.51 603.03 1292.00 

Min. 1.50 360.90 376.25 721 8.06 7525.00 

Max. 6.89 465.00 559.08 . 9300.00 11181.55 

a ~ l  1 k i n e t i c  energy values a re  presented i n  Joules. 

b~ l  1 work values a r e  presented i n  Joules. 
C 

A1 1 power values values a re  presented i n  Watts. 

thus min imiz ing  t he  e f f e c t  o f  f r i c t i o n  as much as possib le.  The body 
should swing f ree ly ,  as does a pendulum, i n  o rder  t o  reap t h e  g rea tes t  
benef i ts  o f  t h e  p r i n c i p l e s  o f  pendular motion. 

2.  The opt imal  angle t o  a t t a i n  a t  t h e  t o p  o f  t he  cas t  i s  between 80 and 
12O above t he  ho r i zon ta l .  Th is  opt imal  angle should be reached con- 
s i s t e n t l y  i n  o rder  t o  a i d  t h e  performer i n  maximizing t h e  p r i n c i p l e s  
of pendular mot ion du r i ng  descent. 



3 .  Gymnastics coaches and teachers who observe elbow f l e x i o n  and exten-  
s i o n  by t h e i r  per formers d u r i n g  t h e  execu t ion  o f  a  CBHC t o  handstand, 
should i n v e s t i g a t e  what i s  o c c u r r i n g  a t  t h e  gymnast's shoulder  j o i n t s .  
It appeared f rom t h i s  s tudy  t h a t  i n s u f f i c i e n t  v e l o c i t y  f o r  f l e x i o n  a t  
t h e  shoulder  r e s u l t e d  i n  compensation on t h e  p a r t  o f  t h e  sub jec ts  by 
u t i l i z i n g  f l e x i o n  and ex tens ion  a t  t h e  elbow j o i n t s .  That  i s  t o  say, 
t h e  coaches' adv ice  m i g h t  cen te r  on t h e  d e s i r e d  a c t i o n  a t  t h e  shoul -  
der  r a t h e r  than  t h e  undesi red a c t i o n  a t  t h e  elbow, 

4. The " s l  i p - g r i p t 1  a c t i o n  o f  t h e  hands should occur  when t h e  moment a t  
t h e  hands/bar i n t e r f a c e  i s  minimal , approx imate ly  1  b e f o r e  t h e  
handstand p o s i t i o n ,  i n  o r d e r  t o  min imize t h e  chance o f  i n j u r y  t o  t h e  
gymnast as a  r e s u l t  o f  t h e  hands " p e e l i n g - o f f "  t h e  bar  i f  t h e  " s l i p -  
g r i p "  occurs when t h e  moment a t  t h e  bar  i s  s t i l l  g rea t .  

5. Spo t t ing  o f  swinging moves i n  gymnastics i s  impor tan t  f o r  t h e  s a f e t y  
o f  t h e  gymnast. I n  terms o f  t h e  CBHC t o  handstand, s p o t t i n g  i s  most 
c r u c i a l  as t h e  gymnast's hands undergo t h e  " s l i p - g r i p "  a c t i o n .  

6. I n  o r d e r  t o  a t t a i n  t h e  g r e a t e s t  amount o f  k i n e t i c  energy as t h e  COG 
passes beneath t h e  bar, t h e  gymnast should keep her  COG as f a r  from 
t h e  bar  as p o s s i b l e  d u r i n g  t h e  downswing. 

One o f  t h e  s p e c i f i c  problems o f  t h i s  s t u d y  was t o  expand upon t h e  d e f i n i -  
t i o n s  o f  a  CBHC t o  handstand c u r r e n t l y  found i n  t h e  l i t e r a t u r e .  A l though t h e  
cas t  p o r t i o n  o f  t h e  CBHC t o  handstand was n o t  analyzed i n  t h i s  i n v e s t i g a t i o n ,  
t h e  biomechanical d e s c r i p t i o n  i n c l u d e s  t h e  cas t ,  w i t h  t h e  gymnast beg inn ing  
i n  a f r o n t  suppor t  p o s i t i o n .  

From t h e  f r o n t  suppor t  p o s i t i o n  t h e  gymnast i n i t i a t e s  t h e  c a s t  w i t h  t h e  
hands i n  a  r e g u l a r  g r i p ;  t h e  h i p s  p i k e  swinging t h e  l e g s  under t h e  bar, then  
t h e  l e g s  extend l i f t i n g  t h e  h i p s  o f f  t h e  bar  w i t h  t h e  gymnast r i s i n g  t o  a  c l e a r  
f r o n t  suppor t  p o s i t i o n  a t  an angle between 80 and 120 above t h e  h o r i z o n t a l .  
From t h e  t o p  o f  t h e  c a s t  t h e  body r o t a t e s  backward p a s t  t h e  h o r i z o n t a l  i n  o r d e r  
t o  i n i t i a t e  a  pendular swing, f o l l o w e d  by t h e  shoulders r o t a t i n g  backward t o  a  
p o i n t  behind t h e  hands. Dur ing t h i s  phase o f  t h e  s k i l l  t h e  arms a re  extended 
and t h e r e  i s  s l i g h t  f l e x i o n  a t  t h e  h i p s  ( foo t - lead  p o s i t i o n ) ,  w i t h  t h e  a x i s  o f  
r o t a t i o n  i n i t i a l l y  a t  t h e  shoulder  j o i n t s .  As t h e  swing cont inues,  two axes 
of r o t a t i o n  w i l l  e x i s t ,  one a t  t h e  hands/bar i n t e r f a c e  and t h e  o t h e r  remain ing 
a t  t h e  shoulders. When t h e  upper p a r t  o f  t h e  t h i g h s  ascend t o  t h e  l e v e l  o f  t h e  
bar t h e  angular  momentu~il o f  t h e  l e g s  and t r u n k  about t h e  shoulder  j o i n t s  i s  
t r a n s f e r r e d  i n t o  backward r o t a t o r y  mot ion  o f  t h e  e n t i r e  body. As t h e  head 
approaches a  p o s i t i o n  d i r e c t l y  below t h e  bar  t h e  per former begins ex tend ing  o u t  
o f  t h e  f o o t - l e a d  p o s i t i o n  and t h e  pendular swing as she i n i t i a t e s  f o r c e f u l  
f l e x i o n  a t  t h e  shoulders. T h i s  r e s u l t s  i n  d e c e l e r a t i o n  i n  t h e  h o r i z o n t a l  d i r e c -  
t i o n  and an a t te r r~p t  t o  produce movement l i n e a r l y  i n  t h e  v e r t i c a l  d i r e c t i o n .  
The hands undergo a " s l  i p - g r i  p" a c t i o n  approx imate ly  150 b e f o r e  t h e  t e r m i n a l  
handstand p o s i t i o n  as a l l  body segments s imu l taneous ly  a1 i g n  w i t h  t h e  upper 
v e r t i c a l .  There should be f u l l  f l e x i o n  a t  t h e  shoulders, f u l l  ex tens ion  a t  
t h e  e l  bows, h ips,  and knees, t h e  f e e t  should be p l a n t a r  f l e x e d  ( t o e s  pointed) ,  
and t h e  head should be i n  a n e u t r a l  p o s i t i o n  between t h e  arms d u r i n g  t h e  hand- 
stand. 
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