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c y c l i n g  i s  a n  a e r o b i c  s p o r t  which f a v o r s  t h e  

a r t i c u l a r  movement of t h e  i n f e r i o r  l i m b s  and d i s t r i b u t e s  t h e  
body-weight  o n . , f i v e  p o i n t s  ( h a n d l e  b a r ,  s a d d l e ,  p e d a l s ) .  
The re fo re  o r t h o p e d i s t s  a s  w e l l  a s  p h y s i o t h e r a p i s t s  s u g g e s t  i t  
f o r  t h e  r e - e d u c a t i o n  of p a t i e n t s  a f f e c t e d  by t rauma a t  t h e  
i n f e r i o r  limbs or a f t e r  surgery .  

T h i s  s p o r t  i s  recommanded f o r  t h o s e  sportsmen,  who 
shou ld  b e t t e r  n o t  p r a c t i c e  o t h e r  g r a v i t a t i o n a l  s p o r t s  b e i n g  
a f f e c t e d  by d y s m e t r i e s ,  hypo t roph ie s  and paramorphisms of t h e  
i n f e r i o r  l imbs o r  of t h e  sp ine .  

The g o a l  of t h e  biomechanical doc to r  i s  t o  r e s e a r c h  
and e v a l u a t e  s t a t i c a l l y  and  d y n a m i c a l l y  t h e  p h y s i c a l  and  
p o s t u r a l  a n o m a l i e s  which might  c a u s e  a m u s c u l a r- t e n d i n o u s  
pa thology and t o  c o r r e c t  t h e  s t a t i o n  of t h e  i n f e r i o r  l i m b s  i n  
r e s p e c t  t o  t h e  peda l s  by t e c h n i c a l  d e v i c e s  i n  o r d e r  t o  improve 
t h e  s h i f t  of t h e  muscular energy.  

METHOD 
Fundamental s t e p s  app l i ed  i n  ch rono log ica l  o rde r  : 

- s u r v e y  and r e l a t i o n  between t h e  main a n a t o m i c a l  measu res  
( t runk ,  i n f e r i o r  and s u p e r i o r  l imbs)  ; 
- measurement of t h e  circumference of t h i g h  and c a l f  ; 

- examination of t h e  a r t i c u l a r  m o b i l i t y  of h i p s  and s p i n e  ; 
- plantoscopic  examination.  

I n  t h i s  way, t h e  morpho-f unc t iona l  c h a r a c t e r i s t i c s  and 
t h e  muscular typology ( b r e v i l i n e a l ,  l o n g i l i n e a l ,  s p r i n t e r ,  long- 
d i s t a n c e  r a c i n g  c y c l i s t )  have been p o i n t e d  o u t .  I t  i s  t h e n  
p o s s i b l e  t o  p roceed  w i t h  t h e  dynamic e x a m i n a t i o n  on  t h e  
mechanical v e h i c l e  (p rev ious ly  measured).  * 

Check of t h e  anatomical  p o s i t i o n  of t h e  c l e a t .  
~ x a m i n a t i o n  of t h e  dynamic de fo rma t ion  of t h e  f o o t -  

wear, t h e  wear of t h e  c l e a t  and t h e  p r i n t s  of t h e  peda l  on t h e  

RESULTS 
I n  c y c l i n g  t h e  j o i n i n g  p o i n t  between f o o t ,  shoe  and 

pedal  and t h e  working a n g l e s  of t h e  v a r i o u s  body segments a r e  
fundamen ta l  f o r  t h e  b iomechan ica l  per formance  of t h e  p e d a l  
r e v o l u t i o n  ( t r a n s f o r m a t i o n  of t h e  muscle c o n t r a c t i o n  energy  i n  
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movement o f  t h e  v e h i c l e ) .  Nowadays, t h e  ;se o f  s h o e s  i 'n 
s y n t h e t i c  m a t e r i a l  and o f  c l i p l e s s  p e d a l s  i s  v e r y  w i d e s p r e a d .  
The s h o e ' s  s t i f f  s o l e  i s  b locked  o n  t h e  p e d a l  and  d o e s  n o t  a l l o w  
t h e  n e c e s s a r y  a d j u s t m e n t s  i n  c a s e  o f  pa ramorphisms  o f  t h e  f o o t  
o r  o f  t h e  i n f e r i o r  l i m b .  I n  o r d e r  t o  overcome t h e  p r o b l e m s  o f  
t h e  k n e e ' s  s t a t i o n  (dynamic  knock- knee)  o r  o f  t h e  f o o t  ( f l a t -  
f o o t ,  h o l l o w- f o o t  o r  h a l l u x  v a l g u s )  t h i c k n e s s e s  ( w h i c h  a r e  
c a l l e d  " s u p i n a t o r y  c u n e u s )  o f  0 ,6-1 nun a r e  used  and p o s i t i o n e d  
on t h e  i n t e r n a l  s i d e  o f  t h e  s h o e  between t h e  s o l e  and t h e  c l e a t .  

I n  t h e  c l i n i c a l  c a s e s  d e s c r i b e d  i n  t h e  p r e s e n t  s t u d y  
v a r i o u s  b i o m e c h a n i c a l  t e c h n i q u e s  have  been  a d o p t e d  i n  o r d e r  t o  
i m p r o v e  t h e  m u s c u l a r  e f f i c i e n c y  a n d  t o  a v o i d  p a t h o l o g i e s  
d e r i v i n g  f rom wrong p o s i t i o n i n g .  The a d o p t e d  t e c h n i q u e s  i n  t h e  
v a r i o u s  c a s e s  a r e  : u s e  o f  c r a n k- a r m s  o f  d i f f e r e n t  l e n g t h s ,  
t h i c k n e s s e s  of  1-2 nun between s h o e  and p e d a l ,  d i f f e r e n t i a t i o n  i n  
a n t e r i o r - p o s t e r i o r  p o s i t i o n  o f  t h e  c l e a t s  i n  b o t h  s h o e s ,  
s u p i n a t o r y  c u n e u s ,  p l a n t a r  p r o t h e s i s .  

CLINICAL CASES 
~ i r s t  c a s e  : D.H. , a  4 6  y e a r  o l d  r a c e r  c y c l i s t ,  

l o n g i l i n e a l  t y p e ,  h a s  a s y m m e t r i e s  i n  t h e  p e l v i s  w i t h  a  
c o n s e q u e n t  c o m p e n s a t o r y  d o r s a l - l u m b a r  s c o l i o t i c  c u r v e .  The 
i n f e r i o r  l i m b s  p r e s e n t  a  s l i g h t  v a l g u s  o f  t h e  knee  and  v a r u s  o f  
t h e  l e f t  h e e l .  The muscu la r  c i r c u m f e r e n c e s  of  t h e  i n f e r i o r  l i m b s  
a r e  symmetr ic .  On t h e  mechanica l  v e h i c l e  a  n o t a b l e  dynamic k n e e s  
v a l g u s  comes t o  e v i d e n c e ,  t h e  knees  r u b b i n g  a g a i n s t  t h e  f rame.  

The t e c n i c a l  g o a l  t o  be r e a c h e d  was t o  improve  t h e  
s t a t i o n  of  t h e  k n e e s  a n d  t o  b a l a n c e  t h e  p e l v i s  and t h e  s p i n e .  
T h e s e  b i o m e c h a n i c a l  i m p r o v e m e n t s  h a v e  b e e n  o b t a i n e d  b y  
p o s i t i o n i n g  u n d e r  t h e  r i g h t  s h o e  a  t h i c k n e s s  o f  1 , 5  mm be tween  
t h e  c l e a t  and  t h e  s o l e  t o g e t h e r  w i t h  a  s u p i n a t o r y  c u n e u s  o f  1 
nun. I n  t h e  l e f t  s h o e  I p u t  a  s u p i n a t o r y  c u n e u s  o f  1 mm. The 
dynamic c o n s e q u e n c e s  o f  t h e s e  d e v i c e s  were t h e  r e d u c t i o n  o f  t h e  
dynamic v a l g u s  o f  t h e  k n e e s  a n d  t h e  b a l a n c e  of  t h e  p e l v i s  a n d  
t h e  s p i n e .  

These c h a n g e s  i n  t h e  s t a t i o n  improved t h e  s h i f t  of  t h e  
m u s c u l a r  e n e r g y  a n d  t h i s  c y c l i s t  h a s  o b t a i n e d  n o t a b l e  a t h l e t i c  
r e s u l t s  s p e c i a l l y  i n  t i m e  t r i a l  ( I t a l i a n  champion i n  t i m e  t r i a l  
c l i m b  and on  r o a d  91 and  talia an champion i n  t i m e  t r i a l  9 2 ) .  

~t i s  d i f f i c u l t  t o  q u a n t i f y  t h e s e  improvements ,  a  
m e t a b o l i c  and  s t r o b o s c o p i c  s t u d y  e f f e c t e d  by a  r e s e a r c h  c e n t e r  
would be n e c e s s a r y .  With t h e  u s e  of  t h e s e  t e c h n i c a l  d e v i c e s  
( s u p i n a t o l - y  c u n e u s )  we a s s u m e  a n  i m p r o v e m e n t  o f  t h e  
p r o p r i o c e p t i v e  s e n s a t i o n  of  t h e  m e t a t a r s a l  heads .  

Another  f a c t o r  which migh t  c o n t r i b u t e  t o  t h e  p o s i t i v e  
a c t i o n  o f  t h e  s u p i n a t o r y  c u n e u s  i n  c y c l i n g  i s  t h e  w o r k i n g  
d i s t a n c e  i n  t h i s  s p o r t .  While  i n  a m b u l a t i o n  t h e  i n f e r i o r  l i m b s  
( t i b i a 1  m a l l e o l u s )  a r e  a t  a  d i s t a n c e  of  5-6 c m ,  i n  c y c l i n g  t h e .  
m e c h a n i c a l  v e h i c l e  f o r c e s  t h e  m a l l e o l u s  t o  k e e p  a  minimum 
d i s t a n c e  o f  15-16 c m  ( Q  f a c t o r ) .  T h i s  e n l a r q m e n t  of  t h e  s u p p o r t  
b a s i s  c a u s e s  a  n a t u r a l  dynamic  v a l g u s  o f  t h e  a n t e f o o t  a n d  
c o n s e q u e n t l y  of  t h e  knee.  I n  c o i n c i d e n c e  w i t h  f o o t  paramorphisms 
t h e  s u p i n a t o r y  c u n e u s  h a s  a  s t a b i l i z i n g  e f f e c t  on  t h e  p e d a l  
r e v o l u t i o n .  

Second c a s e  : Z.A., a  4 4  y e a r  o l d  r e c r e a t i o n a l  c y c l i s t ,  
n o r m o t y p e .  D u r i n g  h i s  c h i l d h o o d  h e  s u f f e r e d  f r o m  a  v i r u s ,  
i n f e c t i o n  o f  p o l i o m y e l i t i s .  The o r t h o p e d i c a l  e x a m i n a t i o n  p o i n t s  
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use o f  s h o e s  ?n 
s v e r y  w i d e s p r e a d .  
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p r o v e m e n t s ,  a  

r e s e a r c h  c e n t e r  
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o u t  a n  e v i d e n t  r e s i d u a l  h y p o t r o p h y  o f  t h e  r i g h t  c a l f  
I ( c i r c u m f e r e n c e  2 7  c m )  compared w i t h  t h e  l e f t  o n e  ( c i r c u m f e r e n c e  
I 3 4  c m ) .  F u r t h e r m o r e  t h e r e  i s  a  s l i g h t  c l a u d i c a t i o n  i n  

a m b u l a t i o q .  D y n a m i c a l . 1 ~  o n  t h e  m e c h a n i c a l  v e h i c l e  t h e r e  i s  a  
s l i g h t  f a l l  o f  t h e  r i g h t  h e e l  c a u s e d  by t h e  h y p o t r o p h y  o f  t h e  
r i g h t  c a l f  a n d  a b o v e  a l l  a  marked  dynamic  k n e e  v a r u s  w h i c h  
r e d u c e s  t h e  m u s c u l a r  pe r fo rmance  o f  t h e  c o r r e s p n d e n t  l i m b .  The 
c o n s e q u e n c e  o f  a l l  t h i s  i s  t h e  d y n a m i c a l  d i s a r r a y  o f  t h e  s p i n e .  
I n  o r d e r  t o  improve t h e  m u s c u l a r  p e r f o r m a n c e  o f  t h i s  c y c l i s t  it 
is n e c e s s a r y  t o  a v o i d  t h e  f a l l  o f  t h e  h e e l  and  t h e  dynamic v a r u s  
o f  t h e  r i g h t  k n e e .  By a p p l y i n g  a  s u p i n a t o r y  c u n e u s  u n d e r  t h e  
r i g h t  s h o e ,  by  d i f f e r e n t i a t i n g  t h e  c l e a t s  i n  t h e  t w o  s h o e s  
(moving back t h e  f o o t  i n  respect t o  t h e  p e d a l )  and by r i s i n g  t h e  
s a d d l e  i n  p o s i t i o n  o f  s l i g h t  e y u i n i s m  o f  t h e  f o o t ,  a  dynamic  
r e d u c t i o n  o f  t h e  p r e c e d i n g  d e f e c t s  h a s  been o b t a i n e d .  

The most  i m p o r t a n t  d a t a  which I found  i s  t h e  p o s i t i v e  
a c t i o n  o f  t h e  s u p i r i a t o r y  c u n e u s  w h i c h  i n  t h i s  c l i n i c a l  c a s e  
c o r r r e c t e d  t h e  k n e e  v a r u s  a n d  i n  t h e  p r e c e d i n g  c a s e  t h e  k n e e  
v a l g u s  . 

T h i r d  c- : F . Z . ,  a  1 7  y e a r  o l d  j u n i o r  r a c e r  c y c l i s t ,  
s u f f e r s  f r o m  b a c k  a c h e  c a u s e d  by s tress.  The  p o s t u r a l  
e x a m i n a t i o n  r e v e a l s  a  p e l v i c  asymmetry a n d  a  s h o r t e n  l e g  ( - 1 , 5  
c m ) .  I n  o r d e r  t o  b a l a n c e  t h i s  d e f e c t  t h e  c o a c h  a p p l i e d  a  
t h i c k n e s s  o f  1 c m  under  t h e  h y p s o m i c  l imb.  ~ y n a m i c a l l y  t h e r e  i s  
e v i d e n c e  o f  a  n o t a b l e  a x i a l  d e v i a t i o n  o f  t h e  s p i n e  t o w a r d s  t h e  
l i m b  p r e v i o u s l y  s u p p l i e d  w i t h  t h e  t h i c k n e s s ,  a l l  t h i s  p r o b a b l y  
c a u s e  o f  t h e  back  a c h e  f r o m  stress, The r e d u c t i o n  o f  t h e  a x i a l  
d e v i a t i o n  a n d  t h e  d i s a p p e a r i n g  o f  t h e  symptomato loqy  h a s  b e e n  
o b t a i n e d  by r e d u c i n g  t h e  t h i c k n e s s  t o  2 rnm a n d  d i f f e r r e n t i a t i n g  
t h e  p o s i t i o n  o f  t h e  c l e a t s  ( 1 2  c m  o n  t h e  l e f t ,  1 1 , 7  c m  o n  t h e  
r i g h t ) .   his c l i n i c a l  c a s e  shows t h e  n e g a t i v e  e f f e c t  o n  t h e  
s t a t i o n  o f  c o n s i s t e n t  t h i c k n e s s e s  a p p l i e d  b e t w e e n  s h o e  a n d  
p e d a l .  Normal ly  w i t h  t h e  modern p d a l s  t h e  c o n v o l u t i o n  e f f e c t e d  
by t h e  p u s h i n g  p o i n t  o f  t h e  f o o t  ( f i r s t  m e t a r s a l  h e a d )  i s  made 
o v a l  a n d  e c c e n t r i c  i n  r e s p e c t  t o  t h e  b o t t o m  b r a c k e t .  ~ d d i n g  
a n o t h e r  t h i c k n e s s  t o  t h e  p e d a l  ( 1  c m )  c a u s e s  a  f u r t h e r  
e c c e n t r i c i t y  t o  t h e  p e d a l  r e v o l u t i o n .  The d i s t a n c e  o f  t h e  f o o t  
i n  t h e  s u p e r i o r  s t a l l i n g  p o i n t  r e a c h e s  2 1 , 5  cm a n d  i n  t h e  
i n f e r i o r  s t a l l i n q  p o i n t  12,5 c m .  The dynamic c o n s e q u e n c e  i s  t h e  
d i f f e r e n t  a n g u l a r  s p e e d  i n  t h e  p u s h i n g  p h a s e  o f  t h e  two l i m b s  
w i t h  an  e f f e c t  o f  u n i l a t e r a l  u n b a l a n c e  o f  t h e  p e l v i s  and  o f  t h e  
s p i n e .  

CONCLUSIONS 
I n  modern c y c l i n g  t h e  new e q u i p n e n t s  ( c l i p l e s s  p e d a l s ,  

s t i f f  s o l e s )  t o g e t h e r  w i t h  p r e e x i s t i n g  pararnorphisms c a u s e  a n  
i n c r e a s e  of t h e  m u s c u l a r- t e n d i n o u s  p a t h o l o g i e s .  The g o a l  o f  t h i s  
s t u d y  i s  t o  o b s e r v e  a n d  t o  a d j u s t  t h e  human morphology t o  t h e  
b i c y c l e  by means o f  b i o m e c h a n i c a l  d e v i c e s .  F u r t h e r m o r e  it i s  
o p p o r t u n e  f o r  t h e  r e s e a r c h  c e n t e r s  t o  s t u d y  w i t h  a d e q u a t e  
i n s t r u m e n t s  t h e s e  new phenomena i n  o r d e r  t o  a l l o w  r e c r e a t i o n a l  
and  r a c e r  c y c l i s t s  t o  c o r r e c t l y  p r a c t i c e  t h i s  s p o r t .  
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