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/ PREFACE I 

" 1 s  t h e r e  a n y  t h ' i n g  w h e r e o f  i t  may b e  s a i d ,  
s e e  t h i s  i s  new? I t  h a t h  been a l r e a d y  o f  
o l d  t i m e ,  w h i c h  w a s  b e f o r e  u s "  

E c c l e s i a s t e s  1.10. 

T h i s  t h e s i s ,  p r i m a r i  l y  an e x p e r i m e n t a l  a t f e r n p i  t o  

r e c o n s t r u c t  t e n d o n  s h e a t h s  u s i n g  venous g r a f t s ,  w a s  we1 l u n d e  

way w h e n  i n f o r m a t i o n  came t o  h a n d  i n d i c a t i n g  t h a t  Leo Mayer, 

one o f  t h e  p i o n e e r s  o f  modern t e n d o n  s u r g e r y ,  h a d  u t i  l i s a d  

t h i s  t i s s u e  f o r t y  y e a r s  p r e v i o u s l y  i n  e x p e r i m e n t s  o n  the  

p r e v e n t i o n  o f  t e n d o n  adhes ions .  Aware o f  t h e  d i s a p p o i n t i n g  

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

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

f o r  n o t  i n f r e q u e n t l y  two  w o r k e r s  engaged on a s i m i l a r  l i n e  o 

I n v e s t i g a t i o n  p r o d u c e c o n f l i c t i n g  r e s u l i s .  I t  i s  t h e  

p r e s e n c e  o f  so m a n y  v a r i a b l e s  such as t h e  s p e c i e s  o f  a n i m a l s  

u s e d ,  t h e  m e t h o d s  and  ts;hniqves emp loyed  and t h e  interpretation 

and a s s e s s m e n t  o f  r e s u l t s  t h a t  l a r g e l y  a c c o u n t  f o r  t h e  

d l  s c r e p a n c i e s ,  

I n  a sense,  t h i s  e x p e r i m e n t  m i g h t  be c o n s i d e r e d  n e g a t f v e ,  

i n  t h a t  ' i t  f a i  l e d  t o  a c h i e v e  wha t  i t  s e t  o u t  t o  do, H a v i n g  

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

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

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

t h e  v i s i b l e  r e s u l t  o f  a p r a c t i c a l  t ask  w e l l  done. W i t h  t h e  

p a s s a g e  o f  t i m e  ? t w a s  soon a p p r e c i a t e d  t h a t  a n e g a t i v e  t h e s i s  

c o u l d  h a v e  a l m o s t  t h e  s a m e  v a l u e  a s  a p o s i t i v e  t h e s i s .  

C e r t a i n  new f a c t s  h a v e  e m e r g i d  w h i l e  c e r t a i n  o t h e r  

~ b s e r v a t  i o n s  h a v e  c o r r o b o r a t e d  t h e  f i n d i  ngs o f  p r e v i o u s  

w o r k e r s .  

D e s p i  t e  t h e  ups and  downs w h i c h  i n e v i  t a b 1  y accompany any  

r e s e a r c h ,  a n d  t h e r e  a r e  many, i t  i s  g r a t i f y i n g  t o  r e a l i s e  t h a t  

o n e  f s much t h e  r i c h e r  f o r  t h e  e x p e r i e n c e .  One has had t o  





To w i d e n  t h e  scope o f  t h i s  t h e s i s ,  o n e  o f  t h e  o r i g i n a l  

i n t e n t i o n s  was t o  a t t e m p t  a s t a t i s t i c a l  s u r v e y  

i n j u r i e s  i n  t h e  W i t w a t e r s r a n d  area.  E x h a u s t i v e  e 

f r o m  p r o m i n e n t  a n d  r e p u t a b l e  I n s u r a n c e  Companies r e v  

t h a t  t h e  p e r t i n e n t  d a t a  w a s  n o t  a v a i l a b l e .  ( ~ i j ~ e n d i x  A). 

S i m l l a r  e n q u i r i e s  w e r e  made i n  G r e a t  B r i t a i n  w i t h  l i t t l e  

s a t i s f a c t i o n .  ( ~ ~ ~ e n d i x  0 ) .  I n  f a c t  one  m a j o r  A c c i d e n t  

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

w a s  n o t  t h e i r  t o  s t a t i s c i s e  a c c i d e n t s  o r  i n j u r i e s  

i n t o  d i f f e r e n t  g r o u p s ,  a n d  w e  have n o t  t h e  means a t  o u r  

d i s p o s a l  o f  e x t r a c t i  ng t h e  i n f o r m a t i o n  y o u r  d e s i  re!' 

Thereupon,  t h e  i n f o r m a t i o n  w a s  s o u g h t  f r o m  t h e  U n i t e d  S t a t e s  

o f A m e r i c a .  ( ~ ~ ~ e n d i x C ) .  I n  t h l s  r e s p e c t  I w i s h  t o  

a c k n o w l e d g e  w i t h  t h a n k s  t h e  i n f o r m a t i o n  r e c e b v e d  f r o m  Mr. 

W i  l l ia rn  L. Conno l  l y, D i r e c t o r  o f  t h e  U n i  t e d  S t a t e s  D e p a r t m e n t  

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

t o  h a n d  i n j u r i e s .  

P r o g r e s s  i n  industrial m e d i c i n e  w i  I1 o n l y  be a c h i e v e d  

w i  t h  t h e  e s i a b l  i s h m e n t  o f  d e t a i  l e d  f a c t  f i n d i n g  sys tems,  

i n v o l v i n g  t h e  r s c o r d l n g  and a n a l y s i s  o f  t h e  causes and 

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

me thods  o f  t r e a t m e n t  and rehab1 l i t a t i o n .  I n  t h i s  r e s p e c t  

t h e  U n i t e d  S t a t e s  has m a d e  n o t a b l e  s t r i d e s ,  b u t  i n  f a i r n e s s  

t o  o t h e r  c o u n t r i e s  one s h o u l d  n o t  l o s e  s i g h t  o f  t h e  f a c t  

t h a t  s h e  has t h e  a d v a n t a g e  o f  h e r  immense w e a l t h .  
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StTE OF INJURY PERCENTAGE OF TOTAL 

F ig .  I The r e l a t i v e  i n c i d e n c e  o f  i n j u r i e s  to  t h e  body i n  
i n d u s t r i a l  o c c u ~ a f i o n s  

N o t e  the  h i g h  i n c i d e n c e  o f  h a n d  i n j u r i e s .  T h i s  
a n a l y s i s  w a s  p r e p a r e d  f r o m  s t a t i s t i c s  a b s t r a c t e d  
from the " A n n u a l  Bul  l e t i n  o f  The S t a Q i s t i c a l  
Department o f  t h e  I n d u s t r i  a l  Commisisn o f  
 isc cons in" (1949). D u r i n g  t h i s  p e r i o d  t h e r e  
w e r e  26,615 cornpensable i n j u r i e s  o f  a l l  t y p e s ,  
o f  w h i c h  6 , 5 5 9  o r  24.6% were h a n d  i n j u r i e s .  
Hand i n j u r i e s  a l o n e  a c c o u n t e d  f o r  t h e  l o s s  o f  
418,224 w o r k i n g  days o r  an a v e r a g e  o f  6 3  d a y s  
p e r  case.  The expense  I n v o l v e d  i n  c o m p e n s a t i o n  
a n d  t r a a t m e n t  w a s  1,992,043 do l  I a r s  o r  an 
average o f  269 dol  1 a r s  p e r  c a s e .  A n a l y s t s  o f  
S t a t i s t i c s  i s s u e d  i n  1951 by  t h e  I n d u s t r i a l  
Commissions o f  New York S l a t e ,  Ca l  l f o r n i a ,  
Illinois, Georg ia ,  V i r g i n i a  a n d  P e n n s y l v a n i a  
r a v e e l  a s i m i l a r  h i g h  i n c i d e n c e  o f  h a n d  i n j u r i e s  
r e 1  a t i v c  t o  o t h e r  i n j u r i e s .  



ÿÿ he h a n d  o f  t h e  w o r k i n g  m a n  i s  h i s  m o s t  
v a l u a b l e  a s s e t ,  W i t h o u t  i t  l i f e  
becomes a  b u r d e n t t  

K a n a v e l  

THE HAND AND INDUSTRY 

CHAPTER I 

I NT RODUCT I ON 

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

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

t 

c o n s i d e r e d  a s  a f u n c t i o n a f  who le ,  

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

r e f e r r e d  t o  a s  t h e  "Age o f  T r a u m a "  b y  B u n n e l  l ,  t h e  h a n d  w h l c h  

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

. e x p o s e d  t o  t h e  h a z a r d s  o f  i n j u r y  a n d  i n f e c t i o n .  I t  i s  n o t  

s u r p r i s i n g  t h e n ,  t o  l e a r n  t h a t  t h e  h a n d  heads  t h e  l i s t  o f  

I n d u s t r i a l  a c c f d e n t s .  I n  f a c t ,  i n  t h e  U n l t e d  S t a t e s  o f  

A m e r i c a ,  i n j u r i e s  o f  t h e  h a n d  a c c o u n t  f o r  20% t o  40% o f  

co rnpensab le  i n l u r i e s .  The v u l n e r a b l  l i  t y  o f  t h e  h a n d  to 

i n j u r i e s  c a n  b e  r e e d i  l y  a p p r e c i a t e d  b y  r e f e r e n c e  t o  F i g s .  I 

a n d  2. 

I n  h i g h l y  i n d u s t r t a l i s e d  a r e a s  t h e  number  o f  w o r k i n g  

days l o s t  t o  i n d u s t r y  a n d  t h e  n a t i o n ,  t h e  e x p e n s e  i n v o l v e d  

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

s u f f e r e d  by  t h e  i n j u r e d  i s  s t a g g e r i n g .  

THE HAND AND DISABI  L I T Y  

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

f o r  u p o n  i t s  i n t e g r i t y  depends  h i s  v e r y  l i v e l i h o o d .  A l t h o u g h  

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

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

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

f r e q u e n t l y  he  h a s  t o  change t o  a n o t h e r  o c c u p a t i o n  a n d  f ew  

v o c a t i o n s  e x i s t  w h e r e  t h e  s e r v i c e s  o f  t h e  h a n d  can be  spared.  

Re-employment  i s  d i f f i c u l t  and  s h o u l d  h e  l e a r n  a new t r a d e  h e  , 

u s u a l  l y  r e c e i v e s  l e s s  r e m u n e r a t i o n  a n d  g r a v i  f a t e s  f r o m  s k i  l l e d  
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i t y  h e  I s i n  danger  

dsnce  i n  h i s  s k i l l  and 

I n  h i m s e l f .  

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

s t r i d e s  have  been  made i n  t h e  p r e v e n t i o n  o f  i n j u r i e s .  The 

i n s t a l  l a t i o n  o f  s a f e t y  dev i ces ,  t h e  p e r i o d i c  i n s p e c t i o n  o f  

p e r s o n n e l ,  rnacki n e r y  and  t o o l s ,  and t h e  es t a b 1  l s h m e n t  o f  

f i r s t  a i d  v n i  t s  h a v e  a l l  g r e a t l y  c o n t r i b u t e d  t owa rds  t h i s  

end. Whi l e  p r o g r e s s  has been made i n  r e d u c i n g  t h e  o v e r a l  l 

a c c i d e n t  r a t e ,  a p a r a 1  l e l  r e d u c t i o n  i n  t h e  p e r c e n t a g e  o f  

hand  i n j u r i e s  h a s  n o t  been noted.  Fur the rmore ,  a n d  m o s t  

d i s t r e s s i n g  I s  t h e  f a c t  t h a t  h a n d  I n j u r i e s  r e s u l t  i n  

pe rmanen t  p a r t i a l  d i s a b i  l i t i e s  more so t h a n  any o t h e r  t y p e  

o f  i n j u r y .  ( ~ a r r  1951). 

The Un i  t e d  S t a t e s  Bureau  o f  Labour  S t a t i s  t i c s  r e p o r t e d  

t h a t  o f  t h e  23,700 r n a n u f a c t u r i  ng wo rke rs  who e x p e r i e n c e d  

permanen t  disabilities i n  1948, 18,000 o r  77% were i n j u r i e s  

t o  the  hand  or f i n g e r s .  D u r i n g  1949, t h e  Bureau r e p o r t e d  

t h a t  t h e  c o r r e s p o n d i n g  f i g u r e s  were 19,200 permanen t  

i n j u r i e s ,  o f  w h i c h  14,500 o r  76% were hand  d l  s e b l  l i t i e s .  

I t  i s  e v i d e n t  t h a t  a l t h o u g h  t h e  t o t a l  number o f  p e r m a n e n t  

d i s a b i  l i t i e s  t o  m a n u f a c t u r i n g  wo rke rs  w a s  r e d u c e d  b y  19$, 

t h e  p r o p o r t i o n a t e  r a t i o  o f  hand  i n j u r i e s  w a s  r e d u c e d  by  

REASONS FOR THE HIGH INCIDENCE OF PERMANENT D I S A B I L I T Y  
FOLLOWING HAND INJURIES 

The h i g h  i n c l d e n c e o f  pe rmanen t  d i s a b i l i t y  f o l l o w i n g  . 
1 

h a n d  i n j u r i e s  i s  r e a d i  l y  u n d e r s t o o d  i f  one  a p p r e c i a t e s  t h a t  

t h e  hand, a l  t h o u g h  composed m a i n l y  o f  s t r o n g  m a t e r i a l ,  

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

g r e a t  d e l l c a c y  and s p e ~ l a l i s a t i o n ~  

An i n j u r y  t o  t h e  hand  se ldom I n v o l v e s  an i s o l a t e d  i 

d 

t i s s u e .  A s s o c i a t e d  damage t o  ne rves ,  tendons,  bones, j o i n t s  
.r 

a n d  s k i n  i s  common. The c o r r e c t  t r e a t m e n t  r e q u i r e s  the  



combi n e d  bas1 c k n o w l e d g e  o f  t h e  Neuro-Surgeon, t h e  

O r t h o p a e d i c  a n d  t h e  P l a s t i c  Surgeon. Fo r  t h e  t h r e e  

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

u n d e s l  r a b l e  o r  e v e n  i m p r a c t i c a b l e .  The t r e a t m e n t  o f  an 

i n j u r e d  h a n d  shou ld ,  t h e r e f o r e ,  be  u n d e r t a k e n  by  one  we1 l 

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

n o t  d e l e g a t e d  t o  one  i n e x p e r i e n c e d  o r  j u n i o r  i n  p o s i t i o n .  

P u l v e r t e f t f s  s t a t e m e n t  (19481, t h a t  " t h e r e  can be f ew  f i e l d s  

o f  s u r g i c a l  e n d e a v o u r  t o d a y  where  a new c o n s c i o u s n e s s  o f  

r e s p o n s i b i  l i t y  is more  needed t h a n  i n  t h e  t r e a t m e n t  o f  hand 

i n j u r i e s "  i s  m o s t  t i m e l y .  U n f o r t u n a t e 1  y t o o  f ew  su rgeons  

a r e  s i n c e r e l y  i n t e r e s t e d  i n  t h i s  v i t a l  p rob lem;  pe rhaps  due 

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

t h e  work i s  p a i n s  t a k l n g  and monotonous a n d  t h e  l i f e  o f  t h e  

p a t i e n t  se l dom i n  J e o p a r d y *  

F u r t h e r  p r o g r e s s  wi l l  o n l y  be made when t h e  hand  i s  

c o n s i d e r e d  as a r e g i o n a l  p rob lem.  In t h i s  r e s p e c t  a n o t a b l e  

advance has been made i n t h e  Un i  t e d  S t a t e s ,  where under  t h e  

l e a d e r s h i p  o f  Bunne l  l a s p e c i a l  i t y  o f  hand  s u r g e r y  has a r i s e n  

u n d e r  t h e  d l  r e c t i o n  o f  t h e  Amer ican  S o c i e t y  f o r  S u r g e r y  o f  

t h e  Hand, 
b( 

TENDON INJURIES 

The r e s t o r a t i o n  o f  f u n c t i o n  t o  tendons,  f o l  l o w i n g  t r a u m a  

o r  i n f l a m m a t i o n  t o  t h e  g l i d i n g  mechanism, p r e s e n t s  o n e  o f  t h e  
R 

many u n s o l v e d  s u r g i c a l  p rob lems.  Indeed, A l e x i s  C a r r e l  once  

s f a t e d  t h a t  he  c o n s i d e r e d  the r e s t o r a t i o n  o f  damaged tendons 

i n  +he f i n g e r s  one  o f  t h e  most  b a f f l i n g  p r o b l e m s  i n  surgery , :  

Mason (1940) s t a t e d  t h a t  seve rance  o f  f l e x o r  t endons  i n  

f i  n g e r s  and  hands  g e n e r a l  l y  r e s u l  t e d  i n  d l  s a b i  l i ty ,  Cootes 

(1941)  h a d  " n e v e r  h e a r d  o f  a c a s e  where a f l e x o r  tendon  

d i v i d e d  i n  i i - s  d i g i t a l  shea th  h a d  been r e s t o r e d  t o  u s e f u l n e s s  

by s u t u r e !  Teece (1943)  i n  an e x p e r i e n c e  c o v e r i n g  s e v e r a l  

h u n d r e d  c a s e s  o f  t endon  i n j u r i e s  h a d  n e v e r  seen a c a s e  o f  

s u c c e s s f u l  p r i m a r y  o r  seconda ry  s u t u r e  when t h e  p o i n t  o f  



d i v i s i o n  w a s  B r e b n a r  (1946)  i n  

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

D e s p i  t e  t h e  p e s s i m i s t i c  s t t i  t u d e  somet imes  e x p r e s s e d  

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

t e n d o n s  d i v i d e d  w i t h i n  t h e  d i g i  t a l  sheath ,  g o o d  r e s u l  t s  have  

b e e n  s e c u r e d ,  b u t  r a r e !  y w i t h  c o n s i s t e n c y .  N o t a b l e  examples  

a r e  t h e  r o s u l  t s  r e p o r t e d  b y  M i l  l e r  (1942), Posch (1948), a n d  

P u l v e r t a f t  ( 1948) .  However,  t h e  f a c t  t h a t  s o  f e w  p u b l i s h e d  

r e s u l  t s  a r e  a v a i  l a b l e ,  i s  an a c c u r a t e  i n d i c a t i o n  o f  t h e  

d l  s a p p o i  n t l  ng  o u t c o m e  o f  f l e x o r  t e n d o n  s u t u r e .  

The l n c r e a s i  ng u s e  o f  t e n d o n  g r a f t s  f o r  t h e  r e p a i r  o f  

t e n d o n s  i n j u r e d  w i t h i n  t h e  d l g i  t a l  t heca ,  i s  f u r t h e r  t e s t i m  

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

Sumner K o c h  ( 1 9 5 1 )  i n  a p e r s o n a l  commun ica t i on ,  s t a t e d  t h a t  

" u n l e s s  w e  c a n  c a r r y  o u t  t e n d o n  s u t u r e  u n d e r  a b s o l u t e l y  

f a v o u r a b l  e c o n d i  t i o n s  and  lmmedt a t e l  y a f t e r  i n j u r y  we wai t 

u n t i  l t h e  i n f l a m m a t o r y  r e a c t i o n  has d i s a p p e a r e d  a n d  then, 

i n s t e a d  o f  s t t e m p t i  ng t o  s u t u r e  t h e  t e n d o n  w i t h i n  t h e  

d i g i t a l  s h e a t h ,  we i n v a r i a b l y  remove t h e  t e n d o n  f r o m  t h e  

d i g i t a l  s h e a t h  and  r e p l a c e  i t  w i t h  a t e n d o n  g r a f t ! ?  The 

r e s u l t s  o f  t h e  we1 l f o l - l o w e d  and  c o m p l e t e d  s t u d y  o f  138 

c a s e s  o f  t e n d o n  g r a f t i n g  i n  118 p a t i e n t s  p r e s e n t e d  b y  Boyes 

(1950),  i s  a c r e d i t a b l e  p e r f o r m a n c e  and  h o l d s  o u t  g r e a t  

promi se f o r  t h i  s m e t h o d  o f  t r e a t m e n t ,  i n  25% o f  h i s  cases  

f l e x i o n  o f  t h e  f i n g e r  w a s  c o m p l e t e  a s  i n d i c a t e d  by  t h e  
4 

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

o f  t h e  palm;  i n  50% t h e  p u l p  r e a c h e d  t o  w i t h i n  o n e - h a l f  i n c h  

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

On t h e  o t h e r  hand, d i v i  s l o n  o f  e x t e n s o r  t e n d o n s  g e n e r a l  l y 

y i e l d s  g o o d  r e s u l  t s  b y  i m m e d i a t e  o r  d e l  ayed  s u t u r e ,  o r  even 

b y  e f f e c t i v e  i m m o b l  l i s a t l o n  w i t h o u t  s u t u r e .  A B a n t u  p a t i e n t  

u n d e r  t h e  c a r e  r e c e i v e d  an i n c i s e d  wound o v e r  t h e  

b a s e  o f  the thumb w i t h  d i v i s i o n  o f  t h e  e x t e n s o r  p o l  I l c i i  

l o n g u s  tendon.  He p r e s e n t e d  f o r  t r e a t m e n t  two days a f t e r  



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

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

s e c o n d a r y  s u t u r e .  He r e p o r t e d  s i x  weeks l a t e r  however ,  

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

r e m o v a l  o f  t h e  s p l i n t .  E x a m i n a t i o n  r e v e a l e d  a s o u n d l y  

h e a l e d  t e n d o n  and wi  t h i n  t e n  days e x c e l  l e n t  f u n c t i o n  w a s  

r e s t o r e d .  , T h i  s  i t  not en !sol  a t e d  e x p e r i e n c e  w i  t h  e x l e n s o r  
\ i 

t e n d o n s ,  

THE PROBLEM OF FLEXOR TENDCN INJURIES 

T e n d o n  s u r g e r y  d i f f e r s  f r o m  o t h e r  t y p e s  o f  r e c o n s t r v c f l v e  

p r o c e d u r e s  i n  o n e  i m p o r t a n t  r e s p e c t .  N o t  on1 y m u s t  t h e  

s u t u r e  l l n e  h e a l  sound ly  t o  w i t h s t a n d  t h e  t e n s i o n  p r o d u c e d  

b y  t h e  c o n t r a c t i n g  musc le ,  b u t  t h e  l i n e  o f  u n i o n  m u s t  be so 

smooth t h a t  t h e r e  i s  no i n t e r f e r e n c e  w i  t h  t h e  g l i d i n g  

rnechan t sm. 

The r e p a i r  o f  an i n g u i n a l  h e r n l a  i s  f r e q u e n t l y  f o l l o w e d  

by  i m p a i r m e n t  o f  t h e  s h u t t e r  m e c h a n i s m  o f  the i n t e r n a l  r l ng ,  

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

a p o n e u r o s i s  o f  t h e  e x t e r n a l  o b l i q u e  and c o n j o l n t  f e n d o n  b u t  

n o t  n e c e s s a r i  l y  v i  t l e t f  n g  t h e  r e s u l  t. Tho i n e v i  t a b l e  

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

f o l  l o w i n g  a p a r a m e d i a n  o r  r e c t v t  s p l i t t i n g  i n c i s i o n  does no*  
/ 

# $ -  ' r '7 ' $  ;., f ' " l j  

i n t e r f e r e  w i t h  t h e  p h y s i o l o g y  o f  t h e  a b d o m i n a l  wal  l. On t h e  

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

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

l a s t i n g  r e p a i  r o f  t h e  h e r n i a .  I n  t e n d o n  s u r g e r y  however, 

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

d e t r i m e n t a l  t o  the r e s w l  t i n  t h e t  u n i o n  b e t w e e n  t e n d o n  and 

s h e a t h  ensues ,  t h u s  p r e v e n t i n g  o r  r o s t r l c t i  ng t e n d o n  mot ton.  

TENDON REPAl R WlTHlN THE FLEXOR TUNNELS 

The  o v t c o k  o f  t e n d o n  s u t u r e  i s  dependen t  u p o n  s e v e r a l  

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

r e p a i r ,  t h e  d e g r e e  o f  c o n t a m i n a t i o n  a t  t h e  t i m e  o f  i n j u r y ,  
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t he  d e g r e e  o f  t raurns and t i s s u e  loss ,  and  t h e  s u r g i c a l  

t e c h n i q u e  employed, a l  l i n f l u e n c e  t h e  r e s u l  t. Perhaps t h e  

most  i m p o r t a n t  c o n s i d e r a t i o n  upon wh i ch  t he  degree  o f  

- f u n c t i o n a l  r e c o v e r y  can  be  p r e d l c t o d ,  i s  t h o  l o c a t i o n  o f  t h o  

i n j u r y .  Seve rance  o f  f l e x o r  tendons i n  t h o  p r o x i m a l  

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

r e s u l t s  i n  m i n i m a l  r e t u r n  o f  f u n c t i o n ,  Th i s  c r i t i c a l  zone  

i s  a p t l  y r e f e r r e d  t o  a s  Itno rnants l and t t  b y  Bunnel  l (1948) ,  

a n d  t h e  r e a s o n  f o r  +he p o o r  r e t u r n  o f  f u n c t i o n  f o l  l o w i n g  
fK % f > ,  . + 4 Pv--., " (  

s u t u r e  i n  t h t s  r e g i o n  i s  Bw-.to t i e  a n a t o h C o f  t h e  f l e x o r  

mechanism i n  t he  f i n g e r .  The f l e x o r  d l g i  to rum p r o f u n d u s  

a n d  sub l  imus tendons t o g e t h e r  w i  t h  t h e i  r synov i  a t  sheath ,  

a r e  e n c l o s e d  w i  t h i n  a c l o s e l y - f l  t t i n g  f i b ro -osseous  t u n n e l ,  

i n  t h e  r e g i o n  o v e r l y i n g  t h e  p r o x i m a l  phalanx.  Trauma, 

however m in ima l ,  r e s u l t s  i n  adhes ions,  which i m p a i r  t h e  

e f f i c i e n c y  o f  t h e  g l  i d i n g  mechanism. 

I t  i s  n o t  d i f f i c u l t  +o s u t u r e  tendons and s e c u r e  sound  

un ion ,  the  r e a l  p r o b l e m  t r  t o  o b t a i n  a  F r e e l y  g l i d i n g  t endon  

cap.abl e  o f  r e s t o r i n g  good f u n c t i o n .  I n  t h e  pas t ,  a t t e m p t s  

t o  sol v e  t h e  problem, h a v e  been made f r o m  t h r e e  d l  r e c t l o n s : -  

( I )  The p e r f e c t i o n  o f  s u r g i c a l  t e c h n i q u e  i n  the  p r l m a r y  

r e p a l  r. I n  t h i s  r e s p e c t  +he g r e a t e s  t amount o f  

c l i n l c a l  e f f o r t  h a s  been  d i r e c t e d  towards t he  

r e f i n e m e n t  o f  a d e l l c a t e  a t r a u m a t l c ,  asep t i c ,  

h a e m o s t a f i c  t e c h n i q u e  i n  t h e  r e p a i r  o f  tendons. 

N o t a b l e  c o n t r i b u t o r s  i n  t h t s  f i e l d  a r e  B u n n e l  I ,  Mayer, 

Koch, Mason and Posch. 

2 )  The u s e  o f  r e c o n s t r u c t i v e  methods i n  secondary  p r o c e d u r e s  

i n  an a t t e m p t  t o  overcome t h e  p o o r  r e s u l t s  o f  t h e  p r i m a r y  

r e p a i  r. Mayer a n d  Ranshof f  (1934), were t h e  p l o n e e r s  i n  

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

a d h e r e n t  shea th  i n  o r d e r  t o  a c h i e v e  g r e a t e r  f u n c t i o n  i n  

tendon  g r a f t i n g ,  and a c t u a l  l y  succeeded i n  d o i n g  so. 

Despi t e  t h e s e  e f f o r t s ,  f r e e  tendon g r a f t s  were n o t  



uniformly s u c c e s s f u l ,  a n d  g o o d  f u n c t i o n a l  r e s u l  t s  were 

s e c u r e d  o n 1  y Cn t h e  b e s t  h a n d s *  

( 3 )  The  u s e  o f  membranes, o r g a n i c  a n d  i n o r g a n i c  i n  t h e  f o r m  

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

t h e  o b j e c t  o f  r e c o n s t r u c t i n g  t e n d o n  s h e a t h s  a n d  

p r e v e n t i n g  a d h e s i o n s  has b e e n  a d v o c a t e d  by  a h o s t  o f  

w o r k e r s ,  w i  t h  c o n f  1 l c t i n g  r e s u l  t s .  

I t  l a  w i t h  t h i s  l a s t  a p p r o a c h  t h a t  t h i s  p a p e r  i s  p r i m a r i l y  

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

u s i n g  v e n o u s  g r a f t s .  

THE REASONS FOR USING A VENOUS GRAFT 

The u s e  o f ,  a  venous g r a f t  a s  a p o s s i b l e  s u b s t i  t v t e  f o r  

a damaged t e n d o n  s h e a t h ,  was c o n s i d e r e d  i d e a l  o w i n g  t o  t h e  

f a c t  t h a t  b o t h  t i s s u e s  h a v e  c e r t a i n  p r o p e r t i e s  i n  common:- 

$ ( I )  The i n t l m a  o f  a v e i n  c o n s i s t s  o f  a l a y e r  o f  e n d o t h e l l a l  

c e l l s  n o t  u n l i k e  t h e  s y n o v i a l  c e l l s  o f  a  t e n d o n  shea th ,  

a n d  h a v i n g  a s m o o l h  h i g h l y  p o l i s h e d  s u r f a c e .  A smooth  

s u r f a c e  r e d u c e s  f r i c t i o n ,  end  i s  h l g h l  y c o n d u c i v e  t o  ' 

t h e  f r e e  g l i d i n g  o f  tendons.  

(2) Tendons  o n  c r o s s  s e c t i o n  a r e  c i  r c u l a r  o r  o v a l  i n  shape. 

A segmen t  o f  v e i n  h a s  a  s i m l  l a r  c o n f i g u r a t i o n .  

(3 )  On a c c o u n t  o f  i t s  e l a s t i c  c o n t e n t ,  a v e i n  i s  d i s t e n s i b l e ,  

a n d  c o u l d  a d a p t  i t s e l f  a c c u r a t e l y  t o  t h e  shape o f  a 

t e n d o n  w i  t h o u t  c x e r t i  ng c i  r c u m f e r e n t i  a l  t e n s i o n .  

D u r i n g  h e a l i n g  o f  a s u t u r e d  t e n d o n  s w e l l i n g  a t  t h e  

s u t u r e  l i n e  i s  [ n e v i  t a b l e ,  o w i n g  t o  t h e  r e a c t i o n a r y  

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

tendon ,  m l g h t  t h e r e f o r e ,  i m p a i  r t h e  r e p a r a t i v e  p r o c e s s e s ,  

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

( R e f e r  t o  m e t a l  a n d  p o l y e t h y l e n e  t u b e s  - C h a p t e r  3). 

S h o u l d  t h e  v e i n  a d h e r e  t o  t h e  t e n d o n  a n d  s u t u r e  l i n e ,  

t h e  e l a s t r c i t y  o f  t h e  v a i n  m i g h t  a l l o w  a c e r t a i n  amount 

o f  t e n d o n  mot ion. 

(4)  S t r i p p e d  o f  i t s  a d v e n t 1  t i a ,  t h e  wal l o f  a v e i n  i s  t h i n ,  



end  co r responds  c l o s e 1  y t o  t h e  t h i c k n e s s  o f  a  tendon 

sheath. Fur the rmore ,  t h e  i h i  n n e r  t h e  t r a n s p l  ant,  t h e  

b e t t e r  t h e  chances o f  s u c c e s s f u l  s u r v i  v a l e  

(5 )  Segments o f  v e i n  a r e  r e a d i  l y  o b t a i n a b l e  i n  s u f f i c i e n t  

q u a n t i t i e s  f rom s u i  t a b l e  s u b c u l a n e o u s  v e i n s *  The 

t e c h n i q u e  f o r  t h e i  r r emova l  i s  s i m p l e  and  t h e  l o s s  o f  

such a v e i n  woul d n o t  c a u s e  t h e  p a t i  e n +  any 1 I I e f f e c t s  

The u s e  o f  t u n i c a  v a g i  n a l  i s  a s  a d v o c a t e d  by W i  l rnoth 

(1949) page 44 r e q u i  r e s  a somewhat i n v o l  v e d  t e c h n i q u e  

and has d e f i n i t e  d i s a d v a n t a g e s *  Fu r t he rmore ,  t h e  

w i t h  wh ich  segments o f  v e i n  g r a f t s  a r e  a v a i l a b l e  

o b v i a t e s  t h e  n e c e s s i t y  t o  d raw on  t i s s u e  banks *  

Au to l ogous  t r a n s p l  a n t s  h a v e  a b e t t e r  p r o s p e c t  o f  s u r v l  

t han  homo t ransp lan t s  i n  t h a t  t h e  t i s s u e  i s  a l i v e  a t  t h e  t i m e  

o f  t r a n s p l a n t a t i o n  and i n f e c t i o n  c a n  be c o n t r o l l e d .  Long 

t e rm  s u r v i v e 1  o f  h o m o t r a n s p l a n t s  i s  unusua l ,  and  u n l e s s  t h e y  

become r a p i d l y  vascu l  a r i  sed, w t  l l s v b s e q u e n t l  y u n d e r g o  

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

supp ly ,  i t s  s u r v i v a l  i s  s t i  l 1 n o t  a s s u r e d .  Weeks a f t e r  an 

appa ren t1  y s u c c e s s f u l  " t a k e r r  d e s t r u c t i o n  o f  t h e  t r a n s p l a n t  

m a y  occu r ,  due t o  t he  acqwi  s l  )ion by  t h e  h o s t  o f  an 

" a c l i  ve l y a c q u l  r e d  irnmuni tyU, a phenomenon expl a i  ned on a 

t h e o r y  p ropounded  by  M e d a w a r  ( 1944). 

A l t h o u g h  e s s e n t i a l l y  an e x p e r i m e n t a l  fhesis, t h i s  p a p e  

wou ld  n o t  be comp le te  w i t h o u t  r e f e r e n c e  t o  c e r t a i n  fundarnen 

a n a t o m i c a l  and p h y s i o l o g i c a l  considerations, and t h e  hea l  i n g  

p rocesses  i n  tendons. F u n c t i o n a l  ana tomy has been s t r e s s e d  

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

emphasis has been made where t h e  s u b j e c t  a p p l  i e s  i n  d i f  

chap te r s ,  





CHAPTER 2 

THE NORMAL TENDON 

(A) ANATOMICAL AND PHYSIOLOGICAL CONSIDERATIONS 

The p u r p o s e  o f  t h i s  c h a p t e r  i s  n o t  t o  e m p h a s i z e  t h e  

g r o s s  t o p o g r a p h y  o f  tendons ,  a  s u b j e c t  we1 l d e s c r i b e d  i n  

m o s t  t e x t - b o o k s  o f  anatomy,  b u t  t o  d i s c u s s  t h e  f i n e r  

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

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

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

o f  t e n d o n  1 n j u . r i e s  a n d  t h e 1  r t r e a t m e n t .  

THE STRUCTURE OF TENDONS 

M a c r o s c o p i c a l  l y a t e n d o n  has  a d i s t i n c t  f i b r o u s  s t r u c t u r e  

and a c h a r a c t e r i s t i c ,  s h i n i n g  w h i  tJz appearance .  

H i s t o l o g i c a l l y  ( F i g .  3 ) ,  t h e  c h i e f  c o n s t i t u e n t s  o f  a 

t e n d o n  c o n s  i s t  o f  t h i c k ,  c l o s e l y  packed,  p a r a l  l ~ l  c o l  l a g e n o u s  

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

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

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

a n o t h e r  a t  v e r y  a c u t e  a n g l e s *  A c c o r d i n g  t o  G r a n t  (1948), 

t h e  f i b r e s  o f  a t e n d o n  are  n o t  s t r i c t l y  p a r a l l e l ,  b u t  - l j ' l a i t e d ,  

and t w i n e  a b o u t  e a c h  o t h e r  i n  s u c h  a  manner  t h a t  f i b r e s  f r o m  

any  g i v e n  p o i n t  a t  t h e  f l e s h y  e n d  o f  t h e  t e n d o n  a r e  r e p r e s e n t e d  

a t  a l l  p o i n t s  a t  t h e  i n s e r t i o n a l  end*  Hence, t h e  p u l l  o f  

t h e  w h o l e  m u s c l e  c a n  be t ransm ' i  t t e d  t o  a n y  p o i n t  o f  t h e  

i n s e r t i o n  ( ~ i ~ .  4). I n  c r o s s  s e c t i o n  t h e  t e n d o n  f i b r e s  

appear as f i  n e l  y d o t t e d  a r e a s  u s u a l  l y s e p a r a t e d  o n e  f r o m  

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

i n t o  o n e  a n o t h e r .  V e r y  f i n e  e l a s t i c  n e t w o r k s  h a v e  been  

d e s c r i  b e d  b e  t w e e n  t h e  c o l  l agenous b u n d l  es. The f i b r o c y t e s  

a r e  t h e  o n l y  c e l  I s  p r e s e n t ,  a n d  a r e  a r r a n g e d  i n l ong ,  p e r a l  l e l  

t o w s  i n  t h e  s p a c e s  b e t w e e n  t h e  col l agenovs  f i b r e s ,  T h e i r  

c e l  I b o d i e s  a r e  r e c t a n g u l  ar, o r  t r a p e z o i  d, when seen  f rom 

t h e ;  r s u r f a c e ,  a n d  rod-shaped, when s e e n  i n p r o f i  l e. The 
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lor rgl  t u d i n a l  v a s r p . i  w h i c h  r u n s  i n  +-he e p i  + e n o n  a n d  s e n d s  o u t  

numerous  t r a n s v e r r e  b ~ a n c h e s  w l l i c h  f i n a l l y  e n t e r  t h a -  tendon.  

On + t i e  whole ,  t l .1~  b l o o d  suppi y of t e n d o n o  i n  s h o a k h s  8 %  

m e a g r e ,  d n d  s h o d  d t h e  m e s o t e n o m  s u f f c r  i n j u r y  0 s  d e s t r v e k i a n ,  

k l l i m  t e n d o n  r a p i  d l  y succ i rmbs  lo i n f e e f i o n ,  a n d  r e p a r a t f v e  

processes ar t :  seriously r e i c i r d r d  o r  j a jpp ressed .  E w n  u n d e r  

i d e a l  c o n d l  #ions, t e i l duns  i n  s h s a t h  f o r i n a * k i o n  h a a l  s l o w l y  

d3;r.ac.I 0h2B P r e p d i r  S ~ O U !  d be u n d e r f a k e n  o n /  y l t ~ & c ~ r e  a s e { : 9 ~ ! 5  i$  

9 s  9 ~ 1  rev:$g,  Se:i  e x a i n i n a i i o n  o f  h i s  &oloylcel s e c f i o n s  o f  

3 1 :) $ h e d $ k l j  ft3rmaf301111 i n  3112 rnorrkey r e v e a l e d  f e w  bl&osiod 

vessels, i vh i  t e  c s p i  l l a r l e s  w c i r e  C r e q u e n t l  y n o t e d  i n  t e n d o n s  

I w v e s  f e d  b v i  f h  j 3 a r f i ~ k e w s n .  
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T h e  s e n s o r y  n e r v e  e n d i n g s  o f  a f e n d o n  a r e  l o c a t e d  on t h e  

s u r f a c e  n f  t h e  tsndon, o r  a t  the musculo-tendinous j u o c f i o n  

( ~ i l x b m o w  and Bloom 1944). T h e y  a r e  o f  two t y p e s ,  s i r n p l e  o r  

encapsvl a b e d ,  and s r a  sBinl l a r  t o  f+be s e n s o r y  n e r v e  e n d i  nys  

f o u n d  i n  s t r i a t e d  musrls, i n  t h e  s i m p l e  f o r m s ,  the  n a k e d  

n e r v e  f i b r a s  a n d  t h e 1  P b r a n c h e s  s p r e t d  o v e r  )he s u r f a c e  o f  

t h e  t e n d o n  e n d i n g  i n  s m a l  l t r e e - !  i k s  f o r m s  o f  d i  C f e r e n  t 

-Fa p a t t e r n s ,  I ' I K  encapsul a t a d  a r  composi t e  t y p e s ,  s i m i  l a r  t o  

i l e  neuro-muscul a r  spindles, a r e  l o n g  a n d  n a r r o w  a n d  a r e  

s i  k u a f e d  m a i n 1  y s t  t h e  junction o f  t h e  m u s c l e  w i  f . h  f e n d o n .  

Tha physiological significance u f  t h e  s e n s o r y  apparatus 

o f  t e n d o n s  i s p r o b a b l  y !ha r e c fgp f lon  o f  v a r i o u s  p e r i p h e r a l  

stimuli, resir!  t i n g  i n  s a o s a t i o n s  of p a i n ,  p r e s s u r e  a n d  

p a r k i e i i i r l a r l y  kendon k e l b i i s j 8 ~ e  

EbgiB R "lr LCXY 
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A l e n g t h y  d l s c o l i r s e  on t h e  dovs lop rnen t  a f  t o n d o n s  I s  

n e i  !her  oC i n t e r e s t  nor o f  p r a c k i e a l  s i g n i f i c a n c e  i n  t h l s  

s f u d y .  I f  w o u l d  s u f f i c e  t o  s t a t e  + h a t  t a n d o n s  a r e  d e r i v e d  

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

i . h e y  c o n t a i n  no myopl s s m  ( ~ e i t h  1948). Fig.  6 r e p r e s e n t s  

a r f i a g r { m a t i c  i l l u s k r a t i o n  o f  t h o  developing 
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