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(sj)  Fracture  reduction  apparatus. 
©  A  fracture  reduction  apparatus  comprises  a  first  holder 
(6)  for  holding  first  set  of  bone  fixation  pins  (7),  and  a  second 
holder  for  holding  a  second  set  of  bone  fixation  pins,  the  first 
and  second  sets  of  bone  fixation  pins  being  located,  in  use, 
with  the  site  of  the  fracture  (5)  intermediate  them.  Each  of  the 
holders  is  rotatabte  about  a  respective  set  of  three  orthogon- 
al  axes  (H,I,J),  the  three  axes  of  each  set  intersecting  one 
another  at  a  respective  point  located  in  the  bone  (4),  the  two 
respective  points  being  spaced  from  one  another  along  the 
longitudinal  axis  of  the  bone  (4). 
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 A   fracture  reduction  apparatus  comprises  a  first  holder 
(6)  for  holding  first  set  of  bone  fixation  pins  (7),  and  a  second 
holder  for  holding  a  second  set  of  bone  fixation  pins,  the  first 
and  second  sets  of  bone  fixation  pins  being  located,  in  use, 
with  the  site  of  the  fracture  (5)  intermediate  them.  Each  of  the 
holders  is  rotatable  about  a  respective  set  of  three  orthogon- 
al  axes  (H,I,J),  the  three  axes  of  each  set  intersecting  one 
another  at  a  respective  point  located  in  the  bone  (4),  the  two 
respective  points  being  spaced  from  one  another  along  the 
longitudinal  axis  of  the  bone  (4). 



T h i s   i n v e n t i o n   r e l a t e s   t o   t h e   f i e l d   o f  

o r t h o p a e d i c s ,   and  in   p a r t i c u l a r   t o   an  a p p a r a t u s   f o r  

u s e   in   e x t e r n a l   f i x a t i o n .  

A  v a r i e t y   of   t e c h n i q u e s   a r e   known  f o r   h o l d i n g  

t o g e t h e r   t h e   p a r t s   of   a  f r a c t u r e d   b o n e   w h i l e   h e a l i n g  

i s   t a k i n g   p l a c e .   One  s u c h   t e c h n i q u e ,   w h i c h   i s   m o s t  

u s u a l l y   e m p l o y e d   f o r   f r a c t u r e s   of  t h e   t i b i a ,   i s  

e x t e r n a l   f i x a t i o n .   T h i s   i n v o l v e s   p a s s i n g   a  p l u r a l i t y  

of   p i n s   u s u a l l y   two  or  t h r e e ,   t h r o u g h   e a c h   of   t h e   p a r t s  

of   t h e   b o n e   so  t h a t   t h e   p i n s   e m e r g e   t h r o u g h   t h e   s k i n  

of   t h e   p a t i e n t .   The  p i n s   may  e i t h e r   e m e r g e   f rom  t h e  

s k i n   on  o n l y   one  s i d e   of  t h e   b o n e   ( s i n g l e - s i d e d   f i x a t i o n )  

o r   t h e y   may  e m e r g e   on  b o t h   s i d e s   ( d o u b l e - s i d e d   f i x a t i o n ) .  

In  w h a t   f o l l o w s ,   o n l y   s i n g l e - s i d e d   f i x a t i o n   w i l l   b e  

r e f e r r e d   t o ,   b u t   i t   i s   to   be  u n d e r s t o o d   t h a t   w h a t   i s  

d e s c r i b e d   a p p l i e d   w i t h   a p p r o p r i a t e   m o d i f i c a t i o n s   a l s o  

to   d o u b l e - s i d e d   f i x a t i o n .  

In  m o s t   known  f o r m s  t h e   e m e r g i n g   e n d s   of   t h e   p i n s  

a r e   c o n n e c t e d   to   a  f r a m e   by  a d j u s t a b l e   c l a m p s ,   and  a f t e r  

t h e   b o n e   h a s   b e e n   m a n i p u l a t e d   to   r e d u c e   t h e   f r a c t u r e  

t h e   c l a m p s   a r e   t i g h t e n e d   to   h o l d   t h e   p a r t s   of  t h e   b o n e  

f i x e d   w i t h   r e s p e c t   to   one  a n o t h e r   and  in   t h e   c o r r e c t  



p o s i t i o n .   T h e r e   a r e   two  ma in   d i f f i c u l t i e s   a s s o c i a t e d  

w i t h   t h i s   p r o c e d u r e .   F i r s t l y ,   a c c u r a t e   r e d u c t i o n   o f  

a  f r a c t u r e   in  t h r e e   d i m e n s i o n s   i s   v e r y   d i f f i c u l t   a n d  

t i m e   c o n s u m i n g .   S e c o n d l y ,   a  f r a m e   w h i c h   a l l o w s   a l l  

t h e   m o v e m e n t s   n e c e s s a r y   f o r   a c c u r a t e   r e d u c t i o n   i s   o f  

n e c e s s i t y   c o m p l i c a t e d   s i n c e   a  l a r g e   n u m b e r   of   l o c k a b l e  

j o i n t s   a r e   n e c e s s a r y .   Once  r e d u c t i o n   and   f i x a t i o n   h a v e  

b e e n   a c h i e v e d   a  c o m p l i c a t e d   and  c u m b e r s o m e   a p p a r a t u s  

r e m a i n s   a t t a c h e d   t o   t h e   p a t i e n t .   S y s t e m s   h a v e   b e e n  

d e s i g n e d   w h i c h   a t t e m p t   t o   s i m p l i f y   t h e   f r a m e ,   b u t   i n  

t h e s e   t h e   r e l a t i v e   m o v e m e n t   o f   t h e   p i n s   i s   r e s t r i c t e d  

and   h e n c e   t h e   a c c u r a c y   of   r e d u c t i o n   p o s s i b l e   i s   r e d u c e d .  

U.K.   P a t e n t   2 0 9 5 9 9 9   p r o v i d e s   m e a n s   by  w h i c h   t h e  

f u n c t i o n s   of   f r a c t u r e   r e d u c t i o n   and  f i x a t i o n   can   b e  

s e p a r a t e d   f r o m   one  a n o t h e r ,   so  t h a t   a  s o p h i s t i c a t e d  

a p p a r a t u s   can  be  u s e d   on  a  p a t i e n t   f o r   f r a c t u r e   r e d u c t i o n  

and   t h e n   r e p l a c e d ,   a f t e r   r e d u c t i o n   has   b e e n   c a r r i e d   o u t  

by  a  s i m p l e   f i x a t i o n   d e v i c e ,   t h e   r e d u c t i o n   a p p a r a t u s   t h u s  

b e i n g   f r e e d   f o r   u s e   on  a n o t h e r   p a t i e n t .   In  p a r t i c u l a r ,   : 

U.K.  P a t e n t   2 0 9 5 9 9 9   p r o v i d e s   a  f r a c t u r e   r e d u c t i o n  

a p p a r a t u s   c o m p r i s i n g   means   f o r   h o l d i n g   t h e   e n d s   of   b o n e  

f i x a t i o n   p i n s ,   and  means   f o r   r o t a t i n g   t h e   s a i d   h o l d i n g  

m e a n s   a b o u t   t h r e e   o r t h o g o n a l   a x e s   p a s s i n g   t h r o u g h   a  

p o i n t   w h i c h   i s ,   in   u s e ,   l o c a t e d   a t   t h e   s i t e   of  t h e   f r a c t u r e  

and  f o r   m o v i n g   t h e   s a i d   h o l d i n g   means   p a r a l l e l   to   t h e  



s a i d   a x e s .  

The  a p p a r a t u s   d e s c r i b e d   in   U.K.  P a t e n t   2 0 9 5 9 9 9  

i s   c a p a b l e   of  p r o v i d i n g   e x c e l l e n t   r e s u l t s .   H o w e v e r ,  

i t   i s   c o m p l i c a t e d   and ,   t h e r e f o r e ,   e x p e n s i v e ,   and  i t   w o u l d  

t h e r e f o r e   be  d e s i r a b l e   to   h a v e   an  a p p a r a t u s   w h i c h   w a s  

c a p a b l e   of  p r o v i d i n g   b r o a d l y   c o m p a r a b l e   r e s u l t s   b u t   u s i n g  

a  s i m p l e r   and  l e s s   e x p e n s i v e   c o n s t r u c t i o n .  

A t t e n t i o n   i s   a l s o   d r awn   to   U n i t e d   K i n g d o m   P a t e n t  

S p e c i f i c a t i o n   2 1 1 0 0 9 4   A  w h i c h   d e s c r i b e s   a  f r a c t u r e  

r e d u c t i o n   a p p a r a t u s   w h i c h   i n c l u d e s   two  u n i t s   e a c h   o f  

w h i c h   p r o v i d e s   f o r   r o t a t i o n   of   a  s e t   of  b o n e   f i x a t i o n  

p i n s   a b o u t   two  o r t h o g o n a l   a x e s   p a s s i n g   t h r o u g h   t h e   b o n e .  

The  s p e c i f i c a t i o n   a l s o   r e f e r s   to  t h e   p o s s i b i l i t y ,   t h o u g h  

no  d e t a i l s   a r e   g i v e n ,   o f   r o t a t i n g   t h e   u n i t s   a b o u t   a  r o d ,  

t h e   a x i s   of  w h i c h   i s   s p a c e d   f rom  t h e   b o n e .   In  c o n t r a -  

d i s t i n c t i o n   t o   t h i s ,   as  w i l l   be  a p p a r e n t   f r o m   w h a t   i s   s a i d  

b e l o w ,   e a c h   s e t   o f   f i x a t i o n   p i n s   u s e d   in   t h e   p r e s e n t  

i n v e n t i o n   i s   r o t a t a b l e   a b o u t   t h r e e   a x e s   w h i c h   a l l   i n t e r -  

s e c t   one  a n o t h e r   a t   a  p o i n t   l o c a t e d   in   t h e   b o n e .  

A c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n   t h e r e   i s  

p r o v i d e d   a  f r a c t u r e   r e d u c t i o n   a p p a r a t u s   c o m p r i s i n g   f i r s t  

h o l d i n g   m e a n s   f o r   h o l d i n g   f i r s t   b o n e   f i x a t i o n   m e a n s ,   s e c o n d  

h o l d i n g   means   f o r   h o l d i n g   s e c o n d   b o n e   f i x a t i o n   m e a n s ,   t h e  

f i r s t   and  s e c o n d   b o n e   f i x a t i o n   means   b e i n g   l o c a t e d ,   in   u s e ,  
w i t h   t h e   s i t e   of   t h e   f r a c t u r e   i n t e r m e d i a t e   t h e m ,   and  m e a n s  

f o r   r o t a t i n g   e a c h   of   t h e   s a i d   h o l d i n g   m e a n s   a b o u t   a  r e s p e c t i v e  

s e t   of   t h r e e   o r t h o g o n a l   a x e s ,   t h e   t h r e e   a x e s   o f   e a c h   s e t  

i n t e r s e c t i n g   one  a n o t h e r   a t   a  r e s p e c t i v e   p o i n t   l o c a t e d   in   t h e  

b o n e ,   t h e   two  r e s p e c t i v e   p o i n t s   b e i n g   s p a c e d   f rom  o n e  

a n o t h e r   a l o n g   the   l o n g i t u d i n a l   a x i s   of   t h e   b o n e .  

In  t he   a c c o m p a n y i n a   d r a w i n o s :  

F i g u r e   1  i s   a  p e r s p e c t i v e   v iew  s h o w i n g   a  f r a c t u r e  

r e d u c t i o n   a p p a r a t u s   a c c o r d i n g   to   t h e   i n v e n t i o n   in  u s e ;  

F i g u r e s   2A  and  2B  a r e   d i a g r a m m a t i c   p l a n   v i e w s  

s h o w i n g   two  modes   of  o p e r a t i o n   of  t h e   a p p a r a t u s ;  



F i g u r e s   3A  and  3B  a r e   s e c t i o n a l   v i e w s   s h o w i n g  

d e t a i l s ,   on  a  l a r g e r   s c a l e ,   of  t h e   a p p a r a t u s   of   F i g u r e   1 ;  

a n d  

F i g u r e   4  shows   a  f i x a t o r   f o r   use   w i t h   t h e   a p p a r a t u s  

of   F i g u r e s   1  to   3 .  

As  shown  i n   F i g u r e   l ,   t h e   a p p a r a t u s   c o m p r i s e s   a  

p a i r   o f   u n i t s   1  and  2  i n t e r c o n n e c t e d   by  a  t e l e s c o p i c  

b a r   3.  The  a p p a r a t u s   i s   shown  in   u s e   in   r e l a t i o n   t o  

a  b o n e   4  h a v i n g   a  f r a c t u r e   5  w h i c h   d i v i d e s   t h e   b o n e   4 

i n t o   s e g m e n t s   4a  and   4b.   The  u n i t s   1  and   2  a r e   m i r r o r  

i m a g e s   o f   one  a n o t h e r ,   and  t h e r e f o r e   o n l y   u n i t   1  w i l l  

be  d e s c r i b e d   in   d e t a i l   b e l o w .  

The  u n i t   1  c o m p r i s e s   a  p i n   h o l d e r   6  w h i c h  

r e l e a s a b l y   c l a m p s   a  p a i r   of   f i x a t i o n   p i n s   7.  The  p i n  

h o l d e r   6  i s   m o u n t e d   in  a  r o t a t i o n   u n i t   8  f o r   p i v o t a l  

m o v e m e n t   w i t h   r e s p e c t   t h e r e t o   a b o u t   an  a x i s   H.  A s  

d e s c r i b e d   f u r t h e r   b e l o w   w i t h   r e f e r e n c e   to   F i g u r e   3 A ,  

t h e   p i n   h o l d e r   6  a n d   t h e   r o t a t i o n   u n i t   8  a r e   l o c k a b l e  

in   a  p r e d e t e r m i n e d   o r i e n t a t i o n   w i t h   r e s p e c t   to   one  a n o t h e r .  

The  a x i s   H  i s   p e r p e n d i c u l a r   to   t h e   l o n g i t u d i n a l   a x i s   I  

of   t h e   b o n e   s e g m e n t   4a  and  p a s s e s   t h r o u g h   t h e   b o n e .  

The  r o t a t i o n   u n i t   8  i s   f i x e d l y   c o n n e c t e d   to   o n e  

end  o f   a  c u r v e d   member   9.  The  member   9  p a s s e s   t h r o u g h  

a  u n i t   10  and  i s   s l i d a b l e   t h e r e i n .   A  l o c k i n g   m e a n s ,  



f o r   e x a m p l e   a  g r u b   s c r e w   20  i s   p r o v i d e d   to   s e l e c t i v e l y  

a l l o w   t h i s   m o v e m e n t   or   p r e v e n t   i t .   A l t e r n a t i v e l y ,   t h e  

l o c k i n g   means   may  be  s i m i l a r   t o   t h a t   shown  f o r   a n o t h e r  

p u r p o s e   in   F i g .   3A.  The  c e n t r e   of  c u r v a t u r e   of   t h e   m e m b e r  

9  c o i n c i d e s   a p p r o x i m a t e l y   w i t h   t h e   a x i s   I .   T h u s ,  

s l i d i n g   m o v e m e n t   of  t h e   member   9  w i t h   r e s p e c t   to   t h e   u n i t  

10  c a u s e s   t h e   b o n e   s e g m e n t   4a  to   r o t a t e   a p p r o x i m a t e l y  

a b o u t   t h e   a x i s   I .  

A  u n i t   11  i s   m o u n t e d   on  t o p   of  t h e   u n i t   10  in  s u c h  

a  way  t h a t   t h e   u n i t   lO  i s   r o t a t a b l e   w i t h   r e s p e c t   to   t h e  

u n i t   11  a b o u t   an  a x i s   J .   A  l o c k i n g   means   ( d e s c r i b e d  

b e l o w   in  more   d e t a i l   w i t h   r e f e r e n c e   to   F i g u r e   3BJ  i s  

p r o v i d e d   to   p e r m i t   t h i s   r o t a t i o n   or   p r e v e n t   i t .   T h e  

a x i s   o f   r o t a t i o n   J  i s   p e r p e n d i c u l a r   to   t h e   a x i s   I  a n d ,  

u n t i l   t h e r e   h a s   b e e n   m o v e m e n t   of   t h e   u n i t   8  a b o u t   t h e  

a x i s   I ,   p e r p e n d i c u l a r   a l s o   to   t h e   a x i s   H.  The  a x i s   J  

p a s s e s   t h r o u g h   t h e   b o n e ,   and  i t   can   be  s e e n   t h a t   t h e   a x e s  

H,  I  and  J  i n t e r s e c t   one  a n o t h e r   w i t h i n   t h e   b o n e   a t  

w h a t   i s   s u b s t a n t i a l l y   a  p o i n t .  

The  u n i t   11  c a r r i e s   a  r e c t a n g u l a r   c r o s s - s e c t i o n  

t u b u l a r   p o r t i o n   12  w i t h i n   w h i c h   t h e   b a r   3  i s   s l i d a b l e .  

A  l o c k i n g   m e a n s ,   f o r   e x a m p l e   a  g r u b   s c r e w   21,  i s   p r o v i d e d  

to   a l l o w   or  p r e v e n t   t h i s   s l i d i n g   m o v e m e n t .  

F i g u r e   3A  shows   t h e   l o c k i n g   means   f o r   l o c k i n g   o r  

p r e v e n t i n g   m o v e m e n t   of   the   p i n   h o l d e r   6  w i t h   r e s p e c t   t o  



t h e   r o t a t i o n   u n i t   8  a b o u t   a x i s   H.  F i g u r e   3A  i s   a  

v e r t i c a l   s e c t i o n   t h r o u g h   r o t a t i o n   u n i t   8  t a k e n   on  a  

p l a n e   p e r p e n d i c u l a r   to   a x i s   H.  As  can  be  s e e n   f r o m  

F i g u r e   3A,  t h e   p r o x i m a l   end   of   t h e   p i n   h o l d e r   6  c a r r i e s  

a  w h e e l   13  h a v i n g   a  s e r r a t e d   c i r c u m f e r e n t i a l   s u r f a c e   p a r t  

o f   w h i c h   i s   shown  in   t h e   d e t a i l e d   v i e w   of   F i g u r e   3A.  

A  b l o c k   14  of   r e c t a n g u l a r   c r o s s - s e c t i o n   and  h a v i n g  

a  s e r r a t e d   l o w e r   f a c e   i s   m o u n t e d   f o r   r a d i a l   m o v e m e n t  

w i t h   r e s p e c t   to   t h e   w h e e l   13.   The  b l o c k   14  i s   m o v e d  

t o w a r d s   o r   away  f r o m   t h e   w h e e l   13  by  means   of   a n  

a d j u s t i n g   knob   15  w h i c h   i s   in   s c r e w - t h r e a d e d   c o n n e c t i o n  

w i t h   t h e   b l o c k   14.  I t  s h o u l d   a l s o   be   m e n t i o n e d   t h a t  

t h e   w h e e l   13  h a s   a  s q u a r e   c e n t r a l   a p e r t u r e   16  w h i c h ,   in   u s e ,  

r e c e i v e s   a  h a n d l e   f o r   a  p u r p o s e   d e s c r i b e d   b e l o w .  

F i g u r e   3B  shows   a  l o c k i n g   a r r a n g e m e n t   s i m i l a r   t o  

t h a t   o f   F i g u r e   3A  w h i c h   i s   u s e d   to   p e r m i t   or  p r e v e n t  

r o t a t i o n a l   m o v e m e n t   of  t h e   u n i t   10  w i t h   r e s p e c t   to   t h e  

u n i t   11  a b o u t   t h e   a x i s   J .   In  F i g u r e   3B  c e r t a i n   e l e m e n t s  

a r e   d e n o t e d   by  r e f e r e n c e   n u m e r a l s   1 3 ' ,   1 4 ' ,   15 '   and  1 6 '  

w h i c h   c o r r e s p o n d   t o   e l e m e n t s   13,   14,   15  and   16  in   F i g u r e  

3A,  and   no  f u r t h e r   d e t a i l e d   d e s c r i p t i o n   of   t h e s e   e l e m e n t s  

i s   c o n s i d e r e d   t o   be  n e c e s s a r y .   The  u n i t   lO  i s   c o n n e c t e d  

to   t h e   w h e e l   13'   on  t h e   o p p o s i t e   s i d e   t h e r e o f   to   t h a t  

w h i c h   i s   v i s i b l e   in   F i g u r e   3B,  by  means   of   a  s h o r t   s h a f t  

w h i c h   e n g a g e s   in  t h e   u n i t   10  and  in   t h e   a p e r t u r e   1 6 ' .  



In  u s e ,   t h e   f i x a t i o n   p i n s   7  a r e   i n s e r t e d   i n t o   t h e  

b o n e   on  e i t h e r   s i d e   of   t h e   f r a c t u r e ,   as  i l l u s t r a t e d   i n  

F i g u r e   1.  The  d i s t a l   e n d s   of   t h e   p i n s   7  a r e   c l a m p e d  

in  t h e   p i n   h o l d e r   6  of  t h e   u n i t   1  and  t h e   c o r r e s p o n d i n g  

p i n   h o l d e r   of   t h e   u n i t   2.  To  e n a b l e   t h i s   to   be  d o n e  

t h e   u n i t s   1  and  2  mus t   be  an  a p p r o p r i a t e   d i s t a n c e   a p a r t ,  

and  t h i s   i s   a c h i e v e d   by  p e r m i t t i n g   s l i d i n g   m o v e m e n t  

of  t h e   b a r   3  w i t h   r e s p e c t   to   t h e   t u b u l a r   p o r t i o n s   1 2 .  

R e d u c t i o n   of   t h e   f r a c t u r e   i s   t h e n   c a r r i e d   o u t   b y  

c o m b i n a t i o n s   o f   t h e   v a r i o u s   m o v e m e n t s   w h i c h   t h e   r e d u c t i o n  

a p p a r a t u s   p e r m i t s .   The  f r a c t u r e   may  be  d i s t r a c t e d  

by  l e n g t h e n i n g   t h e   b a r   3.  T h i s   i s   done   t a k i n g   a d v a n t a g e  

of   t h e   t e l e s c o p i c   n a t u r e   of  t h e   b a r ,   t h e   two  c o m p o n e n t s  

of  t h e   b a r   in   f a c t   b e i n g   i n t e r c o n n e c t e d   by  m e a n s   o f   a  

s c r e w   t h r e a d .   T h i s   i s   u s e d   r a t h e r   t h a n   s l i d a b l e   m o v e m e n t  

of  t h e   b a r   3  w i t h   r e s p e c t   to   t h e   t u b u l a r   m e m b e r s   12 

s i n c e   i t   p r o v i d e s   f o r   b e t t e r   c o n t r o l   and  t h e   p o s s i b i l i t y  

of  c a r r y i n g   o u t   t h e   d i s t r a c t i o n   u n d e r   p o w e r .   A x i a l  

r o t a t i o n   o f   t h e   b o n e   s e g m e n t s   w i t h   r e s p e c t   t o   one  a n o t h e r  :  

a b o u t   t h e   a x i s   I  i s   a c h i e v e d   by  u n l o c k i n g   e i t h e r   o f  

t h e   u n i t s   10  and  m o v i n g   t h e   c u r v e d   b a r   9  t h r o u g h   i t .  

A d j u s t m e n t s   in   t h e   p l a n e   p e r p e n d i c u l a r   to   t h e   a x i s   J  

a re   c a r r i e d   o u t   by  c o m b i n i n g   r o t a t i o n s   of  t h e   two  u n i t s  

11  a b o u t   t h e   r e s p e c t i v e   a x e s   J .   R o t a t i n g   them  in  t h e  

same  d i r e c t i o n   c o r r e c t s   l i n e a r   d i s p l a c e m e n t   ( s e e   F i g u r e  

2A)  w h i l s t   r o t a t i n g   them  in  o p p o s i t e   d i r e c t i o n s   c o r r e c t s  

a n g u l a r   d i s p l a c e m e n t   ( s e e   F i g u r e   2B).   The  same  p r o c e d u r e  



i s   c a r r i e d   o u t   in   t h e   o r t h o g o n a l   p l a n e ,   p e r p e n d i c u l a r  

to   a x i s   H,  by  r o t a t i n g   t h e   r o t a t i o n   u n i t s   8  a b o u t   t h e  

r e s p e c t i v e   a x e s   H  w i t h   r e s p e c t   t o   t h e   p i n   h o l d e r s   6 .  

T h i s   r o t a t i o n   i s   a c h i e v e d   by  i n s e r t i n g   a  h a n d l e  

( n o t   shown)   i n t o   t h e   a p e r t u r e   16  by  F i g u r e   3A.  

I t   w i l l   be  n o t i c e d   t h a t   n e i t h e r   t h e   u n i t s   1  a n d  

2  n o r   t h e   b a r   3  s i g n i f i c a n t l y   i m p e d e   X - r a y   o b s e r v a t i o n  

of   t h e   f r a c t u r e   s i t e .   T h i s   m e a n s   t h a t   t h e   f r a c t u r e  

s i t e   can  be  c o n t i n u o u s l y   v i e w e d   d u r i n g   r e d u c t i o n   b y  

means   of  a  low  i n t e n s i t y   X - r a y   a p p a r a t u s .   I t   i s   a l s o  

i m p o r t a n t   to   n o t i c e   t h a t   e a c h   o f   t h e   a x e s   of   r o t a t i o n  

i s   d e a l t   w i t h   s e p a r a t e l y   i n   t h e   r e d u c t i o n   p r o c e s s .   T h u s ,  

t h e   o p e r a t o r   of   t h e   f r a c t u r e   r e d u c t i o n   a p p a r a t u s   k n o w s  

t h a t   o n c e   t h e   b o n e   s e g m e n t s   a r e   c o r r e c t l y   a l i g n e d   a s  

f a r   as  one  of   t h e s e   a x e s   o f   r o t a t i o n   i s   c o n c e r n e d  

s u b s e q u e n t   r o t a t i o n   a b o u t   o t h e r   a x e s   w i l l   n o t   a f f e c t   t h e  

c o r r e c t n e s s   of   t h e   f i r s t   a d j u s t m e n t .   T h i s   i s  

p a r t i c u l a r l y   i m p o r t a n t   when   one  b e a r s   in   mind   t h a t  

t h e   X - r a y   a p p a r a t u s   p r o d u c e s   a  t w o - d i m e n s i o n a l   i m a g e .  

I f ,   as  i s   t h e   c a s e   w i t h   m o s t   c o n v e n t i o n a l   f o r m s   o f  

f r a c t u r e   r e d u c t i o n   a p p a r a t u s ,   an  i n i t i a l l y   c o r r e c t  

a d j u s t m e n t   a b o u t   one  a x i s   i s   d i s t u r b e d   by  e f f e c t i n g  

a d j u s t m e n t   a b o u t   a  s u b s e q u e n t   a x i s ,   much  t i m e   can  b e  

s p e n t   in   m o v i n g   b a c k   and  f o r t h   b e t w e e n   v a r i o u s   a d j u s t m e n t  

a x e s   t r y i n g   to   g e t   a l l   t h e   a x e s   s i m u l t a n e o u s l y   c o r r e c t .  



When  t h e   b e s t   p o s s i b l e   r e d u c t i o n   has   b e e n   a c h i e v e d  

an  e x t e r n a l   f i x a t o r   is   a p p l i e d   to   t h e   bone   f i x a t i o n  

p i n s   and  t h e   f r a c t u r e   r e d u c t i o n   a p p a r a t u s   i s   r e m o v e d  

f o r   s u b s e q u e n t   u s e   w i t h   a n o t h e r   p a t i e n t .   F i g u r e   4 

shows   a  p r e f e r r e d   f o rm  of  f i x a t o r .   T h i s   c o m p r i s e s   f o u r  

or   more  i d e n t i c a l   b l o c k s   26  w h i c h   can   be  r i g i d l y  

h e l d   a t   any  l o c a t i o n   on  a  s q u a r e - s e c t i o n   r o d   2 7 .  

Each   b l o c k   has   a  r e m o v a l   cap   28  w h i c h ,   when  in   p l a c e ,  

d e f i n e s   an  a p e r t u r e   29  in  t h e   b l o c k .   In  u s e ,   e a c h  

f i x a t i o n   p i n   p a s s e s   t h r o u g h   t h e   a p e r t u r e   in   one  o f   t h e  

b l o c k s   w h i c h   i s   t h e n   f i l l e d   w i t h   b o n e   c e m e n t .   I n  

F i g u r e   4  an  a d d i t i o n a l   b l o c k   26  i s   shown  a t   t h e   r i g h t   h a n d  

s i d e   t h e r e o f ,   r o t a t e d   t h r o u g h   90°   to   show  t h e   a p e r t u r e  

30  in  w h i c h   t h e   r o d   27  i s   r e c e i v e d .  



1.  A  f r a c t u r e   r e d u c t i o n   a p p a r a t u s   c o m p r i s i n g   f i r s t  

h o l d i n g   means   f o r   h o l d i n g   f i r s t   b o n e   f i x a t i o n   m e a n s ,  

s e c o n d   h o l d i n g   m e a n s   f o r   h o l d i n g   s e c o n d   b o n e   f i x a t i o n   m e a n s ,  

t h e   f i r s t   and  s e c o n d   b o n e   f i x a t i o n   means   b e i n g   l o c a t e d ,   i n  

u s e ,   w i t h   t h e   s i t e   of   t h e   f r a c t u r e   i n t e r m e d i a t e   t h e m ,   a n d  

means   f o r   r o t a t i n g   e a c h   of  t h e   s a i d   h o l d i n g   means   a b o u t   a  

r e s p e c t i v e   s e t   of   t h r e e   o r t h o g o n a l   a x e s ,   t h e   t h r e e   a x e s   o f  

e a c h   s e t   i n t e r s e c t i n g   one  a n o t h e r   a t   a  r e s p e c t i v e   p o i n t  

l o c a t e d   in   t h e   b o n e ,   t h e   two  r e s p e c t i v e   p o i n t s   b e i n g   s p a c e d  

f rom  one  a n o t h e r   a l o n g   t h e   l o n g i t u d i n a l   a x i s   of   t h e   b o n e .  

2.  An  a p p a r a t u s   a c c o r d i n g   to   c l a i m   1,  w h e r e i n   a  f i r s t  

u n i t   c o m p r i s e s   t h e   f i r s t   h o l d i n g  m e a n s ,   a  s e c o n d   u n i t ' c o m p r i s e s  

t h e   s e c o n d   h o l d i n g   m e a n s ,   and  t h e   f i r s t   and  s e c o n d   u n i t s  

a r e   m o u n t e d   on  a  c o n n e c t i n g   member   w h i c h   s p a c e s   t h e   u n i t s  

a p a r t   a b o u t   t h e   l o n g i t u d i n a l   a x i s   of   t h e   b o n e .  

3.  An  a p p a r a t u s   a c c o r d i n g  t o   c l a i m   2,  w h e r e i n   a t   l e a s t  

one  of  t h e   f i r s t   and  s e c o n d   u n i t s   i s   m o u n t e d   f o r   m o v e m e n t  

w i t h   r e s p e c t   to   t h e   c o n n e c t i n g   m e m b e r ,   w h e r e b y   to   v a r y   t h e  

d i s t a n c e   by  w h i c h   t h e   u n i t s   a r e   s p a c e d   a p a r t .  

4.  An  a p p a r a t u s   a c c o r d i n g   to   c l a i m  2  o r  3 ,   w h e r e i n   t h e  

c o n n e c t i n g   member   c o m p r i s e s   a  f i r s t   p o r t i o n   on  w h i c h   t h e  

f i r s t   u n i t   i s   m o u n t e d ,   a  s e c o n d   p o r t i o n   on  w h i c h   t h e   s e c o n d  



u n i t   i s   m o u n t e d ,   s a i d   f i r s t   and  s e c o n d   p o r t i o n s   b e i n g  

t e l e s c o p i c a l l y   i n t e r c o n n e c t e d   w h e r e b y   to  v a r y   t h e   d i s t a n c e  

by  w h i c h   t h e   u n i t s   a r e   s p a c e d   a p a r t .  

5.  An  a p p a r a t u s   a c c o r d i n g   to   c l a i m   2,3  o r  4   w h e r e i n   e a c h  u n i t  

c o m p r i s e s   f i r s t   m o u n t i n g   m e a n s   in   w h i c h   t h e   r e s p e c t i v e  

h o l d i n g   m e a n s   i s   r o t a t a b l y   m o u n t e d   f o r   r o t a t i o n   a b o u t   a n  

a x i s   p e r p e n d i c u l a r   to   t h e   l o n g i t u d i n a l   a x i s   of   t h e   b o n e ,  

s e c o n d   m o u n t i n g   means   w h i c h   r e c e i v e s   a  p o r t i o n   of  t h e   f i r s t  

m o u n t i n g   m e a n s   to   p e r m i t   a r c u a t e   m o v e m e n t   of  t h e   f i r s t  

m o u n t i n g   m e a n s   a b o u t   t h e   l o n g i t u d i n a l   a x i s   of  t h e   b o n e ,   a n d  

t h i r d   m o u n t e d   m e a n s   on  w h i c h   t h e   s e c o n d   m o u n t i n g   means   i s  

r o t a t a b l y   m o u n t e d   to   p e r m i t   r o t a t i o n   of  t h e   s e c o n d   m o u n t i n g  

means   w i t h   r e s p e c t   to   t h e   t h i r d   m o u n t i n g   means   a b o u t   an  a x i s  

p e r p e n d i c u l a r   to   t h e   a x i s   o f   r o t a t i o n   of  t h e   h o l d i n g   m e a n s  

and  to   t h e   l o n g i t u d i n a l   a x i s   of   t h e   b o n e ,   t h e   t h i r d   m o u n t i n g  

means   b e i n g   i t s e l f   m o u n t e d   on  s a i d   c o n n e c t i n g   m e m b e r .  

6.  An  a p p a r a t u s   a c c o r d i n g   to  c l a i m   5,  c o m p r i s i n g   f i r s t  

l o c k i n g   m e a n s   f o r   s e l e c t i v e l y   p r e v e n t i n g   or  p e r m i t t i n g  

r o t a t i o n   o f   t h e   h o l d i n g   m e a n s   w i t h   r e s p e c t   to   t h e   f i r s t  

m o u n t i n g   m e a n s ,   s e c o n d   l o c k i n g   means   f o r   s e l e c t i v e l y  

p r e v e n t i n g   or   p e r m i t t i n g   s a i d   a r c u a t e   m o v e m e n t   of   t h e   f i r s t  

m o u n t i n g   m e a n s ,   and  t h i r d   l o c k i n g   means   f o r   s e l e c t i v e l y  

p r e v e n t i n g   or  p e r m i t t i n g   r o t a t i o n   of  t he   s e c o n d   m o u n t i n g  

means   w i t h   r e s p e c t   to   t h e   t h i r d   m o u n t i n g   m e a n s .  
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