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C hap t e r  On e  

I n t r odu c t io n  

S ta t e me n t  o f  Pr ob l e m 

 J o i n t  p ro p r io c e p t i on  i s  ge n e r a l l y  r e c ogn iz e d  am on g  c e r t i f i ed  

a t h l e t i c  t r a i ne r s  a nd  t h e r a p i s t s  a s  a  key  c o m p on e n t  o f  i n ju r y 

p r e v en t io n  a nd  r e ha b i l i t a t i on  f o l l o wing  a n  i n ju r y. 1 - 3  J o i n t  

p r op r i o c ep t io n  c a n  b e  m e as u r ed  d i r e c t l y  t h r o u gh  t h e  us e  o f  f o r c e  

p l a t es  wi t h  t im e  to  s t ab i l i z a t i on  (T TS )  a nd  p os tu r a l  s w a y,  B io d ex  

m a c h in e s  fo r  j o in t  p os i t i on  s e ns e  ( J PS) ,  an d  t h ro u gh  th e  s t a r  

ex c u rs i on  b a l a n c e  t e s t  (S E BT ) .  Th e  SEBT  i s  d yn a mi c  i n  na t u r e ,  

w h ic h  m a y h e l p  f o r  a pp l i c ab i l i t y  t o  t he  a th l e t i c  wo r ld ,  bu t  i t  d o es  

n o t  t ak e  i n to  co ns id e r a t i o n  p a r t i c i p an t s  l e g  l en g th ,  h e i gh t ,  

f l ex ib i l i t y ,  o r  s t i f fn e s s  o f  t h e  m us c l es  i n  t he  l ow e r  ex t r em i t y.  Fo r c e  

p l a t es  d e t e rm in e  any  s l i gh t  p r es su r e  ch a n ge s  on  t he  p l an t a r  a sp e c t  

o f  t he  fo o t  a s  i t  i s  m ov e d  t h ro u gh  d i f fe r e n t  r an ge s  o f  m ot i on  wh i l e  

t h e  bo d y i s  s t an d ing . 4  T TS  i s  a  t e s t  t ha t  i n vo lv e s  j um ping  o r  

s t ep p in g  do w n  on t o  t h e  f o r c e  p l a t e  a nd  m e asu r in g  t h e  t ime  un t i l  a  

s t ab l e  s t a t e  i s  r e a ch e d . 5 - 7  W hi l e  t h i s  t e s t  i s  d yn a m i c  i n  na t u r e  as  a r e  

s po r t s ,  t h e  s t ab l e  s t a t e  t h a t  on e  m us t  r e a c h  i s  i nd i v i du a l  t o  e a ch  

p a r t i c ip a n t  an d  a  ba s e l in e  f o r  d e f i c i t  h a s  ye t  t o  b e  es t a b l i sh e d .  

P os t u r a l  sw a y i s  a  m e as u r em en t  o f  h ow  f a r  o f f  o f  t h e  mid l i ne  a  bo d y 

s w a ys  w h i l e  s t a nd in g  s t i l l . 1 , 8  T h e  us e  o f  p os tu r a l  s w a y a n d  c en te r  o f  

p r e s s u r e  m e as u re me n t s  h as  b e e n  e s t ab l i sh e d  a s  r e l i a b l e  an d  v a l i d  
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a n d  ex a c t  d e f i c i t s  h a v e  b e en  d e t e rm ine d  t h r o u gh  t h e  us e  o f  t h i s  t e s t .  

B i o dex  m ac h i n es  ca n  b e  emp lo ye d  to  m e as u r e  t h e  j o i n t ’ s  p os i t i o n  

a w a r e n ess  i n  a n  ope n  an d  c l os e d  k i ne t i c  ch a i n  e nv i r on men t . 7 , 9 , 1 0  

W h i l e  t h e  Bi od ex  ha s  b e e n  sh ow n  to  f i n d  s i gn i f i c a n t  r e su l t s  wh e n  

ex t r e m e  de f i c i t s  a re  p r es en t ,  i t  w o u ld  b e  h e lp fu l  t o  f i n d  a  t e s t  t h a t  

m a y b e  m o r e  s e ns i t i v e  a t  f i n d i n g  a l t e re d  j o in t  s t ab i l i t y .  T h ou gh  

u s e fu l  t o  t h e  r e ha b i l i t a t i on  o f  a th l e t es ,  t h e  u s e  o f  t he s e  me t ho ds  ca n  

b e  t i m e  c ons um in g  t o  t h e  a th l e t es  w h en  w an t in g  t o  ge t  b ac k  o n t o  t h e  

f i e l d  f o r  p l a y.  T h e re f o r e ,  m a n y c e r t i f i e d  a t h l e t i c  t r a in e r s  p u t  t h e  

a t h l e t es  t h ro u gh  p ro p r i oc e p t i v e  t r a in in g  a lo n g  w i t h  s t r e ng t h  an d  

a g i l i t y  d r i l l s ,  a nd  th e n  r e l e a se  t h em to  p l a y w h e n  th e y c a n  p r ov e  

t h a t  t h e y a r e  f un c t io n a l  w i th  t h e  j o i n t  o f  t he  i n j u r y. 1 1 , 1 2  H o w ev e r ,  i t  

m a y b e  po ss i b l e  t o  d e t e r min e  a  qu i c k  an d  e f f e c t i v e  t e s t  wh i ch  m a y 

p r e v en t  a t h l e t es  and  pa t i en t s  f r om go in g  b a ck  t o  a c t i v i t y  t oo  s oo n .   

P ro p r i oc e p t i on  o f  an y j o in t  co ns i s t s  o f  t h e  j o in t ’ s  r e a c t i on  

t im e ,  m us cu l a r  b a l an c e ,  a nd  ge ne r a l  p os i t i on in g  a w ar e n ess  s o  t h a t  

t h e  bo d y w i l l  b e  ab l e  t o  t e l l  wh e n  i t  i s  o f f  b a l an c e .  I f  t h e  b o d y h a s  a  

s t ro n g  p ro p r io c e p t iv e  b a s e ,  t h e n  on e  wi l l  b e  a b l e  t o  co r r ec t  an y 

p r ob le ms  b e fo r e  i t  f a l l s ,  an  a nk l e  i s  sp r a i n ed ,  o r  a  k ne e  g i v e s  ou t .  

T im e  to  s t a b i l i z a t i o n ,  J PS ,  SE BT ,  a nd  p os t u ra l  sw a y a l l  m e as u r e  

d i f f e r en t  a sp e c t s  o f  p ro p r io c e p t i on  fo l l o win g  in j u r y w h i ch  c an  t he n  

b e  u s ed  t o  de t e r mine  r e t u rn  t o  p l a y,  a n d  t h e y c a n  a l s o  be  u s ed  p r i o r  

t o  t h e  s e as on  to  d e t e r mi n e  i f  t he r e  m a y b e  a  p r ed i s po s i t i on  t o  i n j u r y 
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p r e s en t  wi t h in  t h e  j o in t . 1 3 , 1 4  W hi l e  t h e r e  a r e  mul t i p l e  t e s t s  t o  

d e t e r min e  t h e  p r opr i oc e p t i on  o f  a  j o i n t  o f  t h e  l ow e r  ex t r em i t y,  

s t u d i es  a re  l a ck in g  w h e n  i t  c om es  to  co mp a r i n g  t he s e  t e s t s  t o  

d e t e r min e  wh a t  m ay b e  b e s t  i n  f i n d i n g  d e f i c i t s  i n  t h e  c l i n i c a l  s e t t i n g  

f o r  r e tu rn  t o  p l a y.    

 

Pu r po s e  o f  S tud y  

 T h e  pu r po s e  o f  t h e  s tu d y w a s  t o  c om p ar e  s t a t i c  s t a b i l i t y  a n d  

d yn a m i c  s t ab i l i t y  t h r ou gh  m e as u r in g  p os tu r a l  s w a y a n d  t i me  t o  

s t ab i l i z a t i on .  W hi l e  p as t  r e s e a r ch  s how s  th a t  bo t h  o f  t h es e  m et ho ds  

a r e  ab l e  t o  d e t e c t  de f i c i t s  i n  j o in t  s t ab i l i t y  a n d  s t a t e s  t h a t  t im e  t o  

s t ab i l i z a t i on  m a y b e  mo r e  s en s i t i v e  a nd  t h e r e f o r e  a  b e t t e r  t e s t  t h an  

p os tu r a l  s w a y,  t h e re  i s  n o  d a t a  t o  su ppo r t  t h i s  co n c l us i on  d u e  to  a  

l a c k  o f  co mp a r i s on  s t ud i e s .  

 

H ypo th e s i s  

R e se a r ch  H yp o t h es i s  On e :  An y a m o un t  o f  d e v i an c e  f r om 

n o rm al  p os t u r a l  s wa y w i l l  a l so  s ho w up  as  a  d ev i a n c e  i n  T TS .   

R e se a r ch  H yp o t h es i s  T wo:  T h e re  wi l l  n o t  b e  an  i n c r e as e  i n  

T TS  t i m e  wi t ho u t  a  d ev i an c e  i n  p os t u ra l  s w a y.  

N u l l  H yp o th e s i s :  Th e r e  w i l l  b e  n o  s i gn i f i c an t  co r r e l a t i o n  

b e tw e e n  po s tu r a l  sw a y a n d  TTS .   
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Op e r at ion a l  D ef i n i t i ons  

Ba l a n c e :  “ in vo l v es  t h e  i n t e g r a t i o n  o f  m us c u l a r ,  n eu r o l o gi c a l ,  

a n d  b i om e ch a n i c a l  i n fo rm at io n ”  t o  m ai n t a i n  a  s t a b l e  s t a nc e  ov e r  a  

b a s e  o f  s up po r t . 1 5   

D yn a m i c  S t ab i l i t y:  a b i l i t y  t o  m ai n t a i n  b a l an c e  w h i l e  t h e  bo d y 

i s  i n  mo t io n .  

J o i n t  Po s i t i on  S en se  ( J PS ) :  T h i s  i s  a  no n - we i gh t  b e a r in g  t e s t  

m e as u r es  v a r i a t i o ns  i n  j o i n t  a n g l e  i n  r e ga r d s  t o  a  t e s t i n g  p os i t i on .   

P os t u r a l  S w a y:  T es t  t ha t  me a su r es  t h e  a m ou n t  o f  mo ve m en t  a  

p e r so n  po ss es s es  wh i l e  s t a nd i n g  s t i l l  o n  o ne  l e g  wi t h  t h e i r  e ye s  

c l os ed .   

P ro p r i oc e p t i on :  a b i l i t y  t o  d e t e rmi n e  t he  po s i t i o n  o f  a  j o i n t  i n  

s p a c e  t h ro u gh  us e  o f  r ec e p t o r s  wi th i n  t h e  mu s c l es ,  l i ga me n t s ,  a nd  

j o i n t  c a ps u l es .   

S t a r  Ex cu rs io n  Ba la n c e  T e s t  (S E BT) :  T h i s  i s  a  d yn a m i c  t e s t  

t h a t  m e asu r e s  ho w f a r  i n  v a r io us  d i r e c t i o ns  o ne  c an  r e a c h  w i th  t he  

c o n t r a - l a t e r a l  f oo t  w h i l e  b a l an c i n g  o n  t h e  t e s t  l im b .   

 S t a t i c  S t a b i l i t y:  t he  a b i l i t y  t o  ma in t a in  ba l an c e  wi th  as  l i t t l e  

c o r r e c t i on s  a s  po ss i b l e  w h i l e  s t a nd in g  s t i l l .  

T im e  to  S t a b i l i z a t i o n  ( TT S) :  T es t  t h a t  m e asu r e s  on e ’s  ab i l i t y  

t o  r e t u rn  t o  a  s t ab l e  s t a t e  f o l l o wi n g  a  j um p  o r  s t e p  d ow n  o n t o  a  

f o r c e  p l a t e .    
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A s su mpt ion s  

 I t  i s  t o  be  as su me d  t h a t  t h e  p a r t i c ip an t s  w er e  t ru th fu l  on  th e  

q u es t io nn a i r e  p e r t a i n i n g  to  p r e v io us  an d  c u r re n t  i n ju r i e s  i n  r e ga r ds  

t o  t h e  l o w e r  l im b  an d  h e ad .  I t  w a s  a l so  as su me d  th a t  t h e  p a r t i c ip a n t s  

w o u l d  t r y  t h e i r  b es t  o n  a l l  t e s t s  i n  t h e  s t ud y.  I t  w as  as sum e d  t h a t  t h e  

d i s t a n c e  b e t we e n  th e  s t e p  a nd  t h e  fo rc e  p l a t e  w ou ld  b e  t h e  m e as u r ed  

t h e  sa m e  fo r  e ac h  pa r t i c i p an t .  W h en  run n i n g  t he  t e s t i n g  p r o c e du r es ,  

i t  w as  as s um e d  t h a t  e a c h  p a r t i c i p an t  wo u l d  b e  g iv e n  th e  sa m e  s e t  o f  

i n s t r u c t i on s  on  h ow  to  p e r fo rm  ea c h  t e s t  an d  th a t  t h e y w e r e  

m on i to r e d  t o  e ns u re  p ro p er  ex e c u t i on .   

 

D e l i mi t a t ion s   

 P a r t i c ip an t s  w e r e  un d e r g r ad u a t e ,  g r a du a t e ,  o r  f a cu l t y  a n d  s t a f f  

a t  Ba r r y U n iv e r s i t y  a ge s  1 8  a nd  u p .  P a r t i c ip an t s  r e s e r v ed  t h e  r i gh t  

t o  wi th d r a w  f r om th e  s tu d y i f  t h e y f e l t  u n com f o r t ab l e ,  una b l e  t o  do  

t h e  t e s t s ,  o r  f e l t  a s  t h ou gh  t he y m i gh t  h a rm  t h ems e lv es .   

 

Li mi t a t io ns  

T h e  s t ud y d i d  no t  co n t r o l  f o r  pa r t i c ip an t ’ s  a th l e t i c  p a r t i c ip a t io n  o r  

a b i l i t y  a n d  t h e i r  ex e r c i s e  l ev e l s  w e r e  n o t  t ak e n  in t o  c on s i d e r a t i o n .  
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Si gn i f i c an c e  

 T h e  s t ud y w i l l  h e lp  e n ab le  c e r t i f i e d  a th l e t i c  t r a in e r s  an d  

p h ys i c a l  t he r a p i s t s  t o  c ho os e  a  p r e sc r ee n in g  a nd  r e tu rn  t o  p l a y t e s t  

f o r  l o w e r  l im b  s t ab i l i t y .  B y e n a b l i n g  th e s e  p ro f es s io ns  t o  v i e w 

c o mp a r i so n  t e s t s  t he y m a y b e t t e r  c ho os e  t e s t s  t h a t  wi l l  wo r k  f o r  

t h e i r  a t h l e t e s ,  p a t i en t s ,  a nd  in  c l i n i cs .  S i n c e  TTS  an d  po s tu r a l  s w a y 

a r e  bo t h  r e co gn iz ed  as  m et ho ds  fo r  me a s u r in g  p ro pr io c ep t i on  a nd  

d e f i c i t s  wh i l e  e l imin a t in g  v a r i ab l es  suc h  as  h e i gh t ,  f l ex ib i l i t y ,  a n d  

s ub j ec t  a b i l i t y ,  c o m p ar i s on  s t ud i es  be t w e en  th e s e  t w o  me a s u re m en t s  

m a y h e lp  t o  sh ed  l i gh t  o n  d i f f e r e n c es  b e tw e e n  t h em  an d  to  be t t e r  

s ho w  th e  ad v an t a ge s  an d  d i sa dv a n t a ges  o f  b o t h  t e s t s .  W i th  a  h i gh l y 

u s ab le  an d  r e l i ab l e  t e s t ,  p r ed i sp os i t i on  t o  i n j u r y m a y c o m e  to  l i gh t  

e n a b l i n g  co r r e c t i on  b e fo r e  i n j u r y.  I t  ma y a l s o  h e l p  t o  e s t ab l i s h  a  

b e t t e r  r e t u r n  t o  p l ay  c r i t e r i a  t o  b e  u s ed  a l on g  wi t h  c u r re n t  

f u n c t i on a l  r e tu r n  t o  p l a y t e s t i n g  t h a t  co u l d  p r ev en t  a t h l e t e s  go i n g  

b a c k  to  a c t i v i t y  t oo  so on  an d  pu t t i n g  th e ms e l v es  a t  r i sk .   O n e  

ex a mpl e  o f  w h er e  t h i s  w ou ld  h e l p  i s  r e t u r n  t o  p l a y f o l l ow i n g  a  

l a t e r a l  an k l e  sp r a i n .  Th e y a r e  o n e  o f  t h e  m os t  f r e qu e n t  i n j u r i es  i n  

s po r t s  a nd  t h e  r e cu r r e n c e  r a t e  m a y b e  a s  h i gh  as  6 0  p e r cen t . 1 2 , 1 6  B y 

u s i n g  q u an t i f i ab l e  t e s t s ,  t h i s  r eo c c ur r en c e  m a y b e c o m e mo r e  

p r e v en t a b l e . 1 7  W hi l e  i t  i s  r e c o gn iz ed   b y c e r t i f i ed  a th l e t i c  t r a in e r s  

a n d  ph ys i c a l  t h e r ap i s t s  a l i k e  t h a t  d e f i c i t s  i n  b a l a n c e  m a y p r e d i s po s e  

o n e  to  i n ju r y,  v e r y f e w  p u t  t he s e  me a su r em e n t s  t o  us e  d u r i n g  
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p r e s ea so n .  I t  i s  a l so  a  c omm on  co n c ern  t h a t  a th l e t es  a nd  p a t i en t s  

m a y b e  r e t u r n i n g  to  a c t i v i t y  t o o  s oo n  th us  l e a d in g  to  f u r th e r  i n ju r y 

a n d  r e i n j u r y.  W i t h  i n c lu d i n g  s t a b i l i t y  t e s t s  i n  p r e s ea so n  sc r e e n i n g ,  

t h i s  m a y i d en t i f y  p o ss ib l e  p r e d i s po s i t i o n  to  i n ju r y,  a n d  a l s o  s e rv e  a s  

a  gu id e l in e  f o r  r e t u r n  t o  p l a y.  T h i s  w ou ld  t he n  h e l p  t o  pu t  a th l e t es ,  

a t h l e t i c  t r a i ne r s ,  an d  c o a ch es ’  mi nd s  a t  ea s e  t h a t  a  fu l l  r e c o v er y h a s  

t a k en  p l a c e .   
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C hap t e r  Tw o 
 

L i t e r a t ur e  Re v i ew  
 

I n t r odu c t io n  

Fo r  m a n y ye a r s ,  a th l e t i c  t r a in e r s  an d  r e s e a r ch e rs  a l i k e  ha v e  

s t ru gg l e d  t o  e s t ab l i s h  c l i n i ca l  a nd  l abo r a t o r y o r t ho p ed ic  t e s t s  t ha t  

a r e  r e l i a b l e  a nd  v a l i d . 6  O n c e  t e s t s  a r e  e s t a b l i sh e d ,  i t  p r ov i d es  a  

b a s e l i n e  fo r  a l l  p r o f e s s io ns  t o  fo l l o w  s o  th a t  d o cu me n t a t io n  i s  i n  t h e  

s a me  fo rm .  Th e r e  i s  a l so  a  p os s i b i l i t y  o f  t h e  t e s t s  b e in g  u s ed  t o  

i d en t i f y  t h os e  w ho  m a y b e  p r e d i s p os ed  to  i n ju r y,  a n d  fo r  r e tu r n  t o  

p l a y gu i d e l in e s  f o l l o w in g  i n j u r y. 1 3 , 1 4  Fo r  t he  l o we r  ex t r emi t y,  m a n y 

t e s t s  ex i s t  t h a t  a r e  b o t h  d yn a m i c  an d  s t a t i c  i n  n a t u r e .  A  fe w  o f  t h es e  

t e s t s  i nc lu d e  j o i n t  p os i t i on  s e ns e ,  t h e  s t a r  ex c ur s i on  b a l an c e  t e s t ,  

s t a t i c  s t a n ce ,  a nd  t im e  to  s t ab i l i z a t i on .   

R e se a r ch  s ho w s  t h a t  fu nc t i on a l  j o in t  s t a b i l i t y  m a y a r i s e  f ro m a  

r e l a t i on sh ip  b e t w e en  s t a t i c  a nd  d yn a m ic  c om po ne n t s  t hu s  l e a d in g  to  

r e s e a r ch  in  b o t h  a re a s . 1 8 , 1 9  S t a t i c  Ba la n c e  i s  an y b a l an c e  t h a t  t a k es  

p l a ce  wh i l e  t h e  bo dy i s  no t  i n  mot io n .  W h e n  s t an d i n g  in  p l a c e ,  t h e  

b o d y n a t u ra l l y  i s  i n  co ns t an t  m o t i on .  T h i s  mot io n  i n c r eas e s  wh e n  

s t an d in g  on  o n e  f oo t  o r  wh e n  th e i r  e ye s  a re  c l os ed . 1 , 8 , 1 7  N a tu r a l  

m o t i on  wh i l e  s t an d i n g  s t i l l  i n c lu d es  12  de gr e e s  o f  sw a y f o r w a rd  an d  

b a c k wa r d ,  an t e r i o r  a n d  po s t e r i o r ,  a nd  1 6  d e gr e es  o f  s w a y f r om s i d e  

t o  s i de ,  m ed i a l  an d  l a t e r a l . 2 0  A n y m o t io n  a bo v e  th i s  i s  c on s i d e r e d  

a b no rm a l  a nd  i s  a  de f i c i t  i n  s t a t i c  s w ay.  M e a s ur e m en t  o f  t h i s  c an  b e  
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d o ne  t h ro u gh  t h r ee  d im en s i on a l  v id e o  a n a l ys e s  l o ok i n g  a t  t h e  

m ot i on  t h a t  t ak es  p l a c e  i n  t he  p a r t i c ipa n t s ’  h i ps ,  kn e es ,  an d  a nk l es .  

M e a su r em e n t  c a n  a l so  t ak e  p l a c e  w i t h  t h e  us e  o f  a  fo r c e  p l a t e  wh i c h  

s ho w s  t h e  c e n t e r  o f  p r es su r e  a s  i t  m ove s  t h r ou gh  t h e  b as e  o f  t h e  

f o o t .  Th i s  c e n t e r  o f  p r es su r e  r e l a t e s  t o  t h e  b od y’ s  g r o un d  r e a c t i on  

f o r c e  i n  r e sp on s e  t o  t h e  bo d y m o v i n g  t o  ma in t a in  b a l a n c e . 2 1  

D yn a m i c  b a l a n ce  i s  a n y b a l a n c e  t h a t  t ak e s  p l a c e  w h i l e  t h e  

b o d y i s  i n  m ot i on . 2 1  t h i s  h ap p en s  wh en  ke e p i n g  b a l a n ce  l a n d i n g  

f r om  a  j um p ,  s t a yi n g  o n  o ne s ’  f e e t  w i th  wh e n  c u t t i n g  an d  c h an g i n g  

d i re c t i o n ,  an d  du r in g  a b ru p t  s t a r t s  a nd  s to ps .  Qu a n t i f yi ng  d yn a m i c  

s t ab i l i t y  c a n  be  d on e  u s i n g  th e  S t a r  Ex c u rs i on  Ba l a n ce  Te s t ,  a n d  

T im e  to  S t a b i l i z a t i o n . 5 , 6 , 8  Bo th  o f  t h es e  t e s t s  r e qu i r e  t he  

p a r t i c ip a n t s  t o  p e r fo r m an  ad d i t i o n a l  t a s k  a l o n g  w i th  b a l an c in g  a nd  

t hu s  ma y b e  mo r e  fu n c t i on a l  t h an  a  s t a t i c  t e s t .  W hi l e  t h e  SE BT  

m e as u r es  h ow  f a r  aw a y f r o m  th e  ce n t e r  o f  g r a v i t y  o n e  c an  r e ac h  

b e f o re  f a l l i n g ,  t h us  t h e i r  s t a b i l i t y  w h i l e  i n  mo t i on ,  t h e  TTS  lo ok s  a t  

h o w lo n g  i t  t ak e s  on e  t o  r e ga in  b a l a n ce  f o l l o win g  a n  a c t iv i t y  s u ch  

a s  a  j um p  o r  a  s t e p  d o wn .  

 W h en  a  p e r so n  i s  s t a nd i n g  u p r i gh t ,  t he i r  a b i l i t y  t o  e v a lua t e  

j o i n t  po s i t i o n ,  mo ve m e n t ,  an d  sp e ed  a r e  c r i t i c a l  f a c t o r s  fo r  

m a i n t a i n i n g  b a l a n ce . 1 0 , 1 7  I f  t h e r e  a r e  d e f i c i t s  i n  t h e  j o i n t  su c h  a s  

j o i n t  po s i t i o n  se ns e  d e f i c i t s ,  m us c l e  s t r e n g th  de f i c i t s ,  d e l a ye d  

p e r on e a l  r e a c t io n  t im e ,  b a l an c e  d e f i c i t s ,  a l t e re d  p e ro n ea l  n e r v e  



 10 

f u n c t i on ,  o r  de c r e as e d  do r s i f l ex io n  r an ge  o f  mot io n ,  t h a n  a n  in j u r y 

m a y b e  m o r e  l i k e l y  t o  o c c ur . 6 , 2 2  I t  i s  a l so  s t a t e d  t h a t  l o s s  o f  

s t ab i l i t y  m a y b e  t he  p r im a r y c a u s e  o f  j o i n t  i n j u r y. 2 3  T h e  d e f i c i t s  

w i t h i n  t h e  j o i n t ’ s  m ov em e n t  an d  pos i t i o n  i s  r e l i a n t  u po n  th e  j o in t  

c a p su l e ,  t h e  l i ga m en t s  w i t h in  t he  j o i n t ,  an d  th e  t en do ns  i n  t h e  a r e a  

o f f e r i n g  f e e db a ck  on  t h e  j o i n t ’ s  p r es su r e  a nd  t en s io n . 8  T he s e  

a s p e c t s  h a v e  be e n  q u an t i f i ed  t h ro u gh  m e as u r es  o f  po s t u ra l  co n t ro l  i n  

b o t h  t h e  d yn a m i c  an d  th e  s t a t i c  c on d i t i on s . 1 9 , 2 4  On e  s u ch  m et ho d  i s  

t o  a s s es s  f o r  p os tu ra l  s w a y.  P os tu r a l  sw a y i s  t h e  bo d y’ s  a b i l i t y  t o  

m ai n t a i n  b a l a nc e  ov e r  a  s t ab l e  b a s e  o f  su pp o r t .  W h i l e  t h e r e  a r e  

s tu d i es  t ha t  sh ow  po s t u ra l  sw a y v a lu e s  a r e  s en s i t i v e  e no ugh  to  

d i s t i n gu i s h  d i f f e r en c e s  b e t we e n  p a r t i c i p an t s  w ho  a r e  i n ju r e d  a nd  

w h o  a r e  h e a l t h y, 1 , 7 , 1 7  i t  h as  a l s o  b ee n  s a id  t h a t  s t a t i c  co nd i t i on s  ma y 

f a i l  t o  s ho w  p os t u ra l  co n t ro l  d e f i c i t s  d u e  t o  t h e  e as e  o f  t h e  t e s t . 8 , 2 5  

Be c a u s e  o f  t h i s ,  d yn a mi c  m ea su r es  wou ld  b e  mo r e  ch a l l en g i n g  an d  

p os s i b l y m o r e  e f f ec t i v e  f o r  d e t ec t i n g  d e f i c i t s  i n  p a r t i c i pa n t s  w i th  

i n s t a b i l i t y  i n  t h e  l ow e r  ex t r e mi t y. 6 , 2 6  I t  i s  w e l l  d o cum e n t ed  t h ro u gh  

t h es e  s t a t i c  an d  d yn a mi c  t e s t s  t h a t  a th l e t e s  w ho  h av e  p oor  po s t u r a l  

s t ab i l i t y  r u n  a n  in c r e a s ed  r i s k  f o r  s us t a i n in g  a n  a nk le  i n ju r y t h a n  

t ho s e  wh o  h av e  n o rm al  p os tu r a l  s t a b i l i t y  m e a su r em e n t s . 1 , 8 , 1 7 , 2 5 , 2 7 - 2 8  

D u e  to  t h i s ,  f i n d ing  a  s en s i t i v e  t e s t  t h a t  i s  v a l i d  a nd  re l i a b l e  c ou ld  

b e  u s ed  i n  f i nd i n g  th os e  a t  r i s k ,  a nd  wi th  p ro p e r  i n t e rv e n t i on ,  

p os s i b l y b e  p r e ve n te d .  B r a c i n g  an d  t ap i n g  d u r in g  r e se a r c h  h as  
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s ho w n  t o  im pr ov e  th e  a c cu r a c y o f  j o in t  p os i t i on  s en s e ,  s t a t i c  s w a y,  

a n d  d yn a m i c  p os t u ra l  co n t ro l .  T he s e  we r e  t e s t ed  o n  a  Bi od ex  f o r  

j o i n t  po s i t i o n  se ns e ,  s i n g l e  l e g  s t a n ce  f o r  p os t u r a l  sw a y,  a n d  s i n gl e  

l e g  j um pi n g  o n to  a  f o r c e  p l a t e  fo r  d yn a mi c  t e s t i n g . 1  A  c lo s e r  l oo k  a t  

e a c h  o f  t h e  t e s t s  g iv e s  f u r th e r  i n s i gh t  a s  t o  ho w e a c h  on e  c o u l d  b e  

u s ed  an d  th e  p l us  an d  mi nu se s  o f  e a ch .   

 

J o in t  Pos i t i on  S ens e  

 A n k l e  sp r a i ns  r e su l t  i n  a  d e c re a s e  i n  m us c l e  s t r e n gt h ,  a l t e r ed  

o r  d e f i c i e n t  p ro p r io c e p t i on  wi t h in  t h e  j o in t ,  a nd  an  in c r ea s e  i n  

l ax i t y .  T h e  a l t e r e d  s e ns e  o f  p ro p r io c e p t io n  i s  s t a t e d  t o  b e  d u e  to  

d a m a ged  m e c ha no re c e p t o r s  w i th in  t he  j o in t . 7  Th e s e  

m e c ha no r e c ep to r s  a r e  n ec e s s a r y f o r  p ro p e r l y p o s i t i on in g  t h e  fo o t  

j u s t  be f o re  h e e l  s t r i k e  wh i ch  i s  s a i d  t o  b e  t h e  mo s t  c om mo n  p o in t  i n  

ga i t  f o r  an k l e  s p r a in s . 7  J o in t  po s i t i o n  s e ns e  ( J PS )  t e s t i n g  i s  o n e  

m et ho d  o f  qu a n t i f y i n g  p r op r i o ce p t iv e  d e f i c i t s .   

 J o i n t  p os i t i o n  s en se  i s  b as e d  on  t h e  t he o r y t h a t  s en s e  o f  

p os i t i on  i s  m a i n l y s i gn a l ed  b y s l ow l y a d a p t i n g  s k i n  r e c ep t o r s  a nd  

m us c l e  s p in d l e s . 1 0  T h e  th r es ho ld  o f  J PS  t es t i n g  i s  u s u a l l y  l e s s  t h an  

t w o  de gr e e s .  An yt h i n g  g r e a t e r  t h a n  t h i s  i n  r es u l t s  sh ow s  a  d e f i c i t  i n  

p os i t i on  s e ns e  a nd  p os s i b l y a  p r e d i sp os i t i on  t o  r e cu r r en t  a n k l e  

s p r a in s 9  Th e  J PS  i s  t e s t e d  on  a  B io d ex  s ys t e m  whi c h  a l l ow s  f o r  

m in i m al  mo v em en t  a t  t h e  j o in t  t o  b e  me a s u re d .  T h e  p a r t i c i p an t s  a r e  
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p l a ce d  in  ap pr ox ima t e l y 1 0 0  d e gr e es  o f  h i p  f l ex io n ,  an d  12 0  d e gr e es  

o f  k n e e  f l ex io n .  In  t h i s  pos i t i on ,  t h e  an k l e  ca n  b e  m ea su re d  i n  

p l an t a r  f l ex ion ,  do rs i f l ex ion ,  i n v er s i on ,  an d  e v er s i on . 7  A  t e s t i n g  

p r o t oc o l  d e sc r ib ed  b y Br o w n  e t .  a l .  h ad  t h e  p a r t i c i p an t s  c l os e  t h e i r  

e ye s ,  t he n  th e i r  ank l e  w as  p a s s i v e l y b r o u gh t  t o  a  t e s t  an g l e  a t  a  

r a n dom  s p e ed  b e t we e n  t wo  an d  t w e n t y  d e g r e es  p e r  s e co nd .  Th e  

p os i t i on  wa s  h e l d  fo r  1 5  s e co nds  wh i l e  t h e  p a r t i c ip an t  wa s  t o ld  t o  

r e m em b er  t h e  pos i t i on  o f  t h e i r  fo o t .  Af t e r  t h e  a nk l e  w as  m ov e d  

t wi c e  t o  t h e  t e s t i n g  a n g l e  a t  2 0  d e gr e es  p e r  s e co nd ,  i t  w as  t h en  

p a s s iv e l y m o ve d  a t  2  d e g r e es  p e r  s e con d .  Th e  p a r t i c i p an t s  h a d  th e  

i n s t r u c t i on  t ha t  whe n  t h e y f e l t  a s  t ho ugh  th e i r  an k l e  r e a ch e d  th e  

t e s t i n g  an g l e ,  t he y s ho u l d  s to p  th e  p l a t f o r m f ro m m ov in g  a n d  pu sh  

t h e  ho l d  bu t t on  o n  t h e  m a c h i ne .  T h i s  an g l e  w a s  t h en  m e asu r e d  f o r  

a b so lu t e  e r r o r s  f r om  t he  t e s t i n g  an g l e .  Ea c h  p a r t i c i p an t  w e n t  

t h ro u gh  t h r ee  t e s t  t r i a l s  a nd  t e s t  an g l es  w er e  t ak e n  a t  1 0  p e r c en t  a nd  

9 0  p e r ce n t  o f  t h e  pa r t i c i p an t ’ s  r a n ge  o f  mot io n  t o  a c c ou n t  f o r  

d i f f e r en c e s  i n  f l ex ib i l i t y . 7  W h i l e  t h e  i n ju r ed  an k l e  h ad  a  g r e a t e r  

d i f f e r en c e  o f  s co r es  i n  J PS  th a n  t h e  un in ju r ed  d u r in g  th i s  s t u d y,  t h e  

r e s u l t s  w e re  n o t  s ign i f i c a n t . 7   

 A  s tu d y p e r f o r me d  b y K o n r ad s en  e t . a l .  p as s i ve l y m o v ed  th e  

a n k l e  f i v e  d e g r e es  a t  a  s p e ed  o f  0 .3 s - 1  a nd  w er e  t he n  a ske d  i f  t h e y 

h a d  f e l t  a s  t ho u gh  th e y h a d  m ov ed .  J PS  in  t h i s  s t u d y h a d  b e t t e r  

r e s u l t s  a f t e r  t h e  p a r t i c ip an t s  h a d  w arm e d  up  fo r  tw e n t y m in u t es . 9  
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P a r t i c ip an t s  i n  t h i s  s t ud y w e r e  fo un d  to  be  s i gn i f i c an t l y  l e s s  l i k e l y 

t o  d e t e c t  t h i s  s l ow  m ov em e n t  i f  t h e y h a d  ch r on i c  an k l e  i n s t ab i l i t y .  

S i gn i f i c an t  r e su l t s  w e r e  e as i e r  t o  d e t ec t  w h en  t he  i n j u r y b e in g  

t e s t ed  wa s  a c u t e ,  o r  w he n  r e h ab i l i t a t i o n  d i d  no t  t a k e  p l ac e  f o l l ow in g  

t h e  i n j u r y.  K o n r adse n ’ s  s tu d y f a i l e d  t o  t ak e  i n to  co ns i d e ra t i on  

w h e t h e r  o r  n o t  t he  p a r t i c ip a n t s  ha d  d e f i c i t s  p r i o r  t o  t h e i r  i n ju r i es ,  

w e r e  a  r es u l t  o f  r e pe a t ed  i n j u r y,  o r  f r om  a  s in g l e  i n ju r y.  H o w ev e r ,  

t h i s  s t u d y d i d  r e v ea l  t h a t  i n s t ab i l i t y  d e f i c i t s  c a n  b e  de t e c t e d  up  to  

s ix  w e e ks  p os t  i n ju r y w i t ho u t  r e ha b i l i t a t i on  i n t e rv e n t i on  a n d  o c cu rs  

m os t l y  i n  t h e  p l an t a r  f l ex io n  r a n ge . 9   

A n o t he r  s t ud y b y F o r e s t i e r  e t . a l .  ma t ch e d  r e f e re n c e  a n gl es  o f  

c o n t r a - l a t e r a l  a nk le s  p r e  a nd  p os t  f a t i gu e . 1 0   Th e  g r e a t es t  amo un t  o f  

e r r o r  i n  t h i s  s t ud y w a s  d e t e c t e d  a t  2 0  d e gr e e s  o f  do rs i f l ex io n  a nd  1 0  

d e gr e e s  o f  p l an t a r  f l ex io n .  T h i s  s tu d y  d i d  no t  t a k e  i n t o  

c o ns id e r a t i on  t he  sp e e d  a nd  an g l e  o f  m ov em e n t  t ak in g  p l a c e  a t  t h e  

a n k l e . 1 0  D u e  to  t h e  s t r i c t  t e s t i n g  p ro ce d u r es  a nd  co n t ro l  e q u i pm en t  

n e e d ed  f o r  J PS  m e as u r em en t s ,  i t  i s  no t  f e a s ib l e  t o  do  as  a  c l i n i c a l  

t e s t  a nd  i s  t h e r e f o r  u s u a l l y  o n l y u s e d  i n  r es e a r ch . 9  

W h i l e  t h e r e  h av e  be e n  m an y d i f f e re n t  s t u d i es  d on e  o n  J PS ,  

t h a t  h av e  fo un d  de f i c i t s ,  t h e y h a v e  r esu l t ed  i n  i n s i gn i f i c an t  

f i nd i n gs .  T h e  s t ud y  b y K o n ra ds e n ,  w h i l e  i t  d id  sh o w s i gn i f i c an t  

r e s u l t s ,  i t  f o un d  s ign i f i c a n ce  i n  h e a l th y a n k l es  w i th  r e l a t i o ns h ip  t o  

p r e  an d  po s t  w a rmin g  u p  an d  wi th  ch ro n i c  an k l e  i n s t ab i l i t y . 9  W hi l e  
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J PS  m a y w o r k  in  f i n d i n g  ex t r em e  d e f i c i t s ,  a  s t ab i l i t y  t e s t  t h a t  i s  

m o re  s e ns i t i ve  m a y b e  b e t t e r  f o r  p r e d i s po s i t i o n  to  i n ju r y d e t ec t i on  

a n d  f o r  s e t t i n g  re tu r n  t o  p l a y c r i t e r i a .  

 

S ta r  E xc ur s i on  B a l an c e  T e s t  

T h e  s t a r  ex cu rs io n  b a l an c e  t e s t  (SE BT)  i s  o ne  fo rm  o f  d yn a mi c  

t e s t i n g  f o r  t h e  l o we r  ex t r emi t y.  In  t h i s  t e s t ,  t he  p a r t i c ip an t  b a l an c e s  

o n  th e  l e g  b e in g  t e s t ed  i n  t h e  m id d l e  o f  a  s t a r  on  th e  f l oo r .  Th e y a r e  

t h en  in s t ru c t ed  to  t o u ch  d i f f e r en t  r a ys  o f  t h e  s t a r  wi th  t he  op po s i t e  

f o o t  w h i l e  m ai n t a i n i n g  b a l a n c e .  T h e  ex a mi n e r  r e co r ds  t h e  a m ou n t  o f  

e r r o r s ,  su c h  as  f a l l s  o r  t ap  d o wn s ,  a nd  th e  r e a c h  d i s t an c e  i s  

r e c o rd e d .  R es e a r ch  b y O lm s t e ad  e t . a l .  sh o ws  th a t  t h e  f u r th e r  a  

p e r so n  c an  r e ac h  wi th ou t  l o s i n g  t h e i r  b a l an c e  t h e  b e t t e r  t h e y a r e  

a b l e  t o  k e ep  th e i r  ce n t e r  o f  g r av i t y  o v e r  t h e  b as e  o f  su ppo r t  an d  

t h e r e f o r e  h a v e  b e t t e r  s t ab i l i t y . 8  T h e  SE BT  ap p e ar s  t o  b e  s e ns i t i ve  

e n ou gh  wh e n  de t e c t in g  r e a ch  d e f i c i t s  i n  a t h l e t e s  wi th  u n i l a t e r a l  

a n k l e  i n s t ab i l i t y .  T h e  d yn a m i c  n a tu r e  o f  t h i s  t e s t  a l on g  wi th  t h e  

l imi t e d  e qu ipm e n t  n e e d ed  to  ru n  th e  p r o c e du r e ,  m ak e  t h i s  a  co s t -

e f f e c t iv e  t oo l  fo r  a s s es s in g  lo w e r  ex t re mi t y f u n c t i on a l  d e f i c i t s . 8   

O n e  c r i t i c i sm  o f  Olm s t e ad ’ s  s tu d y w a s  t h a t  t h e  h e i gh t  an d  l e g  

l e n gt h  o f  t h e  p a r t i c i p an t s  w as  n o t  t ak en  i n t o  co ns id e r a t i on .  T he  

r e a c h  l en g th  co u l d  p os s i b l y b e  h i gh l y v a r i e d  b e t w e en  a  pe r s on  w ho  

i s  f i v e - f oo t  t a l l  a nd  s om e on e  w ho  i s  s i x - f oo t  t a l l .  Th e  o th e r  d r a w 
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b a c k  o f  t h e  s tu d y w a s  t ha t  w h i l e  i t  f oun d  s i gn i f i c a n t  v a l ue s  fo r  

d e f i c i t s ,  i t  w as n ’ t  co mp a r ed  t o  s t a t i c  po s t u ra l  s t an c e  o r  dyn a m i c  

t e s t s  o n  th e  f o r ce  p l a t e  t o  c o r r e l a t e  b e t w e en  d e c r e as ed  p os tu r a l  

c o n t ro l  a nd  d e c r e ase d  r ea c h  d i s t an c e . 8  

T h e  SE BT a pp e a rs  t o  b e  a  v a l id  c l i n i ca l  t o o l  b y l o ok i n g  a t  p as t  

r e s e a r ch .  Th i s  t e s t  d o es  h o we v e r  r e l y  h i gh l y o n  th e  ex ami n er ’ s  

m e as u r em en t s  a nd  r e c o rd  k e e p in g  sk i l l s .  W hi l e  t h e  S E BT i s  co s t  

e f f e c t i v e ,  i t  l ac ks  i n  t h e  a b i l i t y  t o  t a ke  p r ec i s e  m e as u r e me n t s .  Th e  

t e s t  a l so  p r e se n t s  a  l a ck  o f  a b i l i t y  f o r  c o mp a r i so n  be t we en  

p a r t i c ip a n t s  du e  to  h e i gh t  d i f f e re n c es .  T h e  SE BT m a y w o r k  w e l l  fo r  

c e r t i f i e d  a t h l e t i c  t r a i n e r s  i n  t h e  h i gh  sc h oo l  s e t t i n g  wi t h  l i t t l e  

a c c e s s  t o  e qu i pm e n t ,  a  mo r e  ac c u r a t e  r e a d in g  o f  s t a b i l i t y  m a y b e  

m o re  b e n e f i c i a l  fo r  a  u n i v e r s i t y  o r  c l i n i c a l  s e t t i n g .   

 

S ta t i c  Pos tu r a l  Swa y  

P os t u r a l  s t ab i l i t y  i s  co mmo nl y m e a su re d  t h r o u gh  s t a t i c  

p os tu r a l  s w a y.  T h i s  i s  a  m e a su r em en t  o f  t he  pe r so n’ s  a b i l i t y  t o  

r e m ai n  as  s t i l l  a s  po ss ib l e  wh i l e  m ai n t a i n in g  b a l a nc e  o v e r  a  s t a b l e  

b a s e  o f  s up po r t . 1 , 8  T h i s  i s  o f t e n  t e s t ed  t h r ou gh  v a r i a t i o ns  o f  t h e  

R ho mb e r g  t e s t .  A n  i n c r e a s e  i n  po s t u r a l  s w a y i s  r e co gn iz ed  as  a  r i sk  

f a c to r  f o r  a nk l e  s p ra i ns  a n d  an  i n c r e a se d  r i s k  o f  i n j u r y. 1 , 8 , 1 7 , 2 5 , 2 8  

T h e  s i n gl e  l e g  s t anc e  f o r  p os tu r a l  s w ay i s  o f t en  m e as u re d  o n  a  f o rc e  

p l a t e  f o r  ev a lu a t ion s  o f  i n j u r i es  t o  l ow e r  ex t r e mi t i e s . 7 , 8 , 1 3 , 1 7 , 2 5 , 2 7 , 2 9   
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T h i s  me th od  l oo ks  a t  t h e  c en t e r  o f  p r es su r e  o ne  ex e r t s  t h r o u gh  th e  

b a s e  o f  s up po r t  wh i l e  m ai n t a i n i n g  a  s t a t i c  b a l a n c e . 1 3  S in ce  t h e  b od y 

i s  a l w a ys  i n  a  s t a t e  o f  c on t in uo us  m ot io n ,  on e  mu s t  a d j us t  

t h ems e lv es  t o  k ee p  t h e i r  c e n t e r  o f  g r a v i t y  o v e r  t he i r  ba s e  o f  s up po r t  

t hu s  c a us i n g  t he  mo v em e n t  i n  t h e  c en t e r  o f  p r e s s u r e . 8  W hi l e  

m ai n t a i n i n g  t h i s  b a l a n ce ,  t h e  j o in t ’ s  po s i t i o n  a nd  mo v eme n t  a dd ed  

t o  t h e  v i su a l  an d  ve s t i b u l a r  i n pu t s  a c t s  t o  c on t r o l  o ne ’ s  po s t u re . 8  

T h os e  wi th  im p a i r ed  ba l an c e  h av e  b e en  fo un d  to  h a ve  l a rge r  a n d  

f a s t e r  c e n t e r  o f  p r es su r e  mo v em en t s  on  t h e  f o r c e  p l a t e .  As  t h e  

c e n t e r  o f  p r es su r e  i n c r e as e s  i n  v e l o c i ty ,  i t  b e co m es  mo r e  d i f f i cu l t  o r  

e v e n  imp os s i b l e  fo r  on e  t o  co r r e c t  t h e  mo v em en t  a nd  m ain t a in  

b a l an c e . 1 7  La u gh t on  e t .  a l .  e s t ab l i s h ed  no rm s  fo r  t h i s  cen t e r  o f  

p r e s s u r e  m ov em e n t  i n  b o t h  t h e  yo u n g  a n d  th e  e ld e r l y  p o pu l a t i on .  

Fo r  yo u n g  p a r t i c ipa n t s ,  i t  h as  b e en  es t a b l i sh e d  t h a t  a  s t an d a rd  

d e v i a t i o n  o f  1 .0 1 i n  t h e  an t e r i o r  po s t e r i o r  d i r ec t i on  a nd  0 .7 9  in  t he  

m e d i a l  l a t e r a l  d i r e c t i o n .  S t an d a rd  d ev ia t i on s  f o r  t h e  e l d e r l y  

p o pu l a t i o n  a r e  1 . 08  a n t e r i o r  p os t e r io r  a n d  1 . 33  m e d i a l  l a t e r a l . 3 0  

P a r t i c ip an t s  w i th  s t a n d a rd  d ev i a t i on s  ov e r  t h e s e  no rm s  a r e  

r e c o gn iz e d  as  h a v in g  a  fu n c t i on a l  d e f i c i t .   

R e su l t s  f r om Br o wn  e t .  a l .  a nd  A ge b er g  e t .  a l .  r ep o r t ed  t h a t  

p os tu r a l  co n t ro l  s t ud i es  s ho wi n g  th a t  s t a t i c  po s tu r a l  s w a y 

m e as u r em en t s  a r e  m o re  s e ns i t i ve  i n  t h e  f ro n t a l  p l a n e  t ha n  i n  t h e  

s a g i t a l  p l an e . 7 , 2 5  Y e t  an o th e r  s t ud y s ho w e d  s i gn i f i c a n t  r e s u l t s  i n  
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b o t h  t h e  f r on t a l  and  t h e  s a g i t a l  p l an e  w h e n  c omp a r i n g  i n j u re d  to  

u n i n j u r e d  l im bs . 1 7  I t  h a s  b e e n  f ou nd  th a t  ex e r c i s e  a nd  mu s cu la r  

f a t i gu e  d o es  no t  h av e  an  e f f e c t  o n  po s t u ra l  c on t r o l  b u t  t ha t  o n l y 

l a r ge  ch a n ges  c an  be  d e t e c t e d  t h ro u gh  t h i s  m e t ho d  a nd  n o t  sm a l l  

c h a n ge s  i n  s co r e . 2 5  A  s t ud y b y H e r t e l  e t .  a l .  sh o we d  s i gn i f i c an t  

r e s u l t s  t w o  w e ek s  p os t  i n j u r y w h e n  co mp a r i n g  i n ju r e d  l im b  to  n on  

i n j u r e d ,  h o we v e r  t he  r e su l t s  b e c am e ins i gn i f i c an t  fo u r  w ee k s  

f o l l o wi n g  t h e  i n j u ry . 1 7   

T h e  s t a t i c  t e s t  f o r  p os tu r a l  s t a b i l i t y ,  w h i l e  on  th e  fo r c e  p l a t e ,  

i s  a  v a r i a t i o n  o f  t he  Rh omb e r g  t e s t  a nd  c an  v a r y i n  d i f f i cu l t y . 2 7  Th e  

s im pl e r  t a sk s  i nv o lv e d  b a l an c in g  on  tw o  fe e t  wi t h  t h e  e ye s  o p en ,  

a n d  th e  h a rd e s t  t a sk  wo u l d  be  t o  b a l an c e  o n  on e  fo o t  wi th  t h e  e ye s  

c l os ed . 8 , 2 7  V a r i a t i on s  b e t w e en  s t ud i es  i n c lu d es  t he  am ou n t  o f  t im e  

t h e  p a r t i c i p an t  i s  r e q u i r ed  t o  b a l an c e .  W hi l e  He r t e l  e t . a l .  f ou nd  

s i gn i f i c an t  r e s u l t s  a f t e r  2  w e ek s  bu t  no t  a f t e r  f ou r ,  t h e  pa r t i c i p an t s  

o n l y b a l an c e d  fo r  f i v e  s e c on ds . 1 7  T h e  s tu d y b y A ge b e r g  e t . a l .  h a d  

p a r t i c ip a n t s  ba l an ce  f o r  25  s e co nd s  a nd  fo un d  mo r e  s en s i t i v e  r e su l t s  

i n  t h e  f r on t a l  p l an e ,  bu t  h a d  no  s i gn i f i c a n t  r e s u l t s  wh e n  co mp a r i n g  

l imb s . 2 5  F in a l l y ,  a  s tu d y b y R i e m an n  e t . a l .  h a d  p a r t i c i p an t s  b a l an c e  

f o r  1 2  se c on ds  w h i l e  h o ld in g  a  s i n g l e  s t an c e  po s t u r e  wi t h  t h e i r  e ye s  

c l os ed  an d  h an ds  on  t h e i r  h i ps . 2 7  Be c a u s e  o f  t h e  d i f f e r e nc e s  i n  

t e s t i n g  p ro c e du r es  b e tw e e n  s t an c e  s t yl e  a nd  t i m e  ba l an c ed  a l on g  

w i t h  c omp a r i so n  s tu d i e s  t o  o t h e r  fo rms  o f  t e s t i n g ,  t h i s  a re a  o f  
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r e s e a r ch  i s  l a ck in g  a n d  in c on c l us i v e .  

D u e  to  t h e  s t a t i c  po s t u ra l  sw a y t e s t  sh o wi n g  s i gn i f i ca n t  r e s u l t s  

i n  ma n y v a r i ou s  s e t t i n gs  a nd  s tu d i es ,  i t s  u s e  b y c e r t i f i e d  a t h l e t i c  

t r a i n e r s  a nd  p h ys i c a l  t h e r a p i s t s  sh o ws  g r e a t  p rom is e .  W hi l e  p a s t  

s t u d i es  h a v e  be e n  in c on c lu s iv e  t o w a rds  f i nd i n g  t h e  be s t  p r o to co l ,  

f u r t h e r  r e s e a r ch  in  t h i s  a r ea  wo u ld  he lp  t o  d e t e rmi n e  t h e  b e s t  

b a l an c e  t im e  an d  t e s t i n g  p os i t i o ns  t o  c r e a t e  t h e  p ro to co l  ab l e  t o  

y i e l d  t h e  g r e a t e s t  r e s u l t s .  On c e  th e  o p t im al  p ro to c o l  i s  ob t a in e d ,  

t h en  t ru e  com p a r i so n  t e s t i n g  c an  b e g in  be tw e e n  v a r io us  m e as u r es  o f  

s t ab i l i t y .   

 

Ti me  t o  S t ab i l i za t i on  

 T im e  to  s t a b i l i z a t i o n  ( TT S)  i s  a  f un c t i on a l  m e as u r em en t  o f  

s t ab i l i t y  d e s c r i b in g  th e  p a r t i c ip a n t ’ s  ab i l i t y  t o  m ai n t a i n  m in i m al  

p os tu r a l  s w a y w h e n  t r a ns i t i on in g  f rom a  d yn a m i c  t o  a  s t a t i c  

s t a t e . 5 , 6 , 3 1  D u e  t o  ac t i v i t i e s  b e i n g  d yn a mi c  i n  n a tu r e ,  r e se a r c h  l ed  

f r om  s t ab l e  m e as u re m e n t s  t ow a rd s  mor e  d yn a m i c  m e as u re m e n t s .  Th e  

go a l  o f  t h i s  w a s  t o  ge t  a  m e as u r e me n t  t h a t  i s  q u an t i f i ab l e  a nd  t h a t  

m o re  c l os e l y m imi cs  a c t i v i t y .  I f  a  m eas u r em en t  i s  f ou nd  to  

s i gn i f i c an t l y  d e t e c t  d e f i c i t s  a nd  b e  d yn a mi c  i n  n a t u r e ,  t ha n  i t  m a y 

p r ov e  t o  be  a  b e t t e r  t e s t  t o  u s e  f o r  s t ab i l i t y  p u rp os e s .  W hi l e  T TS  h as  

b e e n  f ou nd  to  s ho w d e f i c i t s ,  t h e r e  a r e  s t i l l  d r a w b a ck s  t o  t h e  

p r o c ed ur e  r e su l t i n g  in  o n e  m o r e  s t ab i l i t y  t e s t  w i th  l a c k  o f  
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c l a r i f i c a t i o n .   T im e  to  s t a b i l i z a t i on  i s  a  t e s t i n g  p r o c ed ur e  t h a t  

i n co rp o r a t es  b o t h  se n so r y a n d  m e ch a n i c a l  s ys t e ms  to  com pl e t e  t h e  

t a sk . 5 , 2 6  Be c a u se  i t  u s e s  bo th  o f  t h es e  s ys t e ms ,  i t  ho ld s  t he  a b i l i t y  t o  

m e as u r e  p a r t i c i p an t ’ s  s k i l l  l e v e l  o f  r e ga i n in g  b a l a nc e  o n  l a n d i n gs  as  

w e l l  a s  p r ed i c t  p r ed i s po s i t i o n  t o  i n j u ry . 1 3 , 1 4  TTS  h a s  b eco m e m o r e  

r e c e n t l y  u s e d  in  t e s t i n g  p r o c ed ur e s  b e ca u s e  i t  mo r e  c l os e ly  r e c r e a t e s  

t h e  fo r c es  an d  po s tu r e  d em a nd s  t h a t  o f t en  o c c u r  du r i n g  ac t i v i t y2 7  

a n d  th e r e fo r e  i s  t ho u gh t  t ha t  i t  m i gh t  b e  a  mo r e  f un c t io na l  t e s t  t h an  

o th e r  m e asu r e s . 2 6  A n o t he r  p lus  s id e  o f  t h i s  t e s t  i s  t h a t  i t  t ak es  t h e  

p a r t i c ip a n t ’ s  a t t e n t i on  aw a y f r o m th e  t a s k  o f  m a in t a in i n g  b a l an c e  

a n d  p l a c es  t he  fo c us  o n  p e r f o rmi n g  t he  j um p  th us  l e ad ing  t o  a  

p os s i b l e  mo r e  a c cu r a t e  s co r e  f o r  ba l anc i n g . 2 7   

 T h e r e  i s  no t  ho w eve r  a  c on s i s t en t  ba s i s  fo r  c om p ar i s on  in  T TS  

s c o r es  du e  t o  v a r i a t i o ns  i n  m et ho ds  o f  a n a l ys i s  a nd  p ro toc o l  

p r o c ed ur e s . 6  T h e  t h r e e  p r o t o co l s  f o r  pe r f o rmi n g  T TS  a r e  t h e  s t ep  

d o wn  p r o to c o l ,  t h e  h o p  p r o t o co l ,  a nd  th e  j ump  p r o t oc o l .  W h i l e  t h e  

j um p  p r o t o co l  h a s  s ho w n  t o  h av e  a  h igh e r  d e g r e e  o f  d i f f i c u l t y  t h an  

t h e  o th e r  t wo ,  t h e  s t e p  p r o t o co l  w as  r ep o r t ed  t o  b e  e as i e r  t h an  th e  

h o p  p r o t o co l  m ak ing  i t  t h e  e as i es t  o n  p a r t i c ip a n t s  t o  p e r fo r m.  W h en  

l oo k i n g  a t  j o i n t  s t i f f n es s  a nd  j o in t  l ax i t y  i n  p a r t i c ip a n t s ,  t h e r e  wa s  

n o  s i gn i f i c a n t  d i f f e r e n c e  b e t w e en  th e  s t e p  do wn  an d  th e  j u mp  d o wn  

p r o t oc o l s  ho w ev e r  t h e  TTS  s c o re s  w e re  g r e a t e r  d u r i n g  the  s t ep  do wn  

p r o t oc o l  r e ga r d l e s s  o f  ho w  th e  d a t a  was  an a l yz e d . 6  
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T h e  ju mp  p ro to c o l  h a s  p a r t i c i p an t s  s t a r t  7 0  cm  aw a y f r o m th e  

f o r c e  p l a t e  an d  j ump  ha l f  o f  t he i r  m ax  v e r t i c a l  j um p .  Ea c h  

p a r t i c ip a n t  t h e n  l a nd s  on  t h e  l e g  b e in g  t e s t e d  i n  t h e  c en t e r  o f  t h e  

f o r c e  p l a t e  an d  b a l a n c e s  fo r  2 0  s ec ond s . 7 , 1 4  T h e  ho p  p r o to c o l  

i nv o l ve s  ho pp in g  o f f  o f  a  p l a t f o r m a nd  l a nd i n g  o n  th e  l eg  b e in g  

t e s t ed .  Th e  s t ud i es  u t i l i z in g  th e  h op  p ro to c o l  u s e d  d i f f e r en t  

p l a t fo rm  h e i gh t s ,  on e  b e in g  40  c m a nd  o ne  b e in g  15  c m h i gh .  Th e  

p a r t i c ip a n t s  ba l an ce d  fo r  3  s e co nd s  a nd  20  s e co nd s  r es p ec t i v e l y. 2 9 , 2 7  

P a r t i c ip an t s ’  T TS  sc o r e  i s  fo un d  b y t he  a mo un t  o f  t i me  i t  t ak es  fo r  

t h em to  r e tu r n  t o  t he i r  s t a b l e  b as e l in e . 3 1  W he n  ho pp in g  f ro m 40  cm,  

C a u l f i e l d  a nd  G a r re t t  fo un d  no  s i gn i f i c a n t  d i f f e r e nc e  b e tw e e n  

f u n c t i on a l l y  i n s t a b l e  an k l es  an d  co n t ro l  p a r t i c i p an t s  i n  r e a c t i on  

f o r c es ,  me d i a l  l a t e ra l  s w a y,  o r  an t e r io r  p os t e r i o r  s w a y. 2 9  F i n a l l y ,  

t h e  s t ep  d o wn  p ro to c o l  i n vo lv e s  s t ep p i n g  d o wn  f r om a  2 0  c m 

p l a t fo rm  o n t o  t h e  fo r c e  p l a t e ,  s t a b i l i z in g  a s  qu i ck l y a s  pos s i b l e ,  an d  

h o l d i n g  f o r  20  s e con ds . 6  A l l  t h r ee  p r o to c o l s  h av e  th e  p a r t i c i p an t s  

l a nd i n g  o n  a  s in g l e  l e g  w i th  t h e  p a r t i c i p an t s  h an ds  o n  th e i r  h i ps  an d  

l oo k i n g  s t r a i gh t  ahe a d . 6 , 2 7 , 2 9   

T TS  h a s  b ee n  t e s t ed  i n  ma n y d i f f e r en t  s e t t i n gs .  W he n  

c o mp a r i n g  T TS  s co r e s  b e fo r e  a nd  a f t e r  a n es t h es i a  i n  he a l t h y 

p a r t i c ip a n t s ,  t h e  r es u l t s  w e r e  no t  s i gn i f i c a n t  sh o win g  th a t  

m e c ha no r e c ep to r s  i n  t h e  j o i n t  d o  no t  m a k e  a  b i g  e no u gh  c o n t r i bu t io n  

t o  b e  qu a n t i f i e d  i n  t h i s  w a y. 2 7  T TS  h as  a l so  b e en  t e s t ed  be f o r e  a nd  
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a f t e r  c r yo t h e r a p y t r e a tm e n t  i n  h e a l th y p a r t i c ip a n t s .  T h e  re s u l t s  o f  

t h i s  s t u d y a l s o  e mi t t e d  no  s i gn i f i c an t  r e s u l t s  sh ow in g  t h a t  co l d  

t r e a tm e n t s  do  n o t  im p a i r  d yn a m i c  s t a b i l i t y . 2 6  A  s t ud y b y W i ks t r om,  

P ow e rs ,  a nd  T i l l man  t e s t ed  T TS  o n  hea l t h y p a r t i c ip a n t s  fo l l ow in g  

d i f f e r en t  s e t t i n gs  o f  l o w e r  ex t re mi t y f a t i gu e  a ga i n  wi th  no  

s i gn i f i c an t  r e s u l t s . 5  F in a l l y ,  a  s t ud y b y  C a u l f i e l d  a nd  G ar r e t t  

l oo k i n g  p u r e l y a t  t h e  p e a k  g r o un d  r e ac t i on  fo r c es  o c c ur r i n g  i n  TTS  

w i t h  t h e  j u mp  p ro to c o l  a l s o  c am e  u p  in s i gn i f i c a n t . 2 9   

W h i l e  s t ud i e s  us i ng  T TS  fo r  ex ami n i ng  b e tw e e n  i n j u re d  an d  

u n i n j u r e d  lo w e r  ex t r e mi t i e s  s ho w ed  s ign i f i c a n t  r e su l t s ,  o t h e r  t e s t i n g  

s e t t i n gs  ha v e  c om e u p  w i th  i n s i gn i f i can t  r e s u l t s .   T h i s  r e se a r c h ,  

a l on g  wi t h  t h e  p r ev i ou s  t yp e s  o f  m e a su r in g  po s tu r e ,  i s  l ac k in g  i n  

c o mp a r i so n  be t we en  s t ab i l i t y  m e a su r em e n t s  t o  d e t e rmi n e  th e  

p r o t oc o l  t ha t  wi l l  p r o du c e  th e  m os t  s i gn i f i c an t ,  e a s i es t  t o  r e a d  a nd  

c o mp a r e  r es u l t s .  TT S  me a su r em e n t s  a r e  a l so  f l a we d  in  t ha t  t h e  

f o r c es  b e i n g  m e as u r e d  a r e  i n  3  d i f f e r en t  d i r e c t i on s  g iv ing  t h re e  

d i f f e r en t  me a su r es  o f  p os tu r a l  s t a b i l i t y .  T T S  do e s  no t  p ro v i d e  a  l i nk  

b e tw e e n  t h es e  m e asu r em e n t s ,  m e an i n g  t h a t  a l l  d i r e c t i on s  n e e d  to  b e  

l oo k ed  a t  i n d iv id u a l l y  a n d  c an  n o t  b e  l o o ke d  a t  a s  a  w ho le . 3 1  a l s o ,  

w h i l e  c omp a r i n g  s co r e s  b e t we e n  h e a l th y a n d  u nh e a l th y p a r t i c i p an t s ,  

i t  m us t  be  t a k en  in to  co ns id e r a t i on  t ha t  b a se l i ne  m e as u r em e n t s  fo r  

t h e  g r o ups  m a y b e  d i f f e r en t  du e  to  p os s i b l e  d i f f e r e n t  l eve l s  o f  

s t ab i l i t y .  T h i s  po t en t i a l l y  l e a d s  t o  un eq u a l  g r ou p  co mp a r i s on s . 3 1  
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W h i l e  t h e  T TS  m eas u r em en t  a l so  ap pea r s  t o  b e  an  o p t i mal  t e s t  

f o r  q u an t i f yi n g  lo we r  ex t r emi t y s t a b i l i t y ,  i t  s e em s  to  a pp ly  o n l y 

w h e n  c omp a r i n g  i n j u re d  to  u n i n ju r e d .  U s i n g  t h i s  t e s t  t o  s c r e e n  f o r  

p r e d i s po s i t i o n  t o  i n j u r y w h i l e  s e em in g  a  goo d  id e a  du e  t o  t h e  

d yn a m i c  n a t u r e ,  may n o t  wo rk  o u t  i n  p r a c t i c e .  Th i s  i s  du e  t o  T TS  

m e as u r e  ho w lo n g  i t  t ak e s  p a r t i c i p an t s  t o  ge t  b a c k  to  b as e l in e  

m e as u r em en t s .  I f  t h e y a l r e a d y p o s se s s  a  d e f i c i t  an d  t h e re f o r e  

p os s i b l e  p r ed i sp os i t i o n ,  t h e n  th e i r  b ase l i n e  i s  c om p rom ise d .  A  

c o mp a r i so n  o f  t h i s  t e c hn i qu e  a ga i ns t  o t h e r  s t ab i l i t y  t e s t s  w o u l d  he lp  

t o  sh ow  i f  T TS  wi l l  w o rk  f o r  p r e s c r e e n i n g  s i t u a t io ns .   

 

C on c lus i on  

 A t h l e t i c  t r a in e r s  and  t h e r a p i s t s  a l i k e  s t r i v e  t o  ge t  i n ju r e d  

a t h l e t es  an d  p a t i e n t s  b a c k  to  a c t i v i t i e s  o f  d a i l y  l i v in g  a nd  sp o r t s  a s  

s oo n  a s  po ss i b l e  f o l l o wi n g  r e tu rn  t o  p l a y c r i t e r i a .  Th e s e  c r i t e r i a  

i n c lu d e  th e  a mo un t  o f  s t r en g t h  an d  r an ge  o f  mot io n  t h a t  a r e  p r e s en t  

w i t h i n  t h e  i n j u r ed  a r e a  as  we l l  a s  t h e  p r op r i o c ep t iv e  ab i l i t i e s  t o  

h e lp  p r ev e n t  f u r th e r  i n j u r y.  M e a su r eme n t s  o f  p ro p r io c e p t i on  a r e  

h a r d  t o  o b t a in  d u e  t o  t h e  m an y d i f fe r en t  t e s t s  av a i l ab l e  t o  us e  a nd  

t h e r e  i s  som e  co nf us io n  a bo u t  w h i ch  t e s t  s i gn i f i c a n t l y  c o r r e l a t es  t o  

f u n c t i on a l  s t ab i l i t y .  Th i s  a l so  m a ke s  co mp a r i so n  o f  da t a  b e tw e e n  

t e s t s  d i f f i c u l t  s i n c e  t h e  m e as u r e m en t s  o f  t he  va r i ou s  t e s t s  a r e  i n  

d i f f e r en t  un i t s  an d  w h i l e  m e a su r i n g  p ro p r i oc e p t i on ,  t h e y a r e  
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m e as u r i n g  d i f f e r en t  c om po n en t s  o f  p r op r io c ep t io n .   

 W h i l e  J PS  c a n  d e t ec t  d e f i c i t s  w i th in  tw o  d e gr e e s  o f  m ove m e n t ,  

t h i s  i s  a  s t a b l e ,  n on - w ei gh t  be a r i n g  me a s u re m en t  an d  i s  v e r y u n l ik e  

d a i l y  a n d  sp o r t  a c t i v i t y .  T h e  am ou n t  o f  t im e  r e qu i r e d  to  ru n  th e  J PS  

a l on g  wi t h  t h e  s t r i c t  t e s t i n g  p ro c e du r es  an d  c on t r o l  e q u ipm e n t  

n e e d ed ,  m a k es  t h i s  t e s t  u s a b l e  i n  t h e  r e s e a r ch  s e t t i n g  on ly  a n d  no t  

f o r  u se  i n  c l i n i c s  an d  a th l e t i c  t r a in i n g  r oo ms .   

 T h e  SE BT,  wh i l e  ab l e  t o  m e asu r e  s t a b i l i t y  i n  a  d yn a m i c  n a tu r e  

a n d  i s  n o t  c os t l y  i n  t e r ms  o f  e qu ipm e n t  n e e de d ,  i t  r e l i e s  on  t h e  

ex a min e r ’ s  r e c o rd  k e e p i n g ,  an d  th e  p a r t i c ip an t s  h e i gh t  a nd  l e g  

l e n gt h  mu s t  b e  t ak en  i n t o  co ns id e r a t i on  wh e n  c omp a r i n g  p a r t i c ip a n t s  

t o  e a ch  o th e r .  Th ese  m ea su r em e n t s  a r e  a l s o  d i f f i cu l t  t o  c om p ar e  t o  

r e s u l t s  o f  t h e  s t a t i c  p os t u ra l  sw a y a n d  T TS .   

 W h e n  c omp a r i n g  s t a t i c  p os tu r a l  s w a y r e s u l t s  wi t h  r e su l t s  f r om 

o th e r  s w a y t e s t s ,  on e  m us t  b e  s u re  t h e  p ro to c o l s  a r e  s imi l a r .  D u e  to  

t h e  v a r yi n g  a b i l i t y  o f  d i f f i c u l t y  i n  t h i s  t e s t ,  d i f f e r e n t  p ro to c o l s  a r e  

l i k e l y t o  r e su l t  i n  ve r y d i f f e r en t  o u t c om e s .  D u e  to  t h e  d i f f e r e n c es  i n  

t im e  a nd  s t a n c e  s t y l e ,  s t a t i c  p os t u r a l  sw a y r e s e a r c h  i s  l ack in g  a nd  

i n co n c lu s i ve .  H ow ev e r ,  du e  t o  t h e  t e s t  b e in g  m e a su r ed  b y a  f o rc e  

p l a t e ,  i t  d o es  a l l ow f o r  e as i e r  com p a r i s on  wi t h  t h e  T TS  t e s t  du e  t o  

t h e  us e  o f  t h e  s am e  e qu ipm e n t .   

 T TS  m e as u re m en t s ,  w h i l e  t h e  t ho u gh t  b e h i nd  th e  t e s t  i s  t h a t  i t  

i s  a  mo r e  f un c t io n a l  t e s t  t h an  t h e  o th e r  s t ab i l i t y  t e s t s ,  s t u d i e s  l a c k  



 24 

t o  c omp a r e  t h i s  t yp e  o f  m e a su r em e n t  t o  o th e r s .  W hi l e  t h i s  i s  a  

d yn a m i c  t e s t  t ha t  en a b l es  t h e  p a r t i c i pa n t s  t o  co n c en t r a t e  o n  

s om et h i n g  o t h e r  t ha n  b a l a n c i n g ,  t h e r e  a r e  a l s o  t h r e e  p r o ce d u r es  f o r  

t h i s  t e s t  r e s u l t i n g  in  ha r d  t o  c om p ar e  d a t a .  T h er e  a r e  a l so  d i f f e r en t  

m e t ho ds  o f  an a l ys i s  fo r  t h e  r a w  d a t a  ob t a in e d  th ro u gh  T TS  l e ad i n g  

t o  a no t h e r  p r ob l em w h e n  i t  c om es  to  c l i n i c a l  com p a r i s on s .   

 E a c h  t e s t i n g  s c e n ar i o  h as  i t s  f l a ws  an d  p l us  s i d es ,  ye t  s t ud i es  

f a i l  t o  co mp a r e  b e tw e e n  t yp e s  o f  t e s t s  l e ad i n g  c l i n i c i a ns  t o  w on de r  

w h ic h  t e s t  w i l l  wo rk  t h e  b es t  fo r  d e t e c t in g  r e t u r n  t o  p l a y c r i t e r i a  t o  

p r e v en t  fu r t h e r  i n ju r y a n d  a l s o  a n y p r e d i s po s i t i on  t o  i n j u r y t h a t  ma y 

b e  p r e se n t .  Du e  t o  t h es e  f i n d in gs ,  r e s ea r c h  s ho u ld  b e g i n  t o  co mp a r e  

t oo l s  o f  me a su r em en t s  a lo n g  wi t h  d i f fe r e n t  s c e na r ios  t o  en a b l e  

a t h l e t i c  t r a i ne r s  a nd  ph ys i c a l  t he r a p i s t s  t o  b e  b e t t e r  i n f o rm e d  wh e n  

i t  co m es  to  wh i c h  t e s t  i s  b e t t e r  t o  u s e  i n  t h e  c l i n i c a l  s e t t i n g .   
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C hap t e r  th r e e  

M e t hod s  

 

Pa r t i c ip an ts   

 T h i r t y  p a r t i c i p an t s  w e r e  i nv i t ed  t o  p a r t i c ip a t e  t h r ou gh  t he  us e  

o f  f l ye r s  p l a ce d  th ro u gh ou t  t he  Hu ma n  P er f o r m an c e  a nd  Le i su r e  

S c i e n ce s  bu i ld in g  a t  Ba r r y U n i ve r s i t y .  T o  en su r e  a  m ix  o f  

p a r t i c ip a n t s  i n  a ge ,  s ex ,  a nd  a c t i v i t y  l e v e l ,  f l ye r s  w e r e  a l s o  p l a c ed  

o u t s i de  Ba r r y U n i ve r s i t y’ s  m a i n  c a f e t e r i a .  T h i s  w as  t o  he l p  t o  

p r om ot e  r e c ru i tm en t  o f  s t ud e n t s  wh o  we r e  no t  a t h l e t es  a s  w e l l  a s  

f a c u l t y  a n d  s t a f f  o f  t h e  u n iv e r s i t y .  P a r t i c ip a n t s  we r e  r e qu i r ed  t o  

g i v e  ab ou t  t w en t y m in u t es  o f  t h e i r  t im e  an d  t h e y h a d  no  c u r re n t  

a c u t e  an k l e ,  kn e e ,  o r  h ip  s p r a in  w i th in  t h e  l a s t  t h r e e  w e ek s ,  o r  a  

c o n cu ss i on  wi t h i n  t h e  l a s t  s i x  m on th s .   P a r t i c i pa n t s  w e re  a s k ed  t o  

v o l un te e r  f o r  t h e  s tu d y i f  t h e y m e e t  t he s e  c r i t e r i a .  T h e  p a r t i c ip an t s  

h a d  to  b e  e i gh t e en  ye a r s  o ld  o r  o l d e r .  A l l  p a r t i c ip a n t s  wer e  t h en  

a s s i gn ed  a  nu mb e r  t h a t  w a s  a l so  b e  p l a c e d  o n  t h e i r  qu e s t i on n a i r e  

a n d  o r t ho pe d i c  t e s t s .  T he  p a r t i c ip a n t s  r e m ai n ed  a no n ym o u s  

t h ro u gho u t  t h e  s t udy  a n d  a f t e r w a rds  as  w e l l .  A l l  d a t a  c o l l e c t ed  wi l l  

b e  k e p t  l o c k ed  in  a  p r i va t e  s a f e  f o r  f i v e  ye a r s  f o l l o wi n g  t h e  s tu d y.   
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I ns t ru me nt s   

 A n  A MT I 4 5 0 7  f o rc e  p l a t e  an d  AM T I S G A6 -4  am pl i f i e r  w a s  

u s ed  t o  e va lu a t e  p os tu r a l  s w a y a n d  TTS .  Th e  ga i ns  o n  th e  a mpl i f i e r  

w e r e  s e t  a t  4 00 0  a nd  w er e  z e r o ed  o u t  t o  l e v e l  r e ad in gs  o n  th e  f o r c e  

p l a t e  i n  a l l  p l a n es  o f  m e as u re m en t .  A l l  d a t a  wa s  a n a l yz e d  us in g  th e  

V i co n  Pe a k  Mo tus  v e r s io n  8 . 0 .  D a t a  wa s  b e  co l l ec t ed  a t  60 0  Hz  an d  

s mo o t he d  us in g  Fou r i e r  f i l t e r  w i th  o p t im al  l im i t s  ch os e n  us in g  th e  

J a c ks on  K n e e  Op t im al  m et ho d .  Th e  S t e p  m a de  b y S p or t s  S t e p  In c .  

w a s  us e d  f o r  t h e  s t e p  i n  t h e  T TS  p r o ce d u r e  an d  w a s  p l a ce d  2 0  

c e n t im et e r s  h i gh  a nd  t h re e  i n ch es  i n  f ro n t  o f  t h e  fo r c e  p l a t e .   

 

Pr o c e du r e  

 S et -u p   

W h e n  p ar t i c i p an t s  f i r s t  r ep o r t ed  fo r  t h e  s tu d y,  t h e y w e r e  a sk e d  

t o  s i gn  a  co ns e n t  fo r m ( s e e  A pp e nd ix  B) ,  a  H IP P A f r om ( s e e  

A p p en d ix  C ) ,  an d  th e y w e r e  i n fo rm e d  o f  t he  pu rp os e  o f  t h e  s tu d y 

a n d  r i sk s  a s s oc i a t ed  wi t h  p a r t i c i p a t i on .  T he  pa r t i c ip a n t s  w e r e  a l s o  

i n fo rm e d  t h a t  t h e y h a d  th e  o p t i on  to  r e m ov e  th e ms e l v es  f r o m t h e  

s tu d y i f  t h e y b e c ame  un c om fo r t a b l e  o r  f e l t  a s  t h ou gh  t h e y c o u l d  no t  

c o n t i nu e .  P a r t i c ip an t s  t he n  f i l l ed  o u t  a  qu e s t i on n a i r e  ( s ee  A pp e nd ix  

D )  pe r t a in i n g  t o  p re v io us  l o w e r  ex t r em i t y i n ju r i e s  a nd  co n cu ss io ns .  

T h i s  qu e s t i on n a i r e  w a s  us e d  to  r e du c e  t h e  am ou n t  o f  r i sk  p r e s en t  t o  

t h e  p a r t i c i p an t .  The y w e r e  a l s o  t e s t e d  b i l a t e r a l l y  f o r  a nk l e  an d  kn e e  
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l ax i t y  t h ro u gh  a n t e r i o r  d r a w e r  t e s t s  by  a  c e r t i f i ed  a th l e t i c  t r a in e r .  

T h e  s am e  c e r t i f i ed  a t h l e t i c  t r a i ne r  h a nd l ed  a l l  p a r t i c ip an t s ’  

o r th op e d i c  t e s t s  t h ro u gh ou t  t he  s tu d y.  P a r t i c ip an t s  w e r e  no t  a l l o w ed  

t o  p a r t ak e  i n  t h e  s tu d y i f  i t  w a s  d i s c ov e r e d  t h a t  t h e y w e r e  wi th i n  s ix  

m on th s  pos t  c on c uss io n ,  w e r e  su f f e r i ng  f r om  an  a cu t e  ank l e ,  k n ee ,  

o r  h ip  s p r a in ,  o r  i f  t h e y p r e s e n t ed  wi t h  a n y a n k l e  o r  kn e e  l ax i t y .  

 Fo r  a l l  p a r t i c ip a n t s ,  t h e  s t ep  u s ed  in  t h e  T TS  m e as ur e m en t  w as  

s e t  3  i n ch e s  a w a y f r o m t h e  f o r c e  p l a t e  a nd  2 0  c m o f f  t he  g r o u nd .  

Be f o r e  a n y d a t a  w as  co l l e c t ed  t h r ou gh  V ic on  P e ak  M ot us  t h e  

a m pl i f i e r  w a s  z e roe d  o u t  t o  l e v e l  r e ad i n gs  on  t he  fo r c e  p l a t e  i n  a l l  

p l an es  o f  m e as u rem e n t .   

 

 P e r fo rm anc e  

 E a c h  p a r t i c i p an t  wa s  i n s t r u c t ed  h ow  to  pe r f o r m t h e  po s tu r a l  

s w a y s t an c e  a nd  t he  s t ep  o f f  d r i l l  f o r  T TS .  Th e y w e r e  ask e d  to  

p e r f o r m e a ch  t e s t i ng  p r o c ed ur e  t h r e e  t i me s  p e r  fo o t .  Th e  p os tu r a l  

s w a y p r o c ed ur e  r equ i re d  th e  p a r t i c ip an t s  t o  s t an d  wi t h  t he i r  sh o es  

o f f  w i th  o n e  f oo t  i n  t h e  m id d l e  o f  t h e  f o r ce  p l a t e  wi th  t he i r  h an ds  

o n  th e i r  h ip s .  T he  c o n t r a - l a t e r a l  l e g  w a s  t o  b e  f l ex e d  s l i gh t l y  a t  t h e  

h ip  an d  t h e  kn e e  to  h o ld  t he  fo o t  o f f  t h e  g r ou nd .  I t  s ho u ld  no t  h a v e  

b e e n  su pp o r t ed  b y t h e  b a l an c e  l im b  ( se e  F i gu re  1 ) .  P a r t i c i p an t s  w e r e  

a s k ed  t o  ba l an c e  f o r  10  s e c on ds  i n  t h i s  s t a nc e  wi t h  t h e i r  eye s  
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c l o s ed .  T h i s  wa s  do n e  th r e e  t im es  p e r  l im b .  T h e  a v er a ge  o f  t he  t h re e  

t r a i l s  w a s  us ed  fo r  a n a l ys i s .   

 

  F i gu r e  1 :  Fo r c e  P l a t e  S t an c e  

 

 

 

 

 

 

 

 

 T h e  p ro c e du r e  f o r  t h e  T TS  t es t  i n c l ud ed  ha v i n g  th e  p a r t i c i p an t  

s t a r t  s t an d i n g  o n  t he  s t ep  p l a ce d  in  f r on t  o f  t h e  f o r c e  p l a t e  wi th  

t h e i r  h an ds  o n  t h e i r  h i ps .  Th e  s t a r t i n g  p os i t i o n  i s  sh o wn  i n  F i gu re  2 .  

T h e y w e r e  t he n  a ske d  t o  s t ep  fo r w ar d  o f f  o f  t h e  s t e p  on  co mm an d  

a n d  l an d  i n  t h e  c e n t e r  o f  t h e  f o rc e  p l a t e  o n  t h e  l im b  b e ing  t e s t ed .  

O n c e  th e  p a r t i c ip a n t  l an d ed ,  t h e y w e r e  i n s t ru c t e d  to  b a l a nc e  a s  so on  

a s  p os s ib l e  a nd  h o ld  t h e  po s i t i on  u n t i l  t o ld  t o  r e l ax .  Th e y  h e l d  t h e  

s a me  p os i t i on  as  d es c r i b ed  i n  t h e  po s tu r a l  s w a y b u t  we r e  a l l o w ed  to  

k e e p  th e i r  e ye s  o p en .  P a r t i c i pa n t s  b a l an c e d  f o r  1 0  s e co nds  a f t e r  

l a nd i n g  f rom  t h e  s t e p  d o wn .  Th i s  p ro ce d u r e  w as  d on e  th re e  t im es  

p e r  l i mb .  Th e  a v e r age  o f  t he  t h r e e  t r i a l s  w as  us e d  f o r  d a t a  a n a l ys i s .  
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  F i gu r e  2 :  T TS  S t a r t  Po s i t i on  

 

 

 

 

 

 

 

 

 

 

 D a ta  R edu c t ion  

 P a r t i c ip an t s  w e r e  co ns id e r ed  s t a b l e  i n  t h e  T TS  t es t  wh en  t h e y 

r e a c h  ±0 .2 5  s t an d a rd  de v i a t i o ns  o f  t h e i r  ov e r a l l  s e r i e s  m ea n .  Th i s  

w a s  a n a l yz e d  in  b o t h  t h e  a n t e r i o r  p os t e r io r  d i r e c t i o n  a nd  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 .  Da t a  c o l l e c t e d  d u r ing  p os tu r a l  s w a y f o r  c e n t e r  o f  

p r e s s u r e  w a s  a n a l yz ed  b y t h e  s t a nd a rd  d ev i a t i on  o f  t o t a l  m e a n  

p os i t i on  o f  t h e  c en t e r  o f  p r e s s u r e  i n  bo t h  a n t e r io r /p os t e r i o r  

m ov em e n t  an d  m e d i a l / l a t e r a l  mo v em en t  a s  m e a su r ed  i n  m i l l i m e t e r s .   
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 F or c e  P l a t e  Ana ly s i s  

A  P e a rs on  C or r e l a t i on  wa s  r un  to  l oo k  a t  t h e  a mo un t  o f  

c o r r e l a t i o n  b e t we en  t h e  s t an d ar d  d ev ia t i on  o f  s w a y o n  the  l e f t  l im b  

a n d  T TS  on  t he  l e f t  l im b .  T h i s  a l so  com p ar e d  th e  s t a nd a rd  de v i a t i o n  

o f  s w a y o n  th e  r i gh t  l i mb  w i th  TTS  o n  th e  r i gh t  l im b .  A  h i gh  

c o r r e l a t i o n  b e t we en  TTS  an d  sw a y w ou ld  s ho w th a t  t h e  tw o  t es t s  o f  

s t ab i l i t y  a r e  r e l a t ed  t o  e a ch  o th e r  i n  t h e i r  m e as u r em en t s .  

 
 
D e s i gn  An al ys i s  

 Va r i ab l es  

  I nd ep en d en t  va r iab l es :   

In d e p e n d e n t  v a r i ab l e s  fo r  t he  s tu d y w e r e  t h e  t e s t i n g  

l imb s .  T h i s  i n c l ud es  b o t h  t h e  l e f t  a nd  t h e  r i gh t  l o we r  

ex t r e mi t i e s .  

D e p en d en t  v ar ia b le s :  

T h e  s t ud y c o n s i s t s  o f  fo u r  d e p en d en t  va r i ab l es .  Th e r e  

a r e  t w o  va r i a b l e s  fo r  t he  pos tu r a l  s w ay p r o c e d ur e  an d  t wo  fo r  

t h e  t im e  to  s t a b i l i z a t i on  p r o c ed ur e .  

T h e  tw o  d ep e nd e n t  v a r i a b l es  i n  t h e  s t ud y f o r  po s tu r a l  

s w a y,  t h r ou gh  th e  s t a nd a rd  d e v i a t i o n  o f  c e n t e r  o f  p r e s su r e ,  a r e  

t h e  a n t e r io r / po s t e r io r  d i r e c t i o n  a nd  the  m ed i a l / l a t e r a l  

d i r e c t i o n .   
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T im e  to  s t a b i l i z a t i o n  d ep e nd e n t  v a r i ab l es  a r e  a l s o  t h e  

a n t e r io r / po s t e r io r  an d  m ed i a l / l a t e r a l  d i r e c t i on s .   
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C hap t e r  Fou r  

A na ly s i s  o f  D a ta  

D e mo g r aph i c s  

 T h e  to t a l  nu mb e r  o f  p a r t i c i p an t s  f o r  t h e  s tu d y w a s  t w e n ty- o n e .  

T h e  b r e ak  d ow n  o f  t h e  d emo gr a p h i cs  i s  s ho w n  i n  T ab l e  1 .  O f  t h e  

t o t a l  p op u l a t i o n ,  90 %  o f  t h e  p a r t i c ip an t s  h a d  ex p e r i en c ed  a  p r ev i ou s  

i n j u r y.  6 2 % o f  t h e  p a r t i c ip a n t s  ha d  p re v io us l y i n j u r ed  the i r  l e f t  

l o we r  ex t r em i t y w h i l e  7 1 % o f  t h em  h ad  p r e v i ous  i n j u r i e s  t o  t h e  

r i gh t  l i mb .  O f  a l l  o f  t h es e  i n ju r i e s ,  o n l y 4  o f  t h em  w e r e  w i t h i n  t h e  

l a s t  ye a r  a n d  on l y t w o  o f  t h os e  p a r t i c ip a n t s  f e l t  a s  t h ou gh  t h e y w e r e  

s t i l l  p r ob l em at i c .  N i ne  o f  t he  p a r t i c ip a n t s  w e re  m al e  and  t h e  o th e r  

t w e l v e  w er e  f em al e .   

O f  t h e  ma l es  t h a t  pa r t i c i p a t e d ,  o ne  o f  t h em w a s  l e f t  fo o t  

d om in a t e ,  f i v e  o f  t h e  m al e s  h ad  in ju r ed  bo t h  ex t r emi t i e s  w h i l e  a  

t o t a l  o f  s ev e n  h ad  p r e v io us l y i n ju r ed  t h e i r  l e f t  l o we r  ex t r e mi t y,  a n d  

s e v en  o f  t h em  ha d  p r e v io us l y i n ju r ed  t h e i r  r i gh t  l o w er  ex t r em i t y.  

T h e  a ge  r an ge  f o r  t h e  m al e  p a r t i c ip a n t s  w as  19  t o  38 .   

 T h e  f em a l e  pa r t i c ipa n t s  i n  t h e  s tu d y r a n ge d  f rom  1 9  to  3 0  

ye a r s  o f  a ge .  Tw o  o f  t he  f em al es  w er e  l e f t  f oo t  d omi n a t ed  wh i l e  t h e  

r e m ai n in g  t en  f e m al e s  w e re  r i gh t  fo o t  d om in a t e d .  Fo u r  o f  t h e  

f e m al es  h a d  in j u r ed  bo t h  t h e  l e f t  a nd  t h e  r i gh t  l o we r  ex t re mi t i e s ,  

b u t  a  t o t a l  o f  s i x  o f  t h e  f e m al e  p a r t i c ip a n t s  h ad  p r ev i o us ly  i n j u r e d  
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t h e i r  l e f t  l o we r  ex t r e mi t y w h i l e  e i gh t  o f  t he  f em al es  h a d  p r e v io us l y 

i n j u r e d  th e i r  r i gh t  l o w e r  ex t r emi t y.   

 

T a b l e  1 .  D em o gr aph i cs  

D e mo gr a p h i cs  In j u r e d  
Le f t  Fo o t  

In j u r e d  
R i gh t  Foo t  

D o min a t e  
Fo o t  

M e a n  
A ge   

T o t a l  

M a le  7  7  1  Le f t  2 8 .5  9  
Fe m al e  6  8  2  Le f t  2 4 .5  1 2  
 

 

 S t D  M e a n  M in  M ax  

C OP  AP  0.00488 0.01592 0.007999 0.030934 

C OP  M L 0.00721 0.0149 0.006733 0.041672 

T TS  AP  0.286785 3.325071 2.254 3.607 

T TS  M L 2.7465 2.757976 1.967 4.37 

 

R e su l t s  

 T h e  d a t a  Co l l e c t ed  m at c h es  p r ev io us  r e s e a r ch  i n  t h a t  T TS  

m e as u r em en t s ,  a l t ho u gh  a  n o rm  h as  n o t  ye t  b e e n  e s t ab l i s he d ,  t en d  t o  

t a k e  a ro un d  th r e e  se c o nd s .  T h i s  i s  su pp o r t ed  b y t h e  r e s e a r c h  d on e  b y 

W i ks t r om e t .  a l .  6  T h e  CO P m e a su r eme n t s  t ak e n  i n  t h i s  s t ud y w a s  

d o ne  t h ro u gh  t h e  us e  o f  g ro un d  r e a c t io n  f o r ce s .  No rm s  ha v e  b e e n  

e s t a b l i sh e d  f o r  C OP  m e as ur e me n t s  b y  La u gh t o n  e t . a l .  t o  b e  3 .5 4  in  

t h e  AP  d i r e c t i on  and  2 . 26  in  t h e  M L d i r e c t i on . 3 0  T h i s  no rm  wa s  

f o un d  b y u s i n g  th e  s t an da r d  d ev i a t i o n  o f  t he  ve lo c i t y  o f  m ov em e n t  

Table 1A Group Results 
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h o w ev e r  a nd  t he r e fo r e  a  d i f f e r e n t  t yp e  o f  me a su r em e n t  t ha n  t h e  on e  

p e r f o r me d  in  t h i s  s t ud y.   

 A  c o r r e l a t i o n  a n a l ys i s  w a s  ru n  us in g  SPSS  t o  d e t e rmi n e  i f  t h e  

t w o  m et ho ds  o f  m ea s u r in g  s t a b i l i t y  w e r e  i n  a n yw a y r e l a t e d .  Th e  

d a t a  co l l e c t ed  s up po r t s  t h e  n u l l  h yp o th e s i s  i n  t h a t  t he r e  i s  n o  

s i gn i f i c an t  c o r r e l a t i on  b e t w e en  C OP  an d  T TS  in  e i t he r  t he  a n t e r i o r  

p os t e r io r  ( AP )  o r  m e d i a l  l a t e r a l  ( M L)  d i r e c t i on s .  T h e  co r r e l a t i o n  

c h a r t s  a r e  sh o wn  in  T ab l e  2  a nd  T a b l e  3  fo r  b a l a n c in g  on  t h e  l e f t  

f o o t  a n d  t h e  r i gh t  fo o t  r e sp e c t iv e l y a n d  t h e  c o r r e l a t i o ns  t h a t  t h i s  

s t u d y v i e w e d  a r e  h igh l i gh t ed  fo r  e a s i e r  v i e wi n g .   

 

T a b l e  2 .  Ba la n c i n g  o n  th e  l e f t  f oo t  
 TTS AP TTS ML COP AP COP ML 

TTS AP     
TTS ML 0.084429 1   

COP 
AP -0.0454 0.027518 1  

COP 
ML 0.13729 0.074968 0.923214 1 

   

T a b l e  2 A 
 
  Mean StD Min Max 
TTS AP 3.360095 0.198687 2.579 3.558 
TTS ML 2.689381 0.295488 2.118 3.335 
COP AP 0.016082 0.005631 0.007999 0.03093 
COP ML 0.014044 0.006107 0.006733 0.02827 

 

 

 

 



 35 

T a b l e  3 .  Ba la n c i n g  o n  th e  r i gh t  f oo t  
 TTS AP TTS ML COP AP COP ML 

TTS AP 1    
TTS ML 0.117444 1   
COP 
AP -0.10614 -0.13111 1  
COP 
ML 0.121398 0.133662 0.664842 1 

   

  T a b l e  3 A.  
 
  Mean StD Min Max 
TTS AP 3.29695 0.363563 2.254 3.607 
TTS ML 2.8502 0.484824 1.967 4.37 
COP AP 0.15833 0.004226 0.009802 0.02574 
COP ML 0.015964 0.008397 0.007311 0.04167 

 

 

 W h e n  c o r r e l a t i n g  th e  C OP AP  t o  TTS  A P  a nd  t he  C OP ML t o  

T TS  M L,  i t  i s  s e e n  t h a t  t h e  ch an c e s  o f  c o r r e l a t i o n  a r e  r = -0 . 04 5  an d  

r = 0 .0 75  re sp e c t iv e ly  f o r  t h e  l e f t  f oo t  an d  r = - 0 . 10 6  an d  r =0 . 13 3  fo r  

t h e  r i gh t  fo o t .  Th i s  c o r re l a t i on  s up po r t s  t h e  i d e a  b y W i ks t r om th a t  

o n e  m ea su r em e n t  ca n no t  b e  us ed  i n  p l a c e  o f  t h e  o th e r  i n  t h a t  t h e y 

a r e  no t  h i gh l y c o r r e l a t e d . 6   

 Fu r th e r  b r e ak do wn  o f  t he  da t a  fo r  co r re l a t i o n  t oo k  p l a c e  t o  

v i ew  f em al es  wi t h  a n d  wi th ou t  p r e v iou s  l o w e r  ex t r emi t y i n j u r i es  

w h i l e  b a l an c i n g  o n  b o t h  t h e  l e f t  ( T ab l e  Fo ur  an d  T ab l e  F iv e )  an d  t h e  

r i gh t  f ee t  ( T ab l e  S ix  an d  T ab l e  S e ve n ) .  W h i l e  so me  o f  t he  h i gh e s t  

c o r r e l a t i o ns  o f  t h e  s tu d y a r e  s e e n  wh en  co r r e l a t i n g  f em ale s ,  t h i s  

o n l y t a k es  p l a c e  i n  t h e  M L d i r e c t io n  an d  i s  n o t  s i gn i f i ca n t  en ou gh  to  

s u gge s t  r ep e a t e d  p re d i c t ab i l i t y .   



 36 

 
 

 

 M e a n  S t D  M i n  M a x    M e a n  S t D  M i n  M a x  

T T S  A P  3.40916 0.09520 3.254 3 . 4 9 9   T T S  A P  3 . 4 1 7  0 . 1 0 2 1  3 . 3 3 2  3 . 5 5 8  

T T S  M L  2 . 7 5 9 8  0 . 3 2 7 5  2 . 1 1 8  3 . 0 5   T T S  M L  2 . 6 5 8  0 . 1 8 9 9  2 . 4 3  2 . 9 0 4  

C O P  A P  0 . 0 1 4 6  0 . 0 0 6 5  0 . 0 0 7 9  0 . 0 2 4 9   C O P  A P  0 . 0 1 5 1  0 . 0 0 4  0 . 0 0 8 6  0 . 0 2  

C O P  M L  0 . 0 1 3 5  0 . 0 0 8 8  0 . 0 0 6 7  0 . 0 2 8   C O P  M L  0 . 0 1 2 2  0 . 0 0 3 2  0 . 0 0 8 6  0 . 0 1 8 1  

 

 

 

 

 M e a n  S t D  M i n  M a x    M e a n  S t D  M i n  M a x  

T T S  A P  3.30457 0.3417 2.541 3 . 5 1 8   T T S  A P  3 . 0 8 5 6  0 . 0 7 2 4  2 . 2 5 4  3 . 5 8  

T T S  M L  2 . 5 6 9  0 . 3 9 1 6  1 . 9 6 7  3 . 1 6 1   T T S  M L  3 . 0 7 4 3  0 . 2 7 0 2  2 . 7 7 7  3 . 3 0 5  

C O P  A P  0 . 0 1 4 7  0 . 0 0 2 8  0 . 0 1 1  0 . 0 2 0 3   C O P  A P  0 . 0 1 5 4  0 . 0 0 4 1  0 . 0 1 2 1  0 . 0 2 0 1  

C O P  M L  0 . 0 1 1 7  0 . 0 0 3 4  0 . 0 0 7 3  0 . 0 1 7 7   C O P  M L  0 . 0 1 8  0 . 0 1 1 2  0 . 0 1 1 3  0 . 0 3 1  

 

 TTS AP TTS ML COP AP 
COP 
ML 

TTS AP 1    
TTS ML 0.636607 1   
COP 
AP -0.04111 0.686598 1  
COP 
ML 0.219582 0.789424 0.956338 1 

 TTS AP TTS ML COP AP 
COP 
ML 

TTS AP 1    
TTS ML -0.23515 1   
COP 
AP 0.438036 -0.3454 1  
COP 
ML 0.307733 -0.3059 0.292045 1 

 TTS AP TTS ML COP AP 
COP 
ML 

TTS AP 1    
TTS ML -0.0653 1   
COP 
AP -0.05076 0.35441 1  
COP 
ML 0.113642 0.27661 0.963333 1 

 TTS AP TTS ML COP AP 
COP 
ML 

TTS AP 1    
TTS ML -0.3882 1   
COP 
AP -0.5975 -0.4449 1  
COP 
ML -0.4438 -0.6345 0.853072 1 

Table 4. Females balancing on the left with injury       Table 5. Females balancing on the left without injury 

Table 6. Females balancing on the right with injury         Table 7. Females balancing on the right without injury 

Table 4A.                 Table 5A.  

Table 6A.                     Table 7A. 
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 T h e  s t ud y d i d  no t  co n t a i n  e no u gh  m al e  p a r t i c i p an t s  t o  p e r f o rm  

c o r r e l a t i o ns  f o r  wi th o u t  i n j u r y,  b u t  t h e  c o r re l a t i on s  on  th e  i n ju r ed  

ex t r e mi t i e s  w e r e  s im i l a r  t o  t h e  f e ma l es .  W h en  com p a r in g  in ju r ed  t o  

n o n  i n j u r e d  a nd  n o t  c on t r o l l i n g  f o r  s ex ,  ba l an c i n g  o n  th e  l e f t  w i th  

n o  in ju r y ( T a b l e  8 )  sh o ws  a  r =- 0 . 64 5  a n d  r = -0 .6 6  c o r r e l a t i o n  i n  t h e  

A P  a nd  Ml  d i re c t i on s  r e sp e c t i v e l y.  T h i s  c o r r e l a t i o n  d r as t i c a l l y  

d r op s  ho w ev e r  w h en  ba l an c i n g  o n  th e  l e f t  fo o t  wi th  i n ju ry  i s  

c o r r e l a t e d  ( T ab l e  9 ) .  T h e  c o r r e l a t i o n  th e n  b e com e s  3 . 4 % a n d  17 .9 %  

i n  t h e  AP  an d  Ml  d i r e c t i on s .  R es u l t s  a r e  s imi l a r  wh e n  l ook in g  a t  

b a l an c i n g  o n  th e  r i gh t  fo o t .   

 

T a b l e  8 .  Ba la n c i n g  o n  th e  l e f t  w i th ou t  i n j u r y  

 TTS AP TTS ML COP AP 
COP 
ML 

TTS AP 1    
TTS ML -0.0655 1   
COP 
AP -0.6459 -0.5619 1  
COP 
ML -0.5520 -0.6602 0.865552 1 

   

 

 M e a n  S t D M in  M ax  

T TS  AP  3 . 39 7  0 . 09 36  3 . 33  3 . 55 8  

T TS  M L 2 . 60 8  0 . 23 05  2 . 20 3  2 . 90 4  

C OP  AP  0 . 01 5  0 . 00 37  0 . 00 86  0 . 02  

C OP  M L 0 . 01 3  0 . 00 32  0 . 00 86  0 . 01 8  

 

Table 8A. 
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T a b l e  9 .  Ba la n c i n g  o n  th e  l e f t  w i th  i n ju r y  

 TTS AP TTS ML COP AP 
COP 
ML 

TTS AP 1    
TTS ML 0.154707 1   
COP 
AP 0.034424 0.156661 1  
COP 
ML 0.234979 0.179811 0.938966 1 

 

   

 M e a n  S t D M in  M ax  

T TS  AP  3 . 34 39  0 . 25 27 13  2 . 57 9  3 . 50 5  

T TS  M L 2 . 71 3  0 . 32 83 19  2 . 11 8  3 . 33 5  

C OP  AP  0 . 01 64 46  0 . 00 69 13  0 . 00 79 99  0 . 03 09 34  

C OP  M L 0 . 01 51 06  0 . 00 75 05  0 . 00 67 33  0 . 02 82 7  

 

  

W h e n  c o r r e l a t i n g  sex  an d  i gno r i n g  in ju r y,  s i gn i f i c an c e  i s  e v en  

l o we r .  W i th  t h e  h i gh e s t  c o r re l a t i on  b e in g  m al es  i n  t h e  AP  d i r e c t i on  

o n  th e i r  r i gh t  f oo t  a t  r = 0 . 69 ,  t h e  s am e  p a r t i c i p an t s  o n  t h e  o pp os i t e  

l imb  yi e l d s  on l y a  r = 0 .1 5  c o r r e l a t i o n  i n  t h e  AP  d i r e c t io n .   

 T h e  on l y c o r r e l a t i on  t h a t  a t  f i r s t  l o oks  s i gn i f i c a n t  w a s  f ou n d  

w h e n  l oo k i n g  a t  b a l a n c in g  on  t h e  l e f t  f o o t  b y p a r t i c i pa n t s  wh o  w e re  

l e f t  fo o t  do min a t ed  ( T ab le  1 0 ) .  R =0 .96 ,  p > . 05 .  D u e  t o  t he  h i gh  p  

v a lu e  h ow e v er ,  t h i s  w a s  no n  s i gn i f i c an t .   

  

 

Table 9A. 
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T a b l e  1 0 .  Le f t  fo o t  d om.  b a l a n c i n g  o n  th e  l e f t  l im b  

  TTS AP TTS ML COP AP 
COP 
ML 

TTS AP 1    
TTS ML -0.63678 1   
COP 
AP 0.959746 -0.8277 1  
COP 
ML 0.971328 -0.4352 0.865454 1 

   

 

 M e a n  S t D M in  M ax  

T TS  AP  3 . 37 16 67  0 . 11 28 55  3 . 28 4  3 . 49 9  

T TS  M L 2 . 94 7  0 . 33 63 99  2 . 73 7  3 . 33 5  

C OP  AP  0 . 01 71 18  0 . 00 25 69  0 . 01 45 86  0 . 01 97 23  

C OP  M L 0 . 01 55 54  0 . 00 47 03  0 . 01 27 19  0 . 02 09 82  

 

 W h e n  lo ok i n g  a t  t he  sk e wn e ss  o f  t h e  T TS  i n  t h e  AP  p os i t i o n ,  

a n d  COP  i n  t h e  M L d i r e c t i on ,  t h e y w e r e  bo t h  sk e w ed  b y m o re  t h an  

o n e .  T h e  d a t a  w as  t r a n s f o rm ed  u s i n g  Tu k e y’ s  l a dd e r  f o r  

t r an s fo rm at io ns  t o  h a v e  th e  d a t a  b es t  f i t  a  no r ma l  c u r v e .  O n c e  th e  

d a t a  w as  t r an s f o rme d ,  c o r r e l a t i ons  w er e  r e ru n  us i n g  t h e  n e w  d a t a  

r e s u l t i n g  i n  t h e  s am e  o u t co m es .   

 Q u a l i t a t i v e l y l oo k in g  a t  t h e  COP  m ove m e n t  sh o ws  th a t  t h e  

l a r ge s t  o f  t h e  ex cu rs io ns  t o ok  p l a ce  i n  t h e  se c on d  h a l f  o f  b a l an c i n g .  

S i n c e  no n e  o f  t h e  pa r t i c i p an t s ’  T TS  t oo k  lo n ge r  t h a n  4 . 37  s e co nd s ,  

C OP  d a t a  w a s  t r un ca t e d  t o  4 . 5  s e co nd s  i n s t e ad  o f  t h e  fu l l  1 0  

s e c on ds  o f  b a l a nc in g  w i th  t he  e ye s  c lo s ed .  W h en  r un n i ng  

Table 10A. 
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c o r r e l a t i o ns  i n  t h i s  i n s t an c e ,  t h e r e  w er e  s t i l l  no  s i gn i f i c an t  f i nd in gs  

i n  a n y c i r c um s t an ce .   
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C hap t e r  Fi v e  

D i s cu ss ion   

 

 T h e r e  a r e  ma n y f a c t o r s  t h a t  a f f e c t  a  pe r s on ’s  s t a b i l i t y  i n  t h e  

l o we r  ex t r em i t y.  T h e s e  i n c l ud e  b u t  a re  no t  l im i t ed  t o  i n ju r y,  

t r a i n i n g ,  s t r e n g th  w i t h i n  t h e  j o i n t  and  t h e  l im bs ,  i np u t  f r o m t h e  

v e s t i bu l a r  co c h l e a ,  a nd  t h e  am ou n t  t ha t  o n e  de p en ds  u pon  v i s u a l  

c u e s .  D e te r min in g  a  p ro p er  m e as u r eme n t  t o  a s s e s s  so m eon e ’ s  

s t ab i l i t y  i s  c on s t an t l y  b e i n g  re s e a r c h ed  an d  th e r e  a r e  v a ry i n g  w a ys  

o f  m e as u r in g  f a c t o r s  o f  s t a b i l i t y .  T h i s  r e s e a r ch  f o cu s ed  on  t w o  

m et ho ds  t h a t  a r e  o f t e n  us e d  i n  me a su r in g  s t a b i l i t y  b u t  t h a t  h a v e  

l i t t l e  ro om f o r  huma n  e r r o r .  W hi l e  t h e  s t a r  ex cu rs io n  b a l a n c e  t e s t  

c a n  ad e qu a t e l y m e a s u r e  on es  r an ge  o f  f u n c t i on a l  m o t i on ,  i t  c an  a l s o  

b e  a l t e r ed  b y t h e  am ou n t  o f  f l ex i b i l i t y  a  p e r s on  h as  o r  t h e  t i gh tn e s s  

o f  t he i r  m us c l e s .  Jo in t  po s i t i on  s e ns e  i s  a  w a y o f  m e a su r in g  h ow  

a c c u r a t e l y o n e  c an  d e t e r min e  wh e r e  t he i r  j o in t  i s  i n  sp a c e .  Th i s  ma y 

t h en  p os s ib l y m e a su r e  i f  t h e y c a n  s e nse  w h en  th e i r  b od y i s  o u t  o f  

a l i gn m en t .  H ow e v er ,  t h i s  i s  a  no n  w e igh t - be a r i n g  t e s t  t h a t  m e as u re s  

j o i n t  r e c ep to r  a b i l i t y ,  w h i c h  i s  on l y o n e  o f  t he  m a n y f a c to r s  t h a t  

c o n t r i bu t e s  t o  s t a b i l i t y .   

 P os t u r a l  sw a y m e a su r em e n t  t h r ou gh  CO P mo v em en t  ha s  be e n  

s ho w n  t o  b e  a b l e  t o  d e t e rmi n e  w he n  one  m a y b e  a t  i n c r ea se d  r i s k  o f  

i n j u r y.  T h e r e  a r e  s tu d i e s  ho w ev e r  t h a t  s ho w  th a t  po s tu r a l  s w a y 
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m e as u r em en t s  m a y n o t  b e  s e ns i t i v e  eno u gh  f o r  h i gh l y t r a i n ed  

i nd iv i du a l s . 8 , 2 5  T h er e  a r e  a l so  m ul t i p l e  w a ys  o f  p e r f o rmi ng  t h e  t e s t  

r a n g in g  f r om e a s y t o  ha r d .  T h e  h a r d es t  t e s t i n g  sc e n a r io  wa s  u s ed  in  

t h i s  s t u d y t o  en su re  a  ch a l l en g in g  t e s t  t h a t  wo u ld  pos s i b ly  m o r e  

a c c u r a t e l y t e s t  t he  s t ab i l i t y  o f  t h e  l o we r  ex t r emi t y.  W h i l e  t h e  

s t an da r d  d ev i a t i o n  o f  t he  c en t e r  o f  p r es su r e  w a s  us ed  t o  de t e rmi n e  

e a c h  p a r t i c ip a n t ’ s  a m ou n t  o f  sw a y a n d  s t ab i l i t y ,  c o r r e l a t i n g  t he  

r e s u l t s  wi t h  t h e i r  t im e  to  s t ab i l i z a t i on  w a s  n on - co n c lu s i v e .  C e n t e r  

o f  p r es su r e  mo v eme n t  c an  a l so  b e  l o ok e d  a t  i n  o t h e r  wa ys  h o w ev e r .  

T h e  to t a l  am ou n t  o f  mo ve m en t  c an  b e  a n a l yz e d ,  o r  t h e  v e l o c i t y  o f  

m ov em e n t  ca n  b e  co ns id e r ed .  D ue  t o  t h e  n a tu r e  o f  t h e  t im e  to  

s t ab i l i z a t i on  t e s t  me a s u r in g  ho w  q u i ck l y o n e  s t a b i l i z e s ,  fu tu r e  

r e s e a r ch  m a y n e e d  t o  c o r r e l a t e  t h e  v e lo c i t y  o f  t he  c en t e r  o f  p r es su r e  

m ov em e n t  t o  t h e  p e r s on ’s  t im e  to  s t a b i l i z a t i o n .  Th i s  wo u ld  

d e t e r min e  i f  on e  t e s t  i s  r e a l l y  m o r e  e f f i c i e n t  a t  f i nd in g  in s t a b i l i t y  

t h an  th e  o th e r .  T h i s  wo u ld  t h en  com pa r e  sp e ed  t o  t im e ,  o r  wh en  

l oo k i n g  a t  ho w  q u ic k l y t h e  v e lo c i t y  r e t u rn s  t o  n eu t r a l ,  c om p ar in g  

t im e  to  t im e .    

 T im e  to  s t a b i l i z a t i o n  m e as u r em e n t s  we r e  t a k en  b y u s i n g  t h e  

s t ep  d ow n  m eth od .  W h i l e  t h i s  w as  ch os e n  du e  t o  i t s  p e r ce i v ed  ea s e  

i n  p e r f o rmi n g ,  o th e r  t e s t i n g  p r o c ed ur es  m a y h a v e  e l i c i t e d  d i f f e re n t  

r e s u l t s .  I t  h as  p r ev i ou s l y b e e n  f ou nd  b y R i em a nn  e t .  a l .  t h a t  t h e  s t e p  

d o wn  m et ho d  ma y b e  p e r c e i v ed  a s  b e in g  to o  e a s y a n d  t h e r e f o r e  
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r e s u l t i n g  i n  t h e  p a r t i c ip a n t s  n o t  t r yi n g  a s  h a rd  t o  b a l a n c e  r e s u l t i n g  

i n  l o n ge r  t im e  to  s t a b i l i z a t i o n  sc o r es . 2 7  W h en  ex p l a i n in g  t o  t h e  

p a r t i c ip a n t s  ho w to  p e r fo rm  th e  p r o to co l ,  t he y w e r e  t o l d  t o  s t ep  

d o wn .  W at c h in g  the  p a r t i c i p an t s  p e r f o r m  th e  p r o to c o l  sh ow e d  th a t  

m a n y o f  t h em  em plo ye d  a  do ub le  ba s e  o f  su pp o r t  w he n  the y f i r s t  

s t ep pe d  o n to  t he  fo r c e  p l a t e .  Th i s  a l l ow e d  th e m t o  us e  b o t h  l im bs  

f o r  s t a b i l i z a t i o n  du r i n g  in i t i a l  co n t a c t  w h e r e  d es c r i b in g  th e  p r o t oc o l  

a s  a  d ro p  do wn  o n to  t h e  f o r c e  p l a t e  ma y h a v e  r es u l t e d  i n  n ev e r  

u s i n g  a  do ub l e  s t a nc e .  W hi l e  t h i s  s l i gh t  t i m e  o f  d ou b l e  s t an c e  m a y 

h a v e  h e lp e d  th e  p a r t i c ip a n t s  t o  ga in  s t a b i l i t y  m e a s u r e me n t s  qu i c k e r  

d u e  to  b e i n g  ab l e  t o  us e  bo th  l im bs  fo r  a  s ho r t  p e r i od  o f  t im e ,  i t  i s  

a l so  p oss ib l e  t h a t  i t  l en g t h en e d  e a ch  pa r t i c i p an t ’ s  t im e  to  

s t ab i l i z a t i on .  Th i s  c o u l d  b e  du e  to  t he  a dd i t i on a l  w e i gh t  s h i f t  wh en  

t h e  l im b  be in g  h e ld  i n  t he  a i r  w as  p i cke d  u p  o f f  o f  t h e  s t ep .  A l so ,  

d u e  t o  t h e  t a s k  no t  b e in g  p e r c e i v ed  as  d i f f i cu l t ,  p a r t i c ip an t s  m a y n o t  

h a v e  a t t emp t ed  to  ba l a nc e  as  q u i ck l y a s  t h e y c o u ld  d u e  t o  t h em  n o t  

f e e l i n g  as  t h ou gh  th e y w e r e  o f f  b a l a nc e .  Us i n g  t he  h op  o r  t h e  j u mp  

m et ho ds  fo r  f i n d ing  T TS  wo u ld  r esu l t  i n  d i f f e r en t  m e a su r e m en t s  

t h e r e f o r e  p os s i b l y c h a n g in g  t h e  c o r r e l a t i on .  U s in g  th e  mo s t  d i f f i c u l t  

C OP  t es t  s c e n ar io  w i t h  t h e  mo s t  d i f f i c u l t  T TS ,  b e i n g  t h e  j u mp  

p r o t oc o l ,  ma y b e  a  b e t t e r  w a y t o  co mpa r e  t h es e  t wo  m et ho ds  o f  

m e as u r i n g  lo w e r  ex t r em i t y s t a b i l i t y .  Th i s  w ou ld  b e  d u e  t o  b o th  t e s t s  
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b e in g  c ha l l en g i n g  en o u gh  t h a t  p a r t i c i pa n t s  w ou ld  h a ve  t o  t r y  t h e i r  

h a r d es t  o r  e l s e  p oss ib l y f a l l .   

 T im e  to  s t a b i l i z a t i o n  i s  a  m e a su r em en t  o f  h ow  l on g  i t  t a ke s  

s om e on e  to  r e a c h  a  s t a b l e  s t a t e . 3 1  I f  t h e i r  s t ab i l i t y  i s  c om p rom is ed  

a n d  th e y a r e  a l l  ove r  t h e  f o r c e  p l a t e  na t u r a l l y ,  t h e n  m e a su r in g  TTS  

m a y a c t u a l l y  r e s u l t  i n  a  sh o r t e r  t i m e  du e  t o  i t  no t  t a k i n g  a s  l on g  t o  

r e a c h  a  l a r ge  m ov em e n t  s t a t e  t ha n  i t  w o u l d  be  t o  r e a ch  a  sm al l  

a m ou n t  o f  mo ve m en t  s t a t e .  Du e  to  t h i s ,  f u t u r e  r e s e a r c h  m a y n e e d  to  

m e as u r e  on e s  C OP  d e v i a t i o n  f i r s t ,  t o  d e t e r min e  i f  t h e y a l r e ad y h a v e  

a  c om pr omi s ed  s t ab i l i t y .  I f  t h e  s t a b i l i t y  i s  c om pr om is ed ,  t h e n  

r u nn in g  t h e  p a r t i c ip a n t  t h r ou gh  T TS  co u l d  po ss i b l y r e s u l t  i n  

i n co n c lu s i ve  d a t a ,  w h e r e  a s ,  i f  t h e  p a r t i c ip a n t  h ad  a  C OP  d e v i a t i o n  

w i t h i n  no rm al  l i m i t s ,  t h a n  t h e  TT S  t h a t  t he y p o ss e s  wo u ld  ho l d  a  

s t ro n ge r  me a n i n g .   

 W h i l e  t h e r e  a r e  mul t i p l e  f a c to r s  t h a t  co n t r i bu t e  t o  on e ’s  

s t ab i l i t y  a n d  b a l a nc e ,  t he  v i s u a l  i n pu t  c a n  h i gh l y a l t e r  t he  a b i l i t y  t o  

m ai n t a i n  b a l a nc e .  T h e  CO P de v i a t i o n  t e s t i n g  p ro to c o l  w as  d on e  wi t h  

t h e  e ye s  c los e d  du e  to  p r e v io us  r e s e a rc h  s t a t i n g  th a t  pos tu r a l  s w a y 

w i t h  t h e  e ye s  o p en  m a y b e  t oo  e as y r e s u l t i n g  in  a  t e s t  t h a t  i s n ’ t  

s e ns i t i ve  en ou gh .  Th i s  e l im in a t e d  a n y v i s u a l  c u es  t h a t  t h e  

p a r t i c ip a n t  w ou ld  ha v e  b e e n  ab l e  t o  a id  i n  b a l an c in g .  T h e  T TS  

p r o t oc o l  h o we v e r ,  w a s  p e r fo rm e d  wi th  t h e  e ye s  op e n .  T h i s  a l l o w ed  

t h e  p a r t i c i p an t s  t o  u s e  bo th  v es t i bu l a r  a nd  v i s u a l  c u es  t o  a i d  i n  
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b a l an c i n g .  TT S  p r o t o co l s ,  a re  d yn a m i c  i n  n a t u r e ,  an d  wo u l d  b e  r i sk y 

i f  p e r fo rm e d  wi t hou t  v i su a l  cu es  an d  th e r e fo r e  f u t u r e  s tud i es  i n  

c o mp a r i so ns  m a y n e e d  t o  em pl o y C O P t as ks  t h a t  ke e p  v i su a l  i np u t  

i n t a c t .   

 In j u r y d e t e c t io n  a nd  r eh a b i l i t a t i on  a r e  c r u c i a l  t o  t h e  f i e l d  o f  

a t h l e t i c  t r a i n in g  a nd  ph ys i c a l  t he r a p y.  D u e  t o  t h i s ,  t h es e  m ul t i p l e  

m e as u r em en t s  o f  s t a b i l i t y  h a v e  co me  ab o u t  a nd  b e en  us ed  to  h e l p  

d e t e r min e  p r e d i s pos i t i on  an d  f un c t i ona l  ab i l i t y .  W hi l e  CO P a nd  T TS  

h a v e  bo th  b e en  fo un d  to  d e t e c t  s t ab i l i t y ,  f i n d i n g  th e  m os t  b e n ef i c i a l  

t e s t  f o r  d i f f e r en t  en v i r onm e n t s  ha s  b ee n  t ax in g  in  t h e  r ese a r c h  f i e ld .  

W h i l e  a  l a r ge  n umbe r  o f  t h e  p a r t i c i p an t s  i n  t h i s  s t ud y h a ve  h ad  

p r e v io us  i n j u r y,  o n l y f o u r  o f  t h em  fe l t  a s  t h ou gh  th e y w e r e  s t i l l  

s ym p t om at i c .  Ev e ryo n e  e l se  i n  t h e  s t ud y f e l t  a s  t ho u gh  the y h a d  

b e e n  f u l l y  r e h a b i l i t a t e d  an d  th a t  t h e y w e r e  n o  lo n ge r  s ym p to ma t i c .  

P as t  r e s e a r ch  h a s  sh o wn  d i f f e r en c es  be t w e en  in ju r ed  an d  u n i n j u r e d  

p e op l e  ho w ev e r  t h ey  m a y n e e d  to  co ns i d e r  t h e  p a r t i c i p an t s  

p e r c ep t i on  o f  t h e  i n ju r y a s  w e l l .   

  

Fu t u re  Id e as  

 T h e r e  a r e  ma n y o t he r  i n f l ue n c es  t h a t  m a y a l t e r  t h e  r es u l t s  o f  

b o t h  TT S  t e s t i n g  an d  CO P m e a su r em en t s .  Th i s  i n c l ud e s  sh o e  w e a r ,  

t a p in g  a nd  b r a c i n g ,  ex e rc i s e ,  s t r e n g th en in g  p ro gr a ms ,  a ge ,  an d  

p os s i b l y ge n d e r .  W e a r in g  sh o es  n o t  on l y c a n  g iv e  t he  an k l e  j o in t  a  
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l i t t l e  ex t r a  s up po r t ,  i t  a l s o  p r o v id e s  ex t r a  s en so r y i np u t .  N o t  on l y 

d o es  t h e  pa r t i c ip a n t  f e e l  t h e  w e i gh t  t he y a r e  d i s t r i b u t i n g  o n  th e  

b o t tom  o f  t h e i r  fo o t ,  bu t  t h e y c a n  n ow a l s o  f e e l  a n y m o v em e n t  t h a t  

t a k es  p l a c e  b y t h e  ru b b in g  o f  t h e  sh o es  o n  t h e  s id e s  a nd  top  o f  t h e i r  

f o o t .  Th i s  i s  a l s o  t ru e  i n  t a p i n g  an d  b ra c i n g .  Ev e n  a f t e r  t h e  

e f f e c t iv e n ess  o f  t he  t i gh t  t ap e  we a r s  o f f ,  i t  s t i l l  i s  c a p ab l e  o f  

p r ov id i n g  t h es e  ex t r a  s ens a t io ns .  A no th e r  f a c to r  o f  sh o es  i s  l o ok i n g  

a t  a th l e t es  w ho  we ar  t e nn i s  s ho es  v e r su s  c l e a t s .  W h e r e  t he r e  i s  a  

p os s i b i l i t y  t h a t  a t h l e t e s  w e a r in g  c l e a t s  h a v e  l e s s  s t a b i l i t y  s i n c e  t h e y 

a r e  l im i t e d  on  t h e  am ou n t  o f  t h e i r  f oo t  t h a t  i s  i n  c on t ac t  w i t h  t h e  

g r o u nd ,  t h e r e  i s  a l so  t h e  po ss i b i l i t y  t h a t  a th l e t es  w ho  a re  t r a i n ed  

a n d  us e d  to  w e a r i ng  c l e a t s  m a y h a v e  h i gh er  s t ab i l i t y  d u e  to  t r a i n in g  

o n  l e s s  s up po r t .   

 W h i l e  l o ok i n g  a t  l e s s  su pp o r t  i n  c l e a t s ,  co mp a r i n g  s po r t s  

c o u l d  a l so  p r ov e  b en e f i c i a l .  No t  o n l y d o  d i f f e re n t  s po r t s  t r a i n  

d i f f e r en t l y ,  t h e y a l s o  t r a in  o n  d i f f e r e n t  s u r f a c es .  T es t i n g  t o  s ee  i f  

a t h l e t es  wh o  t r a i n  o n  u ne v en  s u r f a c es ,  s u ch  as  s oc c e r  a nd  c ro s s  

c o un t r y,  p os s es s  mo r e  o r  l e s s  s t ab i l i t y  t h a n  a t h l e t e s  wh o  t r a i n  on  

f l a t  r e l i ab l e  su r f ace s ,  su c h  as  b a sk e t ba l l  an d  vo l l e yb a l l  m a y h e lp  t o  

g i v e  an  i d e a  o f  po ss ib l y w h e r e  r eh ab i l i t a t i on  sh ou ld  t ak e  p l a ce .  

T e s t i n g  wi t h i n  t h e  s po r t s  c a n  t a k e  p l ac e  us i n g  C OP ,  TTS ,  o r  

b a l an c i n g  o n  f oa m i n  e i t h e r  o f  t h e  s i t ua t i on s .   
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 W h i l e  W iks t rom  e t .  a l .  s ho w ed  t ha t  t he r e  w as  n o  d i f fe r e nc e  i n  

T TS  p r e  a nd  p os t  f a t i gu e , 5  a n  ex e r c i se  p ro gr a m m a y a l t e r  t h e  

o u t c om e.  T r a i n i n g  i n  a  d yn a m i c  s t a t e  m a y r e s u l t  i n  t h e  bo d y r e l yi n g  

o n  d yn a mi c s  f o r  t he i r  s t a b i l i t y .  T h i s  co u l d  b e  t e s t ed  t h rou gh  t e s t i n g  

p a r t i c ip a n t s  p r e - exe r c i s e ,  pu t t i n g  th em  t h r ou gh  d yn a m i c  t r a in in g  

s e s s i on s ,  t e s t i n g  the i r  T TS  du r i n g  t h e  s tu d y,  a n d  th e n  a ga i n  po s t  t h e  

w o r ko u t  s es s io ns .  W h i l e  so me  i mp ro ve m e n t  i n  T TS  w ou ld  be  

ex p e c t ed  wi t h  d yn a m ic  t r a i n i n g ,  de t e rm in i n g  i f  t h e r e  w as  

i mp ro v em en t  i n  COP  co u ld  s ho w i f  t r a i n i n g  h ad  a  c r os s ove r  e f f ec t  

b e tw e e n  d yn a m i c  an d  s t a t i c  s t a t es .   

 A l on g  wi t h  f a t i gue  a n d  ex er c i s e ,  t h e r e  i s  a l so  f a t i gu e  in  

t e s t i n g  th a t  sh ou l d  b e  co ns id e r ed .  W h i l e  t h i s  s t ud y a l t e rna t e d  l imb s  

b e in g  t e s t i n g ,  s i nc e  i t  w a s  do n e  t h r ee  t i me s  p e r  l e g ,  t he r e  c o u l d  

h a v e  b e en  a  l e a rn ing  e f f e c t  wh ic h  w ou l d  g i ve  t h e  su b j e c t s  a n  

a p p a re n t  h i ghe r  s t ab i l i t y ,  o r  t h e r e  co u l d  h av e  b e en  f a t i gue  du e  t o  

t h e  r ep e a t e d  a c t io ns  o f  t hos e  wh o  w ere  un a b l e  t o  a cc om pl i sh  

s u c c es s f u l  t r a i l s .  So m e o f  t h e  p a r t i c i pa n t s  w e r e  a b l e  t o  do  t h re e  

t r a i l s  su c c es s fu l l y  w h i l e  o th e r s  a t t e mp t ed  th e  t e s t i n g  p ro t o co l s  e i gh t  

t im es  p e r  l e g  w h i ch  w ou ld  r e su l t  i n  p os s i b l e  l e s s  s t a b i l i t y .  To  h e l p  

a c c om mo d at e  t h i s ,  t h i s  s t u d y t o o k  t h e  a v e r a ge  o f  t h e  t h r ee  

s u c c es s f u l  t r i a l s ,  bu t  f u tu r e  s t ud i e s  c ou ld  l oo k  i n t o  t h e  e f f e c t  o f  

t e s t i n g  o n ce ,  t h r e e  t im es ,  a nd  o ve r  t i me  to  d e t e rm in e  th e  m os t  

a c c u r a t e  w a y t o  t ake  t h e  m e as u r e me n t s  f o r  bo t h  T TS  a nd  fo r  C OP.  
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 La s t l y ,  l oo k i n g  a t  age  g r o u ps  o r  a c t i v i t y  l e v e l s  co u l d  ma ke  a  

l a r ge  d i f f e r en c e  i n  s t ab i l i t y .  T h e  yo u ng  a n d  th e  e ld e r l y  h a v e  b e e n  

s ho w n  t o  po ss e s s  l e s s  b a l an c e  a nd  t h e r e f o r e  po ss i b l y l e s s  s t a b i l i t y ,  

a c t i v i t y  l e v e l  o f  t he  i n d iv id u a l  w ou l d  s t i l l  p l a y a  l a r ge  pa r t  i n  C OP 

a n d  T TS  t im es .  Com p ar in g  a c t iv e  a nd  in a c t iv e  e ld e r l y  o r  a c t i v e  

c h i ld r e n  t o  i n a c t iv e  c h i l d r en  co u ld  s how  th e  a dd i t i on a l  b en e f i t s  o f  

t h e  e f f ec t s  o f  ex e rc i s e  an d  a c t iv i t y .  W h i l e  t h e se  t wo  a ge  g r o u ps  o f  

p e op l e  ha v e  b e en  sh o wn  t o  pos s es s  a l t e r e d  b a l a n ce  d u e  to  

d e v e l opm e n t a l  r e a so ns ,  c om p ar in g  h i gh l y t r a i ne d  yo u n g  ad u l t s  t o  

i n a c t i v e  pe r so ns  i n  t h e i r  a ge  g ro up s  ma y e v e n  b e t t e r  sh ow  th e  

e f f e c t s  o f  t r a in i n g .  T h i s  w ou l d  t ak e  ou t  d e v e lo pm e n t a l  i s su e s  a nd  

e n a b l e  mo r e  o f  a  f oc u s  on  l on g  t e rm  t ra i n in g  e f f e c t s .   

 

C on c lus i on  

 A c c e p t i n g  t h e  nu l l  h yp o t h es i s  t h a t  t he r e  w as  n o  s i gn i f i c an t  

c o r r e l a t i o n  b e t we en  pos tu r a l  s w a y a n d  TTS  l e ad s  t o  t h e  c o n c l us i on  

t h a t  u s in g  a  d yn a mi c  m e as u r e m en t  s hou ld  o n l y b e  us ed  t o  m e asu r e  

d yn a m i c  mot io n .  Li k e wi s e ,  s t a t i c  me a su r em e n t s  c an  o n l y b e  u s ed  t o  

m e as u r e  t h e  a mo un t  o f  s t a t i c  s t ab i l i t y  t h a t  a  p e r s on  p os s es s es .  Th i s  

m a y s h ow  t h a t  a t h l e t i c  t r a i n e r s ,  s i n c e  t h e y d e a l  w i t h  d yn a m ic ,  

a t h l e t i c  en v i ro nm en t s ,  sh ou l d  us e  d yn a mi c  t e s t i n g ,  r eh a b i l i t a t i o n ,  

a n d  m ea su r i n g .  Ph ys i ca l  t h e r ap i s t s  how e v e r ,  wh en  d e a l ing  w i t h  t h e  

e l d e r l y ,  i n a c t i v e ,  an d  c on c us s ed ,  m a y n e e d  to  f o cu s  mo r e  o n  C OP  
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d e v i a t i o n  m e a su r em e n t s .  S in c e  T TS  ca n  o n l y m e a su r e  t he  a mo un t  o f  

t im e  i t  t ak es  t o  ge t  b a ck  t o  e a ch  p e r s on ’ s  s t a t i c  s t a b i l i t y  p o i n t ,  

w o r k in g  s t a t i c  a l ong  w i t h  d yn a m i c  co u l d  b e  t h e  b es t  w a y t o  ge t  

c o mpl e t e  r es u l t s .  W h i l e  t h i s  s t ud y s ho w e d  t h a t  t h e  t wo  ca n  n o t  

p r e d i c t  t h e  o th e r ,  l o o k in g  to  s e e  i f  m or e  s t a t i c  s t a b i l i t y  e q u a l s  a  

l on ge r  TTS  s c o r e ,  a  sh o r t e r  s c o r e ,  o r  i f  t h e y t r u l y a r e  un r e l a t e d  i s  

n e e d ed .   

 A t h l e t i c  t r a in e r s  t yp i c a l l y  b e g i n  r e ha b i l i t a t i o n  wi t h  s t a t i c  

ex e r c i s es ,  p r o g r es s  t o  m or e  d i f f i c u l t  s t a t i c ,  l e ad  i n to  d yn a mi c  

ex e r c i s es ,  an d  e nd  w i t h  sp o r t  sp e c i f i c  t r a i n i n g .  Th i s  i s  t o  ge t  t h e  

a t h l e t e  b a ck  t o  t h e i r  sp o r t  a s  so on  a s  po ss ib l e  wi t ho u t  a n  i n c r e a s ed  

r i sk  o f  f u r th e r  i n ju r y.  K n o wi n g  th e  d i f f e r e n ce  b e tw e e n  th e  s t a t i c  a nd  

d yn a m i c  s t ab i l i t y  m e as u r em en t s ,  p r e se a s on  t r a in in g  sh ou l d  b e gi n  b y 

i n c lu d i n g  a  d yn a m ic  s t ab i l i t y  t e s t .  T h i s  co u l d  h e lp  t o  de t e r mi n e  

t ho s e  a t  an  i n c r e ase d  p o t e n t i a l  r i s k  o f  i n ju r y,  b u t  a l so  wo u l d  g i ve  a  

b a s e  l i n e  f o r  r e t u rn  t o  p l a y i f  i n j u r y o c c u r r ed  l a t e r  i n  t he  s e as on .  

C OP  m e as ur e me n t s  c ou ld  a l s o  b e  t a k en  p r e s ea so n ,  b u t  s ho u l d  b e  

u s ed  as  a  ba s e l i n e  p os t  c on c uss io n  t o  m e as u r e  t h e  a mo un t  o f  s en so r y 

i np u t  f r om th e  v es t i bu l a r  co c h l e a r  s ys t em .  W hi l e  b o t h  o f  t h es e  t e s t s  

h a v e  s i gn i f i c a n t  u se  i n  t h e  f i e l d  o f  a t h l e t i c  t r a i n i n g ,  s e l e c t i n g  wh e n  

e a c h  w ou ld  b e  a pp ro p r i a t e  i s  k e y.   

 W h i l e  t h i s  s t ud y s ho w s  t h a t  d yn a m ic  t e s t s  sh ou ld  b e  u se d  f o r  

t h i n gs  t h a t  a r e  d yn a mi c  i n  n a tu r e ,  i t  on l y c o n s i d e re d  o ne  f o rm  o f  
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d yn a m i c  t e s t i n g .  Th e  s t a r  ex c ur s i on  ba l a nc e  t e s t  (S E BT) ,  w h i l e  i t  

r e l i e s  on  r a n ge  o f  m ot i on  an d  f l ex i b i l i t y  a l o n g  w i t h  s t ab i l i t y ,  i s  a  

l e s s  ex p e ns iv e  d yn a mi c  t e s t  a nd  th e r e f o r e  mo r e  r e a d i l y  a c c e s s ib l e  i n  

t h e  a t h l e t i c  t r a i n i ng  r o om .  I f  t h e  SE BT  c an  d e t e c t  a nd  p re d i c t  t h e  

s a me  d yn a m i c  i n s t ab i l i t y  t h e  T TS  p osse s s es ,  t h en  t he  f i e ld  o f  

a t h l e t i c  t r a i n in g  wo u l d  h av e  a n  in ex pe n s i ve  t e s t  t h a t  wou ld  b e  

r e l i a b l e .  M o re  r es ea r c h  n e ed s  t o  b e  d on e  i n  t h i s  a r e a  t o  co mp a r e  t h e  

v a r i ou s  d yn a m i c  t e s t s  t o  p os s i b l y d e t e r mi n e  th e  mo s t  e f f i c i e n t .    
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A pp end i x  A 

 

C o mp a ri s on  o f  S t a t i c  S t ab i l i ty  ( Pos tu r a l  Sw ay )  and  D yn a mi c  

S ta b i l i t y  (TT S)  Me t hod s  o f  M ea su r eme n t   

J a mi e  R a mm el sb e rg  

 
 
I n t r o d u c t i o n :  D e t e r m i n i n g  t h e  m o s t  b e n e f i c i a l  t e s t  t o  d e t e c t  p r e d i s p o s i t i o n  t o  
i n j u r y  i s  c r u c i a l  t o  t h e  f i e l d  o f  a t h l e t i c  t r a i n i n g .  W h i l e  t h e r e  a r e  m a n y  t e s t s  t o  
d e t e r m i n e  s t a b i l i t y ,  t h i s  s t u d y  f o c u s e s  o n  t i m e  t o  s t a b i l i z a t i o n  a n d  c e n t e r  o f  
p r e s s u r e  p o s t u r a l  s w a y  t o  d e t e r m i n e  i f  t h e y  a r e  i n t e r c h a n g e a b l e .   
S u b j e c t s :  T w e n t y - o n e  s u b j e c t s  v o l u n t e e r e d  f o r  t h e  s t u d y .  T h i s  c o n s i s t e d  o f  9  
m a l e s  a n d  1 2  f e m a l e s  r a n g i n g  i n  a g e  f r o m  1 9 - 3 8 .  
M e a s u r e m e n t s :  T i m e  t o  s t a b i l i z a t i o n  a n d  c e n t e r  o f  p r e s s u r e  m e a s u r e m e n t s  
w e r e  t a k e n  w h i l e  b a l a n c i n g  f o r  1 0  s e c o n d s .  T h i s  w a s  d o n e  t h r e e  t i m e s  p e r  l i m b  
i n  e a c h  s e t t i n g .   
S t a t i s t i c a l  A n a l y s i s :  T h e  s t a n d a r d  o f  c e n t e r  o f  p r e s s u r e  i n  b o t h  t h e  A P  a n d  
M L  d i r e c t i o n  w a s  u s e d  f o r  d a t a  c o r r e l a t i o n .  T h e  a m o u n t  o f  t i m e  i t  t o o k  e a c h  
p a r t i c i p a n t  t o  s t a b i l i z e  i n  b o t h  t h e  A P  a n d  M L  d i r e c t i o n s  w a s  a l s o  u s e d  f o r  
c o r r e l a t i n g .   
R e s u l t s :  T h e r e  w e r e  n o  s i g n i f i c a n t  f i n d i n g s  i n  a n y  t e s t i n g  s c e n a r i o .  T h e  u s e  
o f  s t a t i c  m e a s u r e m e n t s  c a n  n o t  b e  u s e d  t o  p r e d i c t  t h e  a m o u n t  o f  d y n a m i c  
s t a b i l i t y  a  p e r s o n  p o s s e s s e s .   
 
 
 

I n t r odu c t io n  

 A  ma jo r  c on c e rn  o f  a th l e t i c  t r a in e r s  i s  t h e  p r ev e n t i on  o f  

i n j u r y.  O n e  w a y t h i s  c an  b e  d on e  i s  t h ro u gh  d e t e c t io n  o f  f a c t o r s  t h a t  

m a y p u t  a t h l e t es  a t  a  p r e d i s po s i t i o n .  W h i l e  t h e  a mo un t  o f  s t ab i l i t y  

t h a t  on e  p os s es s e s  c a n  h i gh l y e f f e c t  i n ju r y r a t e ,  q u an t i f y i n g  t h i s  

s t ab i l i t y  h a s  b e en  d i f f i c u l t  d u e  t o  t h e  v a r i ou s  w a ys  s t a b i l i t y  c a n  b e  

m e as u r ed .  T wo  m ain  w a ys  o f  m e as u r ing  s t ab i l i t y  i s  t h r ough  d yn a mi c  

m ot i on  o r  t h r ou gh  s t a t i c  m e as u r e me n t s .  W hi l e  t he y h a v e  b o t h  b e en  

f o un d  to  p oss e s s  t he  a b i l i t y  t o  d e t e c t  d e f i c i t s ,  d e t e rmi n in g  w h en  to  
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u s e  e a ch  t yp e  h as  s t i l l  t o  b e  d e t e r min ed .  D yn a m i c  s t ab i l i t y  c a n  b e  

m e as u r ed  th r ou gh  th e  s t a r  ex c ur s i on  ba l a nc e  t e s t  (S E BT)  o r  t h r ou gh  

t im e  to  s t a b i l i z a t i on  (T TS )  a nd  s t a t i c  s t ab i l i t y  i s  m e asu r ed  t h ro u gh  

p os tu r a l  s w a y.  

 T h e  SE BT c on s i s t s  o f  b a l a n c i n g  o n  one  l im b  a nd  r e a c h ing  a s  

f a r  a s  p os s ib l e  i n  va r io us  d i re c t i o ns  wi th  t h e  o pp os i t e  foo t .  T h e  

t h eo r y b e h i nd  th i s  i s  t h a t  t h e  m or e  s t ab i l i t y  a  p e r so n  po ss e s s es ,  t h e  

f u r t h e r  t h e y c a n  r ea c h  b e fo r e  l o s i n g  ba l a nc e .  W hi l e  t h i s  t e s t  i s  

i n ex p en s iv e  an d  e as y t o  ru n ,  i t  r e l i e s  h e a v i l y  o n  t h e  pa r t i c i p an t ’ s  

l e v e l  o f  f l ex ib i l i t y ,  r a n ge  o f  mot io n  in  t h e  j o in t ,  a nd  m usc l e  

s t i f fn es s ,  n o t  j u s t  s t a b i l i t y .    

 T im e  to  s t a b i l i z a t i o n ,  wh i l e  a  r e l a t i ve l y n e w  m et ho d  o f  

m e as u r i n g  d yn a m ic  s t a b i l i t y ,  d o e s  no t  r e l y  o n  f l ex i b i l i t y ,  a c t i v i t y  

l e v e l ,  o r  r a n ge  o f  m ot i on .  I t  d o es  h a ve  th e  f a l l  b a ck  h owe v e r ,  t h a t  

d u e  t o  i t s  r e l a t i v e ly  n e w n e ss ,  t h e r e  a re  v a r io us  p r o to c o l s  f o r  ru nn in g  

t h e  t e s t  a nd  t h e  m os t  e f f ec t i ve  w a y h a s  n o t  ye t  b e e n  d e t e r mi n ed .  

O n e  o f  t h e se  p r o t oco l s  i nv o lv e s  s t ep p in g  o f f  o f  a  s t ep  o n to  a  f o rc e  

p l a t e  a nd  b a l a n c i n g  a s  qu i ck l y a s  po ss ib l e ,  o n e  i nv o l v es  a  d ro p  o f f  

f r om  t h e  s t ep ,  a nd  t h e  t h i r d  p r o t o co l  r e q u i r es  a  j um p  on to  t h e  f o r c e  

p l a t e .  W h i l e  t h e  j um p  p ro t o co l  i s  t h e  m os t  d yn a m i c  i n  n a t u re ,  i t  i s  

a l so  p e r c e iv e d  a s  t h e  h a r de s t  t o  p e r f o r m .  Th e  s t e p  do wn  p r o t oc o l  

w a s  d e t e rmi n ed  t o  b e  t h e  e as i e s t  t e s t  t o  pe r f o r m,  i t  a l s o  r e s u l t e d  i n  

p a r t i c ip a n t s  t a k i n g  a  l o n g  t i me  t o  s t ab i l i z e  t h an  w h en  p e r fo r min g  
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t h e  o th e r  t wo  s c en ar i os . 6   

 S t a t i c  s t ab i l i t y  i s  a  p e r s on ’s  ab i l i t y  t o  m ain t a in  b a l an c e  w h i l e  

s t an d in g  s t i l l .  Th i s  i s  t yp i c a l l y  d o n e  th r ou gh  m e as u r in g  th e  c en t e r  

o f  p r es su r e  o f  on e ’ s  p os tu r a l  s w a y.  T h i s  do e s  no t  m e as u re  t h e  

m ov em e n t  o f  on e ’ s  c e n t e r  o f  g r av i t y ,  b u t  r a t h e r  t h e i r  r e a c t io n  t o  t h e  

m ov em e n t  o f  t h e i r  c e n t e r  o f  g r av i t y .  T yp i c a l l y  t h i s  i s  v i ew  a s  a  

s t an da r d  d ev i a t i o n  m e as u r em en t  o f  t h e  t o t a l  mo ve m en t ,  bu t  c a n  a l so  

b e  l oo k ed  a t  a s  t o t a l  m ov em e n t  t h a t  o cc u r s ,  o r  t h e  v e l o c i ty  o f  t h e  

m ov em e n t .  W hi l e  t h e r e  a r e  m an y w a ys  o f  l o ok i n g  a t  t h e  da t a  t h a t  i s  

c o l l e c t ed  d u r i n g  CO P,  t h e r e  i s  a l so  va r io us  p r o t oc o l s  fo r  c o l l e c t i n g  

C OP .  Th e  e a s i es t  t e s t  fo r  t he  p a r t i c ipa n t  t o  p e r f o rm  c on s i s t s  o f  

s t an d in g  wi th  a  dou b l e  b a se  s up po r t ,  f e e t  sh ou ld e r  wi d t h  a p a r t ,  an d  

e ye s  o p e n .  T h e  ha rd e s t  p e r fo rm a nc e  i s  d on e  w h i l e  s t a nd i ng  o n  o ne  

l e g  wi t h  t h e  e ye s  c lo s ed .  W hi l e  C OP me a s u re m en t s  h av e  be e n  s ho wn  

t o  r ev e a l  pos s i b l e  p r e d i s po s i t i o n  t o  i n j u r y, 1 , 8 , 1 7 , 2 5 , 2 8  t h e re  i s  a l s o  

c o n c er n  t h a t  t h e  t e s t  m a y n o t  b e  se ns i t i v e  e no u gh  to  d e t ec t  d e f i c i t s  

i n  h i gh l y t r a in e d  i nd iv id ua l s .   D u e  to  h a v i n g  mu l t i p l e  w a ys  o f  

m e as u r i n g  s t a b i l i t y ,  co mp a r i n g  th e m to  e a ch  o t h e r  t o  d e t e r mi n e  

w h e n  e a ch  t e s t  wo u l d  b e  m os t  b en e f i c i a l  t o  u s e  i s  a  m us t .   

 

Sub j e c t s  

 T w e nt y- o n e  s ub j e c t s  v o l un te e r ed  fo r  t h e  s tu d y.   T h er e  was  a  

t o t a l  o f  9  m al es  and  12  f e ma l es .  Th e  age  r a n ge  o f  a l l  p a r t i c i p an t s  
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w a s  1 9 - 38 .  Ni n e t y p e r c en t  o f  t h e  p a r t i c i p an t s  h ad  p r ev io us l y 

s us t a in e d  i n j u r y.  S ix t y- t w o  p er c e n t  o f  t h e  t o t a l  p a r t i c ip a n t s  h ad  

p r e v io us  i n j u r y t o  t h e i r  l e f t  l ow e r  ex t re mi t y,  a n d  7 1%  h ad  p r e v i ous  

i n j u r y t o  t h e i r  r i gh t .  O u t  o f  t h e  21  p a r t i c ip a n t s ,  f ou r  o f  t h e  i n ju r i e s  

w e r e  wi t h in  t h e  pa s t  ye a r ,  a n d  on l y t w o  o f  t h e  i n j u r e d  p a r t i c ip a n t s  

s t i l l  f e l t  s ym p to m at i c .   

 

M e a su r e men t s  

 A f t e r  vo l un te e r i n g  f o r  t h e  s tu d y,  p a r t i c i p an t s  a ns w e re d  a  

q u es t io nn a i r e  an d  w e r e  t e s t ed  f o r  j o in t  l ax i t y  i n  b o t h  t he  kn e e s  an d  

t h e  h ip  t o  e ns u r e  t ha t  t e s t i n g  w ou l d  no t  p u t  t h e m a t  an  i n c r e a s ed  

r i sk  f o r  i n j u r y.  T h ey  w e r e  t he n  in f o r me d  o f  h ow  t o  do  t he  s t e p  do wn  

p r o t oc o l  fo r  T TS  an d  a l l o w e d  t o  p r ac t i c e ,  a s  we l l  a s  i n fo r m ed  as  t o  

h o w to  p e r fo rm  th e  CO P t e s t .  Th e  p a r t i c i p an t s  w e r e  r e ad  

i n s t r u c t i on s  so  t h a t  e a c h  p a r t i c i p an t  r ec e i ve d  th e  s am e  in s t r uc t i on .  

C OP  t es t i n g  c on s i s t e d  o f  s t an d in g  on  th e  t e s t  l im b  i n  t h e  m id d l e  o f  

t h e  fo r c e  p l a t e .  W he n  t h e  pa r t i c i pa n t s  w e r e  i n f o rm ed  t o  be g i n ,  t h e y 

w o u l d  t h en  p i c k  up  th e  o pp os i t e  l imb ,  a n d  b a l an c e  w i t ho u t  t he  l e g  i n  

t h e  a i r  r e s t i n g  o n  th e  t e s t i n g  l im b .  The y w e r e  i n s t r uc t ed  t o  k e ep  

t h e i r  h an ds  o n  t h e i r  h i ps  a nd  t h e i r  e ye s  c l os ed .  T h i s  p os i t i on  wa s  

h e ld  f o r  t e n  s e co nds .  T he  t e s t  w as  p e r f o rm e d  on  e ac h  l e g  t h r e e  

t im es .  T im e  t o  s t ab i l i z a t i on  w a s  p e r f o r m ed  b y s t e pp i n g  o f f  o f  a  

2 0 cm  h i gh  s t ep  o n to  t h e  f o r c e  p l a t e  and  ba l an c i n g  im m edia t e l y o n  
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t h e  t e s t i n g  l i mb .  Aga i n ,  h an ds  w e r e  t o  b e  k ep t  on  th e  h ips ,  bu t  t h e  

e ye s  s t a ye d  o p e n  fo r  t h i s  t e s t i n g  p r o c ed u r e .  A ga i n  t h e  b a l a n c in g  w as  

d o ne  fo r  1 0  s e c on ds  an d  th r e e  t im es  pe r  f oo t .  Th e  s t a r t i ng  l imb  an d  

t e s t i n g  p ro to c o l  w er e  r an do miz ed  fo r  a l l  s u b j e c t s .   

 

S ta t i s t i ca l  An a ly s i s  

 C e n t e r  o f  p r e s su r e  d a t a  w as  p ro c e s s ed  us in g  P e a k  Mot us  f o r  

e a c h  t r a i l  o f  e a c h  pa r t i c i p an t  fo r  t he  s t a n d a rd  d ev i a t i on  i n  b o th  t he  

a n t e r io r  po s t e r i o r  (A P )  d i r e c t i on  a n d  th e  m e d i a l  l a t e r a l  (M L)  

d i re c t i o n .  Th e  a v e ra ge  o f  t h e  t h r e e  s t an d a rd  d e v i a t i on s  i n  e a c h  

d i re c t i o n  w as  t h en  t a k en  f o r  t h e  p a r t i c i p an t s ’  s co r e  i n  t h a t  d i r e c t i o n .  

T im e  to  s t a b i l i z a t i o n  d a t a  w a s  p r o c es s e d  us in g  P e ak  M otu s  a s  w e l l .  

T h e  g r o un d  r e a c t i on  fo r c es  we r e  t h e n  p l a ce d  in to  Ex ce l  w h e r e  a  

f o rm ul a  w a s  a pp l i ed  t o  d e t e rmi n e  t h e  a m ou n t  o f  t im e  i t  t o o k  e a ch  

p a r t i c ip a n t  t o  s t ab i l i z e  i n  e a ch  t r a i l  i n  b o th  t he  AP  a nd  ML 

d i re c t io ns .  Th e s e  t im e s  w e re  t h en  a v e ra ge d  to  u se  fo r  c o r r e l a t i on .   

 

R e su l t s  

 T h e  d a t a  w a s  co r r e l a t e d  t o  s e e  i f  T TS  in  t h e  AP  d i r e c t i on  w a s  

r e l a t e d  t o  COP  i n  t h e  AP  d i r e c t i on  and  l i k e  wi s e ,  i f  T TS  M L w a s  

r e l a t e d  t o  COP  M L.  S ce n a r io s  t h a t  we re  i n c l ud e d  in  t h e  s tu d y l oo k ed  

a t  w h i c h  s id e  t h e  pa r t i c i p an t s  w e r e  b a l a n c in g  on ,  c o r r e l a t i o ns  b y 

s ex ,  b y i n j u r y h i s t o r y,  a n d  b y s ex  b y in ju r y.  S ex  b y b a l anc i n g  l e g  
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a n d  do min a t e  l e g  by  b a l a n c i n g  l e g  w as  a l so  c om p ar e d .  Al l  

c o r r e l a t i o ns  r e su l t ed  i n  no  s i gn i f i c an t  f i nd i n gs .   

 

D is cu ss ion  

 T h e  l a ck  o f  c o r r e l a t i o ns  i n  t he  d a t a  s ho w s  t h a t  m e as u r in g  

o n e ’s  s t a t i c  s t ab i l i t y  c a n n o t  be  u s ed  t o  p r ed i c t  d yn a m i c  s t a b i l i t y  

w h e n  us i n g  t h e  m eth o d  i n  t h i s  s t ud y.  Li k e w i s e ,  t h e  d yn a m ic  

m e as u r em en t  o f  s t ab i l i t y  u s e d  in  t h i s  s t ud y c a n n o t  b e  us ed  t o  p r ed i c t  

o n e ’ s  s t a t i c  s t ab i l i t y .  C o mp a r i n g  a  c en t e r  o f  p re s s u r e  m e as u r em en t  

p e r f o r me d  w i th  e ye s  o p en  m a y r e s u l t  i n  d i f f e r en t  ou t c ome s  d u e  to  

t h e  t im e  to  s t a b i l i z a t i on  p r o t oc o l  u s ing  v i s u a l  c u es .  A l so ,  u s i n g  a  

m o re  d i f f i cu l t  TTS  p r o t oc o l  t o  co mp a re  wi th  t h e  m os t  d i f f i cu l t  CO P 

m a y p r o v id e  d i f f e re n t  d a t a  r es u l t s .  O th e r  f a c to r s  t ha t  may p r o v e  t o  

b e  b e n ef i c i a l  f o r  co mp a r i so ns  w ou ld  b e  l oo k in g  a t  t h e  t o t a l  d i s t a n c e  

o f  t he  m ov em e n t  i n  CO P an d  lo ok in g  a t  t he  v e lo c i t y  o f  CO P.  W h i l e  

l oo k i n g  a t  t h e  v e l oc i t y  o f  t h e  ex cu rs ion s  du r in g  C OP ,  on e  c ou ld  a l s o  

l oo k  a t  h o w qu ic k ly  a  p a r t i c i p an t  r e ga i ns  co n t ro l  a f t e r  a  l a r ge  

ex c u rs i on  t ak e s  p l ac e .   
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A pp end i x  B  
 

I n f o r me d  Con s en t  Fo r m  
 
 Y o u r  pa r t i c ip a t io n  i n  a  r e s e a r c h  p ro j ec t  i s  r eq ue s t e d .  T he  t i t l e  
o f  t he  s tu d y i s  C omp a r i so n  o f  S t a t i c  S t a b i l i t y  ( P os tu r a l  Sw a y)  a n d  
D yn a m i c  S t ab i l i t y  ( T TS )  M et ho ds  o f  M e a su r em e n t .  T h e  r e s e a r ch  i s  
b e in g  c on du c t e d  b y  J ami e  R amm e ls be rg  A T C/ L,  a  t he s i s  s t ud e n t  i n  
t h e  Hu m an  P er f o rma n c e  an d  Le i s u re  Sc i e nc e s  d ep a r tm e n t  a t  Ba r r y 
U n iv e r s i t y ,  a n d  i s  s e e k in g  i n fo rm at io n  th a t  wi l l  be  u s e fu l  i n  t he  
f i e l d  o f  a t h l e t i c  t r a i n i n g .  Th e  a ims  o f  t h e  r es e a r ch  a r e  t o  d e t e r min e  
w h ic h  m eth od  o f  me a s u re m en t  fo r  s t a b i l i t y  i s  mo s t  l i k e l y t o  yi e l d  
p os i t i v e  r es u l t s .  In  a c c o r d an c e  w i th  t he s e  a im s ,  t h e  fo l l ow i n g  
p r o c ed ur e s  wi l l  b e  u s ed :  p a r t i c i pa n t s  w i l l  be  as k ed  to  b a l a n ce  o n  a  
f o r c e  p l a t e  t o  t h e  be s t  o f  t h e i r  a b i l i t y  w h i l e  d a t a  i s  b e i n g  c o l l e c t e d ,  
a n d  th e n  t o  s t ep  o f f  o f  a  s t e p  on to  t h e  f o r c e  p l a t e  an d  b a l a n c e  t o  t h e  
b e s t  o f  t h e i r  ab i l i t y .  W e a n t i c i p a t e  t h e  n umb e r  o f  p a r t i c i pa n t s  t o  b e  
3 0 .  
 I f  yo u  d e c id e  t o  p a r t i c ip a t e  i n  t h i s  r e se a r c h ,  yo u  w i l l  be  a s k ed  
t o  do  t he  fo l l o wi n g:  an sw e r  a  s ho r t  s u r v e y a s k i n g  ab ou t  p a s t  i n ju r i e s  
a n d  b e  e v a lu a t e d  by  a  c e r t i f i ed  a th l e t i c  t r a in e r  f o r  an y c u r r e n t  
i n j u r i es  o f  t h e  l o we r  ex t r emi t y.  W e wi l l  u s e  yo u r  su r v e y r e s u l t s  t o  
m in i miz e  a n y r i s k  t o  yo u  an d  a n y i n f o rm at io n  yo u  c ho os e  t o  su pp l y 
w i l l  no t  b e  s h a r e d  w i t h  a n yo n e  o u t s ide  o f  t h e  r e se a r ch  g ro u p .  O n c e  
t h i s  i s  do n e ,  yo u  wi l l  t h e n  be  as k ed  to  b a l a nc e  o n  on e  fo o t  fo r  t en  
s e c on ds ,  t h en  s t e p  o f f  a  s e v en - i n ch  s t e p  an d  b a l an c e  f o r  t e n  se c on ds .  
T h i s  wi l l  b e  do n e  on  bo t h  l e gs  t h re e  t im e s .  T h e  t o t a l  am ou n t  o f  t im e  
yo u  w i l l  be  as k ed  to  co n t r i bu t e  i s  20  m in u t es .   
 Y o u r  co ns e n t  t o  b e  a  r e se a r ch  p a r t i c ipa n t  i s  s t r i c t l y  v o lun t a r y 
a n d  sh ou ld  yo u  d e c l in e  t o  p a r t i c ip a t e  o r  s ho u l d  yo u  d r op  o u t  a t  
a n yt i m e  du r i n g  t he  s tu d y,  w i th ou t  co nse q u en c e .    
 T h e  r i s ks  o f  i n vo l ve m e n t  i n  t h i s  s t ud y  a r e  mi n im al  an d  inc l ud e  
p os s i b l e  sp r a i n i n g  o f  an k l e ,  an d  f a l l i ng .  Sh ou l d  yo u  f e e l  a s  t ho u gh  
yo u  m i gh t  f a l l ,  yo u  m a y d i s co n t i nu e  f ro m b a l an c in g  an d  s t a nd  o n  
t w o  f e e t .  A l t ho u gh  t h e r e  a re  n o  d i r e c t  b e n e f i t s  t o  yo u ,  yo u r  
p a r t i c ip a t io n  in  t h i s  s t u d y m a y h e l p  ou r  u nd e rs t an d in g  o f  b a l a nc e  
a n d  th e  mo s t  b en e f i c i a l  wa y t o  m e as u re  s t ab i l i t y .   
 A s  a  r es e a r ch  p a r t i c i p an t ,  i n fo r ma t i on  yo u  p ro v i d e  wi l l  be  
h e ld  i n  co n f id e n c e  t o  t h e  ex t e n t  p e rmi t t e d  b y l a w .  An y p u b l i s he d  
r e s u l t s  o f  t h e  r es e a r c h  w i l l  r e f e r  t o  g ro u p  av e r a ge s  on l y a n d  no  
n a m es  w i l l  b e  us e d  in  t he  s tu d y.  I f  i nd iv id ua l s  a r e  r e f e r re d  t o ,  o n l y 
t h e  as s i gn e d  pa r t i c ip a n t  n umb e r  w i l l  be  m en t io n ed .  D a t a  w i l l  be  
k e p t  i n  a  l o c ke d  f i l e  i n  t h e  r es e a rc h e r ’ s  o f f i c e .  Yo u r  s i gne d  co ns e n t  
f o rm  wi l l  b e  k e p t  s e p a r a t e  f r om  th e  d a t a .  A l l  d a t a  wi l l  b e  d es t r o ye d  
a f t e r  5  ye a r s .  
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 I f  yo u  h a v e  a n y q u e s t io ns  o r  co nc e r ns  r e ga r d i n g  th e  s tu dy  o r  
yo u r  p a r t i c ip a t io n  in  t h e  s tu d y,  yo u  m a y c o n t a c t  m e ,  J ami e  
R am m els b er g ,  a t  61 4 -5 19 - 04 31 ,  m y s u p e rv i so r ,  D r .  Sh a p i r o ,  a t  30 5 -
8 9 9- 35 74 ,  o r  t h e  In s t i t u t i on a l  R e v i e w Bo a r d  po in t  o f  co n ta c t ,  M r s .  
N i l d y P o l an c o ,  a t  30 5 -8 99 - 30 20 .  I f  yo u  a r e  s a t i s f i e d  wi th  t h e  
i n fo rm at io n  p r ov ide d  an d  a r e  wi l l i n g  to  pa r t i c ip a t e  i n  t h i s  r e s e a r ch ,  
p l e as e  s i gn i f y yo u r  c on s en t  b y s i gn in g  th i s  c on s en t  fo rm .  
 
V o lun ta ry  Con s ent  

 I  a c k n o w le d ge  t h a t  I  h a v e  b e en  i n f o rme d  o f  t he  n a tu r e  a nd  
p u rp os e s  o f  t h i s  exp e r i m en t  b y J ami e  R am m els b er g  a nd  th a t  I  h a v e  
r e a d  a nd  u n de r s t and  t h e  i n fo rm a t io n  p r e s e n t ed  ab ov e ,  and  t h a t  I  
h a v e  r e c e i ve d  a  cop y o f  t h i s  f o r m f o r  m y r e c o r ds .  I  g i v e  m y 
v o l un ta r y c o n s en t  t o  pa r t i c ip a t e  i n  t h i s  ex p e r im en t .   
 
 
 
S i gn a tu r e  o f  P a r t i c i p an t   D a t e  
 
 
 
R e se a r ch e r      D a t e    
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A pp end i x  C 

  Barry University Institutional Review Board Office 
  11300 NE 2nd Avenue, LaVoie Hall, Miami Shores, FL 33161-6695 
  (305) 899-3020 
  HIPPA RESEARCH AUTHORIZATION 
  TO USE AND DISCLOSE HEALTH INFORMATION 
  
 
 
IRB Protocol Number: 06-02-17 
Principal Investigator: Jamie Rammelsberg 
 
IRB Approval Date: 
PI Department:  Human Performance and Leisure Sciences 
 
Protocol Start Date: 04-01-2006 
Protocol End Date: 06-30-2006 
 
HIPAA Research Authorization Form 
AUTHORIZATION TO USE AND DISCLOSE HEALTH INFORMATION 
 
 
Study Name: Comparison of Static Stability (Postural Sway) and Dynamic Stability (TTS) Methods of 
Measurement 
 
I agree to permit Barry University and any of my doctors or other health care providers (together 
“Providers”), and  

Jamie Rammelsberg 
Principal investigator 

And her collaborators and staff (together “Researchers”), to obtain, use and disclose health information 
about me as described below. 
 

1. The health information that may be used and disclosed includes: 
• All information collected during the research described in the informed consent form for 

the study: 
Comparison of Static Stability (Postural Sway) and Dynamic Stability (TS) Methods of Measurement 

• (“the Research”); and  
• Health information in my medical records that is relevant to the research that I disclose. 

2. The providers may disclose health information in my medical records to: 
• The Researchers;  
• Representatives of government agencies, review boards, and other persons who watch 

over the safety, effectiveness, and conduct of research. 
• The sponsor of the research, 

Dr. Sue Shapiro 
Sponsor 

• And it’s agents and contractors (together “sponsor”); and 
3. The Researcheres may use and share my health information: 

• Among themselves, with the  
• Sponsor, and with other participating researchers to conduct the research; and  
• As permitted by the Informed Consent Form. 

4. The Sponsor may use and share my health information as permitted by the Informed 
Consent Form. 

Participant Signature  Date  
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Appendix D 
Questionnaire 

Any information you supply here will stay anonymous throughout the study and will only be shared 
with the researcher, Jamie Rammelsberg, and the sponsor, Dr. Sue Shapiro. 

 
1. How old are you?        __________ 
 
2. Have you ever had an ankle injury?    Yes No 

If so, which side?           Right Left Both  
How long ago was the last injury?   __________ 
Does the injury still cause you problems?  Yes No 

  Did you do any rehabilitation for the injury?  Yes No 
  Do you feel you were fully rehabilitated?  Yes No 
 
3. Have you ever had a knee injury?     Yes No 

If so, which side?                 Right Left Both  
How long ago was the last injury?   __________ 
Does the injury still cause you problems?  Yes No 

  Did you do any rehabilitation for the injury?  Yes No 
  Do you feel you were fully rehabilitated?  Yes No 
 
4. Have you ever had a hip injury?     Yes No 

If so, which side?           Right Left Both  
How long ago was the last injury?   __________ 
Does the injury still cause you problems?  Yes No 

  Did you do any rehabilitation for the injury?  Yes No 
  Do you feel you were fully rehabilitated?  Yes No 
 
5. Have you ever had a Concussion?     Yes No 
  Did this happen within the last 6 months?  Yes No 
 
6. Which is your dominant foot?     Left Right 
  Which foot do you kick with?    Left Right 
  Which foot do you step forward with first?  Left Right 
Orthopedic Tests 
D o  N o t  W ri t e  B e l low  Th i s  L in e  
Left Hip      Right Hip  
 Pain  Yes No    Pain  Yes No 
Left Knee      Right Knee 
 Laxity  Yes No    Laxity  Yes No 
 Pain  Yes No    Pain  Yes No 
Left Ankle      Right Ankle 
 Laxity  Yes No    Laxity  Yes No  
 Pain  Yes No    Pain  Yes No 
 
Weight in kilograms  ___________ 
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