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Research  on v a r i o u s  a s p e c t s  of t h e  t h rowing  mot ion  h a s  
i n d i c a t e d  i t  t o  be a  ve ry  complex movement (A twa te r ,  
1 9 7 9 ) ,  C e r t a i n  k i n e m a t i c  pa rame te r s  appea r  t o  be  common 
d e t e r m i n a n t s  of s u c c e s s f u l  performance r e g a r d l e s s  of t h e  
n a t u r e  of t h e  t h rowing  t a s k .  Under i d e a l  c o n d i t i o n s  
( i , e , ,  i g n o r i n g  a i r  r e s i s t a n c e  and  the t y p e  of implement  
be ing  thrown) t h e  p a t h ,  and hence d i s t a n c e  thrown,  i s  
de t e rmined  by t h e  a n g l e ,  h e i g h t  and v e l o c i t y  of r e l e a s e .  
Such a n  i d e a l  a n a l y s i s  needs  some m o d i f i c a t i o n  f o r  
s i t u a t i o n s  i n  which aerodynamics  a r e  c o n s i d e r e d .  S i n c e  
t h e  r e l e a s e  phase  of t h e  j a v e l i n  throw encompasses t h e s e  
common th rowing  components a s  well a s  o b v i o u s  
aerodynamic i n f l u e n c e s ,  q u a n t i f i c a t i o n  of r e l e a s e  
c h a r a c t e r i s t i c s  which e s t a b l i s h  t h e  i n i t i a l  c o n d i t i o n s  
of f l i g h t  i s  i m p o r t a n t .  

The m a j o r i t y  of r e p o r t e d  d a t a  c o n c e r n s  k i n e m a t i c  
pa rame te r s  c a l c u l a t e d  from h igh  speed  f i l m  t a k e n  d u r i n g  
c o m p e t i t i o n  and h a s  focused  on h e i g h t ,  a n g l e  and  
v e l o c i t y  of t h e  j a v e l i n  a t  r e l e a s e  ( M i l l e r  & Munro, 
1983; Te rauds ,  1978; Wi lson ,  1 9 7 9 ) ,  These s t u d i e s  have 
been c r o s s - s e c t i o n a l  i n  n a t u r e ,  a n a l y z i n g  s e l e c t e d  
a t h l e t e s  a t  s p e c i f i c  t r a c k  meets  and l i m i t i n g  t h e  
p o p u l a t i o n  of s u b j e c t s  t o  male t h rower s .  The Un i t ed  
S t a t e s  Olympic Committee h a s  sponso red  l o n g i t u d i n a l  
b iomechanica l  a n a l y s i s  of e l i t e  male and f ema le  j a v e l i n  
t h r o w e r s  s i n c e  March of 1982, The pu rpose  of t h e  p r e s e n t  
s t u d y  was t o  a s s e s s  t h e  t e c h n i q u e  of Amer i ca ' s  t o p  
j a v e l i n  t h r o w e r s  by examining k inema t i c  measu re s  which 
a f f e c t  th rowing  d i s t a n c e ,  A secondary  g o a l  was t o  
p r o v i d e  no rma t ive  d a t a  on e l i t e  t h rower s ,  ' 



Under t h e  a u s p i c e s  of the.USOC1s E l i t e  A t h l e t e  
P r o j e c t ,  e i g h t  of America I s  t o p  j a v e l i n  th rowers  (Table 
1) were f i lmed over a f i f t e e n  month e r i o d  a t  major 
n a t i o n a l  compe t i t i ons  and s e l e c t e d  tRrowlng clinics 
(Table  2 ) .  A l l  f i l m  d a t a  were c o l l e c t e d  u s i n g  e i t h e r  a  
16 mm Locam (Redlake Corp., Campbell, CAI  o r  Photosonics 
1P ( Ins t rumen ta t ion  Marketing,  Inc , ,  Burbank, CAI camera 
o p e r a t i n g  a t  100 f p s .  The a c t u a l  frame r a t e  was v e r i f i e d  
by t iming  l i g h t s  i n t e r n a l  t o  each camera. While t h e  
a t h l e t e s  were f i lmed from both a s i d e  and f r o n t  view, 
da ta  i n  t h e  p r e s e n t  s tudy  were t aken  from t h e  s i d e  view 
f i l m s  t o  ana lyze  movement i n  t h e  s a g i t t a l  plane.  The 
s i d e  view camera was p o s i t i o n e d  16-18 m  fro^ t h e  c e n t e r  
of t h e  j a v e l i n  runway on t h e  a t h l e t e s 1  throwing-arm 
s i d e .  T h i s  o r i e n t a t i o n  pe rmi t t ed  viewing t h e  c rossove r ,  
f i n a l  f o o t  p l a n t  and r e l e a s e  of t h e  j a v e l i n .  A meter 
s t i c k  was f i lmed a t  t h e  beginning and end of each t e s t  
s e s s i o n  and served at3 a r e f e r e n c e  m u l t i p l i e r .  The 
s u b j e c t s 1  name, t r i a l  number, d i s t a n c e  thrown, d a t e  and 
t ime were a l s o  recorded.  

Twenty-eight t r i a l s  were s e l e c t e d  f o r  a n a l y s i s  
(nu15 f o r  men, n=13 f o r  women), F i l m s  were r e a r  
p r o j e c t e d  onto  a f r o s t e d  g l a s s  s c r e e n  us ing  a Vanguard 
M-16C p r o j e c t o r ,  and d i g i t i z e d  us ing  a Graf/Pen Sonic  
D i g i t i z e r  (Science  Accesso r i e s  Corp., Southpor t ,  CN) 
i n t e r f a c e d  with a DEC 11/23 minicomputer ( D i g i t a l  
Equipment Corp., Maynard, MA) .  Ten p o i n t s  were d i g i t i z e d  
f o r  each t r i a l  a t  t h e  moment of r e l e a s e ,  which was 
de f ined  a s  t h e  f i r s t  frame a f t e r  t h e  j a v e l i n  l e f t  t h e  
hand. The s i x  k inemat i c  parameters  c a l c u l a t e d  were 
r e l e a s e  ang le ,  a t t i t u d e  a n g l e ,  a t t a c k  a n g l e ,  h e i g h t  of 
r e l e a s e ,  f r o n t  f o o t  t o  f o u l  l i n e  d i s t a n c e ,  and v e l o c i t y  
of r e l e a s e  (F igure  1) . Release  v e l o c i t y  was determined 
by averaging i n s t a n t a n e o u s  v e l o c i t i e s  f o r  t h e  30 m s  
i n t e r v a l  j u s t  a f t e r  r e l e a s e .  

Mul t ip l e  l i n e a r  r e g r e s s i o n  and c r o s s - c o r r e l a t i o n  
r o u t i n e s  were used t o  a s s e s s  d i f f e r e n c e s  between 
k inemat ic  parameters .  T - t e s t s  were used t o  de termine  i f  
t h e  means between males and females  s i g n i f i c a n t l y  
d i f f e r e d  f o r  each parameter .  The two group8 d i f f e r e d  
s i g n i f i c a n t l y  (p< .05 )  on v e l o c i t y  of r e l e a s e  and h e i g h t  
of r e l e a s e .  The o t h e r  f o u r  parameters  - r e l e a s e  ang le ,  
a t t i t u d e  ang le ,  a t t a c k  a n g l e  and f r o n t  f o o t  t o  f o u l  l i n e  
d i s t a n c e  - showed no s i g n i f i c a n t  d i f f e r e n c e s  between 
males and females  and, t h e r e f o r e ,  were analyzed a s  a 
combined popula t ion .  
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FIGURE 1. KINEMATIC PARAMETERS A T  RELEASE 

The f o l l o w i n g  s i x  p a r a m e t e r s  were c a l c u l a t e d  a t  r e l e a s e  
f o r  each j a v e l i n  throw: (1) anale - t h e  a n g l e  
between t h e  v e l o c i t y  v e c t o r  and a  h o r i z o n t a l  r e f e r e n c e ;  
( 2 )  a t t i t u e  anale - t h e  a n g l e  between a  l i n e  j o i n i n g  
t h e  t a i l  and t h e  t i p  of t h e  j a v e l i n  and a  h o r i z o n t a l  
r e f e r e n c e ;  ( 3 )  attack - t h e  d i f f e r e n c e  between t h e  
r e l e a s e  and a t t i t u d e  a n g l e s ;  ( 4 )  heiah_t pf - t h e  
v e r t i c a l  d i s t a n c e  between t h e  f r o n t  of t h e  j a v e l i n  hand 
g r i p  t o  t h e  ground;  ( 5 )  f o n t  _tQ foul line distance - t h e  
h o r i z o n t a l  d i s t a n c e  from t h e  t o e  of t h e  l e a d  ( p l a n t )  
f o o t  t o  t h e  f o u l  l i n e ;  ( 6 )  pf - t h e  
magnitude and d i r e c t i o n  of t h e  j a v e l i n ' s  v e l o c i t y  a t  
r e l e a s e .  Re l ea se  v e l o c i t y  was de t e rmined  by ave rag ing  
i n s t a n t a n e o u s  v e l o c i t i e s  f o r  t h e  3 0  m s  i n t e r v a l  j u s t  
a t  t e r  r e l e a s e .  

A n a l y s i s  i n  t h i s  p r o j e c t  was l i m i t e d  t o  a s i n g l e  
p l a n e  wi th  t h e  c o n c e s s i o n  t h a t  overarm th rowing  i s  a  
t h r e e  d imens iona l  movement. Th i s ,  of c o u r s e ,  a p p l i e s  t o  
bo th  t h e  arm of t h e  t h rower  a s  w e l l  a s  t h e  o r i e n t a t i o n  
of t h e  implement ( j a v e l i n )  be ing  thrown. We e v a l u a t e d  
o n l y  l e g a l  th rows ,  and s e l e c t e d  p a r a m e t e r s  f o r  a n a l y s i s  
t h a t  a r e  g e n e r a l l y  r e p o r t e d  t o  be r e l a t e d  t o  th rowing  
d i s t a n c e .  



A d d i t i o n a l l y ,  it should  be recognized  t h a t  t h e  t r u e  
a n g l e  of a t t a c k  i s  t h e  a c u t e  a n g l e  between t h e  a t t i t u d e  
of t h e  j a v e l i n  and t h e  r e l a t i v e  a i r  f low v e c t o r  around 
t h e  j a v e l i n  ( M i l l e r  & Munro, 1983) .  In  t h e  s t r ic tes t  
sense  t h e  r e l a t i v e  a i r  f low a t  r e l e a s e  cannot  be 
measured d u r i n g  compet i t ion .  The re fo re ,  our  working 
d e f i n i t i o n  of a t t a c k  a n g l e  i a  l i m i t e d ,  b u t  comparable t o  
the d e f i n i t i o n  used by Mi l l e f  6 Munro (1983) a s  an  

uncor rec t ed  a n g l e  of a t t a c k  . 
TABLE 3 

COMPARISON BETWEEN MALE AND FEMALE 

RELEASE CHARACTERISTICS 

The primary purpose of t h i s  s t u d y  was t o  examine 
k inema t i c  pa rame te r s  which a f f e c t  throwing d i s t a n c e  i n  
e l i t e  j a v e l i n  throwers .  Mean s c o r e s  f o r  t h e  s i x  
pa rame te r s  examined a r e  l i s t e d  i n  Tab le  3. S e v e r a l  
a u t h o r s  have i n d i c a t e d  t h a t  exc lud ing  aerodynamic 
c o n s i d e r a t i o n s ,  t h e  d i s t a n c e  a j a v e l i n  t r a v e l s  is  
determined e s s e n t i a l l y  by i t s  v e l o c i t y ,  h e i g h t  and a n g l e  
a t  r e l e a s e  ( e . ~ . ,  Hay, 1978; A t t i g ,  1981) .  The r e l a t i v e  
c o n t r i b u t i o n  made by each of t h e s e  v a r i a b l e s  is  s t i l l  a  
m a t t e r  of debate .  W e  t h e r e f o r e  focused  our  a t t e n t i o n  on 
t h e s e  k inema t i c  v a r i a b l e s  s e p a r a t e l y .  



Release Valocitv 

P r e v i o u s  s t u d i e s  have  i n d i c a t e d  t h a t  t h e  d i s t a n c e  a 
j a v e l i n  w i l l  t r a v e l  is  p r i m a r i l y  dependent  upon t h e  
magni tude  of v e l o c i t y  ' a t  r e l e a s e  (Uay , 197 8; Ikegami e t  
a l ,  (1981) .  The a v e r a g e  r e l e a s e  v e l o c i t y  i n  t h e  p r e s e n t  
s t u d y  was 29.3 m / s  f o r  men and 21.8 m/s f o r  women, 
Te rauds  (1975,1978) and  Miller & Munro (1983) r e p o r t e d  
r e l e a s e  v e l o c i t i e s  f o r  male  t h r o w e r s  i n  t h e  range  of 
25-31 m/s. 

Terauds  (1978) r e p o r t e d  a c o r r e l a t i o n  of r=0.72 
between r e l e a s e  v e l o c i t y  and d i s t a n c e  f o r  n i n e  th rows  
(mean = 84.98 m) a t  t h e  1976 Olympic Games and Ikegami 
& a (1981) found a v a l u e  of rs0.99 f o r  s even  
i n t e r m e d i a t e  t h r o w e r s  (mean = 59.31 m ) .  I n  t h e  p r e s e n t  
s t u d y ,  p o s i t i v e  y e t  s t a t i s t i c a l l y  n o n s i g n i f i c a n t  
c o r r e l a t i o n s  were found  between r e l e a s e  v e l o c i t y  and t h e  
a c t u a l  d i s t a n c e  thrown f o r  male and f e m a l e  p o p u l a t i o n s  
c o n s i d e r e d  s e p a r a t e l y .  The c o r r e l a t i o n s  between r e l e a s e  
v e l o c i t y  and p o t e n t i a l  d i s t a n c e  were h i g h e r  t h a n  t h o s e  
f o r  t h e  a c t u a l  d i s t a n c e ,  b u t  were s t i l l  n o t  s i g n i f i c a n t .  

He igh t  of r e l e a s e  h a s  been i d e n t i f i e d  a s  an  
i m p o r t a n t  parameter  i n  d e t e r m i n i n g  t h rowing  d i s t a n c e  
( A t t i g ,  1981; Hay, 1978 ) .  I n  t h e  p r e s e n t  s t u d y  however, 
c o r r e l a t i o n s  between r e l e a s e  h e i g h t  and d i s t a n c e ,  as  
well a s  r e l e a s e  h e i g h t  and  o t h e r  k i n e m a t i c  pa r ame te r s ,  
were n o t  s i g n i f i c a n t  f o r  e i t h e r  male  o r  f ema le  
p o p u l a t i o n s ,  The a v e r a g e  h e i g h t  of r e l e a s e  f o r  men was 
2.06 m, which is  c o n s i s t e n t  w i t h  t h e  2.08 m and 2.02 m 
r e p o r t e d  by Miller & Munro (1983) and  Te rauds  (19781, 
r e s p e c t i v e l y .  R e l e a s e  h e i g h t  ave r aged  1.7 9 m f o r  women. 
There  was a s i g n i f i c a n t  (p<.05) c o r r e l a t i o n  between 
r e l e a s e  h e i g h t  and t h e  t h r o w e r s '  body h e i g h t  f o r  bo th  
men ( r  = 0.68) and  women ( r  = 0.78).  These r e s u l t s  a r e  
i n  agreement  w i t h  Te rauds  (197 8) who found t h a t  r e l e a s e  
h e i g h t  c o r r e l a t e d  well w i t h  t h e  h e i g h t  of f o u r  male  
a t h l e t e s  ( r  = 0.72) b u t  n o t  w i th  any o t h e r  k i n e m a t i c  
parameter .  

S e v e r a l  coach ing  a r t i c l e s  (e.g. ,  Tucker ,  1975)  
encourage  t h e  t h rower  t o  r e l e a s e  t h e  j a v e l i n  a s  h i g h  a s  
p o s s i b l e  and  d i r e c t l y  over  t h e  head. When f r o n t  view 
f i l m s  from t h e  p r e s e n t  s t u d y  were examined 
q u a l i t a t i v e l y ,  bo th  men and  women e x h i b i t e d  l a t e r a l  
t r u n k  f l e x i o n  away from t h e  th rowing  arm and a p p a r e n t  
f u l l  e x t e n s i o n  of t h e  t h rowing  arm a t  r e l e a s e  ( c a f e ,  
Atwate r ,  1979 ) .  These o b s e r v a t i o n s  s u g g e s t  t h a t  r e l e a s e  
h e i g h t  is  a f u n c t i o n  of bo th  body h e i g h t  and d e g r e e  of 
l a t e r a l  t r u n k  f l e x i o n ,  



While most s t u d i e s  on j a v e l i n  th rowing  have  
s c u s s e d  t h e  v a r i o u s  a n g l e s  a s s o c i a t e d  w i t h  r e l e a s e ,  
e r e  h a s  been l i t t l e  agreement  on t h e  d e f i n i t i o n s  and  

te rminology  used (e .g. ,  P a i s h ,  1980;  Witchey,  1973) . Nor 
i s  t h e r e  agreement  on t h e  v a l u e s  needed t o  o p t i m i z e  
performance.  I n  t h e  p r e s e n t  s t u d y ,  t h e  a t t i t u d e ,  r e l e a s e  
and a t t a c k  a n g l e s  were measured i n  a n  e f f o r t  t o  b e t t e r  
unde r s t and  t h e i r  e f f e c t  on th rowing  d i s t a n c e .  

The a t t i t u d e  a n g l e  (i.e., o r i e n t a t i o n  of t h e  
j a v e l i n  w i t h  r e s p e c t  t o  r i g h t  h o r i z o n t a l )  a v e r a g e d  39,6O 
which i s  c o n s i s t e n t  w i th  t h e  40.4' found .  by Ikegami pt 
dl (1981) .  C o n s i d e r a b l e  bending i n  t h e  j a v e l i n  was 
observed '  a t  r e l e a s e  and was c o n s i d e r e d  due ,  i n  p a r t ,  t o  
t h e  f o r c e s  e x e r t e d  on t h e  j a v e l i n  by t h e  t h rower  and t o  
t h e  f l e x i b i l i t y  of t h e  implement.  

Angle of r e l e a s e  ( i . e . ,  a n g l e  formed by t h e  
v e l o c i t y  v e c t o r  w i th  r e s p e c t  t o  t h e  r i g h t  h o r i z o n t a l )  
ranged from 25.7' t o  40.3' and ave raged  31.8'. These 
v a l u e s  a r e  i n  agreement  w i t h  p r e v i o u s  r e p o r t s  of r e l e a s e  
a n g l e  r a n g e s  (24O-37', Wilson (1979) ; 29.5'-34,2O, 
Ikegami & ( 1 9 8 1 ) ;  28,5O-37.5O, Teraude (1978 ) )  and  
means (32.g0,  Ikegami & al (1981) ; 34.1°, Te rauds  
(1978) 1 .  Terauds  (1978) a l s o  r e p o r t e d  a c o r r e l a t i o n  of 
r= 0.40 between r e l e a s e  a n g l e  and d i s t a n c e  thrown. I n  
t h e  p r e s e n t  s t u d y ,  t h e r e  were no s i g n i f i c a n t  
c o r r e l a t i o n s  between a n g l e  of r e l e a s e  and a c t u a l  
d i s t a n c e  nor  between a n g l e  of r e l e a s e  and p o t e n t i a l  
d i s t a n c e .  

Angle of a t t a c k  ave raged  7.8' which i s  s l i g h t l y  
h ighe r  t h a n  t h e  6-88 '  and 4.3' d e g r e e s  r e p o r t e d  by 
Terauds (1975,1978) b u t  c o n s i s t e n t  w i t h  t h e  7.5' of 
Ikegami,  & (1981 ) .  No s i g n i f i c a n t  c o r r e l a t i o n s  were 
found between e i t h e r  a t t a c k  a n g l e  and a c t u a l  d i s t a n c e  o r  
a t t a c k  a n g l e  and p o t e n t i a l  d i s t a n c e  i n  t h e  p r e s e n t  
s t udy .  Terauds (1978) i n d i c a t e d  t h a t  a z e r o  a t t a c k  a n g l e  
is  f a v o r a b l e ,  c i t i n g  l o n g e r  t h rows  a s s o c i a t e d  w i t h  t h i s  
va lue .  

CONCLUSIONS 

The r e s u l t s  of t h i s  s t u d y  s u g g e s t  t h a t  no s i n g l e  
k inema t i c  parameter  t a k e n  i n  i s o l a t i o n  (e.9. , r e l e a s e  
v e l o c i t y )  c a n  p r e d i c t  d i s t a n c e  thrown. D i s t a n c e  p robab ly  
r e s u l t s  more from a complex i n t e r a c t i o n  between s e v e r a l  
d i f f e r e n t  pa r ame te r s ,  a s  w e l l  a s  t h e  unknown wind 
f a c t o r .  Women compared f a v o r a b l y  w i t h  men r e g a r d i n g  
a t t a c k ,  r e l e a s e  and a t t i t u d e  a n g l e s ,  b u t  d i f f e r e d  on 
r e l e a s e  v e l o c i t y  and r e l e a s e  h e i g h t ,  due  i n  p a r t  t o  body 
s i z e  and s t r e n g t h .  
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