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CHAPTER 1 

INTRODUCTION 

1.1 Introduction 
In 1814, the Irish surgeon Abraham Colles published an article about a 
very common fracture of the distal radius that now bears his name. Since 
this publication, numerous articles have been written concerning this 
particular fracture. The great number of articles and the great variety 
of recommended therapies, indicates that until now, no consensus exists 
on the best treatment of Colles fractures. The high percentage of un- 
satisfactory end results and the high incidence makes the Colles frac- 
ture a medical problem. 

The history of fracture treatment reveals a continuous search for impro- 
vement of the therapy. In the past, fracture treatment consisted of re- 
duction and immobilisation of the injured extremity with splints or 
casts, until1 osseous union had occurred. Immobilisation was felt to be 
necessary for bone healing. As a result of this, muscle and bone atro- 
phy, long periods of disability and joint stiffness were often seen. 
Some decades ago operative intervention with anatomical reduction and 
stabile osteosynthesis gained considerable popularity. By early excer- 
cises quick functional recovery could be obtained. Important drawbacks 
to operative intervention were the risks of infection and pseudarthro- 
sis. In recent years, functional fracture treatment was developed. The 
basis of this functional treatment is to permit and encourage early mo- 
tion and function in the injured extremity by means of an external 
brace. Such a brace merely stabilises the fracture, necessary for reduc- 
tion of pain and maintenance of alignment, however it does not immobi- 
lise the fracture. Sarmiento (163), propagated this method as an alter- 
native to osteosynthesis where early restoration of function is impera- 
tive for an optimal functional result without the drawbacks of surgical 
intervention. He believes that "motion and excercise is good for tissue 
healing, rehabilitation and prevention of disability of joints and limbs 
and that the sacrifice of absolute anatomic reduction of fractures by 
his method is a small price to pay for the restoration of function and 
rapid healing". 

The treatment of the Colles fracture underwent the same evolution. Va- 
rious different forms of plaster cast immobilisation and many different 
types of operative intervention have been used. Recently, closed functio- 
nal treatment was also advocated in the treatment of Colles fractures. 
In 1975, Sarmiento (159) developed a functional brace for Colles frac- 
tures which permits early volar flexion and ulnar deviation but prevents 
dorsal flexion and radial deviation of the wrist and prevents pronation 
of the forearm. The forearm is kept in fixed supination by extension of 
the brace above the elbow. Flexion in the elbow is permitted, the last 
45 degrees of extension in the elbow is restricted. In this way, early 
motion and function of the wrist during the healing period is achieved 
and is encouraged. In retrospective studies , Sarmiento claimed with his 
method a good anatomical and functional end result and an early functio- 
nal recovery (159, 162). 



In the University Hospital Maastricht, The Netherlands, it was noticed 
that a considerable number of patients kept l o s s  of function and pain 
after a Colles fracture. The usual treatment consisted of reduction and 
immobilisation in a conventional dorsal lower arm plaster of Paris 
splint for four weeks followed by excercises. Functional treatment of 
Colles fractures .seemed to be a promising method in order to achieve 
better results. 

1.2 Aim of the thesis 
The aim of this thesis is to investigate in a prospective clinical study 
whether functional treatment of Colles fractures indeed leads to better 
results than conventional plaster treatment in order to establish the 
application field of functional treatment for this kind of fracture. 

In the following two chapters, a review of literature is given with the 
purpose of searching for methods to evaluate possible differences 
between methods of treatment, to standardize the management of the in- 
jury, and to reveal the state of art of the management of the Colles 
fracture necessary for the design of the study. 
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CHAPTER 2 

THE NORMAL WRIST AND HAND 

2.1  Introduction 
In this chapter a review of literature is restricted to those aspects of 
the normal wrist and hand that apply to a study on the therapy of Colles 
fractures. No general description of anatomy of the wrist region as 
found in standard anatomy textbooks is given as it is not the aim of 
this thesis to contribute to this subject. 

2.2 Motion in the wrist region 
The wrist can angulate in any direction and by a combination can circum- 
duct. It has a most complex articular configuration which does not lend 
itself readily to simple mechanical description and interpretation ( 5 4 ) .  
The wrist joint functions with 3 parallel longitudinal chains. In each 
of these chains the proximal carpal functions as an intercalated bone 
( 9 7 ) .  The specific shape of these intercalated bones establishes a si- 
multaneous movement in the radio-carpal and the mid-carpal joints which 
makes dorsal flexion, volar flexion, ulnar deviation, radial deviation 
o r  combinations possible. The centre of rotation in the dorsal-volar 
flexion and ulnar-radial deviation plane is located in the head of the 
capitate bone (6 ,127,189,201) .  The reported mean values of maximal excur- 
sion of motion in the wrist are as follows (3 ,28 ,86 ,134,189) :  
dorsal flexion 5Oo-8O0 ulnar deviation 30O-46' 
volar flexion 60O-85' radial deviation 15O-29' 
The American Academy of Orthopaedic Surgeons ( 3 )  advises recording wrist 
motion with a goniometer with the forearm in pronation. The measurements 
should be based on the principal of the neutral zero method (The neutral 
position is the zero starting position). 

In the forearm pronation and supination takes place, involving the proxi- 
mal and distal radio-ulnar joints. The mean values of the maximal excur- 
sion of pronation and su ination are ( 3 , 8 6 ) :  
pronation 80 -90° supination 80'-90' 
According to the American Academy of Orthopaedic Surgeons ( 3 )  pronation 
and supination should be measured with the elbow at right-angle flexion, 
thus blocking rotary motions of the humerus. 

2.3 Function of the hand 
Impaired wrist function due to a Colles fracture may alter hand function 
as the wrist is the key joint for proper function of the hand (128,184) .  
Several fundamental motor functions of the hand can be distinguished 
( 2 5 , 9 6 ) :  
- Opening of the hand consisting of finger extension and of abduction of 
- Closing of the hand, consisting of finger flexion and adduction and 

g 

the thumb. 

consisting of flexion, adduction and opposition of the thumb. 

3 



Grip; s e v e r a l  types can be d i s t ingu i shed  (89):  
power g r i p  a s  when g rasp ing  a cy l inde r  
b a l l  g r i p  a s  when grasping a b a l l  
pinch g r i p  as when picking up t i n y  o b j e c t s  
t h r e e  point  g r i p  a s  when holding a pen 
key g r i p  as when opening a door with a key. 

2.4 Radiographic anatomy 
Three types of r ad iog raph ic  measurements a r e  commonly used i n  anatomical 
eva lua t ion  of t h e  d i s t a l  r ad ius .  The measurements a r e  recorded a g a i n s t  
t h e  l o n g i t u d i n a l  a x i s  of t he  r ad ius .  In  A . P .  and l a t e r a l  vieuws t h e  
l o n g i t u d i n a l  a x i s  i s  def ined a s  a l i n e  through two p o i n t s  l oca t ed  i n  the  
middle of t h e  d i aphys i s  of t h e  r a d i u s  a t  d i s t a n c e s  of 3 c m  and 6 cm 
proximal t o  t h e  radio-carpal  j o i n t  (71) (F igu re  2.1). 

Figure.  2 .1  Radiographic measurements 

vo la r  angle  r a d i a l  angle  

1 
r a d i a l  width 

The volar ang le  measured OR l a t e r a l  vieuws is defined a s  the  angle  
between a l i n e  jo in ing  t h e  v o l a r  and d o r s a l  margins of t h e  d i s t a l  r a d i a l  
s u r f a c e  and a l i n e  perpendicular  t o  the  l o n g i t u d i n a l  a x i s  of t h e  r a d i u s  
(73,109). The vo la r  angle  averages 11 -12 , ranging from Oo-2l0, with a 
s tandard d e v i a t i o n  of 4.3 (71,74). 

0 0  

The r a d i a l  ang le  measured on A . P .  vieuws i s  the  ang le  between a l i n e  
jo in ing  t h e  t i p  of t h e  r a d i a l  s t y l o i d  and u lna r  corner  of t h e  d i s t a l  
r a d i a l  s u r f a c e  and a l i n e  perpendicular  t o  the  l o n g i t u d i n a l  a x i s  of t he  
r ad ius .  The average r a d i a l  angle  i s  23' with a range of 13O-30' and a 
s tandard d e v i a t i o n  of 2.2 (71,74,86,164). 

The r a d i a l  l eng thmeasured  on A . P .  vieuws i s  t h e  d i s t a n c e  between two 
perpendiculars  t o  the l o n g i t u d i n a l  a x i s  of t he  r a d i u s ,  one drawn through 
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t he  t i p  of t he  r a d i a l  s t y l o i d  process and the  o t h e r  t a n g e n t i a l  t o  t he  
d i s t a l  a r t i c u l a r  s u r f a c e  of t h e  ulna.  The r a d i a l  l e n g t h  avarages 12  mm 
with a range of 8-18 mm and a s tandard d e v i a t i o n  of 2 . 3  (71 ,86 ,164) .  

A f o u r t h  type of measurement seems t o  have p r a c t i c a l  imp l i ca t ions  f o r  
the  Colles  f r a c t u r e  (Paragraph 3 . 6 ) .  The r a d i a l  width measured on A.P. 
vieuws i s  the  d i s t a n c e  between the  l o n g i t u d i n a l  a x i s  and the  most 
l a t e r a l  point  of t h e  r a d i a l  s t y l o i d  (F igu re  2.1) .  

2.5 Conclusion 
Parameters f o r  e x t e r n a l  eva lua t ion  of motion i n  t h e  w r i s t  r eg ion  and mo- 
t o r  func t ion  of t h e  hand, and f o r  anatomical eva lua t ion  of t h e  d i s t a l  ra-  
d i u s ,  as f a r  as necessary f o r  t h i s  s tudy,  are w e l l  descr ibed i n  l i t e r a -  
t u re .  
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CHAPTER 3 

THE COLLES FRACTURE, REVIEUW OF LITERATURE 

3.1  H i s t o r i c a l  Review 
The f i r s t  d e s c r i p t i o n  of the Colles  f r a c t u r e  was probably given by 
Claude Pouteau i n  1783 (145) .  He w a s  t h e  f i r s t  t o  d i f f e r e n t i a t e  t h e  
f r a c t u r e  of t he  lower d i s t a l  r a d i u s  from wrist d i s l o c a t i o n s .  I n  1814, i n  
the Edinburgh Medical and Surg ica l  Journal t he  I r i s h  surgeon Abraham 
Colles ( 3 8 )  published an ar t ic le  "On t h e  f r a c t u r e  of t h e  c a r p a l  ex t r e -  
mi ty  of t h e  radius ."  I n  t h i s  paper he descr ibed t h e  d o r s a l l y  displaced 
r a d i u s  f r a c t u r e ,  occurr ing i n  t h e  d i s t a l  one and a h a l f  i nch ,  t h a t  now 
bears h i s  name. His method of t reatment  cons i s t ed  of t r a c t i o n  t o  reduce 
the  d i sp laced  f r a c t u r e  and a p p l i c a t i o n  of v o l a r  and d o r s a l  t i n  s p l i n t s .  
With g r e a t  self-assurance,  he remarked "The cases t r e a t e d  on t h i s  plan 
have a l l  recovered without  t h e  sma l l e s t  d e f e c t  on deformity of t h e  l imb, 
i n  the o rd ina ry  time f o r  t he  c u r e  of f r a c t u r e s " .  In  poorly t r e a t e d  f r a c t -  
u r e s ,  he s t a t e d  "One conso la t ion  on ly  remains, t h a t  t he  limb w i l l  a t  some 
remote period aga in  enjoy p e r f e c t  freedom i n  a l l  i t s  motion and be com- 
p l e t e l y  exempt from pain: t h e  deformity,  however, w i l l  remain undimi- 
nished through l i f e " .  

3 . 2  Def in i t i on  
The Colles f r a c t u r e  i s  regarded as a complete t r a n s v e r s e  f r a c t u r e  of t he  
d i s t a l  3 c m  of t he  r a d i u s  i n  a d u l t s  with d o r s a l  angu la t ion ,  d o r s a l  d i s -  
placement, r a d i a l  angu la t ion  and r a d i a l  displacement,  o f t e n  with a supi- 
na t ion  displacement and f r e q u e n t l y  with impaction of t h e  d i s t a l  f rag-  
ment (9 ,34 ,55 ,86 ,131 ,142 ,144 ,192) .  Some au thor s  a l s o  regard a non-dis- 
placed t r a n s v e r s e  f r a c t u r e  of t h e  d i s t a l  r a d i u s  t o  be a Col les  f r a c t u r e  
( 8 , 1 6 3 ) .  

3 . 3  Pathogenesis 
The Colles  f r a c t u r e  occurs  most o f t e n  a f t e r  a f a l l  on t h e  ou t s t r e t ched  
hand with the  wrist i n  d o r s a l  f l e x i o n  ( 9 , 2 3 , 7 3 ) .  The d i s t a l  end of t he  
r a d i u s  forms the  e n t i r e  bony a r t i c u l a t i o n  between t h e  forearm and the 
hand and i s  thus  s u b j e c t  t o  t h e  major f o r c e s  i n  a f a l l  on the  out- 
s t r e t c h e d  hand (41).  The ma jo r i ty  of t h e  energy however, i s  absorbed by 
the  s o f t  t i s s u e s  and j o i n t s  of t h e  hand (137) .  The t r a n s i t i o n  zone 
between t h e  dense c o r t e x  of t h e  s h a f t  and t h e  cancel lous d i s t a l  p a r t  
surrounded by only a t h i n  l a y e r  of c o r t i c a l  bone i s  a point  of l e a s t  
r e s i s t a n c e  and t h e r e f o r e  o f t e n  t h e  s i t e  of t h e  f r a c t u r e  (41 ,42 ,183) .  The 
amount of energy t o  produce a Colles  f r a c t u r e  decreases  with age ( 2 ) .  

Cadaver experiments s h o e d  t h a t  f r a c t u r e s  of t he  d i s t a l  r a d i u s  a r e  pro- 
duced when t h e  d o r s a l  f l e x i o n  of t h e  wrist v a r i e s  from 40 t o  90 degrees 
(73 ,111) .  The type of f r a c t u r e  depends on t h e  p o s i t i o n  of t he  wrist and 
the  d i r e c t i o n  and magnitude of t h e  v io l ence  ( 9 , 2 3 , 7 3 ) .  In  Colles  f r a c t -  
u r e s ,  t h e  u s u a l l y  sha rp ,  not  comminuted f r a c t u r e  on t h e  v o l a r  s i d e  con- 
t r a s t s  with t h e  comninuted fragments on t h e  d o r s a l  and r a d i a l  s i d e .  This 
suggests  t h a t  t h e  v o l a r  su r f ace  of t he  r a d i u s  may f i r s t  f r a c t u r e  by d i s -  
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t r a c t i o n  wi th  t h e  f r a c t u r e  propagat ing and compacting cance l lous  bone on 
t h e  d o r s a l  and r a d i a l  s i d e  which then becomes comminuted (54) .  This  com- 
minut ion of t h e  c o r t e x  i n v i t e s  d o r s a l  and r a d i a l  angu la t ion  of t h e  d i s -  
t a l  fragments (34,55) .  The periosteum on t h e  v o l a r  s i d e  r u p t u r e s .  The 
periosteum and t h e  f i b r o u s  p a r t  of t h e  tendon shea ths  on t h e  d o r s a l  sur-  
f a c e  as w e l l  as t h e  l igaments  on t h e  wrist remain e s s e n t i a l l y  i n t a c t  
(41,42,50).  

Both t h e  d i s t a l  radio-ulnar  j o i n t  as w e l l  as t h e  r ad io -ca rpa l  j o i n t  may 
be involved i n  t h e  f r a c t u r e  (73). Subluxation of t h e  radio-ulnar  j o i n t  
w i l l  occur only with l e s i o n s  of t h e  t r i a n g u l a r  f i b r o c a r t i l a g e ,  a t t ached  
t o  t h e  u lna r  s t y l o i d  and t h e  medio-dorsal p a r t  of t h e  d i s t a l  r ad ius .  
There can be a r u p t u r e  of t h e  f i b r o c a r t i l a g e  o r  an  a v u l s i o n  of one of 
i t s  i n s e r t i o n s  ( 7 4 ) .  Weigl and Sp i r a  (195) demonstrated by ar thrography 
t h a t  t h e  t r i a n g u l a r  f i b r o c a r t i l a g e  shows e i t h e r  p e r f o r a t i o n  o r  detach- 
ment i n  about 60 percent  of t h e  Co l l e s  f r a c t u r e s .  However, autopsy 
showed p e r f o r a t i o n  i n  4 1  pe rcen t  of normal wrists. Avulsion of t h e  u lna r  
s t y l o i d  process  accompanies Col les  f r a c t u r e s  i n  50 t o  60 percent  of t h e  
cases (9,31,55,71,109,183).  

3.4 Incidence 
The Colles f r a c t u r e  i s  one of t h e  most f r equen t  f r a c t u r e s  i n  man; on ly  
f r a c t u r e s  of f i n g e r s  and r i b s  are more f r equen t  (42,58) .  It accounts  f o r  
8-15% of a l l  bone i n j u r i e s  (76,86,183).  A l f r a m  and Bauer ( 2 )  found an in-  
c idence of 0.17% a year  i n  t h e  populat ion of a b i g  c i t y  i n  Sweden. The 
mean age i s  between 48 and 50 y e a r s  f o r  women and 45 yea r s  f o r  man 
(9,30).  Before t h e  age of f o r t y ,  t h e  inc idence  of Co l l e s  f r a c t u r e s  i s  
about equa l  i n  males and females.  In men, t h e  incidence rises but  
s l i g h t l y  from f o r t y  t o  e i g h t y  yea r s  of age,  whereas i n  women t h e  i n c i -  
dence rises 8-10 times from f o r t y  t o  s i x t y  a f t e r  which i t  remains con- 
s t a n t  (2,63,135). The o v e r a l l  male t o  female r a t i o  i s  about 1 t o  5 
(73,109).  This d i f f e r e n c e  c o r r e l a t e s  w i th  an inc reased  incidence of 
o s t eoporos i s  a f t e r  t h e  menopause i n  woman (12,135,147). 

3.5 C l i n i c a l  examination 
The c l i n i c a l  appearance i n  a markedly d i sp laced  Colles  f r a c t u r e  i s  that 
of t h e  classical  d inne r  f o r k  and bayonet deformity;  t h e  carpus and hand 
are  d i sp laced  i n  r e s p e c t i v e l y  a d o r s a l  and r a d i a l  d i r e c t i o n .  The u lna r  
s i d e  might show a v o l a r  prominence of t h e  d i s t a l  ulna (40,55). The hand 
i s  held i n  pronat ion and i s  somewhat f l exed .  Supinat ion i s  impossible.  
Act ive movement of hand and f i n g e r s  is  e i t h e r  markedly o r  completely 
l i m i t e d  (42 ) .  A f r a c t u r e  with displacement u s u a l l y  produces a l a r g e  
e x t r a v a s a t i o n  of blood and g r e a t  swe l l ing  which begins  qu ick ly  and may 
involve t h e  hand, f i n g e r s  and e n t i r e  forearm (41) .  

3.6 Radiographic examination 
Radiographic s t u d i e s  i n  both a n t e r i o r - p o s t e r i o r  and la te ra l  p r o j e c t i o n  
are r equ i r ed  t o  confirm t h e  d i a g n o s i s ,  t o  determine t h e  type of f r a c t u r e  
and t o  assess t h e  degree of displacement (21,73,109).  The Colles  f r a c t -  
u r e  must be d i s t i n g u i s h e d  from o t h e r  f r a c t u r e s  of t h e  d i s t a l  r a d i u s ,  
l i k e  t h e  Smith's  f r a c t u r e  with v o l a r  displacement of t h e  d i s t a l  f rag-  
ment , t h e  d o r s a l  Barton f r a c t u r e  ( d o r s a l  margin f r a c t u r e )  , t h e  v o l a r  
Barton ( v o l a r  margin f r a c t u r e )  and t h e  chauf feu r s  f r a c t u r e  ( i s o l a t e d  
r a d i a l  s t y l o i d  f r a c t u r e )  as these  r e q u i r e  a d i f f e r e n t  t reatment  (Figure 
3.1) (11,13,32,55,67,86). The Co l l e s  f r a c t u r e  however, r e p r e s e n t s  w e l l  
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Figure 3 . 1  D i f f e r e n t  types of d i s t a l  r a d i u s  f r a c t u r e s  

Col les  

Smith 's  

Dorsal Barton 

Volar Barton 

Chauffeurs 
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over 90 percent  of a l l  d i s t a l  r a d i a l  f r a c t u r e s  (86) .  Accompanying f r a c t -  
u r e s  o r  d i s l o c a t i o n s ,  i n  t h e  same ex t r emi ty  a r e  r a r e  (9,15,132).  Subluxa- 
t i o n  of t h e  d i s t a l  radio-ulnar  j o i n t  may be apparent  on t h e  l a t e r a l  pro- 
j e c t i o n ,  p a r t i c u l a r l y  i f  t h e  superimposed t r i q u e t r a l  shadow no longer  
l i es  i n  l i n e  with t h e  d i s t a l  ulna (55).  Volar ang le ,  r a d i a l  ang le  and 
r a d i a l  l e n g t h  can be measured t o  determine t h e  degree of displacement 
and impaction. Van der Linden and Ericson (112) added t h e  so-cal led 
r a d i a l  s h i f t ,  def ined as the  d i f f e r e n c e  i n  r a d i a l  width between the  i n -  
j u r e d  and uninjured s i d e  (F igu re  3.2). In t h e i r  opinion t h e  r a d i a l  s h i f t  
combined with t h e  v o l a r  angle  displacement ( v o l a r  ang le  d i f f e r e n c e  
between t h e  i n j u r e d  and uninjured w r i s t )  provides  enough information 
about t h e  displacement as t h e  two c r i te r ia  a r e  independent of each o t h e r .  

Figure 3.2 Radial  s h i f t  

4 

3.7 F rac tu re  c l a s s i f i c a t i o n  
Many d i f f e r e n t  c l a s s i f i c a t i o n s  of t h e  Colles  f r a c t u r e  have been develo- 
ped, depending on t h e  d i r e c t i o n  of displacement (51) ,  t h e  presence of i n -  
j u r y  t o  the  t r i a n g u l a r  f i b r o c a r t i l a g e  (126,187), t h e  l o c a l i s a t i o n  of 
f r a c t u r e  l i n e s  (150) , t h e  degree of c o m i n u t i o n  (110,139) , combinations 
of j o i n t  involvement and degree of displacement (74,76,109,163) o r  combi- 
n a t i o n s  of j o i n t  involvement and u l n a r  s t y l o i d  f r a c t u r e  (73). In one 
c l a s s i f i c a t i o n  system no less than 34 d i f f e r e n t  types were d i s t i n g u i -  
shed (59).  A t  p r e sen t  t h e  systems of Frylanan (73) and Sarmiento (163) 
have gained r ecogn i t ion  (35,43,50,55,172).  

Frylanan’s c l a s s i f i c a t i o n  i s  most f r e q u e n t l y  used. It i s  based on t h e  in -  
volvement of t h e  radio-carpal  j o i n t ,  radio-ulnar  j o i n t  and u l n a r  s t y l o i d  
and c o n s i s t s  of a scale of 8 d i f f e r e n t  types with an  i n c r e a s i n g l y  unfa- 
vourable  prognosis ( Figure 3.3) (73) .  

Sarmiento c l a s s i f i e d  Colles  f r a c t u r e s  i n t o  4 types ,  depending on d i s -  
placement and involvement of t h e  radio-carpal  j o i n t  (Figure 3.4) (163).  
Type 1 non-displaced f r a c t u r e s  without radio-carpal  j o i n t  involvement 
Type 2 d i sp laced  f r a c t u r e s  without radio-carpal  j o i n t  involvement 
Type 3 non-displaced f r a c t u r e s  with radio-carpal  j o i n t  involvement 
Type 4 d i sp laced  f r a c t u r e s  with radio-carpal  j o i n t  involvement 
According t o  Sarmiento (163) t h i s  c l a s s i f i c a t i o n  i s  based on anatomic, 
t h e r a p e u t i c  and p rognos t i c  cons ide ra t ions .  Type 1 and 3 are regarded as 
s t a b l e  f r a c t u r e s .  Type 2 ,  i f  properly reduced, might be s t a b l e ,  however, 
redisplacement might occur .  Type 4 i s  supposed t o  be t h e  most d i f f i c u l t  
and uns t ab le  f r a c t u r e .  
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Figure 3 . 3  Frykman's f r a c t u r e  c l a s s i f i c a t i o n  

Figure 3 . 4  Sarmiento's  f r a c t u r e  c l a s s i f i c a t i o n  

3.8 Management of t h e  i n j u r y  
The (lolles f r a c t u r e  should be regarded as an  i n j u r y  of t h e  w r i s t  r eg ion  
accompanied by a Co l l e s  type f r a c t u r e  of t h e  d i s t a l  r ad ius .  The i n j u r y  
i s  no t  o n l y  l i m i t e d  t o  the  bone. The damage t o  t h e  s o f t  t i s s u e s  should 
a l s o  be taken i n t o  c o n s i d e r a t i o n  (177) .  Not on ly  t h e  t reatment  of t h e  
f r a c t u r e  i n  a r e s t r i c t e d  sense ( technique of immobil isat ion o r  s t a b i l i -  
s a t i o n )  bu t  a l s o  a n a e s t h e s i a ,  method of r educ t ion ,  post-reduct ion care, 
r e h a b i l i t a t i o n  and prevent ion o r  t reatment  of complicat ions are p a r t  of 
t h e  management of t h e  i n j u r y  (109,177) .  
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3.8.1 Anaesthesia 
Seve ra l  forms of anaes thes i a  f o r  t he  r educ t ion  i n  d i sp l aced  f r a c t u r e s  
e x i s t .  Local i n f i l t r a t i o n  of 10-20 m l  of l i d o c a i n e ,  1 o r  2% i n t o  t h e  
f r a c t u r e  haematoma i s  commonly used (21,62,73,109,110).  Addit ional  in- 
f i l t r a t i o n  of t he  u lna r  s i d e  might be u s e f u l 1  (17,130). Dinley and 
Michel inalus  (53 )  found l o c a l  anaes thes i a  very e f f e c t i v e  and without  ad- 
v e r s e  e f f e c t s  o r  i n f e c t i o n  i n  280 p a t i e n t s .  General a n a e s t h e s i a  has t h e  
advantage of muscle r e l a x a t i o n  (36,76,83) but  i t s  use i s  l i m i t e d  because 
p a t i e n t s  cannot be t r e a t e d  on an o u t  p a t i e n t - b a s i s  (73) .  B u l t i t u d e  e t  a1 
(25)  i n  a p rospec t ive  s t u d y  p re fe red  i .v.  diazepam a lone  t o  g e n e r a l  an- 
a e s t h e s i a .  Regional intravenous a n a e s t h e s i a  (Biers anaes thes i a )  and a x i l -  
l a r y  plexus block a n a e s t h e s i a  have a l s o  been desc r ibed  a s  s a f e  pro- 
cedures  (36,84,85,146). 

3.8.2 Reduction 
Reduction i n  d i sp l aced  f r a c t u r e s  should be done as soon as p o s s i b l e  (109, 
144) a l though Frykman (73) found no s i g n i f i c a n t  d i f f e r e n c e  between imme- 
d i a t e  and 24 hours delayed reduct ion.  S a t i s f a c t o r y  r educ t ion  can almost 
always be secured by c losed  methods (46).Two methods a r e  commonly used: 
1. According t o  Charnley ( 3 4 )  impaction should be f r e e d  by hyperexten- 
s i o n ,  i m e d i a t e l y  followed by v o l a r  f l e x i o n  and pronat ion t o  "lock" t h e  
fragments (110) .  The u s u a l l y  i n t a c t  periosteum and f i b r o u s  p a r t s  of t h e  
tendon s h e a t h o n  t h e  d o r s a l  s u r f a c e  forms a s o f t  t i s s u e  "hinge" which 
must be kept  under t e n s i o n  t o  maintain t h e  r educ t ion  (46) .  However, 
hyperextension might add unnecessary a d d i t i o n a l  i n j u r y  t o  t h e  s o f t  tis- 
sues  (29 ,30 ) -  
2. B U h l e r  (20) desc r ibed  a method of t r a c t i o n  f o r  2-5 minutes t o  disimp- 
act  t h e  fragments.  Addit ional  manual p re s su re  i s  app l i ed  on the  d i s t a l  
fragments t o  o b t a i n  r educ t ion .  This method i s  f r e q u e n t l y  used (13,17,23, 
36,71). The t r a c t i o n  can e i t h e r  be app l i ed  manually (21)  o r  by t h e  use 
of g r a v i t y .  For the  l a t t e r  f i n g e r  t r a p  t r a c t i o n  i s  used f o r  about  15 
minutes with so c a l l e d  "Chinese f i n g e r  t r a p s " ,  while  c o u n t e r t r a c t i o n  i s  
achieved by a s l i n g  over t h e  humerus suspended on a weight of 3-10 kg 
with t h e  elbow f lexed t o  90 degrees  (13,24,36,50,56,159,182). 

In t h e  l i t e r a t u r e ,  no i n d i c a t i o n  was found f o r  t h e  amount of d i sp l ace -  
ment necessary t o  reduce t h e  f r a c t u r e  o r  how much displacement can be 
accepted without t h e  n e c e s s i t y  f o r  r educ t ion .  

3.8.3 Methods of f r a c t u r e  t reatment  
3.8.3.1 In t roduc t ion  
Many d i f f e r e n t  methods of immobil isat ion o r  s t a b i l i s a t i o n  have been de- 
s c r ibed .  The i n d i c a t i o n  f o r  t hese  d i f f e r e n t  methods i s  t h e  most contro-  
v e r s i a l  d e t a i l  i n  t h e  management of Col les  f r a c t u r e s  (109). This sug- 
g e s t s  t h a t  no method i s  completely s a t i s f a c t o r y .  The method chosen by 
t h e  au tho r s  r e f e c t  t h e i r  opinion on t h e  r e l a t i o n  between t h e  anatomical  
and f u n c t i o n a l  end r e s u l t .  To those who assume a c l o s e  c a u s a l  r e l a t i o n -  
s h i p ,  t h e  aim of t h e  t reatment  i s  t o  produce an anatomical  r educ t ion  and 
ma in ta in  t h i s  p o s i t i o n  t i l l  conso l ida t ion  (5,9,10,17,26,30,31,35~36,37, 
42 , 43,67,76,79 , 86 , 92 , 108,109 , 120,126 , 131 , 169 , 182 , 196). Others pointed 
o u t  t h a t  even a s i g n i f i c a n t  c o l l a p s e  of t h e  f r a c t u r e  fragments does not  
preclude a good f u n c t i o n a l  end r e s u l t  (30,56,139,159,175). To some a 
good f u n c t i o n a l  end r e s u l t  depends mainly on e a r l y  exercises and f a s t  
conso l ida t ion  (34,163).  According t o  Charnley (34) a c o n t r o l l e d  c o l l a p s e  
of the  cance l lous  bone i s  t h e  t reatment  of choice as t h i s  l e a d s  t o  quick 
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p e r i o s t e a l  union which i s  the b e s t  way t o  f u n c t i o n a l  recovery. Hudson 
and Rusnack (88)  and Spira  and Weigl (175) bel ieved t h a t  comminuted 
f r a c t u r e s  of t he  d i s t a l  r a d i u s  can hea l  only by shortening of t he  
r ad ius .  They performed no r educ t ion  a t  a l l ,  but t r e a t e d  comminuted 
f r a c t u r e s  with primary r e s e c t i o n  of t he  d i s t a l  ulna.  

The d i f f e r e n t  methods of t reatment  can be ca t egor i sed  i n :  
A. conservat ive t reatment  by: - immobilisation with p l a s t e r  c a s t s  

B. ope ra t ive  t reatment  by : - s k e l e t a l  f i x a t i o n .  
Operative t reatment  i s  mainly i n d i c a t e d  f o r  uns t ab le  f r a c t u r e s ;  s t a b l e  
f r a c t u r e s  usua l ly  a r e  t r e a t e d  conse rva t ive ly .  Cowinuted f r a c t u r e s  usual-  
l y  a r e  regarded a s  uns t ab le  ( 3 6 , 4 3 , 5 0 , 5 6 , 8 3 , 9 2 , 1 6 3 ) .  Cooney e t  a 1  (43) 
diagnosed i n s t a b i l i t y  i n  the  presence of much c o m i n u t i o n ,  severe d o r s a l  
angulat ion (20  degrees o r  more) o r  ex tens ive  i n t r a - a r t i c u l a r  involve- 
ment. Redis locat ion i s  proof of i n s t a b i l i t y  t o  o t h e r s  (69,86). Minimally 
displaced o r  non-displaced f r a c t u r e s  a r e  t r e a t e d  conse rva t ive ly  a s  t hese  
a r e  generaly considered t o  be s t a b i l e  (42,72,86,148,163). 

3.8.3.2 Immobilisation with p l a s t e r  c a s t s  
Nmerous techniques of p l a s t e r  c a s t  o r  s p l i n t  immobilisation have been 
developed. The p l a s t e r  should never extend beyond the  metacarpophalan- 
gea l  j o i n t s  and should permit f u l l  f i n g e r  motion (8,17,19,21,62,68,72,74, 
76,86,110,120,150,170,192). Most f r equen t ly  a below-the-elbow p l a s t e r  
c a s t  o r  s p l i n t  i s  used (17,19,21,34,68,71,73,109,110,120,150,170,173). 

- Pos i t ion  of t h e  wrist: 
A pos i t i on  of t he  wrist between vo la r  and d o r s a l  f l e x i o n ,  combined with 
moderate u lna r  d e v i a t i o n  according t o  B'6hler (12) i s  o f t e n  used (73,109, 
124,132). A p o s i t i o n  i n  moderate v o l a r  f l e x i o n  and moderate t o  f u l l  u l -  
na r  dev ia t ion  according t o  Charnley (34) i s  a l s o  common (17,67,68,72,74, 
76,110,120,150,170,192). The Cotton-Loder p o s i t i o n  of forced f u l l  palmar 
f l e x i o n ,  u l n a r  d e v i a t i o n  and p r o n a t i o n  ( 4 5 )  i s  a b o l i s h e d  nowadays 
because of i t s  a s s o c i a t i o n  with median nerve compression (75,86,117). 
Soren (173) placed the  w r i s t  i n  n e u t r a l  p o s i t i o n  and made inden ta t ions  
on the  r a d i a l  and d o r s a l  s i d e  of t he  p l a s t e r  t o  prevent displacement.  
Stewart e t  a 1  (180) concluded t h a t  t he  p o s i t i o n  of s p l i n t a g e  does not  
i n f luence  the  anatomical end r e s u l t  t o  a noteworthy degree.  

- s t a b i l i s a t i o n  with f u n c t i o n a l  braces  

- Pos i t ion  of t he  forearm: 
A below-the-elbow p l a s t e r  r e s u l t s  i n  a n e u t r a l  p o s i t i o n  of t he  forearm 
a s  pronat ion and sup ina t ion  a r e  not  f u l l y  r e s t r i c t e d  (17,21).  Some 
authors  proposed a sup ina t ion  p o s i t i o n  of t he  forearm with the  he lp  of 
an above-the-elbow plaster (12,55,62,113). Sarmiento e t  a1 (158) advoca- 
ted t h i s  p o s i t i o n  a s  EMG s t u d i e s  showed reduced muscle a c t i v i t y  of t he  
b r a c h i o r a d i a l i s  muscle i n  supinated forearms. They claimed t h a t  t h i s  
muscle, being a t t ached  t o  d i s t a l  end of t he  r ad ius ,  p l ays  an important 
r o l e  a s  a deforming f o r c e ,  causing r e d i s l o c a t i o n  i n  Col les  f r a c t u r e s .  
Others prefered an above-the-elbow p l a s t e r  with the  forearm i n  pronation 
(42,60,76,127) . Wahlstrijm (190) concluded i n  a prospect ive randomised 
s tudy t h a t  c o n t r a c t i o n  of t he  pronator  quadratus muscle, a t t ached  t o  the 
d i s t a l  r a d i u s ,  could cause r e d i s l o c a t i o n  resembling t h e  o r i g i n a l  deformi- 
ty .  This muscle c o n t r a c t s  mainly when the  forearm is  i n  sup ina t ion ,  
which makes the .pronat ion p o s i t i o n  more s u i t a b l e .  Both Hinding (87) and 
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Pool (144)  found i n  p rospec t ive  s t u d i e s  t h a t  an above-the-elbow p l a s t e r  
cast has no advantages over a below-thwlbow p l a s t e r .  

- Change of p l a s t e r :  
Often t h e  p l a s t e r  is  l e f t  unchanged f o r  t h e  whole immobil isat ion per iod.  
It  can be ad jus t ed  by a new bandage a f t e r  oedema has subsided (55) o r  
might be completed t o  a c i r c u l a r  p l a s t e r  a f t e r  some days (19,120).  Some- 
times the  p l a s t e r  i s  changed f o r  a complete new one (72,74,170). A com- 
p l e t e  c i r c u l a r  p l a s t e r  from t h e  beginning i s  seldomly used (124,173). 

- Casting mater ia l :  
Mainly p l a s t e r  of P a r i s  i s  used. New c a s t i n g  m a t e r i a l  l i k e  Isoprene 
(Or thop las t )  o r  polyurethane may have t h e  advantage over p l a s t e r  of 
Par is  of being l i g h t e r  and water r e p e l l e n t .  However, no d i f f e r e n c e  i n  
r e s u l t s  w a s  found with the  use of d i f f e r e n t  materials (151,160). 

3 . 8 . 3 . 3  Func t iona l  t reatment  
Sarmiento e t  a 1  (159,162,163) developed t h e  conse rva t ive  method of func- 
t i o n a l  bracing of Col les  f r a c t u r e s .  By use of an  e x t e r n a l  brace e a r l y  mo- 
t i o n  and func t ion  i s  made p o s s i b l e ,  without o p e r a t i v e  f i x a t i o n  of f r a c t -  
ure  fragments. The brace s t a b i l i s e s  t h e  f r a c t u r e ,  which i s  necessa ry  f o r  
r educ t ion  of pa in ,  maintenance of alignment and prevent ion of deformity,  
i t  does not  immobilise t h e  f r a c t u r e  fragments.  This approach i s  based on 
t h e  b e l i e f  t h a t  immobil isat ion of t h e  fragments and t h e  j o i n t s  above and 
below t h e  f r a c t u r e  i s  not  necessary f o r  f r a c t u r e  h e a l i n g  (107). It i s  
a l s o  based on t h e  f i n d i n g  t h a t  t h e  s o f t  t i s s u e s  of t h e  i n j u r e d  ex t r emi ty  
play a major r o l e  i n  providing t h e  s t a b i l i t y  necessary f o r  un in t e r rup ted  
os t eogenes i s .  Sarmiento and L a t t a  (163) suggested t h a t  e a r l y  motion a t  
t h e  f r a c t u r e  s i t e  enhances os t eogenes i s .  To support  t h i s  theory,  they 
remarked on t h e  rapid hea l ing  under cons t an t  motion of f r a c t u r e s  of cla- 
v i c l e s  and r i b s .  They demonstrated i n  l a b o r a t o r y  induced f r a c t u r e s  t h a t  
e a r l y  f u n c t i o n  l e a d s  t o  e a r l y  vascu la r  i nvas ion  (107).  The inc reased  in-  
growth of c a p i l l a r i e s  s t imu la t ed  by muscle a c t i v i t y  i s  accompanied by 
o s t e o b l a s t i c  and o s t e o c l a s t i c  a c t i v i t y .  As e a r l y  r e v a s c u l a r i s a t i o n  comes 
from t h e  surrounding t i s s u e s ,  osseous c a l l u s  forms f i r s t  i n  t h e  pe r i -  
phery, forming an osseous cap over t h e  f i b r o u s  c a l l u s  and haematoma. 
Early func t ion  thus  l e a d s  t o  e a r l y  p e r i o s t e a l  c a l l u s  which i s  mechanical- 
l y  s t rong .  This process  i s  t h e  qu ickes t  way t o  r e s t o r e  t h e  s t r e n g t h  of 
t h e  f r a c t u r e d  bone (107,129,161). Without movement of f r a c t u r e  fragments 
on the  o t h e r  hand p e r i o s t e a l  c a l l u s  i s  minimal ( 4 ) .  Here endos tea l  and 
end-tcrend b r idg ing  c a l l u s  predominates wi th  less s t r e n g t h  of t h e  cal- 
l u s  (129). Consequently, Sarmiento (163) s t a t e d  t h a t  " r i g i d  i n t e r n a l  
f i x a t i o n  of f r a c t u r e  fragments o r  complete immoblisation of t h e  i n j u r e d  
ex t r emi ty  v i o l a t e s  t h e  normal b i o l o g i c a l  processes  and changes t h e  man- 
ne r  i n  which t h e  f r a c t u r e  r e p a i r s  i t s e l f .  In  t h i s  case f r a c t u r e s  h e a l  
not  because they are f i x e d  o r  immobilised, but i n  s p i t e  of i t .  The e a r l y  
motion and func t ion  l e a d s  t o  a f a s t e r  and b e t t e r  f u n c t i o n a l  recovery,  
prevent ing s t i f f n e s s  and d i s a b i l i t y  which i s  o f t e n  encountered wi th  i m -  
m o b i l i s a t i o n  methods of t r ea tmen t .  Funct ional  t reatment  approximates t h e  
n a t u r a l  r e p a r a t i v e  processes  and the  r e h a b i l i s a t i o n  schemes which t h e  
body provides  through pa in  as normal b i o l o g i c a l  feedback mechanism." 
According t o  Sarmiento and Latta (163) undue a t t e n t i o n  has  been paid t o  
t h e  importance of anatomical r educ t ion  of t h e  fragments and maintenance 
of t h a t  p o s i t i o n  during hea l ing ,  s i n c e  t h e  i n t r o d u c t i o n  of r ad io logy  i n  
t h e  assessment of f r a c t u r e s .  
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Sanniento's  f u n c t i o n a l  bracing of Col les  f r a c t u r e s  c o n s i s t s  of two pha- 
s e s .  In the  f i r s t  week t h e  f r a c t u r e d  arm i s  immobilised i n  an above-the- 
elbow plaster s p l i n t  with the  elbow i n  f l e x i o n ,  t he  forearm i n  supina- 
t i o n  and the wrist i n  moderate u lna r  and vo la r  f l ex ion .  Af t e r  t h a t  t he  
s p l i n t  i s  changed f o r  an Isoprene brace t h a t  permits  motion of the elbow 
t i l l  t h e  las t  45 degrees of extension and permits  v o l a r  f l e x i o n  of t he  
w r i s t .  It prevents  pronat ion of t he  forearm and r a d i a l  dev ia t ion  and dor- 
s a l  f l e x i o n  of the wrist. The p o s i t i o n  of t h e  forearm remains i n  supina- 
t i on .  Although Sarmiento descr ibed t h a t  only e a r l y  v o l a r  f l e x i o n  with 
t h i s  brace i s  permit ted,  from the  shape of t he  brace i t  can be concluded 
t h a t  e a r l y  u lna r  dev ia t ion  i s  a l s o  poss ib l e .  Sarmiento e t  a1 (162) found 
i n  a prospect ive s tudy t h a t  d i sp l aced  f r a c t u r e s  f u n c t i o n a l l y  t r e a t e d  i n  
sup ina t ion  showed less r e d i s l o c a t i o n  than displaced f r a c t u r e s  funct ional-  
l y  t r e a t e d  i n  pronat ion.  No d i f f e r e n c e  between pronat ion and sup ina t ion  
pos i t i on  was seen i n  undisplaced f r a c t u r e s .  

Recently Sanniento 's  f u n c t i o n a l  bracing of Col les  f r a c t u r e s  a l s o  has 
been used by o t h e r s  (16,26,33,178). Stewart e t  a 1  (178) descr ibed i n  
1984 a n  even more f u n c t i o n a l  bracing method with a below-the-elbow brace 
t h a t  only prevents  d o r s a l  f l e x i o n  of t he  wrist. Pronation and sup ina t ion  
a r e  not f u l l y  r e s t r i c t e d .  

3.8.3.4 S k e l e t a l  f i x a t i o n  
The advocates of s k e l e t a l  f i x a t i o n  a l l  assume a c l o s e  causa l  r e l a t i o n -  
s h i p  between the anatomical end r e s u l t  and f u n c t i o n a l  end r e s u l t .  Ske- 
l e t a l  f i x a t i o n  i s  mainly used f o r  uns t ab le  and comminuted f r a c t u r e s .  

Various methods of o p e r a t i v e  f i x a t i o n  a r e  recommended. B'6hler (22) de- 
veloped a method of self-contained t r a c t i o n ,  by inco rpora t ing  Kirschner 
wires o r  pins  i n  p l a s t e r .  Many v a r i a t i o n s  on t h i s  technique have been 
proposed by placing the  wires o r  pins  i n  d i f f e r e n t  places  (24,36,46,79, 
83,79,83,121,164). De  Palma ( 5 0 )  descr ibed a method of u lna r  pinning,  
f i x i n g  the  reduced d i s t a l  r a d i u s  t o  the  ulna.  In  another  method, wires 
were d r i l l e d  through t h e  r a d i a l  s t y l o i d  (10,13,39,40,108). Kapanji (94) 
used i n t r a  f o c a l  n a i l i n g  t o  f i x  t h e  fragments. Rush and Rush (154,159,) 
recowended i n t e r n a l  f i x a t i o n  of t h e  r a d i u s  by an intramedullary pin.  In  
the  Roger Anderson technique ( 5 )  an e x t e r n a l  bar l i n k s  percutaneous pins 
i n s e r t e d  i n t o  the  second and t h i r d  metacarpal bones and t h e  d i s t a l  ra- 
d ius  (12,43,44) .  The lbffman e x t e r n a l  f i x a t i o n  (18) , t h e  Hoffman mini- 
e x t e r n a l  f i x a t i o n  (98) , t he  m a l l  A.0.-external device (91)  , t h e  Wagner 
dis t ract ion-compression device (122) and o the r  e x t e r n a l  f i x a t i o n  devices  
(43,167) have a l l  been recowended i n  the  t reatment  of comminuted Colles  
f r a c t u r e s .  Forgon (69)  app l i ed  a mini-external f i x a t i o n ,  f i x i n g  the  d i s -  
t a l  fragment t o  the  metaphyseal p a r t  of t he  r a d i u s  t o  prevent immobili- 
s a t i o n  of t h e  wrist j o i n t .  I n t e r n a l  f i x a t i o n  of Col les  f r a c t u r e s  i s  se l -  
domly used (105). To Marti and Polomski (122) abso lu te  i n d i c a t i o n s  f o r  
open i n t e r n a l  f i x a t i o n  and cancel lous bone g r a f t  a r e  t h e  comminutive i m -  
pression f r a c t u r e s  i n  which the  s o f t  t i s s u e  hinge has no func t ion  i n  
c losed reduct ion.  Intramedullary methylmethacrylate has a l s o  been des- 
cr ibed a s  a method of s k e l e t a l  f i x a t i o n  (104). 

No pub l i ca t ions  on prospect ive comparative c l i n i c a l  t r i a l s  could be 
found concerning s k e l e t a l  f i x a t i o n  methods i n  Col les  f r a c t u r e s .  
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3.8.4 Management of a compartment syndrome 
The management of a compartment syndrome i s  mentioned s e p a r a t e l y  as i t s  
occurrence demands a d e p a r t u r e  from t h e  usua l  management - Zimmerman 
(202) regarded Colles f r a c t u r e s  i n  young p a t i e n t s  t o  be high energy i n j u -  
ries with a subsequent r i s k  of a compartment syndrome i n  t h e  forearm. He 
advised v o l a r  fasciotomy and decompression of t h e  c a r p a l  t unne l  i n  t h i s  
type of i n j u r y  o r  i n  s i g n s  of ischaemia.  Af t e r  decompression and reduc- 
t i o n  skeletal  f i x a t i o n  i s  app l i ed .  Only one case r e p o r t  was found on 
p res su re  recording i n  a compartment syndrome r e l a t e d  t o  a Co l l e s  f r a c t -  
u re  (125) .  

3.8.5 The post-reduct ion per iod 
The post-reduct ion per iod i s  t h e  per iod between t h e  a p p l i c a t i o n  and t h e  
removal of t he  p l a s t e r ,  brace o r  f i x a t i o n  device.  The p a t i e n t  should be 
i n s t r u c t e d  on t h e  d i f f e r e n t  s i d e  e f f e c t s  of t h e  i n j u r y  and management 
l i k e  swe l l ing ,  numbness and d i s c o l o r a t i o n  of t h e  f i n g e r s  (68) .  The use 
of a s l i n g  t o  prevent swe l l ing  i s  recommended f o r  1 t o  4 days (17,68,72, 
150). Finger ,  elbow and shoulder  e x e r c i s e  from t h e  beginning, are of 
g r e a t  importance ( 5 , 8 , 9 , 4 2 , 4 7 , 6 2 , 6 8 , 7 2 , 8 3 ) .  

In  conse rva t ive  t reatment  , t h e  reconmended immobil isat ion o r  s t a b i l i s a -  
t i o n  time i s  r e l a t i v e l y  s h o r t ;  3 weeks (142) ,  4 weeks (17,62,72,76,124, 
170) , 5 weeks (21,58,73,109,150) o r  6 weeks (13,74,80,111,120,163,173, 
192) are mentioned. Wahlstrom e t  a1 (191) demonstrated by bone scanning 
t h a t  uns t ab le  f r a c t u r e s  are healed and s t a b l e  a f t e r  28 days and do not 
need longer  immobil isat ion.  For minimally and non-displaced f r a c t u r e s ,  3 
t o  4 weeks immobil isat ion i s  advised (42,72,86,148). 

S k e l e t a l  f i x a t i o n  r e q u i r e s  a longer  immobil isat ion per iod because of t h e  
slow union of t h e  d i s t r a c t e d  fragments.  The recommended immobilisation 
per iod ranges from 6-8 weeks (24,36,77,83,122) and 8-10 weeks (56,79, 
164) up t o  12 weeks (5 ) .  

3.8.6 The r e h a b i l i t a t i o n  per iod 
The r e h a b i l i t a t i o n  per iod extends from t h e  removal of t h e  p l a s t e r ,  brace 
of f i x a t i o n  device u n t i l  f u l l  recovery of func t ion .  Funct ional  e x e r c i s e s  
should s t a r t  immediately. Active f u n c t i o n a l  e x e r c i s e s  should be done by 
t h e  p a t i e n t  himself , under proper medical  supe rv i s ion  (73,86).  Physical  
therapy i s  i n d i c a t e d  f o r  p a t i e n t s  with poor motivat ion and when appro- 
p r i a t e  f u n c t i o n a l  progress  is  absen t  (67,86). The average time o f f  work 
a f t e r  a Co l l e s  f r a c t u r e  i s  2 t o  3 months (31,164,172). A period of 4 
months can be regarded as a reasonable  t i m e  be fo re  f u l l  a c t i v i t y  can be 
resumed (86) .  However, t h e  f i n a l  degree of recovery cannot be judged 
with c e r t a i n t y  u n t i l  a year  a f t e r  t h e  i n j u r y  (68,76).  The g r i p  s t r e n g t h  
of t h e  hand seems a va luab le  parameter t o  assess t h e  r e h a b i l i t a t i o n  a s  
i t  g i v e s  a good i n d i c a t i o n  of t h e  extremities' a b i l i t y  t o  func t ion  
(141).  In a review of 156 C o l l e s  f r a c t u r e s ,  Sarmiento e t  a1 (162) con- 
cluded t h a t  e a r l y  f u n c t i o n  v i a  f u n c t i o n a l  bracing i n  sup ina t ion  l e a d s  t o  
e a r l y  recovery of range of motion and r e h a b i l i t a t i o n ,  a l though they 
never compared t h i s  with o t h e r  methods of t reatment .  Both Bunger e t  a1  
(26)  i n  1984 and S t e w a r t  e t  a1 (178) i n  1984 d id  not  found any d i f f e r -  
ence i n  speed of recovery between f u n c t i o n a l  b rac ing  and below-the-elbow 
p l a s t e r  immobil isat ion.  
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3.9 Complications 
Complications i n  Col les  f r a c t u r e s  are important  causes  f o r  unsa t i s f ac -  
t o r y  f u n c t i o n a l  end r e s u l t s  (73).  Cooney e t  a1  (44) found 31% s e r i o u s  
complicat ions i n  564 Colles  f r a c t u r e s .  The fol lowing main groups of 
complicat ions can be d i s t i n g u i s h e d :  
1. Complications of a p p l i e d  techniques 7. Loss  of r a d i o - u l n a r i n t e g r i t y  
2 .  Redi s loca t ion  
3. Nerve i n j u r i e s  
4. Tendon i n j u r i e s  
5 .  Sudeck dystrophy 
6. Malunion 

8. Post-traumatic a r t h r i t i s  
9. Loss of motion and func t ion  

10. P e r s i s t e n t  pa in  
11. Dupuytren c o n t r a c t u r e  

3.9.1 Complications of a p p l i e d  techniques 
Plaster  casts o r  s p l i n t s  may cause p re s su re  s o r e s  (44) .  I f  a p l a s t e r  i s  
too t i g h t ,  o e d w a  of t h e  hand w i l l  develop. In long l a s t i n g  oedema f i b r i -  
ne exudate induces f i b r o s i s  (80,82,103). S k e l e t a l  f i x a t i o n  may cause 
o s t e i t i s ,  p in  t ract  i n f e c t i o n ,  u l c e r a t i o n ,  p i n  breakage, neuropathy and 
s t i f f  wrists. Green (79) experienced p in  t r a c t  drainage i n  one t h i r d  of 
h i s  p a t i e n t s  t r e a t e d  wi th  p ins  i n  p l a s t e r  technique.  Marsh and Teal 
(121) found with t h e  same technique i n  8% p a r a e s t h e s i a  and i n  8% p in  
tract  i n f e c t i o n .  With t h e  use of t h e  Roger Andersen e x t e r n a l  pin f ixa -  
t i o n  Cooney e t  a1 (43) r epor t ed  i n  12% p in  loosening.  

3.9.2 Red i s loca t ion  
No commonly accepted d e f i n i t i o n  of r e d i s l o c a t i o n  was found. The indica-  
t i o n  f o r  r e reduc t ion  i s  no t  uniform; r e d i s l o c a t i o n  more than 10-15 dor- 
s a l  angu la t ion ,  4 mm r a d i a l  l e n g t h  s h i f t  o r  10' o r  r a d i a l  angle  s h i f t  
have been mentioned (17,37).  C o l l e r t  and Isacson (37) advised rereduc- 
t i o n  a f t e r  2 weeks because t h e  f r a c t u r e  i s  then " s t i cky"  and w i l l  not  
r e d i s l o c a t e  again.  Cooney e t  a1 (44) r epor t ed  a s u c c e s s f u l 1  r e reduc t ion  
i n  92%. The recommended t reatment  a f t e r  r educ t ion  v a r i e s  from a new 
p l a s t e r  t o  e x t e r n a l  f i x a t i o n  (44,92).  

0 

3.9.3 Nerve i n j u r i e s  
Nerve i n j u r i e s  a s s o c i a t e d  wi th  Colles  f r a c t u r e s  are u s u a l l y  r epor t ed  i n  
0.2% t o  5% of t h e  cases  (31,73,86,117,180). Mostly these  concern t h e  
median nerve i n  i t s  course through t h e  c a r p a l  tunnel .  Stewart  e t  a 1  
(179) found a c a r p a l  t unne l  syndrome i n  17% t h r e e  months a f t e r  t h e  f r a c t -  
ure .  Ea r ly  median neuropathy i s  a s s o c i a t e d  with r educ t ion ,  d i r e c t  nerve 
damage a t  t h e  time of t h e  i n j u r y ,  haematoma, swe l l ing  o r  t h e  Cotton- 
Loder p o s i t i o n  of immobil isat ion (44,86,117,149). Gelberman e t  a1 (75) 
however, found no c o r r e l a t i o n  between t h e  amount of swe l l ing  and t h e  car-  
pa l  cana l  i n t e r s t i t i a l  p r e s s u r e s -  An a c u t e  c a r p a l  t unne l  syndrome should 
undergo imnediate o p e r a t i v e  decompression (44,75,192). Transient  median 
nerve symptoms a r e  common and u s u a l l y  caused by haemorrhage and s w e l -  
l i n g .  Expectant t reatment  r e s u l t s  i n  complete c u r e  i n  most of t h e  cases  
(119,176). Delayed median nerve i n j u r y  t h a t  u s u a l l y  occurs  a f t e r  6 weeks 
i s  caused by excessive c a l l u s  formation,  degene ra t ive  d i s e a s e s ,  d i s -  
placed bone fragments o r  malunion (44,86,101,133,149). Stewart  e t  a1 
(179) found no c o r r e l a t i o n  between nerve compression and i n i t i a l  d i s -  
placement; t h e  f i n a l  v o l a r  angle  s h i f t  however seemed a s s o c i a t e d  with 
t h e  delayed c a r p a l  t unne l  syndrome. Operative decompression i s  ind ica t ed  
i f  pain and l o s s  of s e n s a t i o n  are seve re  (31,43,176,180). Only a few 
au thor s  (117,180) used electromyographic s t u d i e s  i n  s t a b i l i s i n g  the  diag- 
n o s i s  and making an i n d i c a t i o n  f o r  surgery.  
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Ulnar nerve compression is rare (31 ,73 ,155,168,203) .  Paraesthesia of the 
radial nerve is uncommon and usually clears up spontaneously within a 
few weeks ( 4 1 ) .  

3.9.4 Tendon injuries 
Spontaneous rupture of the extensor pollicis longus tendon is reported 
from 0.4 till 1% (31 ,44 ,48 ,73 ,165) .  It occurs usually 6 to 1 2  weeks 
after the trauma and is mostly seen after undisplaced or minimally dis- 
placed fractures (44,48,61,73,165) .  The rupture almost invariably occurs 
in the bony groove on the distal radius ( 4 8 ) .  The cause might be mechani- 
cal, through laceration of the tendon by bone fragments or callus or by 
a crush injury of the tendon during the hyperextension trauma ( 4 9 , 1 8 1 ,  
188,192,198) .  In another theory a vascular aetiology is proposed; in- 
creased pressure in the non ruptured tendon sheeth due t o  hematoma or 
laceration of the mesotendon might disturbe the blood supply causing de- 
generation and rupture of the tendon ( 6 1 , 4 8 , 1 7 1 ) .  Tendon transfer of the 
extensor indicis proprius is the most commonly used procedure with ex- 
cellent results (1 65,181 , 1 9 4 ) .  
Rupture of other tendons have been mentioned in connection with a Colles 
fracture but are extremely uncommon (44 ,118,138,156,174,199) .  Stenosing 
tendosynovitis is reported in 0.6-1.4% ( 3 0 , 1 0 3 , 1 7 4 ) .  

3.9.5 Sudeck dystrophy 
Sudeck dystrophy is a term that encompasses a wide clinical spectrum and 
is closely related or identical with conditions like post-traumatic re- 
flex dystrophy, post-traumatic sympathetic dystrophy, shoulder hand (fin- 
ger) syndrome , osteoneurodystrophy and causalgic syndrome ( 7 ) .  The inci- 
dence in Colles fractures varies from 0.1% t o  16% and should be suspec- 
ted when pain, swelling and stiffness are out of proportion to the seve- 
rity of the injury ( 9 , 4 4 , 7 2 , 7 3 , 8 6 , 1 0 6 , 1 0 9 ) .  It leads to a high degree of 
disability ( 7 3 ) .  Three different stages can be distinguished (Table 3 . 5 )  
(7 , 90,106,186) .  

T a b l e  3.5 S t a g e s  i n  Sudeck d y s t r o p h y  

S t a g e  1: 
- puf fy  oedema 
- r e d n e s s ,  hyperaemia 
- pronounced p a i n  o u t  of p r o p o r t i o n  t o  t h e  

- h y p e r e s t h e s i a  
- h y p e r h i d r o s i s  
- r e d n e s s  over t h e  me taca rpopha langea l  and 

- l i m i t a t i o n  of movement 
- a f t e r  3-4 weeks beg inn ing  o f  s p o t t y  

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

i n i t i a l  i n j u r y  

p rox ima l  i n t e r p h a l a n g e a l  j o i n t s  

S t age  2: 
- f u s s i f o r m  s w e l l i n g  
- t i g h t  s h i n y  s k i n  
- i n c r e a s i n g  d i f f u s e  p a i n  

- h y p e r h i d r o s i s ,  hyperaemia 
- motion c o n t i n u e s  t o  d e c r e a s e  
- j o i n t s  become f i x e d  
- a c u t e  n o d u l e s  due t o  palmar f a s c i t i s  
- a t r o p h y  of t h e  subcu taneous  t i s s u e s  
- s c a n t y  h a i r  g rowth  a f t e r  1 y e a r  
- b r i t t l e  n a i l s  
- s p o t t y  d e m i n e r a l i s a t i o n  or p o l a r  de- 

m i n e r a l i s a t  ion 

Stage  3: 
- hand : p a l e  c o l o r ,  c o o l  and d r y  
- s k i n  : t h i n ,  t i g h t l y  s t r e t c h e d  w i t h  

- wide s p r e a d  n e u r a l g i a  
- s t i f f  hand 
- d i f f u s e  d e m i n e r a l i s a t i o n  of bone 

g l o s s y  appea rance  
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The a e t i o l o g y  i s  not  y e t  c l e a r l y  understood. Among c o n t r i b u t i n g  f a c t o r s ,  
sympathet ic  o v e r - a c t i v i t y ,  vasomotor r e f l e x e s ,  c i r c u l a t o r y  i n s u f f i c i e n -  
c y ,  oedema, t r a u n a t i c  f r a c t u r e  r educ t ion ,  r e r e p o s i t i o n ,  f r equen t  changes 
of c a s t s ,  malunion, psychological  f a c t o r s  and endogenous f a c t o r s  have 
been mentioned (7 ,47 ,57 ,70 ,73 ,106 ,136 ,143) .  I n  t h e  t reatment  sympathetic 
blocks,  sympathectomy, guane th id ine  b locks ,  c o r t i c o s t e r o i d s ,  vasod i l a t a -  
t o r s ,  a n a l g e s i c s ,  immobil isat ion,  a c t i v e  physiotherapy and hydroxyl r ad i -  
c a l  s c a v e n g e r s  have  been  a d v o c a t e d  ( 4 2 , 5 7 , 7 0 , 7 8 , 1 0 6 , 1 3 6  , 1 9 2 ) .  Some 
au thor s  bel ieved t h a t  if a c t i v i t y  i s  c a r r i e d  ou t  from the  beginning, 
t h i s  complicat ion i s  very r a r e ;  t h e y  regarded a c t i v e  e x e r c i s e s  t o  be t h e  
b e s t  prophylaxis  (7,103,136,148). 

3.9.6 Malunion 
No commonly accepted c r i t e r i a  f o r  malunion could be found. Malunion, 
mostly r e s u l t i n g  from r e d i s l o c a t i o n  , might cause l i m i t a t i o n  of motion, 
cosmetic deformity and pain (44)  .Some au thor s  adv i seda  c o r r e c t i v e  wedge 
osteotomy with i n t e r p o s i n g  c o r t i c o c a n c e l l o u s  bone g r a f t s ,  e s p e c i a l l y  i n  
young p a t i e n t s  with an angu la t ion  deformity (44,65,166,193). 

3.9.7 Loss of radio-ulnar  i n t e g r i t y  
Loss of radio-ulnar  i n t e g r i t y  i s  caused d i r e c t l y  by ex tens ion  of t he  
f r a c t u r e  i n t o  t h e  j o i n t  o r  i n d i r e c t l y  by shor t en ing  of t h e  r a d i u s  (86, 
100). Symptoms inc lude  r e s t r i c t e d  p a i n f u l 1  pronat ion and sup ina t ion  some- 
times with a d i s t u r b i n g  c l i c k ,  weakness of g r i p ,  p e r s i s t a n t  pain on com- 
p res s ing  t h e  d i s t a l  u lna  and radio-ulnar  j o i n t ,  p ro t rud ing  d i s t a l  ulna 
and l a x i t y  of t h e  d i s t a l  radio-ulnar  j o i n t  (1,73,86,109,116). The l a t te r  
can be a s ses sed  c l i n i c a l l y  by moving the  u l n a r  head up and downwards i n  
comparisson wi th  t h e  un in ju red  s i d e  (66,113). kylanan (73) found an in -  
c idence of 19% and regard i t  an important  cause of u n s a t i s f a c t o r y  funct-  
i o n a l  end r e s u l t s .  For most a u t h o r s ,  r e s e c t i o n  of t h e  d i s t a l  ulna 
(Darrag procedure) i s  t h e  t reatment  of choice f o r  complaints r e s u l t i n g  
from l o s s  of radio-ulnar i n t e g r i t y  (34,46,52,65,195).  Good r e s u l t s ,  pain- 
less motion i n  t h e  wrist r eg ion  and improved cosmetic appearence have 
been r epor t ed  a f t e r  t h i s  procedure (1,44,46,65,116,140). 

3.9.8 Post- t raumatic  a r t h r i t i s  
Post-traumatic a r t h r i t i s  i s  r epor t ed  from less then 5% t o  over 40% (44, 
73,74,109,113,170). This discrepancy arises from t h e  use of d i f f e r e n t  
d e f i n i t i o n s  ( 8 6 ) .  Some based t h e  d i agnos i s  on symptoms of p a i n f u l  motion 
and mechanical o b s t r u c t i o n  (44).  Others on r ad iog raph ic  c r i te r ia  l i k e  
narrowing of t h e  j o i n t  space,  s c l e r o s i s ,  subchondral c l e a r i n g  and osteo- 
phyte formation (17,74,170).  It i s  seen e s p e c i a l l y  a f t e r  i n t r a - a r t i c u l a r  
f r a c t u r e s .  No r e p o r t s  on t h e  onse t  were found. Se lec t ed  cases have been 
t r e a t e d  by w r i s t  f u s i o n ,  proximal row carpectomy o r  t o t a l  p r o s t h e t i c  
a r t h r o p l a s t y  (44,86).  

3.9.9 Loss of motion and f u n c t i o n  
No g e n e r a l l y  accepted c r i te r ia  f o r  l o s s  of motion and func t ion  were 
found. I n  Bacorn and Kurtzke's ( 9 )  r e t r o s p e c t i v e  s tudy of 2132 cases, 
only 3% had no permanent l o s s  of func t ion .  The most f r equen t  ermanent 
d e f e c t  was  reduced v o l a r  f l e x i o n  i n  95%. Frylanan (73) found 10 o r  more 
l o s s  of motion i n  7 7 %  of 431 Colles  f r a c t u r e s .  Loss of g r i p  s t r e n g t h  i s  
recorded i n  24 t o  54% (9,31,73,164). Finger s t i f f n e s s  i s  found i n  1 t o  
18% (73,74,159). Lloyd and Stangel  (114) noted i n  80% reduced s t r e n g t h  
of pronat ion and sup ina t ion ,  being un re l a t ed  t o  t h e  degree of malunion. 
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3.9.10 P e r s i s t e n t  pa in  
P e r s i s t e n t  pain i s  f r e q u e n t l y  a s s o c i a t e d  wi th  p rev ious ly  mentioned com- 
p l i c a t i o n s .  It i s  desc r ibed  s e p a r a t e l y  as t h i s  complaint might be t h e  
most annoying r e s i d u a l  f a c t o r  f o r  t h e  p a t i e n t .  Frykman (73)  found p e r s i s -  
t e n t  pa in  i n  27% of h i s  p a t i e n t s .  Castain (31) r epor t ed  moderate t o  seve- 
re  pain i n  39% i n  h i s  series. Wringing ou t  c l o t h e s ,  t u r n i n g  doorknobs, 
heavy l i f t i n g ,  p rona t ion  and sup ina t ion  under stress appear t o  be 
f r e q u e n t l y  p a i n f u l  f o r  a year  a f t e r  t h e  i n j u r y  (30) .  During t h e  same 
period changes of weather might be a s s o c i a t e d  with pa in  (30,86).  

3.9.11 Dupuytren c o n t r a t t u r e  
Some au thor s  mentioned t h e  occurrence of a Dupuytren c o n t r a c t u r e  i n  0.2 
t o  3% of the  cases (9,31,39,44).  Stewart  e t  a1 (179) found i n  23 of 
t h e i r  209 p a t i e n t s  palmar nodules and bands, s ix  months a f t e r  t h e  i n j u r y .  

3.10 Evaluat ion of t h e  end r e s u l t s  
To eva lua te  t h e  s u b j e c t i v e ,  f u n c t i o n a l ,  cosmetic and anatomical  end re- 
s u l t s  a f t e r  Col les  f r a c t u r e s ,  many d i f f e r e n t  s co r ing  systems have been 
used. Lidstrom (109) developed c l a s s i f i c a t i o n s  t o  s c o r e  t h e  f u n c t i o n a l  
end r e s u l t ,  anatomical  end r e s u l t  and cosmetic end r e s u l t  (Table 3.6, 
3.7, 3.8). These were used and modified by o t h e r s  (17,73,162).  Gart land 
and Werley (74) developed a f u n c t i o n a l  end r e s u l t  s co re  system, based on 
t h e  Mc Br ide ' s  (128)  d i s a b i l i t y  e v a l u a t i o n  (Table 3.9).  It has been used 
by v a r i o u s  a u t h o r s  (36,50,56,69) and modified by o t h e r s  (26,31,43,115, 
121,152,162,178). Many a u t h o r s  designed t h e i r  own systems o r  c l a s s i f i c a -  
t i o n s  f o r  t h e  f u n c t i o n a l  and anatomical  end r e s u l t  (30,36,79,88,123,139, 
142,164,169,170,175). 

Table 3.6 Funct iona l  end r e s u l t  c l a s s i f i c a t i o n  of LidstriJm (109) 

1. Excel len t :  
Funct ion of t h e  w r i s t  unimpaired. No s u b j e c t i v e  symptoms. No deformi ty .  Loss of d o r s a l  
f l e x i o n  o r  palmar f l e x i o n  not  exceeding 15 degrees .  

Funct ion of t h e  w r i s t  unimpaired. Negl ig ib le  s u b j e c t i v e  symptoms. Deformity accepted i f  
not  producing s u b j e c t i v e  symptoms. 

Funct ion of t h e  w r i s t  l e s s  s a t i s f a c t o r y  f o r  a c t i v i t i e s  r e q u i r i n g  s p e c i a l  s t r e n g t h  o r  
extreme movements which must be avoided.  Most pre- in jury  a c t i v i t i e s  p o s s i b l e .  Loss of 
motion,  even i f  s e v e r e  i s  accepted  i f  no t  a s s o c i a t e d  wi th  s u b j e c t i v e  symptoms. 

Working c a p a c i t y  diminished o r  g e n e r a l  way of l i f e  a f f e c t e d .  Cases wi th  cont inuous pain.  

2 .  Good: 

3. F a i r :  

4.  poor: 

Table 3.7 Anatomical end r e s u l t  c l a s s i f i c a t i o n  of Lidstram (109)  

1. No o r  i n s i g n i f i c a n t  deformi ty :  d o r s a l  a n g u l a t i o n  not  exceeding 0 degrees  o r  shor ten ing  

2 .  S l i g h t  deformi ty :  d o r s a l  a n g u l a t i o n  of 1-10 degrees  and/or  shor ten ing  of 3-6 mm 
3. Moderate deformi ty :  d o r s a l  a n g u l a t i o n  of  11-14 degrees  and/or  s h o r t e n i n g  of 7-11 mm 
4 .  Severe deformi ty :  d o r s a l  a n g u l a t i o n  exceeding 15 degrees  o r  shor ten ing  of a t  l e a s t  12mm 

of less than  3 mm 

The shor ten ing  i s  measured wi th  t h e  non-injured wrist a s  a s tandard  
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Tab le  3.8 Cosmetic  end r e s u l t  c l a s s i f i c a t i o n  of LidstrBm (109) 

1. Normal appea rance  
2 .  Normal appea rance  e x c e p t  f o r  prominence of t h e  u l n a r  head 
3 .  S l i g h t  r a d i a l  d e v i a t i o n  
4 .  Moderate t o  pronounced r a d i a l  d e v i a t i o n ,  d i n n e r  f o r k  d e f o r m i t y  

Tab le  3 . 9  F u n c t i o n a l  end r e s u l t  s c o r e  system of G a r t l a n d  and Werley ( 7 4 )  

Res idua l  d e f o r m i t y  
Prominent u l n a r  s t y l o i d  1 
Res idua l  d o r s a l  t i l t  2 
R a d i a l  d e v i a t i o n  of hand 2-3 

s c o r e  r ange  0-3 

S u b j e c t i v e  e v a l u a t i o n  
E x c e l l e n t :  no p a i n ,  d i s a b i l i t y  o r  
l i m i t a t i o n  o f  motion 0 
Good: o c c a s i o n a l  p a i n ,  s l i g h t  l i m i -  
t a t i o n  of mot ion ,  no d i s a b i l i t y  2 
F a i r :  o c c a s i o n a l  p a i n ,  some l i m i t a -  
t i o n  of motion,  f e e l i n g  of  weakness 
i n  w r i s t ,  no p a r t i c u l a r  d i s a b i l i t y  
i f  c a r e f u l ,  a c t i v i t i e s  s l i g h t l y  r e -  
st r i c t e d  4 
Poor: p a i n ,  l i m i t a t i o n  of motion, 
d i s a b i l i t y ,  a c t i v i t i e s  more o r  l e s s  
markedly r e s t r i c t e d  6 

s c o r e  r ange  0-6 

O b j e c t i v e  e v a l u a t i o n  
Loss of d o r s a l  f l e x i o n  ( < 4 5 O )  5 
Loss  of v o l a r  f l e x i o n  ( < 3 0 ° )  1 
Loss of u l n a r  d e v i a t i o n  (<15') 3 
L o s s  of r a d i a l  d e v i a t i o n  (<15') 1 
Loss of s u p i n a t i o n  (<50°)  2 
Loss of p r o n a t i o n  (<50°) 2 * 
Loss of c i r cumduc t ion  1 
Pa in  i n  d i s t a l  r a d i o - u l n a r  j o i n t  1 
G r i p s t r e n g t h  <60% of u n i n j u r e d  s i d e  1 * 

s c o r e  r ange  0-5 

Compl i ca t ions  
A r t h r i t i c  change minimum 1 

minimum w i t h  p a i n  3 
moderate  2 
moderate  w i t h  p a i n  4 
s e v e r e  3 
s e v e r e  w i t h  p a i n  5 

Nerve c o m p l i c a t i o n s  (median) 1-3 
Poor f i n g e r  f u n c t i o n  due  t o  cast 1-2 

s c o r e  r ange  0-5 
~ 

End r e s u l t  s c o r e  r a n g e s  
E x c e l l e n t  0- 2 
Good 3-8 
F a i r  9-20 
Poor >2 1 

* Saxmiento 's  m o d i f i c a t i o n  (162)  

The degree of d i s a b i l i t y ,  r e s u l t i n g  from decreased motion, i s  an impor- 
t a n t  f a c t o r  i n  eva lua t ing  t h e  f u n c t i o n a l  end r e s u l t  a f t e r  Col les  f r a c t u -  
res. According to Swanson e t  a1 (185) and t h e  Committee on Medical Ra- 
t i n g  of Physical  Impairment (81 ) ,  t h e  degree of d i s a b i l i t y  i s  equal  i n  
l o s s  of d o r s a l  f l e x i o n  and v o l a r  f l e x i o n ,  equal  i n  loss of u l n a r  devia- 
t i o n  and r a d i a l  d e v i a t i o n  and equal  i n  l o s s  of pronat ion and supinat ion.  
Loss of u lna r  d e v i a t i o n  and r a d i a l  d e v i a t i o n  g ives  0.42 time t h e  degree 
of d i s a b i l i t y  as l o s s  of d o r s a l  f l e x i o n  and vo la r  f l e x i o n  gives .  These 
f a c t s  have no t  been considered i n  t h e  va r ious  sco r ing  systems. 

In t h e  eva lua t ion  of w r i s t  i n j u r i e s  t he  un in ju red  wrist should se rve  as 
the  i n d i v i d u a l  s tandard because f o r  p r a c t i c a l  purposes t h e  l e f t  and 
r i g h t  w r i s t  are anatomical  and f u n c t i o n a l  b i l a t e r a l l y  symmetrical (56, 
71,134,157). Ihe g r i p  power however, i s  assumed t o  be 10% g r e a t e r  i n  t h e  
major hand (14,105,144). I n  many sco r ing  systems, t h e  uninjured s i d e  i s  
not o r  only p a r t l y  considered.  
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The u l t ima te  purpose of t r ea tmen t  of d i s t a l  r a d i u s  f r a c t u r e s  i s  t o  pre- 
s e r v e  normal func t ion  i n  t h e  hand (115,159). However, hand func t ion  
a f t e r  Col les  f r a c t u r e  i s  seldomly mentioned (115).  

No system t o  e v a l u a t e  t h e  speed of f u n c t i o n a l  recovery could be found. 

3.11 End r e s u l t s  
The f u n c t i o n a l  end r e s u l t  can only be judged from one year  pos t - in ju ry  
(68,172).  No r e p o r t s  were found i n d i c a t i n g  from which time onwards t h e  
anatomical  end result can be a s ses sed .  Tne cosmetic end r e s u l t  seems t o  
match g e n e r a l l y  with t h e  anatomical  r e s u l t  (73,86,109) , al though many 
cases of cons ide rab le  anatomical  deformity had no corresponding cosmetic 
impairment i n  Frykman's s tudy  (73).  The use of d i f f e r e n t  d e f i n i t i o n s ,  in-  
d i c a t i o n s ,  c r i te r ia  and sco r ing  systems and the  unequal populat ions ma- 
kes  canparison of t r ea tmen t  outcome i n  t h e  v a r i o u s  mostly r e t r o s p e c t i v e  
s t u d i e s  very d i f f i c u l t  o r  even impossible .  

Sarmiento e t  a1 (159,162) compared r e s u l t s  of t h e i r  f u n c t i o n a l  b rac ing  
i n  sup ina t ion  wi th  r e t r o s p e c t i v e  s t u d i e s  of convent ional  p l a s t e r  treat- 
ment. Although t h e i r  method d i d  not  e n t i r e l y  prevent  c o l l a p s e  of t h e  
f r a c t u r e  they concluded t h a t  t h e  f u n c t i o n a l  end r e s u l t  and anatomical  
end r e s u l t  are s u p e r i o r  and t h a t  e a r l y  f u n c t i o n  v i a  f u n c t i o n a l  bracing 
l e a d s  t o  e a r l y  recovery of t h e  range of motion and t o  a speedy r e h a b i l i -  
t a t i o n .  Biinger e t  a1 (26) publ ished i n  1984 a p rospec t ive  s tudy i n  which 
f u n c t i o n a l  b rac ing  i n  sup ina t ion  was compared t o  d o r s a l  p l a s t e r  s p l i n t  
immobil isat ion.  A f t e r  6 months t h e  anatomical and f u n c t i o n a l  r e s u l t  ob- 
t a ined  wi th  f u n c t i o n a l  b rac ing  was s i g n i f i c a n t l y  b e t t e r  than w i t h  immobi- 
l i s a t i o n .  The s u p e r i o r  f u n c t i o n a l  r e s u l t  w a s  thought t o  be p r imar i ly  due 
t o  t h e  b e t t e r  anatomical  r e s u l t .  Stewart  e t  a1  (178) r epor t ed  i n  1984 re- 
s u l t s  from a p rospec t ive  s tudy  comparing f u n c t i o n a l  bracing i n  supina- 
t i o n ,  f u n c t i o n a l  b rac ing  with a below-the-elbow brace,  and below-the- 
elbow p l a s t e r  t reatment .  They found no s i g n i f i c a n t  d i f f e r e n c e  i n  anatomi- 
c a l  and f u n c t i o n a l  r e s u l t  o r  occurrence of complicat ions 6 months a f t e r  
t h e  i n j u r y .  

The end results from va r ious  s t u d i e s  are l i s t e d  i n  Table 3.10. 

Table 3 .10  End r e s u l t s  

End r e s u l t s  of various s t u d i e s  of p l a s t e r  c a s t  treatment, funct iona l  treatment and s k e l e t a l  
f i x a t i o n .  

r e f .  technique N evalu- fo l low r e s u l t s  
nr .  a t i o n  up ( y r )  

P las ter  c a s t  treatment 

9 

109 

7 4  

not mentioned 2132 own 4-14 average d i s a b i l i t y : 2 4 %  loss  of hand function 

dorsa l  p l a s t e r  515 Lid 3- 9 48% l o s s  of motion 
ulnar dev ia t ion  21% fair/poor funct iona l  r e s u l t  

37% moderate t o  severe anatomical deformity 
40% unsat i s fac tory  cosmetic r e s u l t  

dorsal  and volar 60 G-W 1- 4 32% unsat i s fac tory  funct iona l  r e s u l t  
s p l i n t s  60% unsat i s fac tory  anatomical r e s u l t  
volar f l e x i o n  
ulnar devia t i o n  
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continuation Table 3.10 

re f  
nr. 

73 

1 7  

30 

175 

technique N evalu-  
a t i o n  

d o r s a l  p l a s t e r  430 Lid 
var ious  p o s i t i o n s  

d o r s a l  p l a s t e r  93 Lid 
u l n a r  d e v i a t i o n  
pronat ion  

d o r s a l  and v o l a r  135 own 
s p l i n t s ,  vary ing  
v o l a r  f l e x i o n  

primary ulna 42 own 
r e s e c t i o n ,  
d o r s a l  p l a s t e r  

Funct ional  t rea tment  

f o l l o w  r e s u l t s  
UP (yr) 

2- 5 25% f a i r f p o o r  f u n c t i o n a l  r e s u l t  
25% e x c e l l e n t  anatomical  r e s u l t  
52% s u b j e c t i v e  complaints  
36% s u b j e c t i v e  weakness 

1 - l h  11% f a i r  o r  poor f u n c t i o n a l  r e s u l t  
65% e x c e l l e n t  anatomical  r e s u l t  

unknown 6% poor f u n c t i o n a l  r e s u l t  
14% poor or bad anatomical  r e s u l t  

k 12% bad f u n c t i o n a l  r e s u l t  
60% bad anatomical  r e s u l t  

163 Sarmiento func- 104 G-W 6-23 wk 10% f a i r  o r  poor f u n c t i o n a l  r e s u l t  
t i o n a l  brace Lid 32% f a i r  or poor anatomical  r e s u l t  

159 Sarmiento func- 44 G-W s h o r t  18% f a i r  o r  poor f u n c t i o n a l r e s u l t  
t i o n a l  brace Lid 39% moderate o r  s e v e r e  deformity 

26 1. Sarmiento 145 G-W $ prospec t ive  s tudy  1984 
func t .brace  Lid 1. obta ined  s i g n i f i c a n t  b e t t e r  f u n c t i o n a l  

u l n a r  d e v i a t i o n  
2. d o r s a l  p l a s t e r  and anatomical  r e s u l t  than 2 .  

178 1. Sarmiento 243 G-W h prospec t ive  s tudy  1984 
func t .brace  Lid no s i g n i f i c a n t  d i f f e r e n c e  i n  anatomical  and 

2. d o r s a l  p l a s t e r  f u n c t i o n a l  r e s u l t  between t h e  3 methods 
3. below elbow 

funct .brace  

S k e l e t a l  f i x a t i o n  

50 u l n a r  pinning 28 G-w 1-3 18% u n s a t i s f a c t o r y  f u n c t i o n a l  r e s u l t  

56 u l n a r  pinning 51 G-W t-10 16% poor f u n c t i o n a l  r e s u l t  

36 p ins  i n  p l a s t e r  33 G-W 1%-5 6% f a i r  f u n c t i o n a l  r e s u l t  
33% s i g n i f i c a n t  r e d i s l o c a t i o n  

164 p ins  i n  p l a s t e r  24 own 1-9 21% poor o v e r a l l  r e s u l t  
25% poor anatomical  r e s u l t  
46% u n s a t i s f a c t o r y  g r i p  t e s t  

79 pins  i n  p l a s t e r  45 own $-2% 14% u n s a t i s f a c t o r y  f u n c t i o n a l  and anatomi- 
c a l  r e s u l t s  

43 Roger Anderson 60 own 2 15% f a i r  o r  u n s a t i s f a c t o r y  s u b j e c t i v e  
e x t .  f i x a t i o n  r e s u l t s .  10% f a i r  o r  poor o v e r a l l  r e s u l t  

115 Rush rods 33 G-W 2% 3% poor f u n c t i o n a l  r e s u l t  

122 I n t e r n .  f i x a t i o n  15 var ious  1-9 20%; f a i r  or poor s u b j e c t i v e  r e s u l t  
c r i t e r i a  53% f a i r  o r  poor o b j e c t i v e  r e s u l t  

Abbreviat ions:  Lid: l idstr 'dms c l a s s i f i c a t i o n s  (109) 
own: a u t h o r ' s  own method of e v a l u a t i o n  G-W: Gart land and Werley's s c o r e  system(74) 
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3.12 Prognost ic  f a c t o r s  of t h e  f u n c t i o n a l  end r e s u l t  

- General f a c t o r s  
General f a c t o r s  l i k e  age and sex have no (76,109) o r  on ly  very l i t t l e  
(73) r e l a t i o n s h i p  t o  t h e  f u n c t i o n a l  end r e s u l t .  Bacorn and Kurtzke (9 )  
however, regarded age t o  be an important p rognos t i c  f a c t o r .  

- Frac tu re  type 
Comminuted f r a c t u r e s ,  i n t r a - a r t i c u l a r  f r a c t u r e s  e s p e c i a l l y  through t h e  
d i s t a l  r ad io -u lna r  j o i n t  and u lna r  s t y l o i d  f r a c t u r e s  seem t o  be a s soc ia -  
t e d  wi th  a poor prognosis (5,73,74,109,139).  Sdlund e t  a1 (172) noted a 
c o r r e l a t i o n  between f r a c t u r e  type and d u r a t i o n  of i n c a p a c i t y  f o r  work. 
Older e t  a1 (139) found t h a t  t h e  prognosis of t h e  f u n c t i o n a l  end r e s u l t  
can be p red ic t ed  by the  s e v e r i t y  of t h e  f r a c t u r e  a t  t h e  t i m e  of i n j u r y .  

- Anatomical end r e s u l t  
Controversy e x i s t s  on t h e  i n f l u e n c e  of t h e  anatomical  end r e s u l t  on t h e  
f u n c t i o n a l  end r e s u l t .  C l i n i c a l  obse rva t ion ,  impression o r  j u s t  b e l i e f  
have f r e q u e n t l y  been used t o  assume an important i n f luence  (10,19,42,46, 
67,86,131). A p o s i t i v e  c o r r e l a t i o n  between anatomical  and f u n c t i o n a l  end 
result i s  r epor t ed  i n  some s t u d i e s  (17,30,31,76,109,196) but  denied i n  
o t h e r s  (56,175,197). Stewart  e t  a1 (178,180) found i n  a p rospec t ive  ran- 
domised t r i a l  six months a f t e r  t h e  trauma no c o r r e l a t i o n  between funct-  
i o n a l  end r e s u l t  (Gartland and Werley's system) and anatomical  end re- 
sult  (Lidstr'oms system). However, they found a clear c o r r e l a t i o n  between 
the  f u n c t i o n a l  end r e s u l t  and t h e  s e v e r i t y  of t h e  i n i t i a l  displacement.  
Bacorn and Kurtzke ( 9 )  claimed a c o r r e l a t i o n  between e x t e r n a l l y  v i s i b l e  
r e s i d u a l  deformity and d i s a b i l i t y .  Their  s tudy  i s  o f t e n  used t o  conclude 
a c a u s a l  r e l a t i o n s h i p  between anatomical and f u n c t i o n a l  end r e s u l t  (36, 
43,120,158). Wey e t  a 1  (196) claimed t h a t  i n  92% t h e  func t ion  could be 
a s ses sed  from t h e  f i n a l  radiographs.  However, many v e r i f i e d  t h a t  a poor 
anatomical r e s u l t  does no t  preclude a good f u n c t i o n a l  r e s u l t  and t h a t  a 
good anatomical  result does not  guarantee a s a t i s f a c t o r y  f u n c t i o n a l  
r e s u l t  (17,30,56,71,109,139,159,164,175,180). The in f luence  of t h e  resi- 
d u a l  v o l a r  angle  s h i f t ,  r a d i a l  sho r t en ing  and r a d i a l  ang le  s h i f t  on the  
f u n c t i o n a l  end r e s u l t  i s  a l s o  s u b j e c t  t o  c o n t r o v e r s i a l  opinions (30,31, 
73,74,115). 

- Complications 
The occurrence of major complicat ions l i k e  Sudeck dystrophy, nerve in-  
j u r y  and l o s s  of r ad io -u lna r  i n t e g r i t y  are s i g n i f i c a n t l y  a s s o c i a t e d  with 
u n s a t i s f a c t o r y  f u n c t i o n a l  r e s u l t s  (73 ) .  Lippman (113) and Lidstrom (109) 
considered lo s s  of r ad io -u lna r  i n t e g r i t y  t h e  most common cause of poor 
f u n c t i o n a l  r e s u l t s .  

3.13 Conclusion and d i s c u s s i o n  
The Colles f r a c t u r e  i s  a f r equen t  encountered i n j u r y  wi th  a r a t h e r  high 
percentage of unfavourable end r e s u l t s  and complicat ions.  D e f i n i t i o n ,  
c l a s s i f i c a t i o n ,  a n a e s t h e s i a ,  r educ t ion ,  method of t r ea tmen t ,  management 
of t he  post-reduction pe r iod ,  e v a l u a t i o n  of end r e s u l t s ,  t reatment  and 
d e f i n i t i o n s  of t h e  v a r i o u s  c o m p l i c a t i o n s  a r e  s u b j e c t  t o  d i f f e r e n t  
opinions.  L i t t l e  is published about  minimally d i sp laced  f r a c t u r e s ,  com- 
partment syndrome, s o f t  t i s s u e  i n j u r y  and speed of recovery.  The most 
c o n t r o v e r s i a l  a spec t  remains t h e  f r a c t u r e  t reatment .  Many d i f f e r e n t  
methods have been advocated. These range from anatomical  r educ t ion  and 
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meticulous maintenance of t he  p o s i t i o n  t o  a f u l l  c o l l a p s e  of f r a c t u r e  
fragments and from long immobilisation t o  e a r l y  motion and funct ion.  

A c e n t r a l  theme i n  the  t reatment  i s  t h e  in f luence  of t he  anatomical end 
result on the  f u n c t i o n a l  end r e s u l t .  The a u t h o r s '  opinion on t h i s  i s  re- 
f l e c t e d  i n  t h e  chosen method of t reatment .  The in f luence  however, re- 
mains u s e t t l e d  i n  l i t e r a t u r e .  "Common sense" o f t e n  i s  the  only argument 
f o r  t he  ex i s t ence  of a causa l  r e l a t i o n s h i p  between the  anatomical and 
f u n c t i o n a l  end r e s u l t .  If  f i g u r e s  a r e  r epor t ed ,  t hese  r e f l e c t  co r re l a -  
t i o n s  found between the  anatomical and f u n c t i o n a l  r e s u l t .  Whether a po- 
s i t i v e  c o r r e l a t i o n  e x i s t s  i s  s t i l l  disputed.  However, even i f  a p o s i t i v e  
c o r r e l a t i o n  would e x i s t ,  i t  i s  no t  j u s t i f i e d  t o  conclude t h a t  i n  t h a t  
ca se  a causa l  r e l a t i o n s h i p  e x i s t s  as w e l l .  Since both i t e m s  might depend 
on mutual f a c t o r s  l i k e  s e v e r i t y  of t he  i n j u r y ,  type of f r a c t u r e ,  f r a c t -  
u re  reduct ion and age,  a p o s i t i v e  c o r r e l a t i o n  can be found without t he  
ex i s t ence  of a causa l  r e l a t i o n s h i p .  This means t h a t  changing the  anato- 
mical r e s u l t  w i l l  not  then a l t e r  t h e  f u n c t i o n a l  r e s u l t  d e s p i t e  a posi- 
t i v e  c o r r e l a t i o n .  No e f f o r t s  have been made t o  r e a l l y  i n v e s t i g a t e  a 
causa l  r e l a t i o n s h i p  between the  anatomical and f u n c t i o n a l  end r e s u l t .  

The most f r equen t ly  used sco r ing  systems t o  eva lua te  end r e s u l t s  a r e  un- 
s a t i s f a c t o r y  because the  uninjured s i d e  i s  not  o r  only p a r t l y  used a s  
the ind iv idua l  s t anda rd ,  important parameters a r e  no t  def ined,  point  sca- 
l es  do not  correspond with t h e  gu ide l ines  of t he  Committee on Medical Ra-  
t i n g  of Physical Impairment (81), hand func t ion  i s  not  considered,  and 
the  f i n a l  graduat ions a r e  a r b i t r a r y .  

It i s  d i f f i c u l t  t o  e s t ima te  t h e  va lue  of t h e  va r ious  d i f f e r e n t  methods 
of t r ea tmen t ,  i nc lud ing  f u n c t i o n a l  bracing,  a s  comparison of r e s u l t s  
from the  l i t e r a t u r e  seems almost impossible and only very l i t t l e  w e l l  do- 
c m e n t e d  comparit ive prospect ive c l i n i c a l  s t u d i e s  have been performed. 
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CHAPTER 4 

DESIGN OF THE STUDY 

In the design of a study aiming to establish the application field of 
functional treatment of Colles fractures by comparing results from this 
kind of treatment with conventional below-the-elbow plaster treatment, 
first the type(s) of functional treatment to be used in the study should 
be determined. Various degrees of early motion and function are pos- 
sible. Too much early motion and function however, might result in redis- 
location of initially reduced fractures and thus in a bad anatomical re- 
sult. Most likely, this will happen more frequently in unstable fract- 
ures than in stable fractures. If a strong causal relationship exists 
between the anatomical and functional end result, the degree of early 
motion and function is rather restricted as redislocation should be pre- 
vented. On the other hand, if no strong causal relationship exists, more 
early motion and function can be tolerated as a possible redislocation 
is hardly detrimental for the functional end result. The study focusses 
on that optimal early motion and function in which the possible advan- 
tage of functional treatment is not undone by disadvantages resulting 
from reduced stabilisation. Fracture stability and the kind of relation 
between anatomical and functional result appear to be important items in 
the search for this optimal early motion and function. Whether the opti- 
mal early motion and function varies with the fracture stability, needs 
to be investigated. The existence of a causal relationship between ana- 
tomical and functional end result has not been settled up to now; this 
needs investigation as well. A proper methodological way to investigate 
the existence of a causal relationship would be to study the correlation 
between anatomical and functional end result in a clinical experiment in 
which the anatomy is manipulated while all other important unfluential 
factors are kept constant. However, such an experiment is not possible 
on ethical grounds. Another way to investigate the existence of a causal 
relationship is to evaluate the correlation between anatomical and funct- 
ional end result while the influence of other important factors is kept 
constant by means of statistical analytical methods. This is possible 
and performed in this prospective clinical study. 

At the start of this study (1981) Sarmiento's functional bracing in supi- 
nation was the only reported type of functional treatment of Colles 
fractures. Another type of functional treatment described in 1984 (178) 
could not be implemented in this study. Sarmiento's method is propagated 
regardless of the fracture stability. Although early volar flexion and 
ulnar deviation are permitted, pronation and supination are restricted. 
This is in contrast to conventional below-the-elbow plaster treatment 
that does not fully restrict pronation and supination. In this respect, 
the conventional treatment is even slightly more functional than 
Sarmiento's method. To fulfil the aim of the thesis, a logical first 
step is to compare Sarmiento's functional bracing in supination with 
below-the-elbow plaster treatment. If no contra-indications are found, 
functional bracing with more early motion and function needs to be 
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tested in a second step as well. Based on the above mentioned considera- 
tions, a logical choice in that case is to permit, besides early volar 
flexion and ulnar deviation, some pronation/supination as well. In addi- 
tion for minimally displaced fractures a method can be investigated that 
does not restrict any motion at all. This choice is based on the fact 
that minimally displaced fractures are not reduced and are generally 
regarded to be stable, and on the assumption that if the trauma does not 
result in gross anatomical displacement, it is not very likely that 
early motion and function will do. Whether still another type of functio- 
nal treatment needs to be tested depends on the results from the first 
two investigation phases and on the outcome of the investigation on the 
causal relationship between anatomical and functional end result. 

In retrospective studies, Sarmiento claimed a faster functional recovery 
and a better functional and anatomical end result with his method, compa- 
red to conventional plaster treatment (Paragraph 3.11). Therefore, in 
this prospective study, both the speed of functional recovery and the 
functional end result are used as a criterium for treatment outcome com- 
parison. The anatomical end result is not used as a criterium because 
the causal relationship between the anatomical and functional end result 
is unrevealed. Different methods of treatment might lead to different 
complications. Therefore, the occurrence of complications is added as a 
criterium for comparison of treatment outcome. 

As the common score systems to evaluate the functional results are un- 
satisfactory (Paragraph 3.13), and no system to evaluate the speed of 
functional recovery was found in literature, another system is developed 
for this study. 

In the literature many aspects of the Colles fracture lack commonly ac- 
cepted definitions. In this study the following definitions are used: 
Colles fractures: 
An injury of the forearm and wrist resulting in a complete transvers 
break of the distal 3 cm of the radius in adults, with dorsal displace- 
ment and/or dorsal angulation of the distal fragment o r  without displace- 
ment of fragments 
Minimally displaced fractures: 
A Colles fracture with a volar angle of 0' o r  more (i.e. without dorsal 
angula tion) 
Anatomical result: 
The volar angle, radial angle and radial length difference between inju- 
red and uninjured side and the radial shift 
Initial displacement: 
The anatomical result after the trauma 
Quality of reduction: 
The anatomical result after reduction 
Anatomical end result: 
The anatomical result one year after the trauma 
Functional result: 
The score of the evaluation system used in this study, reflecting the pa- 
tients disability 
Functional end result: 
The functional result one year after the trauma 
Functional recovery: 
The improvement of the functional result during the first year 
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Based on the previous reflexions the following hypotheses were formula- 
ted : 

Hypothesis 1 
Functional treatment of Colles fractures with Sarmiento's functional bra- 
cing in supination is superior to conventional plaster treatment accor- 
ding to the following criteria: 
- faster functional recovery 
- better functional end result 
- less complications 

If results of a clinical study testing hypothesis 1 do not indicate infe- 
rior results of Sarmiento's functional bracing over conventional plaster 
treatment, hypothesis 2 and 3 will be tested as well: 

Hypothesis 2 
In displaced fractures, functional treatment with a below the elbow 
functional brace that restricts dorsal flexion and radial deviation is 
equal or superior to Sarmiento's functional bracing and conventional 
plaster treatment according to the above mentioned criteria. 

Hypothesis 3 
In minimally displaced fractures, functional treatment with a bandage is - 
equal or superior to Sarmiento's functional bracing and conventional 
plaster treatment according to the above mentioned criteria. 

Hypothesis 4 
A causal relationship exists between the anatomical end result and funct- 
ional end result. 

These hypotheses were worked out in a prospective clinical study as des- 
cribed in the next chapter. 
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CHAPTER 5 

METHODS 

5.1 P a t i e n t s  
From October 1981 till i%y 1983, a l l  p a t i e n t s  with a Col les  f r a c t u r e  and 
uni ted epiphyseal  p la tes  t r e a t e d  i n  t h e  Department of General Surgery of 
t he  Universi ty  Hospi ta l  Maastr icht ,  The Netherlands,  en te red  the  study. 
Exclusion c r i t e r i a  were: 
- accompanying o the r  f r a c t u r e  of t he  same limb 
- open f r a c t u r e  
- a f r a c t u r e  o l d e r  than 3 days 
- b i l a t e r a l  f r a c t u r e s  
- multitrauma i n j u r y  
- previous f r a c t u r e s  of t h e  same limb 
- pre-exis t ing impairment of t he  same limb 
- con t inua t ion  of t reatment  elsewhere 
Withdrawal c r i t e r i a  were: 
- mental o r  physical  u n a b i l i t y  t o  cooperate  - 
- more than two missed fol low ups 

5 .2  C l i n i c a l  t r i a l s  
The s tudy cons i s t ed  of two c l i n i c a l  t r i a l s :  

p e r s i s t i n g  vo la r  angle  < - 5 O  a f t e r  reduct ion 

1. P a t i e n t s  were a l l o c a t e d  i n t o  two d i f f e r e n t  t reatment  groups: 
- "Conventional" o r  "CON" , t r e a t e d  with a convent ional  below-the- 

- "Sarmiento" o r  "SAR" t r e a t e d  with Sarmiento's  brace i n  supinat ion.  
The a l l o c a t i o n  criterium was odd o r  even day on t h e  f i r s t  v i s i t .  One 
year a f t e r  t h e  s t a r t ,  p rov i s iona l  r e s u l t s  i n  t h e  Sarmiento group ap- 
peared s l i g h t l y  b e t t e r  than i n  t h e  convent ional  group. To complete 
t h e  next  s t e p  i n  t h e  r e sea rch  des ign ,  t h e  second c l i n i c a l  t r i a l  s t a r -  
ted.  

elbow p l a s t e r  s p l i n t .  

2.  P a t i e n t s  were a l l o c a t e d  i n t o  t h e  fol lowing two groups: 
- "Sarmiento" o r  "SAR", t r e a t e d  with Sarmiento's  brace i n  supinat ion.  
- "Functional" o r  "FUN" : d i sp laced  f r a c t u r e s  were t r e a t e d  with a 

f u n c t i o n a l  below-the-elbow brace r e s t r i c t i n g  d o r s a l  f l e x i o n  and 
r a d i a l  dev ia t ion ;  minimally displaced f r a c t u r e s  were t r e a t e d  with 
a bandage. 

I n  the  second t r i a l ,  numbered forms i n  the  sequence t h r e e  times funct-  
i o n a l ,  one t i m e  Sarmiento, w e r e  used f o r  t h e  p a t i e n t  a l l o c a t i o n .  ( I n  
t h i s  way, t he  t o t a l  i n  t he  Sarmiento group would no t  become too l a r -  
ge.> 

As a r e s u l t  of t he  two c l i n i c a l  t r i a l s ,  t h r e e  groups of d i f f e r e n t l y  
t r e a t e d  p a t i e n t s  were formed. 
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5 .3  I n i t i a l  management 
The i n i t i a l  management was performed by the  s u r g i c a l  r e s i d e n t  on duty.  
The d i agnos i s  was made on c l i n i c a l  suspicion and radiographic  confirma- 
t i o n .  C i r c u l a t i o n ,  nerve f u n c t i o n ,  skin i n t e g r i t y  and accompanying in ju -  
r ies  were checked. Based on Sarmiento's  f r a c t u r e  c l a s s i f i c a t i o n ,  two 
kinds of f r a c t u r e s  were d i s t ingu i shed ;  d i sp l aced  (Type 2 and 4 )  and mini- 
mal ly  d i sp laced  (Type 1 and 3 )  f r a c t u r e s .  Displaced f r a c t u r e s  were i n t r a -  
f o c a l l y  anaes thes i sed  with 10 m l  l i d o c a i n  2%. Subsequently t r a c t i o n  was 
app l i ed  f o r  15 minutes with Chinese f i n g e r t r a p s  and a weight of 4 kg pul- 
l i n g  a s l i n g  over t h e  upperarm. Reduction was performed i n  pronation 
(!igure 5.1). The c r i t e r i u m  f o r  adequate reduct ion was a v o l a r  angle  of 
0 o r  more. If inadequatoe, reduct ion was t r i e d  only once more; i f  a 
v o l a r  angle  less than -5 w a s  obtained,  t h e  p a t i e n t  w a s  excluded from 
the  study. Minimally d i sp laced  f r a c t u r e s  w e r e  n o t  reduced. 

In t h e  convent ional  group a l l  p a t i e n t s  were t r e a t e d  with a below-the- 
elbow d o r s a l  p l a s t e r  s p l i n t  with t h e  wrist i n  s l i g h t  f l ex ion  and s l i g h t  
u lna r  deviat ion - Pronation and sup ina t ion  were n o t  completely r e s t r i c t e d  
a s  t h e  c a s t  d id  n o t  extend above the  elbow (F igure  5.2) .  
In t h e  Sarmiento group a l l  ca ses  w e r e  t r e a t e d  i n i t i a l l y  with an above- 
the-elbow d 2 r s a l  p l a s t e r  s p l i n t  with the  forearm i n  sup ina t ion  and the 
elbow i n  90 f l ex ion  (F igu re  5 . 3 ) .  
In the  f u n c t i o n a l  group a l l  p a t i e n t s  were t r e a t e d  i n i t i a l l y  with the  
same below-the-elbow d o r s a l  plaster s p l i n t  a s  i n  the  convent ional  group 
(Figure 5.2). 
A l l  p a t i e n t s  received information concerning t h e  i n j u r y  an i n s t r u c t i o n  
on e x e r c i s e s  both v e r b a l l y  and by means of a p r i n t e d  form (Addendum 1). 

5.4 Management i n  the  post  reduct ion per iod 
One day a f t e r  t he  i n i t i a l  management, a l l  p a t i e n t s  re turned f o r  a plas- 
t e r  check up. If  too t i g h t ,  the  p l a s t e r  was ad jus t ed .  6 t o  9 days a f t e r  
t he  trauma, a l l  p a t i e n t s  a t t ended  t h e  o u t p a t i e n t  c l i n i c  : 
In t h e  convent ional  group the  below-the-elbow p l a s t e r  s p l i n t  was l e f t  i n  
s i t u  f o r  another  3 w e e k s .  A new bandage w a s  app l i ed  over  t h e  s p l i n t  t o  
c o r r e c t  f o r  loosening due t o  decreased swel l ing.  This was repeated one 
week l a t e r .  
In t h e  Sarmiento group the  above-the-elbow p l a s t e r  s p l i n t  was changed 
f o r  an above-the-elbow f u n c t i o n a l  brace with t h e  forearm i n  sup ina t ion .  
During t h i s  procedure,  continuous t r a c t i o n  was app l i ed  by Chinese f inger-  
t r a p s  and a weight p u l l i n g  t h e  humerus. Doorsal f l e x i o n ,  r a d i a l  dev ia t ion  
and pronation were r e s t r i c t e d .  The l a s t  45 elbow extension was a l s o  res- 
t r i c t e d .  Volar f l e x i o n  and u l n a r  dev ia t ion  were u n r e s t r i c t e d  (F igu re  

In t he  f u n c t i o n a l  group a l l  p a t i e n t s  with d i sp laced  f r a c t u r e s  g o t  t h e i r  
below-the-elbow p l a s t e r  s p l i n t  changed f o r  a below-the-elbow f u n c t i o n a l  
brace.  'he changing procedure was performed a s  i n  t h e  Sarmiento group. 
The brace r e s t r i c t e d  d o r s a l  f l ex ion  and r a d i a l  dev ia t ion ;  v o l a r  f l e x i o n ,  
u lna r  dev ia t ion ,  pronation and supinat ion were n o t  r e s t r i c t e d  (Figure 
5 . 5 ) .  A l l  p a t i e n t s  with minimally d i sp laced  f r a c t u r e s  were t r e a t e d  with 
a bandage a f t e r  removal of t he  p l a s t e r  s p l i n t .  The bandage allowed 
motion i n  a l l  d i r e c t i o n s  (F igu re  5 . 6 ) .  

5.4).  

32 



Figure 5.1 Anaesthesia and reduction 
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Figure 5 . 2  Conventional below-the-elbow p la s t e r  s p l i n t  

34 



Figure 5.3 Above-the-elbow p l a s t e r  s p l i n t  with t h e  forearm i n  sup ina t ion  
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Figure 5 .4  Sarmiento' s above-the-elbow brace 
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F i g u r e  5.5 F u n c t i o n a l  below-the-elbow b r a c e  
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Figure 5 .6  Bandage technique 

@ Cellona p l a s t e r  of P a r i s  was used f o r  t he  p l a s t e r  s p l i n t s .  The "Sarmien- 
to" and the  " func t iona l "  brace were made of Baycast@. This m a t e r i a l  was 
s e l e c t e d  because i t  i s  l i g h t ,  which i s  important t o  f a c i l i t a t e  e a r l y  mo- 
t i o n  and funct ion.  Tensoplasta adhesive s t r a p p i n g s  were incorporated i n  
t h e  b races  and f ixed  t o  the  skin t o  prevent s h i f t i n g  (Figure 5 . 4 ) .  Pa- 
t i e n t s  i n  t h e  Sarmiento group and f u n c t i o n a l  group received new in-  
s t r u c t i o n s  on e x e r c i s e s ,  v e r b a l l y  and on a p r i n t e d  form (Addendum 2 ) .  
P a t i e n t s  i n  t h e  convent ional  group were advised t o  cont inue t h e i r  o r i -  
g i n a l  e x e r c i s e s .  

Information was obtained on the  dominant hand, p ro fes s ion ,  and on pos- 
s i b l e  previous f r a c t u r e s  and impairment of t he  upper e x t r e m i t i e s .  

h e  and two weeks post-trauma, radiographs of t h e  i n j u r e d  wrist were 
made t o  check t h e  pos i t i on .  Rereductios was performed i f  r e d i s l o c a t i o n  
r e s u l t e d  i n  a v o l a r  angle  less than -10 o r  a r a d i a l  ang le  more than 1!f 
d i f f e r e n t  from the  uninjured s i d e  (radiographs of t h e  uninjured wrist 
were made one week post-trauma). The re reduc t ion  was performed by sus- 
pending t h e  arm by means of Chinese f i n g e r s p l i n t s  a f t e r  i . v .  diazepam 



medication. Af t e r  t he  r e reduc t ion  t h e  same t reatment  device a s  before  
t h e  procedure was app l i ed .  

The management i n  the  post r educ t ion  period was c a r r i e d  out  by the  
author .  

The t reatment  during t h e  f i r s t  4 weeks i s  o u t l i n e d  below: 

Group 1 week 3 weeks Poss ib l e  motion 
~~ ~~ ~~ 

convent ional  p l a s t e r  s p l i n t  p l a s t e r  s p l i n t  pronat ion / 
below-the-elbow below-the-elbow sup ina t ion  

Sarmiento p l a s t e r  s p l i n t  f u n c t i o n a l  brace v o l a r  f l e x i o n  
above-the-elbow above-the-elbow u lna r  dev ia t ion  
i n  sup ina t ion  i n  sup ina t ion  

func t iona l  p l a s t e r  s p l i n t  d i sp l aced :  vo la r  f l ex ion  
below-the-elbow f u n c t i o n a l  brace u l n a r  d e v i a t i o n  

below-the-elbow pronat ion / 
sup ina t ion  

minimally d i sp la -  a l l  motions 
ced : bandage 

5.5 Management i n  the r e h a b i l i t a t i o n  per iod 
Four weeks (28-31 days) a f t e r  t he  trauma, t he  p l a s t e r ,  brace o r  bandage 
w a s  removed i n  a l l  ca ses  and i n s t r u c t i o n s  were given v e r b a l l y  and i n  
w r i t i n g  t o  perform exe rc i se s  (Addendum 3 ) .  I f  motion and/or g r i p  power 
appeared less than 113 of t h e  uninjured s i d e  a t  6, 10 o r  14  weeks post-  
trauma, physiotherapy w a s  p re sc r ibed ,  c o n s i s t i n g  of u l t r a sound ,  fango 
and a c t i v e  e x e r c i s e s  without causing pain.  The o u t p a t i e n t  department was 
a t t ended  a t  scheduled checkpoints;  4 weeks, 6 weeks, 10 weeks, 1 4  weeks, 
26 weeks and 1 year a f t e r  t h e  trauma. A t  t hese  checkpoints complications 
were d e a l t  with and da ta  were recorded, necessary f o r  t he  s tudy (Para- 
graph 5.6, 5.7). The management i n  t h e  r e h a b i l i t a t i o n  per iod w a s  c a r r i e d  
o u t  by t h e  author .  

5.6 Diagnosis and management of complications 
1. complicat ions due t o  cast o r  b race  
P res su re  s o r e s  and ab ras ions  when encountered a t  t h e  o u t p a t i e n t  c l i n i c  
were t r e a t e d  by adjustment of t h e  plaster c a s t  o r  brace and wound dres- 
s ing .  Sh i f t ed  braces  were replaced and r e f ixed  t o  the  sk in .  
2. r e d i s l o c a t i o n  needing r e reduc t ion  is  discussed i n  Paragraph 5.4. 
3 .  nerve i n j u r y  
The d i agnos i s  w a s  based on EMG-studies. Ind ica t ion  f o r  EMG w a s  numbness 
and/or pa raes thes i a  i n  t h e  hand, appearing a f t e r  t h e  i n j u r y  and e x i s t i n g  
f o r  four  weeks. I f  nerve compression was diagnosed, no treatment was 
g iven  du r ing  the  fol lowing fou r  weeks. If t h e  complaints s t i l l  remained, 
o p e r a t i v e  decompression w a s  performed. If  t h e  complaints disappeared i n  
the  l a s t  fou r  weeks o r  i f  t h e  p a t i e n t  refused t reatment ,  no ope ra t ion  
was performed. Signs of nerve compression immediately a f t e r  t he  accident  
were never found. 
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4 .  tendon i n j u r y  
The func t ion  of the f i n g e r  tendons was t e s t e d  a t  every checkpoint from 4 
weeks onwards. Rupture of t h e  ex tenso r  p o l l i c i s  longus tendon (Figure 
5 .7)  was t r e a t e d  by i n d i c i s  p ropr ius  tendon t r a n s f e r .  Stenosing tendo- 
s y n o v i t i s  was t r e a t e d  with two l o c a l  c o r t i c o s t e r o i d  i n j e c t i o n s .  I f  un- 
success fu l  , opera t ive  r e l e a s e  was performed. 

Figure 5.7 Spontaneous rup tu re  
ex tenso r  p o l l i c i s  longus tendon 

Figure 5.8 Sudeck dystrophy 

5. Sudeck dystrophy 
Sudeck dystrophy i s  a r a t h e r  vague e n t i t y .  To s t anda rd i se  t h e  d i agnos i s  
i f  t h e  t h r e e  s t a g e s  of Sudeck dystrophy,  t h e  fol lowing c r i t e r i a  were 
chosen, which were based on Table 3.5 : 
Stage 1: i f  t h r e e  o r  more of t h e  fol lowing symptoms were p resen t :  pro- 
nounced pain,  swe l l ing ,  hyperemia, hype raes thes i a ,  hype rh id ros i s ,  rest- 
r i c t i o n  of motion l e s s  than 113 of t he  non-injured wrist. 
Stage 2: i f  besides  s k i n  atrophy o r  polar  demine ra l i s a t ion  of t he  bone 
(F igu re  5.8), two o r  more a t  t h e  above mentioned symptoms were found. 
Stage 3 :  a p a l e ,  s t i f f  hand with d ry  sk in  and d i f f u s e  demine ra l i s a t ion .  
This s t a g e  was not  encountered. 
Treatment i n  s t age  1 and 2 cons i s t ed  of a c t i v e  physiotherapy without cau- 
s ing  pain and a n a l g e t i c s .  
6. Loss of radio-ulnar  i n t e g r i t y  
The d i agnos i s  was based on one o r  more of t he  fol lowing symptoms: 
- p e r s i s t a n t  tenderness  and compression pain over t h e  d i s t a l  ulna and 

radio-ulnar  j o i n t  a t  26 and 52 weeks. 
- pain du r ing  p rona t ion ,  sup ina t ion  and u l n a r  d e v i a t i o n  a t  26 and 52 

weeks. 
- a c l i c k  o r  block while r o t a t i n g .  
- l a x i t y  of t h e  d i s t a l  radio-ulnar  j o i n t .  
Loss of radio-ulnar  i n t e g r i t y ,  d i s t u r b i n g  the p a t i e n t ,  was an i n d i c a t i o n  
f o r  r e s e c t i o n  of t he  d i s t a l  ulna.  
7.  Post-traumatic a r t h r i t i s  
This complication was def ined by s c l e r o s i s  of j o i n t  s u r f a c e s ,  subchon- 
d r a l  c l e a r i n g  o r  formation of osteophytes  p re sen t  on radiographs one 
year  a f t e r  t he  trauma while absent  on t h e  i n i t i a l  radiographs.  
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8. Loss of motion 
The d i agnos i s  was made i f  d o r s a l  f l e x i o n ,  v o l a r  f l e x i o n ,  r a d i a l  devia- 
t i o n ,  u lna r  d e v i a t i o n ,  pronat ion o r  sup ina t ion  appeared less than 2 / 3  of 
t h e  un-injured s i d e ,  one year post-trauma. 
9. Dupuytren' s d i s e a s e  
The d i agnos i s  w a s  based on t h e  development of palmar nodules and bands. 
Although Dupuytren's d i s e a s e  was found i n  some cases ,  no c o n t r a c t u r e s  
developed during the  s tudy  and no treatment was given. 

The complications post-traumatic a r t h r i t i s  and loss of motion were diag- 
nosed a t  t he  end of t he  s tudy.  Therefore,  t he  management and treatment 
a r e  not discussed i n  t h i s  chap te r .  

5.7 Parameters 
During one year follow-up, parameters were scored o r  measured i n  a s t an -  
dardised way t o  eva lua te  r e s u l t s  of t h e  study. These parameters were se- 
l e c t e d  from the  review of l i t e r a t u r e  and from tests of d a i l y  l i f e  a c t i v i -  
t ies .  In Table 5.9, t he  follow-up schedule of t h e  parameters i s  indica-  
ted; t h e  "complaints" were recorded through a s t anda rd i sed  ques t iona i r e .  
The "motion i n  the  w r i s t  region" w a s  recorded with an angle  goniometer 
and a s p e c i a l l y  designed r o t a t i o n  goniometer (Figure 5.10). The "motor 
func t ions  of t h e  hand" were assessed by a series of s t anda rd i sed  t e s t s .  
The c r i te r ia  f o r  making a f i s t ,  f i n g e r  extension and oppos i t i on  were 
r e s p e c t i v e l y :  touching the  palm of t he  hand, f u l l  extension t o  0' and 
touching t h e  l i t t l e  f i n g e r  with the  thumb. The g r i p  power was measured 
with a Jamar hand dynamometer a s  adviced i n  t h e  l i t e r a t u r e  (14 ,102) .  The 
" s igns  and symptoms" were scored by comparison with the  uninjured s i d e .  
The s c o r i g  of t h e  "cosmetic appearance" w a s  based on Lidstrsms c l a s s i f i -  
c a t i o n  (Paragraph 3.10). The "radiographic  parameters" were measured 
with a s p e c i a l l y  designed measurement device (F igu re  5.11). 

Figure 5.10 Rotat ion goniometer Figure 5.11 Radiographic 
parameter measurement device 
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Table 5.9 Follow-up schedule of parameters 

day week 

time '0 ' 1  2 4 6 10 14 26 52' 

COMPLAINTS 
pain while resting + + + + + + + + +  
pain while moving + + + + + + + +  
pain during heavy work/excessive motion 

restricted basic daily life activities + + + + + + + +  
no resumption of daily work + + + + + + + +  
pain while wringing clothes + + + +  
loss of power + + + +  
subjective judgement of the end result + +  
open question for complaints + + + + + + + + +  

+ + + + + + + +  
numbness or paraesthesiae in the fingers + + + + + + + + + 

MOTION IN THE WRIST REGION 
dorsal flexion 
volar flexion 
radial deviation 
ulnar deviation 
supination 
pronation 

+ + + + + +  
+ + + + + +  
+ + + + + +  
+ + + + + +  
+ + + + + +  
+ + + + + +  

~ 

MOTOR FUNCTIONS OF THE HAND 
grip power 
making a fist 
finger extension 
oppos i t i o n  
opening a door 
weight lifting 
picking up a pen 
crumpling a piece of paper 
lifting a cup and saucer 

+ + + + + +  
+ + + + + + + +  

+ + + + + +  
+ + + + + + + +  

+ + + + + +  
+ + + + + +  
+ + + + + +  
+ + + + + +  
+ + + + + +  

SIGNS AND SYMPTOMS 
swelling of hand/fingers + + + + + + + + +  
abormal colour + + + + + + + + +  
skin atrophy/hyperaesthesia/hyperhidrosis + + + + + +  
hy poaes t hesia + + + + + + + + + +  
ulnar compression pain + + + + + +  
restricted elbow extension + + + + + +  
loss of shoulder excursion + + + + + +  
COSMETICS 
cosmetic appearance + + +  
COMPLICATIONS 
complications from cast or brace 
redislocation 
nerve injury 
tendon injury 
Sudeck dystrophy 
loss of radio-ulnar integrity 
post traumatic arthritis 
loss of motion 
DupUytKen'S disease 

+ + + +  
+ +  

+ + + + + + + + + +  
+ + + + + +  
+ + + + + +  

+ + + + +  
+ 
+ 

+ +  
RAIJIOGRAPHIC PARAMETERS 
volar angle 
radial angle 
radial length 
radial width 

+ + + +  + + 
+ + + +  + + 
+ + + +  + + 
+ + + +  + + 
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Table 5.12 Score system for the functional result 

score 

COMPLAINTS 
a. pain while resting 10 
b. pain while moving 8 
c. pain during heavy work/excessive motion (if b=O) 4 
d. numbness or paraesthesiae in the fingers 3 
e. restricted basic daily life activities 10 
f. pain while wringing out clothes (if Hc=O) 3 
g. loss of power 3 
h. subjective judgement of the end result 5 or 10 
i. open question for complaints (if a+b+c+h=O) 1 or 2 or 3 

MOTION IN THE WRIST REGION 0-402 40-609: 60-8041 80-90% 
dorsal flexion 5 4 3 2 
volar flexion 5 4 3 2 
radial deviation 2 1 1 0 
ulnar deviation 2 1 1 0 
pronation 5 4 3 2 
supination 5 4 3 2 

MOTOR FUNCTIONS OF THE HAND 0-409: 40-60% 60-80% 80-90% 
grip power 8 5 3 2 
making a fist 8 
finger extension a 
opposition 8 

opening a door 5 8 
weight lifting 5 8 
picking up a pen 5 8 
crumpling a piece of paper 5 8 
lifting a cup and saucer 5 a 

swelling of hand/fingers 5 

skin atrophy/hyperaesthesia/hyperhidrosis 4 
ulnar compression pain 2 

abnormal impossible 

SIGNS AND SYMPTOMS 

abnormal colour 2 

COSMETICS 
cosmetic appearance 2 or 3 or 5 

5.8 Score system f o r  t h e  f u n c t i o n a l  r e s u l t .  
A sco re  system was designed t o  eva lua te  the  f u n c t i o n a l  r e s u l t .  With ex- 
cep t ion  of t h e  complications and radiographic  parameters,  a l l  o the r  
groups of parameters l i s t e d  i n  Table 5.9 were used. Complications and 
radiographic  parameters were no t  considered i n  t h e  sco re  system f o r  t he  
f u n c t i o n a l  result as t h e  e f f e c t s  of t hese  two parameters groups on the  
f u n c t i o n a l  r e s u l t  were assumed t o  be recorded by t h e  included para- 
meters. The parameters “hypoaesthesia”,  “ r e s t r i c t e d  elbow extension“ and 
“ l o s s  of shoulder excursion“ were l e f t  o u t  a s  t h e s e  were never scored a s  
abnormal. The penal ty  sco re  assigned t o  parameters a s  shown i n  Table 
5.12 w a s  based on the  g u i d e l i n e s  of t he  Comnittee on Medical Rating of 
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Physical  Impairment (81) and on t h e  opinion of some prominent traumatolo- 
g i s t s  i n  the  Netherlands.  The uninjured wrist served a s  t h e  normal stand- 
a rd .  G r i p  power of t he  dominant hand was assumed t o  be 110% of the  non- 
dominant s i d e .  "Sub jec t ive  judgement of t h e  end r e s u l t "  was scored 5 i f  
t he  p a t i e n t  complained of impaired func t ion  only du r ing  heavy work o r  
ex t r ao rd ina ry  movement; t h e  s c o r e  was 10 i n  case  of impaired f u n c t i o n  
du r ing  d a i l y  a c t i v i t i e s  o r  a f f e c t e d  gene ra l  way of l i f e .  "Open ques t ion  
f o r  complaints" was t h e  only parameter t o  which the  penal ty  sco res  were 
assigned a t  the  end of t h e  s tudy;  1 f o r  complaints of sometimes pr ick-  
l i n g  , i tcf i ing,  c o l d f s t i f f  f i n g e r s  o r  aching during change i n  weather;  2 
i n  case of blocking o r  c l i c k i n g  w r i s t s ,  s t i f f  j o i n t s ,  burning sensa t ion ,  
i n a b i l i t y  t o  use a vacuum c l e a n e r ,  ca r ry ing  heavy o b j e c t s  o r  l i m i t a t i o n  
of motion i n  one d i r e c t i o n ;  t he  s c o r e  was 3 f o r  complaints of l i m i t a t i o n  
of p u l l i n g ,  pushing, l i f t i n g  heavy o b j e c t s  o r  l i m i t a t i o n  of wrist motion 
i n  more than one d i r e c t i o n .  "Cosmetic appearance" scored 2 i n  case  of a 
prominent u lna r  head, s l i g h t  r a d i a l  d e v i a t i o n ,  swe l l ing  o r  broadening of 
the w r i s t ;  3 f o r  a combination of aforementioned f ind ings  and 5 when a 
pronounced r a d i a l  d e v i a t i o n  o r  d inne r fo rk  deformity was found. 

5.9 F rac tu re  c l a s s i f i c a t i o n  
Sarmiento's  f r a c t u r e  c l a s s i f i c a t i o n  (Figure 3.4) was used t o  determine 
the  type of f r a c t u r e ,  necessary f o r  d a t a  a n a l y s i s  i n  t h i s  study. This 
c l a s s i f i c a t i o n  system was s e l e c t e d  a s  i t  i s  s i m p l e  and inc ludes  f r a c t u r e  
s t a b i l t y .  Minimally displaced f r a c t u r e s  were c l a s s i f i e d  a s  Type 1 o r  3. 
(F igu re  5.13) This  small  mod i f i ca t ion  w a s  performed as i t  appeared t h a t  
almost a l l  "non-displaced f r a c t u r e s "  s t i l l  showed some s l i g h t  d i sp l ace -  
ment. The f r a c t u r e  c h a r a c t e r i s t i c s  "radio-ulnar j o i n t  involvement" 
( c r i t e r i u m :  f r a c t u r e  towards u lna r  head) and "u lna r  s t y l o i d  f r a c t u r e "  
from Frykman's f r a c t u r e  c l a s s i f i c a t i o n s  (Figure.  3.3) were a l s o  used i n  
t h i s  s tudy f o r  a n a l y t i c  purposes. 

5.10 S t a t i s t i c a l  a n a l y s i s  
A poss ib l e  weakness i n  t h e  design of t h e  s tudy  i s  t h e  p a t i e n t  a l l o c a t i o n  
(Paragraph 5.2). Af t e r  c a r e f u l  cons ide ra t ion  i t  w a s  concluded t h a t  
"pseudo-random" a l t e r n a t i v e  day o r  subsequent patient-form assignement 
would be p re fe rab le  t o  poss ib l e  non compliance and uncon t ro l l ab le  use of 
a random assignment technique i n  a sometimes h e c t i c  24-hours working 
c a s u a l t y  departement with f r equen t  a l t e r n a t i o n  of s t a f f  without con- 
t inuous a d m i n i s t r a t i v e  support  of t he  study. 

A t  t he  s t a r t  of t h e  s tudy  i t  appeared d i f f i c u l t  t o  a s s e s s  the  sample 
s i z e .  Important information t o  apply power c a l c u l a t i o n  was absen t ,  l i k e  
the  minimally c l i n i c a l  important t reatment  d i f f e r e n c e ,  t h e  l e v e l  of res- 
ponse of t he  s tandard treatment and e s t ima t ion  of t he  var iance.  Experien- 
ce with o r  n u n e r i c a l  r e s u l t s  of t h e  s p e c i a l l y  designed sco re  system f o r  
t he  f u n c t i o n a l  result were not  a v a i l a b l e .  Numerical r e s u l t s  of o the r  
s co re  systems used i n  comparable s t u d i e s  were nonexis tent  , inadequate o r  
non t ransposable .  To guarantee 80% power f o r  d e t e c t i n g  a d i f f e r e n c e  i n  
mean response of ha l f  a s tandard d e v i a t i o n  a t  t h e  5% s i g n i f i c a n c e  l e v e l ,  
a sample s i z e  of approximately 60 p a t i e n t s  i n  each group was chosen. Ex- 
pect ing l a r g e  i n t e r p a t i e n t  v a r i a b i l i t y  a d i f f e r e n c e  i n  mean value of 
ha l f  a s tandard d e v i a t i o n  between t reatment  groups was thought t o  be of 
poss ib l e  c l i n i c a l  i n t e r e s t .  
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Figure 5.13 Sarmiento's  f r a c t u r e  c l a s s i f i c a t i o n  

5 P e  1 5 P e  2 

5 P e  3 5 P e  4 

In t h e  s tudy  s t anda rd  s t a t i s t i c a l  techniques were used l i k e  a n a l y s i s  of 
v a r i a n c e ,  chi-square tes ts ,  t- tests and t h e  Kruskall-Wallis  tes t .  In the  
ana lyses  of va r i ance  t h e  r e s u l t s  of t h e  F - t e s t s  f o r  main e f f e c t s  are 
sometimes supplemented with t-tests f o r  t reatment  and/or  subgroup con- 
t ras t  t o  i n d i c a t e  t h e  t reatment  groups o r  subgroups r e spons ib l e  f o r  t h e  
d i f f e r e n c e  i n d i c a t e d  by a s i g n i f i c a n t  o v e r a l l  F - t e s t .  The s i g n i f i c a n t  
l e v e l  adopted f o r  t e s t i n g  main e f f e c t s  was t h e  5% l e v e l .  When t e s t i n g  
c o n t r a s t s  a more s t r i n g e n t  l e v e l  w a s  used t o  guard a g a i n s t  t h e  added 
r i s k  of f a l s e - p o s i t i v e  r e s u l t s  induced by m u l t i p l e  hypotheses t e s t i n g .  
A s  a v i s u a l  a i d  t o  t h e  r e a d e r ,  a l l  p-values f o r  main e f f e c t s  smaller  
t han  5% and a l l  "S ign i f i can t "  c o n t r a s t  test r e s u l t s  were s t a r r e d ( * ) .  
S t a t i s t i c a l  a n a l y s i s  sometimes was done a d d i t i o n a l l y  as a check on 
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transformed d a t a  t o  o b t a i n  b e t t e r  approximations t o  t h e  assumptions 
necessa ry  f o r  use of t he  s t a t i s t i c a l  techniques.  When on ly  t r a n s  formed 
d a t a  were analysed,  t h e  r e s u l t s  are r epor t ed  f o r  t h e  transformed d a t e ;  
i n  a l l  o t h e r  cases, t h e  results are repor t ed  f o r  t h e  o r i g i n a l  non 
transformed da ta .  Other s t a t i s t i c a l  techniques used i n  t h i s  s tudy  were 
r e g r e s s i o n  ana lyses  and techniques f o r  t h e  a n a l y s i s  of l i n e a r  s t r u c t u r a l  
r e l a t i o n  models based on t h e  program LISREL ( 9 3 ) -  

In o rde r  t o  assess t h e  measurement e r r o r  of some parameters ,  t h e  wrists 
and hands of 10 h e a l t h y  persons were sub jec t ed  t o  measurements on f i v e  
subsequent occasions.  The results are l i s t e d  i n  Table 5.14. The percen- 
t age  of t o t a l  v a r i a n c e  and t h e  t o l e r a n c e  i n t e r v a l s  f o r  t h e  a b s o l u t e  
e r r o r  A = x - p are ind ica t ed .  The t o l e r a n c e  i n t e r v a l  enc loses  90% of 
a l l  p o t e n t i a l  a b s o l u t e  e r r o r s  of measurement w i t h  95% p r o b a b i l i t y ,  which 
means t h a t  t h e  d i f f e r e n c e  between t h e  a c t u a l  va lue  and a t  least 90% of 
t h e  measurements w i l l  be less than  t h e  number i n d i c a t e d  i n  t h e  t a b l e ,  
with a p r o b a b i l i t y  of 95%. 'Ihe r e s u l t s  i n d i c a t e  t h a t  t h e  measurement 
e r r o r s  were no t  g r e a t .  The measurement e r r o r  of radiograph parameters 
w a s  not  c a l c u l a t e d  as t h e  d i f f e r e n c e s  between va r ious  measurements of 
t h e  same radiographs were ve ry  small. This i n d i c a t e s  t h a t  an e r r o r  of 
r ad iog raph ic  measurements ha rd ly  e x i s t e d .  

In  t h e  s t a t i s t i ca l  a n a l y s i s  o f t e n  less than 100% of t h e  populat ion of 
t h e  concerned p a t i e n t  group was considered.  This  was due t o  t h e  f a c t  
t h a t  i n  a few p a t i e n t s  t h e  un in ju red  wrist could n o t  s e r v e  as t h e  stand- 
a r d  f o r  comparission t o  calculate t h e  f u n c t i o n a l  r e s u l t  o r  anatomical  
r e s u l t  because of previous i n j u r i e s .  Other reasons were some l o s t  radio-  
graps and t h e  f a c t  t h a t  not  a l l  p a t i e n t s  a t t ended  a l l  checkpoints .  In  
most t a b l e s  t h e  number of s u b j e c t s  per ce l l  i s  no t  i n d i c a t e d  as t h i s  
would have made these  t a b l e s  unnecessa r i ly  c l u t t e r e d .  The approximate 
number of s u b j e c t s  per  cell  however, can always be deduced from t h e  pre- 
ceding more elementary t a b l e s .  

Table 5.14 Measurement errors 

The percentage of total variance (T.V.) with the standard deviation ( S . D . )  and the upper 
90% tolerance limit (T.L.) of the measurement error8 of motions in the wrist region and 
grip power. 

T.V. S . D .  T.L. 
~~~~ ~ 

dorsal flexion 
volar flexion 
radial deviation 
ulnar deviation 
supination 
pronation 
grip power 

3.8% 2% 4.09 
37.2% 13% 4.79 
36.1% 13% 5.64 
27.0% 11% 3.85 
7.3% 4% 8.21 
7.8% 4% 6.00 
10.8% 5% 5.17  
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CHAPTER 6 

PATIENT POPULATION 

248 P a t i e n t s  en te red  t h e  c l i n i c a l  study. 52 p a t i e n t s  were excluded o r  
withdrawn (Table 6.1). The t o t a l  number of p a r t i c i p a t i n g  p a t i e n t s  w a s  
196, predominantly e l d e r l y  women (Table 6.2-6.4, Figure 6.5). 

The r i g h t  w r i s t  w a s  s l i g h t l y  more a f f e c t e d  than  t h e  l e f t  (Table 6.6). 
The most f r equen t  f r a c t u r e  type was t h e  d i sp laced  f r a c t u r e  without radio-  
c a r p a l  j o i n t  involvement (Type 2 ) ,  followed by t h e  d i sp laced  f r a c t u r e  
wi th  radio-carpal  j o i n t  involvement (Type 4 ) .  Of t h e  minimally d i sp laced  
f r a c t u r e s ,  Type 1 was more f r equen t  t han  Type 3 (Table 6.7). Ulnar s ty -  
l o i d  f r a c t u r e  as w e l l  as radio-ulnar  involvement w a s  encountered j u s t  un- 
der  h a l f  of t h e  cases (Table 6.8). 

The i n i t i a l  displacement showed a wide range of va lues ,  which was more 
pronounced i n  d i sp laced  than  i n  minimally d i sp laced  f r a c t u r e s  (Table 
6.9-6.12). The avarage r educ t ion  d i d  not  r e s u l t  i n  a p o s i t i o n  c l o s e  to 
t h e  o r i g i n a l  anatomy (Table 6.13). 

In  t h e  above mentioned d a t a ,  no s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  be- 
tween t h e  t h r e e  t reatment  groups were found with except ion of t h e  r i g h t -  
l e f t  d i s t r i b u t i o n  and presence of u l n a r  s t y l o i d  f r a c t u r e  (Table 6.6., 
6.13). 

The normal anatomy and normal motion i n  t h e  wrist r eg ion  as measured 
from t h e  uninjured s i d e ,  showed a l a r g e  range of normal values  (Table 
6.14, 6.15). 

Table 6.1 Exclusion and withdrawal from participation 

Reason for and number of excluded or withdrawn cases. 

CON SAR FUN total * 
other than Colles type of distal radius fractu 
accompanying other fracture of the same limb 
multi-trauma injury 
previous fracture of the same limb 
pre-existing impairment of the same limb 
continuation of treatment elsewhere 
mentally or physically unfit for cooperation 
persisting volar angle <-5O after reduction 
more than two missed follow ups 
ommission of reduction in displaced fracture 
error in allocation procedure 
refusion of necessary reduction 

total number 

percentage of the group 

ire 4 5 1 10 
2 2 

1 1  2 
3 1 1 5  
6 2 2 1 0  
1 1 

2 2  
2 3 2 7  
1 1 
1 2  3 

1 1 

22 21 9 52 

21Z 24% 16% 21% 

3 4 1 8  

*CON : conventional group 
SAR : Sarmiento group 
FUN : functional group 
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Table 6 . 2  Number of p a t i e n t s  

Number and percentage of p a t i e n t s  t h a t  
p a r t i c i p a t e d  i n  t h e  c l i n i c a l  s tudy.  

n % 

Table 6.3  Female - male r a t i o  

Number and percentage of female and male 
p a t i e n t s .  

female male 

CON 82 42 

SAR 67 34 

FUN 47 24 

t o t a l  196 100 

CON 58 7 1 %  24 29% 

SAR 58 87% 9 13% 

FUN 36 77% 11 23% 

t o t a l  152 78% 44 22% 

chisquare  t e s t  p = 0.07 

Table 6 . 4  Age d i s t r i b u t i o n  

Number and percentage of p a t i e n t s  i n  subsequent age i n t e r v a l s  i n  each group. 

y e a r s  11-20 21-30 31-40 41-50 51-60 61-70 71-80 >80 

CON 2 2% 8 10% 5 6% 9 11% 24 29% 22 27% 9 11% 3 4% 
S A R  1 1% 6 9% 4 6% 6 9% 17 25% 1 8  27% 7 10% 8 12% 
FUN 1 2% 1 2% 5 11% 4 9% 7 15% 15 32% 1 0  21% 4 9% 
t o t a l  4 2% 15 8% 14 7% 19 10% 48 25% 55 28% 26 13% 15 8% 

c h i s q u a r e  tes t  p = 0.51  

Figure  6 . 5  Age d i s t r i b u t i o n  f o r  female and 
male 

Percentage of t h e  t o t a l  number of female 
and male p a t i e n t s  i n  subsequent age i n t e r -  
v a l s .  r i g h t  l e f t  

S 

Table 6.6 R i g h t - l e f t  d i s t r i b u t i o n  

Side of  i n j u r y ,  number and percentage.  

CON 46 56% 36 44% 

SAR 41 61% 26 39% 

FUN 16 34% 3 1  66% 

t o t a l  103 53% 93 47% 

chisquare  t e s t  p = 0.01* 
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t a b l e  6.7 F r a c t u r e  type  d i s t r i b u t i o n  Table 6.8 Ulnar s t y l o i d  f r a c t u r e  and 
rad io-u lnar  j o i n t  involvement 

Number and percentage of f r a c t u r e s  accom- 
panied by an u l n a r  s t y l o i d  f r a c t u r e  (US) 
and by rad io-u lnar  j o i n t  involvement (RU). 

Number and percentage of p a t i e n t s  i n  t h e  f o u r  
groups of d i f f e r e n t  f r a c t u r e  types .  

T1 T2 T3 T4 

CON 19 23% 34 41% 8 10% 21 26% 

SAR 11 16% 31 46% 4 6% 21 31% 

FUN 10 21% 23 49% 3 6% 11 23% 

t o t a l  40 20% 88 45% 15 8% 53 27% 

us RU 

CON 46 56% 38 46% 

SAR 24 36% 28 42% 

FUN 18 38% 19 40% 

t o t a l  88 45% 85 43% 

c h i s q u a r e  t e s t  p = 0.83 
~ ~~ 

chisquare  
t e s t  p = 0.03* 0.77 

Table 6.9 I n i t i a l  v o l a r  angle  d i f f e r e n c e  

Mean, s tandard  d e v i a t i o n  ( s d ) ,  maximum (max) and minimum (min) v a l u e  of t h e  i n i t i a l  v o l a r  
angle  d i f f e r e n c e  (Vl) of a l l  f r a c t u r e  types  (T1234) and of t h e  f o u r  d i f f e r e n t  types .  

T1234 T1 T2 T3 T4 

CON mean 22.86 5.32 33.59 4.17 31.50 
sd 17.50 4.81 14.57 5.91 12.41 
max 74 15 74 15 48 
min -1 -1 11 -1 7 

SAR mean 26.66 3.00 33.28 3.25 35.67 
sd 17.96 5.16 12.34 2.22 15.44 
max 62 15 62 5 60 
m in -2 -2 11 0 10 

FUN mean 26.73 6.78 34.19 7.00 34.18 
sd 16.34 5.63 12.08 10.44 12.47 
max 61 17 61 19 51 
min -1 -1 1 0 19 

t o t a l  mean 25.17 5.00 33.64 4.54 33.72 
sd 17.39 5.16 12.93 6.01 13.50 
max 74 17 74 19 60 
min -2 -2 1 -1 7 
n 176 39 77 13 47 

F-test p = 0.36 0.25 0.97 0.74 0.66 
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Table 6.10 Initial radial angle difference 

Mean, standard deviation, maximum and minimum value of the initial radial angle difference 
(R l )  of all fracture types and of the four different types. 

T1234 T1 T2 T 3  T4 

CON 

SAR 

FUN 

mean 
sd 
max 
rnin 

mean 
sd 
max 
rnin 

mean 
sd 
max 
rnin 

6.10 
8.27 

36 
-5 

6.97 
5.84 

25 
-4 

4.77 
5.54 

19 
-3 

0.42 
2.69 
5 

-5 

1.55 
2.98 
7 

-2 

-0.89 
2.15 
4 

-3  

8.27 
7.58 

30 
-1 

8.59 
5.30 

25 
3 

5.48 
4.31 

12 
-3 

3.33 
4.76 
9 

-3  

0.25 
3.30 
4 

-4 

3.67 
5.51 

10 
0 

10.12 
10.75 
36 
-5 

9.29 
5.42 

21 
2 

8.36 
6.37 

19 
0 

total mean 6.07 0.44 7.62 2.46 9.38 
sd 6.86 2.74 6.03 4.43 7.90 
max 36 7 30 10 36 
rnin -5 -5 -3 -4 -5 
n 173 39 76 13 45 

F-test p = 0.27 0.14 0.16 0.52 0.85 

Table 6.11 Initial radial length difference 

Mean, standard deviation, maximum and minimum value of the initial radial length difference 
(L1) of all fracture types and of the four different types. 

T1234 T 1  T2 T3 T4 

CON mean 3.11 1.68 4.48 0.5 5.17 
sd 4.57 1.46 4.59 2.74 5.18 
max 1 7  4 17 6 17 
rnin -3 -3 -2 -1 -2 

SAR mean 3.92 1.87 4.52 -0.25 5.82 
s d  3.80 2.02 3.14 0.96 4.41 
max 15  5 11 1 15 
rnin -4 -1 -4 -1 -2 

FUN mean 2.98 0.83 3.67 1.67 5.09 
sd 3.59 0.92 2.80 2.08 4.37 
max 11 0 8 4 11 
min -2 -2 -1 0 -2 

total mean 3.36 0.10 4.27 0.54 5.39 
sd 4.07 1.67 3.61 2.15 4.62 
max 17 5 1 7  6 17 
rnin -4 -3 -4 -1 -2 
n 175 39 7 7  13 46 

F-test p = 0.41 0.07 0.67 0.55 0.89 
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Table 6.12 I n i t i a l  r a d i a l  s h i f t  

Mean, s tandard  d e v i a t i o n ,  maximum and minimum v a l u e  of t h e  i n i t i a l  r a d i a l  s h i f t  (Sl) of a l l  
f r a c t u r e  types and of t h e  f o u r  d i f f e r e n t  types .  

~~ 

T1234 T1 T2 T3 T4 

CON mean 
sd 
max 
m i n  

SAR mean 
sd 
max 
rnin 

FUN mean 
sd 
max 
rnin 

t o t a l  mean 
sd 
max 
rnin 
n 

-1.62 -0.63 
2.14 1.34 
3 2 
-9 -3 

-1.98 -0.64 
2.48 1.43 
5 1 

-8 -3 

-1.84 -0.11 
2.70 0.60 
4 1 

-11 -1 

-1.80 -0.51 
2.41 1.23 
5 2 

-11 -3 
172 39 

-1.96 
1.48 
1 

-6 

-2.29 
2.30 
2 

-8 

-1.48 
2.91 
4 

-11 

-1.95 
2.25 
4 

-11 
75 

-0.33 
1.63 
2 

-3  

-0.25 
0.96 
1 

-1 

-1.00 
1.00 
0 
-2 

-0.46 
1.27 
2 

-3 
13 

-2.65 
3.14 
3 

-9 

-2.77 
3.07 
5 

-6 

-4.18 
2.18 

-1 
-7 

-3.07 
2.92 
5 

-9 
45 

F- tes t  p = 0.69 0.55 0.47 0.74 0.35 

t a b l e  6.13 Qual i ty  of r e d u c t i o n  

Mean, s tandard  d e v i a t i o n ,  maximum and minimum value  of t h e  v o l a r  a n g l e ,  r a d i a l  angle  and 
r a d i a l  l e n g t h  d i f f e r e n c e  (V2, R2, L2) and r a d i a l  s h i f t  (52) a f t e r  r e d u c t i o n ,  f o r  f r a c t u r e  
type  2 and 4. 

CON mean 
sd 
max 
rnin 
n 

SAR mean 
sd 
max 
min 
n 

FUN mean 
sd 
max 
rnin 
n 

t o t a l  mean 
s d  
max 
rnin 
n 

8.29 
6.25 
25 
-8 
49 

5.80 
6.83 
19 

-11 
49 

7.52 
6.62 
22 
-3 
31 

7.14 
6.61 

25 
-11 
129 

3.36 
3.77 
11 
-6 
48 

4.70 
5.24 

23 
-3 
49 

4.84 
3.46 
13 
-1 
31 

4.25 
4.32 

23 
-6 
128 

1.31 
2.34 
9 

-4 
48 

1.41 
3.05 

11 
-6 
49 

1.52 
2.78 
8 
-4 
31 

1.40 
2.72 

11 
-6 
128 

1.81 
1.85 
6 
-2 
48 

1.47 
2.57 
6 

-9 
49 

2.13 
2.09 
6 
-2 
31 

-1.77 
2.20 
6 

-9 
128 

~~ 

F- tes t  p = 0.21 0.24 0.95 0.44 
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T a b l e  6 .14  Normal anatomy 

Mean, s t a n d a r d  d e v i a t i o n ,  maximum and minimum v a l u e  and  number of  t h e  v o l a r  a n g l e  ( V A ) ,  
r a d i a l  a n g l e  (RA), r a d i a l  l e n g t h  (RL) and r a d i a l  w i d t h  (RW) of  t h e  u n i n j u r e d  wr is t s .  

VA RA RL RW 

mean 11 .15  26.21 11 .48  16.97 
sd  3.73 3.08 2.40 2.17 
max 20 34 18 24 
min -1 18 6 11 
n 179 179 179 179 

T a b l e  6.15 Normal mot ion  i n  t h e  w r i s t  region 

Mean, s t a n d a r d  d e v i a t i o n ,  maximum and minimum v a l u e  and  number of  d o r s a l  f l e x i o n  ( D F ) ,  
v o l a r  f l e x i o n  (VF) ,  r a d i a l  d e v i a t i o n  ( R D ) ,  u l n a r  d e v i a t i o n  ( U D ) ,  p r o n a t i o n  (PRO) and  
s u p i n a t i o n  (SUP) of t h e  u n i n j u r e d  s i d e .  

~~ 

DF VF RD UD PRO s UP 

mean 66.10 65.20 24.65 32.37 79.17 114.42 
sd  8 .43  8 .95  5.07 5 .83  16 .65  13 .21  
ma x 95 88 4 0  50  120 1 4 0  
m in 45 35 10  18 40 40 
n 184 184 184 184 184 184 
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CHAPTER 7 
RESULTS 

As a consequence of the formulated hypotheses (Chapter 4 )  outcome of the 
functional recovery, functional end results and complications in the 
three treatment groups are presented, as well as the anatomical end re- 
sults and the relationship between the anatomical and functional end 
result. 

7 .1  Functional recovery 
The speed of the functional recovery was assessed by the rapidity that 
the functional result score decreased (i.e. the functional result im- 
proved) between the subsequent check points during one year. In order to 
compare the same parameters at each check point (Table 5 . 9 )  the 
following parameters were excluded in the determination of the 
functional recovery: 
- pain while wringing clothes 
- loss of power 
- subjective judgement of end results 
- cosmetic appearance 
During one year follow-up, the functional result score of the majority 
of the patients decreased rapidly initially, later on more gradually to 
reach low values (Figure 7 . 1 ) .  At all checkpoints the functional group 
obtained a lower mean score than the other two treatment groups (Figure 
7 . 2 ) .  However, only in the beginning at week 4 was this difference sta- 
tistically significant (p=0.02, Table 7 . 3 )  , due to the difference 
between the functional and conventional group (contrast p=O.Ol). The con- 
tribution of the four involved parameter groups (Table 5.12) to the to- 
tal score was calculated separately so as to find the most influential 
factors in the difference of the score at week 4. The "motion in the 
wrist region" and the "motor functions of the hand" turned out to be 
mainly responsible for the difference. The "complaints" and "signs and 
symptoms" did not contribute significantly to the difference (Table 
7 .4 ) .  

To investigate whether the difference in functional recovery between the 
treatment groups depended on the fracture type, the functional result 
score at week 4 was calculated for each fracture type separately. Sar- 
miento's fracture Type 1 and 3 turned out to be not significantly dif- 
ferent with respect to the functional recovery as shown by a two way ana- 
lysis of variance (Addendum 4 ) .  Regarding the functional recovery fract- 
ure Type 1 and 3 are therefore considered to be the same type of fract- 
ure (T 113). Fracture Type 113 obtained in the functional group a signi- 
ficantly lower mean functional result score at week 4 than in the conven- 
tional group. The mean score of fracture Type 2 was in the functional 
and in the Sarmiento group lower than in the conventional group. No sig- 
nificant difference between the groups was found in fracture Type 4 
(Table 7 . 5 ) .  
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7.2 Funct ional  end r e s u l t  
The f u n c t i o n a l  end r e s u l t  was determined by t h e  f u n c t i o n a l  r e s u l t  s c o r e  
one year a f t e r  t h e  trauma. In  c o n t r a s t  with t h e  f u n c t i o n a l  recovery (Pa- 
ragraph 7.1) a l l  parameters of t h e  f u n c t i o n a l  r e s u l t  s co re  were con- 
s ide red  i n  the  c a l c u l a t i o n  of t h e  f u n c t i o n a l  end r e s u l t .  No s t a t i s t i c a l -  
l y  s i g n i f i c a n t  d i f f e r e n c e s  were found between the  t reatment  groups (Table 
7.6). 

The f u n c t i o n a l  end r e s u l t  was a l s o  c a l c u l a t e d  f o r  t h e  d i f f e r e n t  f r a c t u r e  
types sepa ra t e ly .  Analogous t o  t h e  f u n c t i o n a l  recovery f r a c t u r e  Type 1 
and 3 were regarded t o  be t h e  same type of f r a c t u r e  (T 1 / 3 )  with respect 
t o  t h e  f u n c t i o n a l  end r e s u l t ,  as a two way a n a l y s i s  of va r i ance  d id  not  
r e v e a l  a s i g n i f i c a n t  d i f f e r e n c e  between these  types (Addendum 5 ) .  No s ig -  
n i f i c a n t  d i f f e r e n c e  between t h e  t reatment  groups w a s  found f o r  t h e  t h r e e  
d i s t i n c t  f r a c t u r e  types s e p a r a t e l y  (Table  7 .7) .  

In  Chapter 6 imbalances between t h e  t reatment  groups a t  base l ine  were 
presented ( l e f t - r i g h t  d i s t r i b u t i o n  and presence of u lna r  s t y l o i d  f r a c t -  
u r e ) .  As p a t i e n t s  were no t  randomly a l l o c a t e d  t o  t h e  t reatment  groups i t  
was imperat ive t o  a d j u s t  each important t reatment  comparison f o r  b a s e l i -  
ne d i f f e r e n c e s .  To c o r r e c t  f o r  t h e s e  b a s e l i n e  d i f f e r e n c e s  ( p o s s i b l e  con- 
founding v a r i a b l e s )  and a t  t h e  same t i m e  t o  a s s e s s  t h e  prognost ic  va lue  
of t he  v a r i o u s  recorded p a t i e n t  c h a r a c t e r i s t i c s  and e a r l y  responses t o  
t h e  i n i t i a l  t r ea tmen t ,  r eg res s ion  a n a l y s i s  was performed. I n  t h e  regres-  
s ion  a n a l y s i s  t he  f u n c t i o n a l  end r e s u l t  was modelled as a l i n e a r  func- 
t i o n  of poss ib l e  prognost ic  and confounding v a r i a b l e s  and t h e i r  i n t e r a c -  
t i o n s .  The v a r i a b l e s  explored i n  t h i s  r eg res s ion  a n a l y s i s  were personal  
d a t a  ( s e x ,  age,  p ro fes s ion ,  dominant hand),  f r a c t u r e  type,  f r a c t u r e  char- 
acter is t ics  ( u l n a r  s t y l o i d  f r a c t u r e ,  radio-ulnar  j o i n t  involvement),  i n i -  
t i a l  displacement ( i n i t i a l  v o l a r  angle  d i f f e r e n c e  (Vl) ,  r a d i a l  ang le  d i f -  
f e r ence  (Rl) , r a d i a l  l e n g t h  d i f f e r e n c e  (Ll), r a d i a l  s h i f t  (Sl)), q u a l i t y  
of r educ t ion  (post-reduct ion v o l a r  angle  d i f f e r e n c e  (V2), r a d i a l  ang le  
d i f f e r e n c e  (R2), r a d i a l  l e n g t h  d i f f e r e n c e  (L2), r a d i a l  s h i f t  ( S 2 ) ) ,  m e t -  
hod of t reatment  (CON,  SAR, FUN) and anamnestic and o b j e c t i v e  parameters 
scored du r ing  t h e  f i r s t  two weeks (e.g.  pa in ,  swe l l ing ,  oppos i t i on ) .  
After s t a t i s t i c a l  exp lo ra t ion ,  some v a r i a b l e s  were l e f t  ou t  because 
these  appeared t o  be no t  important f o r  t h e  f u n c t i o n a l  end r e s u l t .  The 
v a r i a b l e s  represented i n  the  f i n a l  r eg res s ion  a n a l y s i s  a r e  l i s t e d  i n  Tab- 
l e  7.8. The p r e d i c t i v e  v a l u e  of t h e  r e g r e s s i o n  a n a l y s i s  i s  low a s  indica-  
t ed  by a low R-square va lue  of 36%, which means t h a t  only 36% of the  va- 
r i a t i o n  i n  t h e  f u n c t i o n a l  end r e s u l t  s co re  could be explained by t h e  
prognost ic  v a r i a b l e s .  No c l i n i c a l l y  use fu l  subgroups could be composed 
based on prognost ic  v a r i a b l e s ,  t h a t  would o b t a i n  b e t t e r  f u n c t i o n a l  end 
results with one method of t reatment  than with t h e  o t h e r  two methods. 
The method of t reatment ,  even a f t e r  c o r r e c t i n g  f o r  t h e  in f luence  of 
o t h e r  prognost ic  v a r i a b l e s ,  d e f i n i t e l y  has no s i g n i f i c a n t  e f f e c t  on t h e  
f u n c t i o n a l  end r e s u l t .  The o v e r a l l  most important prognost ic  f a c t o r s  of 
t h e  f u n c t i o n a l  end result seem t o  be t h e  i n i t i a l  v o l a r  angle  d i f f e r e n c e  
(Vl)(p=O.OO) and t o  a lesser extend t h e  occurrence of an u lna r  s t y l o i d  
f r a c t u r e  ( ~ 0 . 0 6 ) .  When co r rec t ed  f o r  t h e  in f luence  of o t h e r  prognost ic  
v a r i a b l e s  the  type of f r a c t u r e  appears  no t  t o  be a s i g n i f i c a n t  prognos- 
t i c  v a r i a b l e .  Treatment i n  t h e  Sarmiento group seems unfavourable f o r  
p a t i e n t s  with radio-ulnar j o i n t  involvement, b u t  b e n e f i c i a l  f o r  p a t i e n t s  
with an u lna r  s t y l o i d  f r a c t u r e .  Due t o  t h e  low R-square value,  t h i s  con- 
c l u s i o n  probably has no c l i n i c a l  s ign i f i cance .  
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7.3 Complications 
A s  i n d i c a t e d  i n  Table 7.9,  t h e  number of cases i n  each group of compli- 
c a t i o n s  s e p a r a t e l y  was too  low f o r  s t a t i s t i ca l  a n a l y s i s .  Therefore ,  a l l  
complicat ions were added i n  each t reatment  group. No s t a t i s t i c a l l y  s i g -  
n i f i c a n t  d i f f e r e n c e  was found i n  t h e  incidence of a l l  complicat ions be- 
tween t h e  t h r e e  t reatment  groups (Table  7.10). After  c o r r e c t i n g  f o r  t h e  
in f luence  of p o s s i b l e  confounding v a r i a b l e s  ( l i k e  age ,  s ex  and radio-ul-  
na r  j o i n t  involvement) by means of r e g r e s s i o n  a n a l y s i s ,  s t i l l  no s i g n i -  
f i c a n t  d i f f e r e n c e  was found. 

- Complications due t o  cast o r  brace 
p re s su re  s o r e s  o r  a b r a s i o n s  were found on n i n e  occasions,  a s h i f t e d  
brace w a s  seen two times, p l a s t e r  a l l e r g y  was encountered once. 
- Redi s loca t ion  needing r e r e p o s i t i o n  
Rerepos i t i on  w a s  done t h i r t e e n  times a t  week 1 and fou r  times a t  week 2. 
I n  n ine  cases t h e  f r a c t u r e  type w a s  2 , i n  1 e i g h t  ca ses  t h e  type was 4 .  
- Nerve i n j u r y  
Median nerve compression (MNC) was diagnosed by EMG-study i n  16 cases 
wi th in  3 months a f t e r  t h e  i n j u r y .  In  10 cases o p e r a t i v e  decompression re- 
s u l t e d  i n  r e l i e f  of complaints .  The o t h e r  6 cases w e r e  no t  operated on 
due t o  spontaneous improvement. The f r a c t u r e  type d i s t r i b u t i o n  was s i x  
times Type 4 ,  s i x  times Type 2, four  times Type 1. None of t hese  
p a t i e n t s  underwent a second r educ t ion  du r ing  t h e  i n i t i a l  management, i n  
one case r e r e p o s i t i o n  a t  week 1 was performed. One year  a f t e r  t h e  t r au -  
m a ,  none of t h e  16 p a t i e n t s  complained of MNC symptoms. I n  8 o u t  of t h e  
s i x t e e n  cases, EMG-signs of mild MNC were a l s o  found a t  t h e  uninjured 
w r i s t ,  without causing complaints .  Although t h e  mean f u n c t i o n a l  end re- 
s u l t  s co re  i n  cases with MNC was higher  than i n  a l l  o t h e r  cases, t h i s  
d i f f e r e n c e  w a s  not  s t a t i s t i c a l l y  s i g n i f i c a n t  (Table 7 .11) .  
- Tendon i n j u r y  
Spontaneous r u p t u r e  of t h e  ex tenso r  p o l l i c i s  longus tendon w a s  seen two 
times ( f r a c t u r e  Type 1 and 4 ) .  One p a t i e n t  underwent an  ex tenso r  i n d i c i s  
p ropr ius  tendon t r a n s f e r ,  t h e  o t h e r  r e fused  ope ra t ion .  Five times steno- 
s i n g  t e n d o v a g i n i t i s  w a s  seen wi th in  h a l f  a year  a f t e r  t h e  trauma. Two ca- 
ses were s u c c e s s f u l l y  t r e a t e d  wi th  c o r t i c o s t e r o i d  i n j e c t i o n ,  i n  t h e  
o t h e r  t h r e e  cases t h i s  t reatment  f a i l e d  and ope ra t ive  release was pe r fo r -  
med. 
- Sudeck dystrophy 
In  seven cases Sudeck dystrophy (SD) s t a g e  1 and i n  7 cases s t a g e  2 w a s  
found. Eight times t h e  f r a c t u r e  type w a s  2,  s i x  t imes t h e  type w a s  4. 
Two ou t  of 14 cases underwent a second r e p o s i t i o n  during t h e  i n i t i a l  ma- 
nagement. The mean f u n c t i o n a l  end r e s u l t  s c o r e  i n  a l l  cases of SD w a s  
s i g n i f i c a n t l y  higher  than i n  a l l  o t h e r  cases ( ~ 0 . 0 2 ,  Table 7.12), main- 
l y  due t o  t h e  f u n c t i o n a l  end r e s u l t  i n  cases with SD s t a g e  2. 
- Loss of radio-ulnar  i n t e g r i t y  ( R U I )  w a s  diagnosed i n  25 cases; t h r e e  
times i n  f r a c t u r e  Type 1, t h i r t e e n  t imes i n  f r a c t u r e  Type 2 and n i n e  ti- 
m e s  i n  f r a c t u r e  Type 4 .  Radio-ulnar j o i n t  involvement and u l n a r  s t y l o i d  
f r a c t u r e  were a s s o c i a t e d  wi th  l o s s  of R U I  i n  15 (60%) and 1 4  (56%) 
cases. Three p a t i e n t s  underwent a Darrach procedure during t h e  second 
h a l f  of t h e  f i r s t  yea r ,  r e s u l t i n g  i n  improvement of t h e  complaints.  The 
mean f u n c t i o n a l  end result s c o r e  of p a t i e n t s  with l o s s  of R U I  w a s  s i g n i -  
f i c a n t l y  h ighe r  than i n  a l l  o t h e r  cases (p=O.OO, Table 7.13). 
- Post-traumatic a r t h r i t i s  
One year  a f t e r  t h e  trauma, post- t raumatic  a r t h r i t i s  (PA) w a s  diagnosed 
i n  31 cases, f o u r  times i n  f r a c t u r e  Type 1, t e n  times i n  f r a c t u r e  Type 
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2, t h r e e  times i n  f r a c t u r e  Type 3 and f o u r t e e n  times i n  f r a c t u r e  Type 4 .  
Radio-ulnar j o i n t  involvement and u l n a r  s t y l o i d  f r a c t u r e  were a s s o c i a t e d  
with PA i n  18 (58%) and 1 3  (42%) cases. The mean f i n a l  v o l a r  ang le  d i f -  
f e r ence  (V3), r a d i a l  ang le  d i f f e r e n c e  (R3), r a d i a l  l e n g t h  d i f f e r e n c e  
(L3) and r a d i a l  s h i f t  (S3) w a s  r e s p e c t i v e l y  9.30, 5.93, 3.93, 3.12, 
which i s  no t  s i g n i f i c a n t l y  d i f f e r e n t  from t h e  mean va lues  of a l l  pa- 
t i e n t s  (Table 7.15). The mean f u n c t i o n a l  end r e s u l t  s c o r e  of cases  
PA w a s  s i g n i f i c a n t l y  h ighe r  then of a l l  o t h e r  cases (p=O.O4, Table 7 
- Loss of motion w a s  found i n  twenty-one cases. 
- Dupuytren’s d i s e a s e  was seen f i v e  t i m e s ,  occu r r ing  w i t h i n  h a l f  a 
a f t e r  t h e  t r auna .  No c o n t r a c t u r e s  were found dur ing  one year .  

7.4 Anatomical end result 
The anatomical  end r e s u l t  w a s  determined by t h e  f i n a l  v o l a r  ang le  d 

with 
14) .  

year  

f f e -  
rence , r a d i a l  ang le  d i f f e r e n c e  , r a d i a l  l e n g t h  d i f f e r e n c e  and r a d i a l  
s h i f t ,  one year  a f t e r  t h e  trauma (V3, R3, L3 and S3).  

The anatomical  end r e s u l t  i n  t h e  f u n c t i o n a l  group showed a s i g n i f i c a n t l y  
g r e a t e r  mean f i n a l  r a d i a l  ang le  d i f f e r e n c e  and f i n a l  r a d i a l  l e n g t h  d i f f e -  
rence than t h e  convent ional  group ( c o n t r a s t s  p=O.Ol, p=O.OO, Table 
7.15),  while  t h e  Sarmiento group showed a s i g n i f i c a n t l y  h ighe r  mean ra- 
d i a l  ang le  d i f f e r e n c e  than t h e  conven t iona l  group ( c o n t r a s t  p=0.04). 
With r e s p e c t  t o  t h e  anatomical  end r e s u l t ,  f r a c t u r e  Type 1 and 3 were 
regarded t o  be t h e  same type of minimally d i sp laced  f r a c t u r e s  (T 113);  
f r a c t u r e  Type 2 and 4 were regareded t o  be t h e  same type of d i sp l aced  
f r a c t u r e s  (T 2 / 4 ) ,  as a two way a n a l y s i s  of v a r i a n c e  d i d  no t  r e v e a l  
s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  between f r a c t u r e  Type 1 and 3 and 
between f r a c t u r e  Type 2 and 4 (Addendum 6 ) .  A s  shown i n  Table 7.16 and 
7.17, t h e  d i f f e r e n c e  i n  anatomical  end r e s u l t  between t h e  groups i s  due 
t o  d i f f e r e n c e s  i n  d i sp l aced  f r a c t u r e s  (T  214). No s i g n i f i c a n t  d i f f e r e n c e  
w a s  seen i n  minimally d i s p l a c e d  f r a c t u r e s  (T 113). 

Analogous t o  t h e  f u n c t i o n a l  end r e s u l t ,  a r e g r e s s i o n  a n a l y s i s  w a s  pe r fo r -  
med f o r  each of t h e  four  anatomical  end r e s u l t  parameters (V3, R3, L3 
and S3).  Again t h i s  was needed t o  c o r r e c t  f o r  imbalances between t h e  
t r ea tmen t  groups a t  b a s e l i n e  and t o  assess t h e  p rognos t i c  va lue  of t h e  
v a r i o u s  v a r i a b l e s  recorded a t  t h e  beginning of t h e  study. 

The four  r e g r e s s i o n  ana lyses  with dependent v a r i a b l e s  f i n a l  v o l a r  ang le  
d i f f e r e n c e ,  r a d i a l  ang le  d i f f e r e n c e ,  r a d i a l  l e n g t h  d i f f e r e n c e  and r a d i a l  
s h i f t ,  are l i s t e d  i n  Table 7.18 t o  7.21. The p r e d i c t i v e  va lue  of t h e  re- 
g r e s s i o n  ana lyses  however, i s  r a t h e r  low as shown by low R-square 
va lues  , i n d i c a t i n g  high percentages of unexplained v a r i a t i o n .  Due t o  
t h i s ,  no c l i n i c a l  u s e f u l  subgroups could be composed on p rognos t i c  va- 
r i a b l e s  t h a t  m i l d  o b t a i n  b e t t e r  anatomical  end r e s u l t s  w i th  one method 
of t r ea tmen t  t han  with t h e  o t h e r  two. The mean f i n a l  r a d i a l  ang le  d i f f e -  
rence and r a d i a l  l e n g t h  d i f f e r e n c e  i n  t h e  f u n c t i o n a l  group was s t i l l  s ig -  
n i f i c a n t l y  higher  a f t e r  c o r r e c t i n g  f o r  i n f l u e n c e s  of o t h e r  v a r i a b l e s  
than  i n  t h e  convent ional  group ( p = O . O O ,  Table 7.19. p=O.OO, Table 7.20). 
The most important p rognos t i c  v a r i a b l e s  of t h e  anatomical  end r e s u l t  
were t h e  i n i t i a l  d i sp l acanen t  parameters.  Age and the f r a c t u r e  cha rac t e r -  
ist ics r a d i o u l n a r  j o i n t  involvement and u l n a r  s t y l o i d  f r a c t u r e  a l s o  
seemed t o  have p rognos t i c  va lue .  The f r a c t u r e  type had no p rognos t i c  
v a l u e  €o r  t h e  anatomical  end r e s u l t .  - 
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7.5 Relat ion between anatomical end r e s u l t  and f u n c t i o n a l  end r e s u l t .  
The c o r r e l a t i o n  between anatomical end r e s u l t  and f u n c t i o n a l  end r e s u l t  
was assessed by p l o t t i n g  t h e  anatomical end r e s u l t s  (V3, R3, L3 and S3) 
a g a i n s t  t h e  corresponding f u n c t i o n a l  end r e s u l t  (FR). I n  a s c a t t e r  dia-  
gram po in t s  c l u s t e r i n g  around a s t r a i g h t  l i n e  and a c o r r e l a t i o n  c o e f f i -  
c i e n t  c l o s e  t o  1 .0  would i n d i c a t e  a high l i n e a r  c o r r e l a t i o n .  I n  t h i s  s tu -  
dy,  no l i n e a r  c o r r e l a t i o n  was found as shown i n  Figure 7.22. In sub- 
groups of younger p a t i e n t s  (450 yea r s )  some higher  c o r r e l a t i o n  coeffi: 
c i e n t  between anatomical and f u n c t i o n a l  end r e s u l t  were found than i n  
t h e  whole population (Table 7.23). In the  c a l c u l a t i o n  of aforementioned 
s o  c a l l e d  "crude c o r r e l a t i o n s "  no in f luence  of o t h e r  f a c t o r s  on t h e  ana- 
tomical  o r  f u n c t i o n a l  end r e s u l t  was considered. As mentioned i n  Para- 
graph 3.13, a crude c o r r e l a t i o n  c o e f f i c i e n t  i s  not  a proper i n d i c a t i o n  
of a causa l  r e l a t i o n s h i p .  To i n v e s t i g a t e  the  c a u s a l  r e l a t i o n s h i p  between 
a n a t a n i c a l  and f u n c t i o n a l  end r e s u l t  , t h e  r e l a t i o n s  between "cause" and 
"e f f ec t "  v a r i a b l e s  were formulated and analysed i n  a system of s t ruc -  
t u r a l  e q u a t i o n s  b y  means o f  " a n a l y s i s  of l i n e a r  s t r u c t u r a l  
r e l a t i o n s h i p s " .  In t h i s  a n a l y s i s ,  t he  "response" v a r i a b l e s  : "anatomical 
end r e s u l t "  (V3, R3, L3, S3) and " f u n c t i o n a l  end r e s u l t "  (FR), were l i n -  
ked t o  t h e  "explanatory" v a r i a b l e s :  "methods of treatment" (CON, SAR, 
FUN), " f r a c t u r e  types" (T l ,  T2, T3, T4),  " f r a c t u r e  c h a r a c t e r i s t i c s "  (RU, 
US), "age",  " i n i t i a l  displacement" (Vl, R1,  L1, S l ) ,  and were l i nked  t o  
t h e  " intermediary" v a r i a b l e s  : "major complications" (COMPL: Sudeck dys- 
trophy, median nerve compression, l o s s  of radio-ulnar i n t e g r i t y ,  post-  
t r a u n a t i c  a r t h r i t i s )  and "anamnestic parameters" (ANAM: pain,  numbness 
f e e l i n g ,  r e s t r i c t e d  d a i l y  l i f e  a c t i v i t i e s  i n  t h e  f i r s t  two weeks), i n  a 
system of l i n e a r  equat ions.  The r e s u l t s  a r e  presented i n  two very con- 
densed path-diagrams (F igu re  7.24) ,  one f o r  p a t i e n t s  above and one f o r  
p a t i e n t s  below 50 yea r s  of age. These r ep resen t  t h e  e s s e n t i a l  informa- 
t i o n  about t he  most i n t e r e s t i n g  and r e l evan t  causa l  chains .  The o r i g i n a l  
path-diagrams , i n  which a l l  above mentioned v a r i a b l e s  were l i nked ,  were 
too complicated f o r  s i m p l e  g raph ica l  expression.  Only between the  i n i -  
t i a l  displacement,  major complicat ions,  t he  anatomical end r e s u l t  and 
the  f u n c t i o n a l  end result r e l evan t  causa l  chains  were found. A l l  t he  
o the r  v a r i a b l e s  inc lud ing  t h e  method of t reatment ,  t he  f r a c t u r e  type and 
t h e  age of t he  p a t i e n t  d id  not c o n t r i b u t e  t o  important o r  r e l evan t  cau- 
s a l  chains .  The arrows i n  t h e  two presented path-diagrams i n d i c a t e  r e l a -  
t i o n s  i n  t h e  t i m e  and poss ib l e  causa l  e f f e c t s .  B io log ica l  and c l i n i c a l  
p l a u s i b i l i t y  however , determines i f  t hese  r e l a t i o n s  indeed can be regar-  
ded a s  causa l .  The corresponding values  i n  the  path-diagrams i n d i c a t e  
" p a r t i a l - c o r r e l a t i o n s " .  (A p a r t i a l  c o r r e l a t i o n  means a c o r r e l a t i o n  
between two v a r i a b l e s  t h a t  i s  co r rec t ed  f o r  t h e  in f luence  of o t h e r  va- 
r i a b l e s ) .  Behind each p a r t i a l - c o r r e l a t i o n  t h e  corresponding crude corre-  
l a t i o n  i s  ind ica t ed  i n  parentheses ,  f r e q u e n t l y  these  two d i f f e r e d  sub- 
s t a n t i a l l y .  The p a r t i a l  c o r r e l a t i o n s  (PC' s) between t h e  anatomical end 
result and the  f u n c t i o n a l  end r e s u l t  were r e l a t i v e l y  low, compared t o  
the  o the r  PC ' s  (F igu re  7.24). The PC between complications and funct-  
i o n a l  end result was much higher  i n  t h e  younger group than i n  the  o lde r  
(0.56, 0.15). In  the  younger group, some high PC ' s  were found between 
t h e  i n i t i a l  displacement and complications (0.61) , and between t h e  i n i -  
t i a l  displacement and t h e  f u n c t i o n a l  end r e s u l t  (0.70). In  the  o l d e r  
group one anatomical end r e s u l t  parameter (V3) showed r e l a t i v e l y  the  
highest  PC towards t h e  f u n c t i o n a l  end r e s u l t  (0.31); i n  abso lu t e  sense 
however, t h i s  i s  s t i l l  a very low p a r t i a l  c o r r e l a t i o n .  
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The most important f a c t o r  i n f luenc ing  t h e  f u n c t i o n a l  end r e s u l t  i n  both 
t h e  younger and o lde r  p a t i e n t s  was t h e  i n i t i a l  displacement.  This f a c t o r  
had both a d i r e c t  i n f luence  on t h e  f u n c t i o n a l  end r e s u l t  and an i n d i r e c t  
i n f luence  v i a  "complications" and "anatomical end r e s u l t " .  I n  t h e  youn- 
ge r  group t h e  intermediary in f luence  of complicat ions on t h e  f u n c t i o n a l  
end result  was r e l a t i v e l y  l a r g e .  The i n i t i a l  displacement a l s o  seemed 
t h e  most important causa l  f a c t o r  determining t h e  anatomical end r e s u l t .  

7.6 Conclusions 
The f u n c t i o n a l  recovery i n  t h e  f u n c t i o n a l  group tended t o  be quicker  
than i n  t h e  o the r  two groups. I n  t h e  beginning, a t  week 4 ,  t h i s  was sta- 
t i s t i c a l l y  s i g n i f i c a n t  due t o  b e t t e r  motions i n  t h e  w r i s t  region and bet-  
t e r  motor func t ions  of t h e  hand. The e a r l y  f u n c t i o n a l  recovery w a s  s ig -  
n i f i c a n t l y  f a s t e r  i n  t h e  f u n c t i o n a l  group f o r  f r a c t u r e  Type 1, 2 and 3 
and i n  t h e  Sarmiento group f o r  f r a c t u r e  Type 2.  In  f r a c t u r e  Type 4 ,  no 
d i f f e r e n c e  i n  e a r l y  f u n c t i o n a l  recovery was found. 

The f u n c t i o n a l  end r e s u l t  w a s  no t  s i g n i f i c a n t l y  d i f f e r e n t  i n  t h e  t h r e e  
t reatment  groups. Prognost ic  f a c t o r s  of t h e  f u n c t i o n a l  end r e s u l t  were 
t h e  i n i t i a l  displacement and occurrence of u lna r  s t y l o i d  f r a c t u r e .  The 
most important causa l  f a c t o r s  i n f luenc ing  t h e  f u n c t i o n a l  end r e s u l t  were 
t h e  i n i t i a l  displacement and occurrence of complicat ions.  The method of 
t r ea tmen t ,  t h e  f r a c t u r e  type and t h e  age of t h e  p a t i e n t  were no t  impor- 
t a n t .  

The incidence of complicat ions was a l s o  not  s i g n i f i c a n t l y  d i f f e r e n t  i n  
t h e  t h r e e  t reatment  groups. Sudeck dystrophy,  l o s s  of radio-ulnar i n t e -  
g r i t y  and post-traumatic a r t h r i t i s ,  were s i g n i f i c a n t l y  a s s o c i a t e d  wi th  
poor f u n c t i o n a l  end r e s u l t s ,  while  t h e r e  was a t r end  i n  median nerve 
c o m p r e s s i o n .  Second r e d u c t i o n ,  r e r e d u c t i o n ,  t y p e  o f  f r a c t u r e ,  
radio-ulnar j o i n t  involvement, and u lna r  s t y l o i d  f r a c t u r e  seemed t o  have 
no important r e l a t i o n  wi th  median nerve compression, Sudeck dystrophy o r  
loss of radio-ulnar  i n t e g r i t y .  The f r a c t u r e  c h a r a c t e r i s t i c s  radio-ulnar 
j o i n t  involvement and u lna r  s t y l o i d  f r a c t u r e  were not  h igh ly  a s soc ia t ed  
with l o s s  of radio-ulnar j o i n t  i n t e g r i t y  o r  post- t raumatic  a r t h r i t i s .  
The anatomical end result seemed no t  an important prognost ic  f a c t o r  f o r  
development of pos t - t r auna t i c  a r t h r i t i s  w i th in  one year  a f t e r  t h e  t r au -  
ma.  "he occurrence of a Col les  f r a c t u r e  might have a l t e r e d  s u b c l i n i c a l  
median nerve compression i n t o  c l i n i c a l l y  man i fe s t  nerve compression. 

The anatomical end result was i n  t h e  f u n c t i o n a l  group i n f e r i o r  compared 
t o  the  convent ional  group, due t o  d i f f e r e n c e s  i n  d i sp l aced  f r a c t u r e s .  M i -  
n imal ly  d i sp laced  f r a c t u r e s  showed no s i g n i f i c a n t  d i f f e r e n c e  between t h e  
t reatment  groups. Prognostic f a c t o r s  f o r  t h e  anatomical end r e s u l t  were 
t h e  i n i t i a l  displacement ,  radio-ulnar  j o i n t  involvement, u l n a r  s t y l o i d  
f r a c t u r e ,  age and method of t reatment .  The most important c a u s a l  f a c t o r  
i n f luenc ing  t h e  anatomical end r e s u l t  w a s  t h e  i n i t i a l  displacement.  

The causa l  r e l a t i o n s h i p  between anatomical and f u n c t i o n a l  end r e s u l t  
seemed very weak. (Th i s  i s  underl ined by t h e  s i g n i f i c a n t l y  d i f f e r e n t  ana- 
t a n i c a l  end r e s u l t s  i n  combination wi th  equal  f u n c t i o n a l  end r e s u l t s  i n  
two methods of treatment.)  The crude c o r r e l a t i o n s  were i n r e l i a b l e  indica-  
t i o n s  f o r  t h e  causa l  r e l a t i o n s h i p .  

In the  ana lyses  r a t h e r  h igh  percentages of unexplained var iance were 
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found. As t h e  measurement e r r o r s  were not g r e a t  (Table 5 . 1 4 ) ,  i t  i s  most 
l i k e l y  t h a t  t h i s  was mainly due t o  ex tens ive  i n t e r p a t i e n t  v a r i a b i l i t y .  

FR 
50- 

40- 

30- 

20- 

10- 

Sarmiento's  f r a c t u r e  Type 1 and 3 ,  a s  modified i n  t h i s  s tudy,  appeared 
t o  be t h e  same type of f r a c t u r e .  

Figure  7.1 Funct ional  recovery 

Box p l o t s  of t h e  f u n c t i o n a l  r e s u l t  score  
(FR) f o r  a l l  c a s e s  a t  t h e  subsequent  
checkpoin ts .  The box p l o t  i n d i c a t e s  the  
upper and lower l i m i t s ,  t h e  i n t e r q u a r t i l e  
ranges and t h e  median va lue .  

I 

Figure  7.2 Funct iona l  recovery f o r  each 
group 

Mean va lue  of the  f u n c t i o n a l  resul t  score  
(FR) a t  t h e  subsequent checkpoints  f o r  
each t rea tment  group. 

-CON 
r - - - S A R  
*------*FUN 

_" 
4 6 10 14 26 52 week 

Table 7.3 Funct iona l  r e s u l t s  per  t rea tment  group 

Mean, s tandard  d e v i a t i o n ,  maximum and minimum v a l u e  and number of t h e  f u n c t i o n a l  r e s u l t  
s c o r e  (FR) a t  t h e  subsequent  checkpoin ts  f o r  each group f o r  a l l  f r a c t u r e  types .  

~ ~ 

week 4 6 10 14 26 52 

CON mean 49.14 33.24 20.82 15.52 10.01 6.33 
sd 27.18 23.73 18.66 12-51 9.91 5.92 
max 120 111 97 62 55 40 
min 5 1 2 0 0 0 
n 73 72 74 73 74 73 

SAR mean 43.92 27.48 20.17 17.60 10.48 6.60 
sd 23.77 18.71 17.06 14.76 9.63 6.83 
max 124 116 89 73 53 35 
m i n  12 6 0 0 0 0 
n 65 60 64 63. 61 58 

FUN mean 36.52 25.74 15.72 13.82 7.83 4.56 
sd 24.51 20.14 12.64 9.70 5.76 4.38 
max 106 109 78 46 26 22 
min 2 0 0 0 0 0 
n 47 46 46 45 42 43 

F- tes t  p = 0.02* 0.11 0.28 0.78 0.53 0.20 
t-test f o r  
con t r a s t  s 
c-s p = 0.26 

S-F p = 0.08 
C-F p = O.Ol* 
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Table 7.4 Score of  parameter groups 

Mean and s tandard  d e v i a t i o n  of t h e  s c o r e  of t h e  "complaints"  (CO), "motion i n  t h e  w r i s t  re-  
gion" (MW), "motor f u n c t i o n s  o f  t h e  hand" (MH) and " s i g n s  and symptoms" (SS) a t  week 4 .  

CON mean 6.23  14.69 25.97 3.34 
s d  6.13  3.32 18.77 3.65 

SAR mean 6.06 14.80 20.21 3.12 
sd 6.16 4 .01  16.09 3.22 

FUN mean 5.43 11.96 16.91 2.19 
sd 5.27 5.23 15.61 3.02 

~~~~ 

F- tes t  p= 0.75 0.00" 0.01" 0.16 
t - t e s t  f o r  
c o n t r a s t s  
c-s p= 0.88 0.05  
C-F p= O . O l *  O.Ol*  
S-F p= o.oo* 0.28  

Table 7 . 5  Ear ly  f u n c t i o n a l  r e s u l t  per  f r a c t u r e  type  

Mean and s tandard  d e v i a t i o n  of t h e  f u n c t i o n a l  resul t  s c o r e  a t  week 4 f o r  f r a c t u r e  type 1 
and 3 ( T 1 / 3 ) ,  type  2 ( T 2 )  and t y p e  4 ( T 4 ) .  

T l f 3  T 2  T4  

CON mean 33.08 56.72 60 .11  
sd 21.24 27.43 24.62 

SAR mean 23.13 42.52 62.63 
sd 8.86 18.97 24.82 

FUN mean 16.15 43.14 47.36 
sd 14.22 25.49 18.20 

F- tes t  p= 0.01* 0.05* 0.21 
t - t e s t  f o r  
c o n t r a s t s  
c-s p= 0.08 0 . 0 3  
C-F p= o.oo* 0.04  
S-F p= 0.06 0 .88  

Table 7.6 Funct iona l  end r e s u l t  

Mean, s tandard  d e v i a t i o n ,  maximum and minimum value  and number of t h e  f u n c t i o n a l  end resul t  
s c o r e  f o r  e a c h  group. 

CON SAR FUN t o t a l  

mean 
sd 
max 
min 
n 

8.56 10.00 7.21 8.71 
8 .30  10.56 6 .78  8 .81  

5 3  49 3 3  5 3  
0 0 0 0 

7 3  58 4 3  174 

F-test  p= 0.62  
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Table 7.7 Functional end results for different fracture types 

Mean and standard deviation o €  the functional end result score for fracture type 1 and 3 
(T1/3), type 2 (T2) and type 4 (T4). 

T1/3 T2 T4 

CON mean 4.52 9.63 12.75 
sd 3.95 7.13 12.31 

SAR mean 3.00 9.36 16.41 
sd 2.31 8.74 13.42 

FUN mean 4.17 6.67 12.00 
sd 4.09 5.62 9.25 

total mean 4.04 8.77 14.02 
sd 3.62 7.42 12.04 

F-test p= 0.48 0.32 0.58 

Table 7.8  Regression analysis functional end result 

Regression analysis with dependent variable functional end result score ( F R ) .  The represen- 
ted variables are methods of treatment (SAR, FUN), fracture type (T2, T3, T4), fracture cha- 
racteristics radio ulnar joint involvement(RU) and ulnar styloid fracture (US), initial dis- 
placement (ml) and combinations of variables. The variable FR is transformed to a logarith- 
mic scale, the variable V 1  is square root transformed and deducted with a constant factor 
for statistical analytic purposes. 

log FR 

variable coeff. st .error t-test p-value 

Intercept 0.80 
SAR 0.03 0.10 0.31 0.76 
FUN -0.06 0.11 -0.52 0.61 
T2 -0.01 0.12 -0.09 0.93 
T3 -0.09 0.12 -0.76 0.45 
T4 0.10 0.14 0.75 0.45 

us 0.17 0.09 1 . 8 9  0.06 
RU -0.15 0.15 -1.03 0.31 
SAR x US -0.40 0.13 -3.15 0.00 * 
FUNx US -0.07 0.14 -0.50 0.62 
SAR x RU 0.30 0.12 2.37 0.02 * 
FUN x RU -0.01 0.14 -0.07 0.95 
RU x T2 -0.05 0.17 -0.28 0.78 
R U x  T 3  0.71 0.38 1.86 0.06 
RU x T4 0.10 0.19 0.54 0.59 

Vi?l 0.09 0.03 3.29 0.00 * 

multiple R-square: 0.36% 
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Table 7.9 Complicat ions 

Number and percentage of compl ica t ions  

CON SAR FUN t o t a l  

compl ica t ions  due t o  c a s t  o r  b r a c e  5 6% 3 4% 4 9% 12 6% 
r e d i s l o c a t i o n  needing r e r e p o s i t i o n  5 6% 9 13% 3 6% 1 7  9% 
median nerve  compression 8 10% 5 7% 3 6% 16 8% 
tendon i n j u r i e s  6 7% 0 0% 1 2% 7 4% 
Sudeck dystrophy 7 9% 5 7% 2 4% 14 7% 
loss of rad io-u lnar  i n t e g r i t y  13 16% 8 12% 4 9% 25 13% 
post- t rauma t i c  a r t h r i t i s  13 16% 12 18% 6 13% 31 16% 
loss  of motion 6 7% 11 16% 4 9% 21  11% 
Dupuytren’s d i s e a s e  3 4% 2 3% 0 0% 5 3% 

t o t a l  66 55 27 148 

Table 7.10 D i s t r i b u t i o n  of  compl ica t ions  

Number and percentage of p a t i e n t s  wi th  0, 1. 2, 3, 4 o r  5 compl ica t ions .  

~ ~ 

number of compl ica t ions  CON SAR FUN t o t a l  

0 36 44% 33 49% 28 60% 97 49% 
1 32 39% 20 30% 1 4  30% 66 34% 
2 8 10% 10 15% 2 4% 20 10% 
3 6 7 %  2 3% 3 6% 11 6% 
4 0 0% 1 1% 0 0% 1 1% 
5 0 0% 1 1% 0 0% 1 1% 

t o t a l  82 67 47 196 

Table 7 . 1 1  Funct ional  end r e s u l t  in median 
nerve compression 

Mean, s tandard  d e v i a t i o n  and number of t h e  
f u n c t i o n a l  end r e s u l t  s c o r e  of t h r e e  
groups of p a t i e n t s  wi th  median nerve com- 
p r e s s i o n  ( M N C ) ,  compared t o  a l l  o t h e r  ca- 
ses. From 15 o u t  of t h e  1 6  p a t i e n t s ,  t h e  
s c o r e  could be c a l c u l a t e d .  

t - t e s t  
mean sd n p:  

MNC a l l  c a s e s  10.08 8.64 15 
a l l  o t h e r  c a s e s  8.61 8.84 159 0.58 

MNC opera ted  13.67 11.18 8 
a l l  o t h e r  c a s e s  8.53 8.71 166 0.31 

MNC not  opera ted  6.50 2.88 7 
a l l  o t h e r  cases 8.79 8.94 167 0.13 

Kruskal-Wall is tes t  p - 0.43 

Table 7.12 Funct iona l  end r e s u l t  i n  Sudeck 
dystrophy 

Mean, s tandard  d e v i a t i o n  and number of t h e  
f u n c t i o n a l  end r e su l t  s c o r e  of t h r e e  
groups of p a t i e n t s  wi th  Sudeck dystrophy 
(SD), compared t o  a l l  o t h e r  c a s e s .  From 1 3  
out  of t h e  14 p a t i e n t s ,  t h e  s c o r e  could be 
c a l c u l a t e d .  

t - t e s t  
mean sd n p: 

~~~ ~ ~ ~ 

SD s t a g e  1+2 21.82 16.08 13 
a l l  o t h e r  c a s e s  7.82 7.38 161 0.02* 

SD s t a g e  1 17.00 18.01 7 
a l l  o t h e r  c a s e s  8.41 8.26 167 0.30 

SD s t a g e  2 27.60 12.82 6 
a l l  o t h e r  c a s e s  8.18 8.07 168 0.03* 
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Table 7.13 Funct iona l  end r e s u l t  in loss 
of radio-ulnar  i n t e g r i t y  

Mean va lue ,  s tandard  d e v i a t i o n  and number 
of the  f u n c t i o n a l  end r e s u l t  score  of  
p a t i e n t s  wi th  loss of rad io-u lnar  i n t e g r i -  
t y  (RUI) compared t o  a l l  o t h e r  cases .  

Table 7.14 Funct ional  end r e s u l t  i n  post- 
t raumat ic  a r t h r i t i s  

Mean va lue ,  s tandard  d e v i a t i o n  and number 
of the  f u n c t i o n a l  end r e s u l t  score  of pa- 
t i e n t s  w i t h  post- t raumatic  a r t h r i t i s  (PA) 
compared t o  a l l  o t h e r  cases .  

t - t e s t  
mean sd n p: 

t-test 
mean sd n 0 :  

Loss of RUI 16.73 13.07 25 
all o t h e r  c a s e s  7.30 7.00 149 0.00" 

PA 12.79 11.29 31 
a l l  o t h e r  c a s e s  7.93 8.07 143 0.04* 

Table 7.15 Anatomical end r e s u l t s  f o r  a l l  f r a c t u r e  types 

Mean, s tandard  d e v i a t i o n ,  maximum and minimum value  and number of t h e  f i n a l  v o l a r  
angle  d i f f e r e n c e  (V3), r a d i a l  angle  d i f f e r e n c e  (R3), r a d i a l  l e n g t h  d i f f e r e n c e  (L3) and 
r a d i a l  s h i f t  (53) f o r  a l l  f r a c t u r e  tvoes .  

v3 R3 L3 s3 

CON mean 
sd 
max 
min 
n 

SAR mean 
sd 
rnax 
min 
n 

FUN mean 
sd 
max 
m in 
n 

t o t a l  mean 
sd 
max 
min 
n 

11.21 
9.10 
38 
-8 
72 

9.25 
11.88 
40 

-25 
60 

12.00 
12.41 
40 
-19 
43 

10.73 
10.96 
40 

-25 
175 

3.90 
4.98 
18 
-6 
72 

5.85 
5.64 

20 
-4 
60 

6.67 
6.09 
23 
-1 
43 

5.19 
5.65 
23 
-7 
175 

2.31 
3.28 

11 
-4 
71 

3.10 
4.68 
16 

-14 
60 

4.63 
4.03 
15 
-1 
43 

3.16 
4.07 
16 

-14 
174 

2.18 
2.56 
7 
-9 
72 

2.92 
2.93 

11 
-8 
59 

3.05 
2.41 
8 

-1 
43 

2.64 
2.67 
11 
-9 
174 

F- tes t  p = 0.41 0.02* 0.01* 0.15 
t-test for 
c o n t r a s t s  
c-s p = 0.04* 0.27 
C-F p = 0.01" o.oo* 
F-S p - 0.49 0.08 
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Table 7.16 Anatomical end r e s u l t s  f o r  d i s p l a c e d  f r a c t u r e s  

Mean and s tandard  d e v i a t i o n  of  t h e  f i n a l  v o l a r  a n g l e  d i f f e r e n c e  (V3). r a d i a l  a n g l e  d i f f e -  
rence  (R3). r a d i a l  l e n g t h  d i f f e r e n c e  (L3) and r a d i a l  s h i f t  (S3)  f o r  d i s p l a c e d  f r a c t u r e s  
(T2/4)  - 

v3  R3 L3 s3 

CON mean 
sd 

SAR mean 
sd 

FUN mean 
sd 

t o t a l  mean 
sd 

13.65 
9.64 

10.52 
12.97 

13.59 
13.29 

12.48 
11.93 

5.02 3.22 2.67 
4.97 2.94 2.41 

7.04 4.00 3.31 
5.57 4.84 3.15 

8.09 5.56 3.56 
6.12 4.15 2.54 

6.57 4.12 3.14 
5.61 4.12 2.74 

~~ ~ 

F - t e s t  p = 0.38 0.04* 0.05* 0.32 
t-test f o r  
c o n t r a s t s  
c-s p = 0.07 0.35 
C-F p = 0.02* 0.01* 
F-S p = 0.44 0.13 

Tabel 7.17 Anatomical end r e s u l t s  f o r  minimally d i s p l a c e d  f r a c t u r e s  

Mean and s tandard  d e v i a t i o n  of t h e  f i n a l  v o l a r  a n g l e  d i f f e r e n c e  (V3),  r a d i a l  a n g l e  d i f f e -  
rence  (R3). r a d i a l  l e n g t h  d i f f e r e n c e  (L3) and r a d i a l  s h i f t  (S3) f o r  minimally d i s p l a c e d  
f r a c t u r e s  (T1 /3 ) .  

v3  R3 L3 53  

CON mean 
sd 

SAR mean 
sd 

FUN mean 
s d  

t o t a l  mean 
sd 

6.89 1.50 0.73 1.31 
6.11 4.61 3.29 2.62 

5.07 1.93 0.14 1.64 
5.79 3.93 2.38 1.50 

7.36 2.55 1.91 1.55 
8.21 3.75 1.97 1.04 

6.49 1.84 0.82 1.45 
6.46 4.20 2.84 2.06 

F - t e s t  p = 0.62 0.79 0.30 0.88 
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Table 7.18 Regression a n a l y s i s  f i n a l  v o l a r  angle  d i f f e r e n c e  

Regression a n a l y s i s  w i t h  dependent v a r i a b l e  f i n a l  v o l a r  a n g l e  d i f f e r e n c e  (V3). The repre-  
sen ted  v a r i a b l e s  a r e  method of t rea tment  (SAR, FUN), f r a c t u r e  type  (T2, T3, T 4 ) ,  i n i t i a l  
displacement  (fil,fil,Sl), f r a c t u r e  c h a r a c t e r i s t i c s  (RU), age and combinat ions of v a r i a -  
b l e s .  The v a r i a b l e s  R1 and V1 a r e  t ransformed t o  a square  r o o t  s c a l e  and deducted wi th  
c o n s t a n t  f a c t o r s ,  t h e  v a r i a b l e s  S 1  and age a r e  deducted w i t h  c o n s t a n t  f a c t o r s  f o r  s t a t i s -  
t i c a l  a n a l y t i c  purposes .  

v 3  

v a r i a b l e  coeff  . st  . e r r o r  t-test p-value 

I n t e r c e p t  11.64 
SAR -1.85 1.77 -1.05 0.30 
FUN 0.37 1.97 0.19 0.85 
T2 -1 34 3.26 -0.41 0.68 
T3 -0.63 3.18 -0.20 0.84 
T4 -1.24 3.39 -0.37 0.72 
Kl 5.80 1.66 3.50 0.00 * 
fil 0.76 1.00 0.76 0.45 
Sl -1.97 0.56 -3.51 0.00 
RU 0.94 1.73 0.54 0.59 
age 0.01 0.05 0.32 0.75 
age x S1 -0.06 0.02 -3.18 0.00 * 
R U  x El -6.97 2.30 -3.03 0.00 * 
R U  x 6 1  2.41 1.19 2.02 0.05 * 
RUx S1 2.10 0.78 2.68 0.01 * 

m u l t i p l e  R-square: 0.30% 

Table 7.19 Regression a n a l y s i s  f i n a l  r a d i a l  a n g l e  d i f f e r e n c e  

Regression a n a l y s i s  wi th  dependent v a r i a b l e  f i n a l  r a d i a l  angle  d i f f e r e n c e  (R3). The repre-  
sen ted  v a r i a b l e s  a r e  methods o f  t rea tment  (SAR, FUN), f r a c t u r e  type  (T2 .  T3, T4), i n i t i a l  
displacement  (Cl) and age. The v a r i a b l e  R 3  is t ransformed t o  a square  r o o t  s c a l e ,  t h e  va- 
r i a b l e  R 1  is t ransformed t o  a square  r o o t  s c a l e  and deducted wi th  a cons tan t  f a c t o r ,  t h e  
v a r i a b l e  age is deducted wi th  a c o n s t a n t  f a c t o r  f o r  s t a t i s t i c a l  a n a l y t i c  purposes. 

m3 

v a r i a b l e  c o e f f .  s t . e r r o r  t - t e s t  p-value 
_ _ _ _ _ _ ~ ~ ~ ~ ~  

I n t e r c e p t  2.92 
SAR 0.20 0.13 1.59 0.11 
FUN 0.44 0.14 3.14 0.00 * 
T 2  0.21 0.16 1.29 0.20 
T3 0.11 0.23 0.49 0.63 
T4 0.10 0.18 0.56 0.57 
fil 0.47 0.07 6.91 0.00 * 
age  0.01 0.00 3.26 0.00 * 

-- 
m u l t i p l e  R-square: 0.40% 
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Table 7.20 Regression a n a l y s i s  f i n a l  r a d i a l  l e n g t h  d i f f e r e n c e  

Regression a n a l y s i s  w i t h  dependent v a r i a b l e  f i n a l  r a d i a l  l e n g t h  d i f f e r e n c e  (L3) .  The repre-  
sen ted  v a r i a b l e s  are method of t rea tment  (SAR, FUN), f r a c t u r e  type  (T2, T3, T4), f r a c t u r e  
c h a r a c t e r i s t i c s  ( R U ,  US), i n i t i a l  displacement  ( f l l , f i l ) ,  age  and combinat ions of v a r i a -  
b l e s .  The v a r i a b l e  L3 is t ransformed t o  a square  root  s c a l e ,  t h e  v a r i a b l e s  V 1  and L 1  a r e  
t ransformed t o  a square r o o t  s c a l e  and deducted wi th  c o n s t a n t  f a c t o r s ,  t h e  v a r i a b l e  age is 
deducted w i t h  a c o n s t a n t  f a c t o r  for  s t a t i s t i c a l  a n a l y t i c  purposes .  

a 3  

v a r i a b l e  c o e f f .  s t  . e r r o r  t-test p-value 

I n t e r c e p t  
SAR 
FUN 
T2 
T3 
T4 
RU 
us 

4.26 
-0.00 0.06 -0.03 0.98 

0.19 0.07 2.93 0.00 * 
0.12 0.12 0.16 0.87 
0.01 0.11 0.08 0.94 
0.01 0.12 0.09 0.93 

-0.02 0.06 -0.41 0.68 
-0.04 0.06 -0.63 0.53 

0.03 0.03 0.76 0.45 
0.47 0.07 6.64 0.00 * 
0.01 0.00 3.06 0.00 * 

-0.07 0.03 -2.07 0.04 * 
-0.16 0.08 1.92 0.05 

m u l t i p l e  R-square: 0.49% 

Table  7.21 Regression a n a l y s i s  f i n a l  r a d i a l  s h i f t  

Regression a n a l y s i s  wi th  dependent v a r i a b l e  f i n a l  r a d i a l  s h i f t  (S3) .  The represented  
v a r i a b l e s  are methods of  t rea tment  (SAR, FUN), f r a c t u r e  type  (T2,  T3, T4). i n i t i a l  
displacement  (ml,fil, S l ) ,  age  and combinat ions of v a r i a b l e s .  The v a r i a b l e s  R 1  and L 1  
a r e  t ransformed t o  a l o g a r i t h n i c  s c a l e  and deducted wi th  c o n s t a n t  f a c t o r s ,  t h e  v a r i a -  
b l e s  S1 and age a r e  deducted wi th  c o n s t a n t  f a c t o r s  f o r  s t a t i s t i c a l  a n a l y t i c  purposes. 

53 

v a r i a b l e  c o e f f .  s t  . e r r o r  t-test p-value 

I n t e r c e p t  
SAR 
FUN 
T2 
T3 
T4 
VFl 
6 1  

age  
s1 

age x 
age  x S1 

1.80 
0.35 0.40 0.88 
0.39 0.44 0.90 
0.82 0.52 1.59 
0.19 0.72 0.26 
0.57 0.58 0.98 

-0.66 0.33 -2.03 
0.85 0.44 1.94 
0.53 0.09 6.17 

-0.00 0.01 -0.02 
-0.04 0.02 -2.34 

0.02 0.00 3.48 

0.38 
0.37 
0.11 
0.80 
0.33 
0.04 * 
0.05 
0.00 * 
0.98 
0.02 * 
0.00 * 

m u l t i p l e  R-square: 0.39% 
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Figure  7.22 C o r r e l a t i o n  a n a t a n i c a l - f u n c t i o n a l  end r e s u l t  

S c a t t e r e d  diagrams and c o r r e l a t i o n  c o e f f i c i e n t s  of t h e  f i n a l  v o l a r  a n g l e  d i f f e r e n c e  (V3), 
r a d i a l  a n g l e  d i f f e r e n c e  (R3), r a d i a l  l e n g t h  d i f f e r e n c e  (L3) and r a d i a l  s h i f t  (S3) a g a i n s t  
t h e  f u n c t i o n a l  end resul t  s c o r e  (FR) f o r  a l l  c a s e s .  

.20171 0 20 4 0  eo v3 
-40 -20 

c o r r . c o e f f .  0.21 

4 

-15 -10 -5 0 5 10 80 

c o r r . c o e f f .  0.25 

-3 

c o r r . c o e f f .  0.19 

-10 -5 10 

c o r r . c o e f f .  0.02 

R3 

53 
1 

Table 7.23 C o r r e l a t i o n  c o e f f i c i e n t s  

C o r r e l a t i o n  c o e f f i c i e n t s  between t h e  anatomical  end r e s u l t s  (V3, R3, L3, S3) and the  
f u n c t i o n a l  end r e s u l t  s c o r e s  f o r  d i f f e r e n t  g roups  of age or f r a c t u r e  type.  

n v3 R3 L3 53 

a l l  cases 166 0.21 0.19 0.25 0.02 
T2/4 117 0.31 0.04 0.15 -0.10 
T1/3 49 0.26 0.27 0.14 -0.01 
age  > 50 120 0.31 0.09 0.13 -0.10 
age < 50 46 0.07 0.40 0.54 0.22 
age  < 50, T2/4 29 -0.16 0.29 0.51 0.19 
age 6 50, T1/3 17 0.17 0.15 -0.11 -0.20 

age 6 50, T4 10 -0.26 0.45 0.60 0.25 
age < 50, T2 19 0.26 0.06 0.29 0.06 

67 



Figure  7 . 2 4  Causal  r e l a t i o n s h i p s  

Analysis  of l i n e a r  s t r u c t u r a l  r e l a t i o n s h i p s  between i n i t i a l  d i sp lacement ,  major complica- 
t i o n s  (COMPL), anatomical  end r e s u l t  and f u n c t i o n a l  end r e s u l t  s c o r e  (FR) f o r  p a t i e n t s  o f  
5 0  y e a r s  o r  younger and f o r  p a t i e n t s  over  50 y e a r s  of age.  I n i t i a l  displacement  i s  expres-  
sed i n  i n i t i a l  v o l a r  a n g l e  d i f f e r e n c e  (Vl), r a d i a l  a n g l e  d i f f e r e n c e  (Rl), r a d i a l  l e n g t h  
d i f f e r e n c e  (L1) and r a d i a l  s h i f t  ( S l ) .  Major compl ica t ions  c o n s i s t  of Sudeck dys t rophy,  me- 
d i a n  nerve  compression,  loss of  rad io-u lnar  j o i n t  i n t e g r i t y  and post- t raumatic  a r t h r i t i s .  
The anatomical  end r e s u l t  is expressed i n  f i n a l  v o l a r  angle  d i f f e r e n c e  ( V 3 ) .  r a d i a l  angle  
d i f f e r e n c e  (R3),  r a d i a l  l e n g t h  d i f f e r e n c e  ( L 3 )  and r a d i a l  s h i f t  ( 5 3 ) .  Behind each p a r t i a l -  
c o r r e l a t i o n  c o e f f i c i e n t ,  t h e  corresponding crude-cor re la t ion  c o e f f i c i e n t  i s  i n d i c a t e d  in 
p a r e n t h e s i s .  The percentage of unexplained v a r i a n c e  of  t h e  var ioue  parameters  is i n d i c a t e d  
a t  t h e  r i g h t  s i d e .  

age  < 50 
n = 30 

age  > 50 
n = 107 

percentage of 
unexplained 
v a r i a n c e  

FR: 36% 
COMPL: 73% 
v3: 57% 
8 3 :  33% 
L 3 :  34% 
5 3 :  40% 

FR: 64% 
COMPL: 86% 
V 3 :  72% 
R3: 65% 
L3:  70% 
S 3 :  62% 
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CHAPTER 8 

DISCUSSION AND CONCLUSIONS 

8.1 Discussion 
I n  the  eva lua t ion  of t reatment  outcome, t h e  w r i s t  was considered as a 
“black box“. This approach w a s  based on t h e  assumption t h a t  t he  p a t i e n t  
w i l l  not complain of s t r u c t u r a l  damage i n s i d e  the  w r i s t ,  but t h a t  t he  
p a t i e n t  might be d i sab led  by t h e  r e s u l t s  and consequences. Therefore no 
e f f o r t s  were made t o  ana lyse  s t r u c t i o n a l  damage i n s i d e  the w r i s t .  (ex- 
c e p t  f o r  radiographic  examinations,  necessary f o r  a n a l y s i s  of r e l a t i o n -  
s h i p s ) .  The c r i t e r i a  f o r  t reatment  outcome comparison used i n  t h i s  s tudy 
were the  speed of f u n c t i o n a l  recovery,  t h e  f u n c t i o n a l  end r e s u l t  and t h e  
incidence of complicat ions.  The anatomical end r e s u l t  was not used a s  a 
c r i t e r ium.  

The speed of f u n c t i o n a l  recovery and f u n c t i o n a l  end r e s u l t  were scored 
by a newly developed sco re  system t h a t  considered the  d i s a b i l i t y  caused 
by the  i n j u r y .  Contrary t o  common sco re  systems the  f u n c t i o n a l  recovery 
was a s ses sed  f o r  t h e  f i r s t  t i m e ,  a l l  parameters were p r e c i s e l y  def ined,  
and the  degree of d i s a b i l i t y  r e s u l t i n g  from l o s s  of motion was r a t e d  ac- 
cording t o  gene ra l ly  accepted c r i t e r i a .  The uninjured wrist served a s  
the  i n d i v i d u a l  s tandard,  which proved t o  be important a s  a wide range of 
normal va lues  w a s  found i n  uninjured wrists. The r e s u l t s  were no t  c l a s -  
s i f i e d  i n t o  groups with an e x c e l l e n t ,  good, f a i r  or poor outcome a s  com- 
monly encoutered i n  l i t e r a t u r e ,  a s  t h i s  would be a r b i t r a r i l y ,  unneces- 
s a r y  and would r e s u l t  i n  f o r  t h i s  s tudy unwanted s i m p l i f i c a t i o n s .  
The new sco re  system was designed t o  eva lua te  a l l  poss ib l e  important as- 
pects of t h e  f u n c t i o n a l  r e s u l t .  This r e s u l t e d  i n  a wide sco re  range. Be- 
cause of l a r g e  i n t e r p a t i e n t  v a r i a b i l i t y  ( e s p e c i a l l y  i n  the  beginning of 
t h e  r e h a b i l i t a t i o n  per iod)  t h i s  wide range proved t o  be of value.  The 
sco re  system, however, i s  complicated and needs computer a s s i s t a n c e .  For 
t h a t  reason i t  seems u n p r a c t i c a l  and unsu i t ab le  f o r  common use. 

All complications du r ing  one year were considered t o  be r e l a t e d  t o  the  
Colles  f r a c t u r e  i n j u r y .  The occurrence of median nerve compression o r  
Dupuytren‘s d i sease  i n  some cases might have been co inc iden ta l .  This i s  
however, hard t o  e s t ima te  as no exact f i g u r e s  e x i s t  about t h e  incidence 
of t hese  complications i n  the  normal populat ion (64,99).  

The outcome of t he  s tudy i n d i c a t e s  t h a t :  
1. In displaced f r a c t u r e s  f u n c t i o n a l  treatment with a below-the-elbow 
f u n c t i o n a l  brace and with Sarmiento’s f u n c t i o n a l  brace i n  sup ina t ion  a r e  
only supe r io r  t o  convent ional  p l a s t e r  t reatment  i n  cases  of ex t r a -a r t i cu -  
l a r  f r a c t u r e s  by providing a f a s t e r  f u n c t i o n a l  recovery e a r l y  i n  the  re- 
h a b i l i t a t i o n  phase (Hypotheses 1 and 2 ) .  
2 .  In  minimally displaced f r a c t u r e s ,  f u n c t i o n a l  treatment with a bandage 
i s  only supe r io r  t o  convent ional  p l a s t e r  t reatment  g iv ing  a f a s t e r  funct-  
i o n a l  recovery e a r l y  i n  the  r e h a b i l i t a t i o n  phase (Hypothesis 3 ) .  
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3. The c a u s a l  r e l a t i o n s h i p  between t h e  anatomical  end r e s u l t  and t h e  
f u n c t i o n a l  end r e s u l t  i n  t h i s  s tudy  i s  very weak (Hypothesis 4 ) .  

These conclusions l e a d  t o  some p r a c t i c a l  consequences f o r  t h e  t r ea tmen t  
of Co l l e s  f r a c t u r e s :  
- For d i sp laced  e x t r a - a r t i c u l a r  f r a c t u r e s  (Sarmiento Type 2) t h e  l i m i t e d  
g a i n  obtained i n  speed of f u n c t i o n a l  recovery wi th  a below-the-elbow 
f u n c t i o n a l  brace when compared t o  a convent ional  p l a s t e r  has t o  be 
weighed i n  i n d i v i d u a l  c a s e s  a g a i n s t  t h e  inc reased  c o s t s ,  necessa ry  t o  
app ly  t h e  device.  
- Sarmiento's  f u n c t i o n a l  b race  i n  sup ina t ion  should not  be used as i t  
has no advantages when compared with a below-the-elbow f u n c t i o n a l  brace 
but  only disadvantages (more d i f f i c u l t  t o  app ly  and less convenient f o r  
t h e  p a t i e n t ) .  
- For d i sp laced  i n t r a - a r t i c u l a r  f r a c t u r e s  (Sarmiento Type 4 )  f u n c t i o n a l  
t reatment  should no t  be used. 
- For minimally d i sp laced  f r a c t u r e s  (Sarmiento Type 1 and 3 )  f u n c t i o n a l  
t reatment  with a bandage a f t e r  one week immobil isat ion i s  t h e  method of 
choice.  Four weeks of immobil isat ion should be regarded as overtreatment  
f o r  t h i s  f r a c t u r e  type.  
- The i n f e r i o r  anatomical  r e s u l t s  obtained by t h e  d i f f e r e n t  types of 
f u n c t i o n a l  t reatment  i n  t h i s  s tudy are not  shown t o  be d e t r i m e n t a l  t o  
the  f u n c t i o n a l  r e s u l t s  obtained with t h e s e  methods of t reatment .  

Sumnarising t h e  conclusions i t  appears  t h a t  t h e  b e n e f i t s  of f u n c t i o n a l  
t reatment  of Col les  f r a c t u r e s  are r a t h e r  l i m i t e d  compared t o  four  weeks 
of plaster t reatment .  However , t reatment  with a below-the-elbow p l a s t e r  
during only fou r  weeks i s  a l s o  a r a t h e r  f u n c t i o n a l  approach because pro- 
n a t i o n  and sup ina t ion  i n  t h e  forearm are no t  f u l l y  r e s t r i c t e d .  I f  t h e  
f u n c t i o n a l  t reatment  as app l i ed  i n  t h i s  s tudy  had been compared wi th  a 
longer  and more r i g i d  immobil isat ion method of t reatment  t h e  d i f f e r e n c e s  
might have been g r e a t e r .  

The s tudy  extended over a fo l low up per iod of one yea r .  Resu l t s  a t  one 
year were regarded as r ep resen t ing  t h e  end r e s u l t s .  With r e s p e c t  t o  t h e  
f u n c t i o n a l  end r e s u l t ,  t h i s  assumption seems accep tab le  as t h e  funct-  
i o n a l  s c o r e  tended t o  s t a b i l i s e  du r ing  t h e  second h a l f  of t h e  year.  The 
anatomical  r e s u l t  i s  very u n l i k e l y  t o  change a f t e r  t h e  fo l low up per iod.  
The incidence of t h e  complicat ions w i l l  not change a f t e r  one yea r  with 
t h e  poss ib l e  except ion of post- t raumatic  a r t h r i t i s  which might i n f luence  
t h e  end r e s u l t s  over a longer  per iod.  Af t e r  one year  t h i s  complicat ion 
seemed unre l a t ed  t o  a poor anatomical  end r e s u l t .  Future  i n v e s t i g a t i o n s  
however, are necessary t o  e v a l u a t e  whether t h i s  f i n d i n g  remains t h e  same 
i n  t h e  long run. 

Some remarks can be made when c o n t r a s t i n g  t h i s  s tudy  t o  t h e  l i t e r a t u r e :  
Contrary t o  t h e  m a j o r i t y  of i n v e s t i g a t i o n s  t h i s  s tudy  i s  p rospec t ive  and 
comparative with a s t anda rd i sed  management of t h e  i n j u r y  and w i t h  p rec i -  
se d e f i n i t i o n s  . 
For t h e  f i r s t  t i m e  t h e  speed of f u n c t i o n a l  recovery,  and t h e  c a u s a l  re- 
l a t i o n s h i p  between anatomical  and f u n c t i o n a l  end r e s u l t  are evaluated.  
The s u p e r i o r  f u n c t i o n a l  and anatomical  end r e s u l t s  of f u n c t i o n a l  b rac ing  
i n  sup ina t ion  over p l a s t e r  cast t reatment  as claimed by Sarmiento e t  a1  
(159,162) and Biinger e t  a1 (26) could no t  be confirmed. 
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This s tudy suppor t s  t h e  conclusion of Stewart e t  a1 (178) t h a t  no s i g n i -  
f i c a n t  d i f f e r e n c e  e x i s t s  i n  the  f u n c t i o n a l  end r e s u l t  and the  incidence 
of complications between p l a s t e r  t reatment  and f u n c t i o n a l  t reatment .  
The f a s t e r  f u n c t i o n a l  recovery,  a s  claimed by Sarmiento, appeared only 
s h o r t  l i v e d  and was r e s t r i c t e d  t o  some f r a c t u r e  types.  
The impression t h a t  complications a f t e r  Colles f r a c t u r e s  a r e  r e l a t i v e l y  
common and a reason f o r  u n s a t i s f a c t o r y  end r e s u l t s  could be confirmed. 
Contrary t o  the  opinion of t h e  ma jo r i ty  of t h e  authors  no important cau- 
s a l  r e l a t i o n s h i p  between t h e  anatomical and f u n c t i o n a l  end r e s u l t  was 
found. This discrepancy might be due t o  t h e  mixing up of c o r r e l a t i o n  and 
causa l  r e l a t i o n s h i p .  The p o s i t i v e  c o r r e l a t i o n  between anatomical and 
f u n c t i o n a l  r e s u l t  r epor t ed  by some a u t h o r s  can be explained by t h e  f a c t  
t h a t  both f a c t o r s  a r e  c a u s a l l y  r e l a t e d  t o  a mutual f a c t o r :  t he  i n i t i a l  
displacement , poss ib ly  r e f l e c t i n g  t h e  s e v e r i t y  of t he  i n j u r y .  However, 
from such a p o s s i t i v e  c o r r e l a t i o n  a c a u s a l  r e l a t i o n s h i p  cannot be 
con c 1 uded beforehand . 
In search of t h e  most b e n e f i c i a l  type of f u n c t i o n a l  t r ea tmen t ,  d i f f e r e n t  
types were evaluated.  The ha rd ly  e x i s t i n g  causa l  r e l a t i o n s h i p  between 
the  anatomical and f u n c t i o n a l  end r e s u l t  means no contra- indicat ion f o r  
f u r t h e r  i n v e s t i g a t i o n  on o t h e r  types of func t iona l  treatment , restric- 
t i n g  even less motion, with consequently higher  chances of i n f e r i o r  ana- 
tomical r e s u l t s .  trowever, t h e  outcome of t h i s  s tudy does n o t  urge such 
f u r t h e r  i n v e s t i g a t i o n  a s  t h e  b e n e f i t  of f u n c t i o n a l  t reatment  over conven- 
t i o n a l  p l a s t e r  t reatment  i s  r a t h e r  l imi t ed .  

The f u n c t i o n a l  end r e s u l t  depends more on the  i n i t i a l  displacement and 
on t h e  occurrence of complications than on the  method of t reatment .  The 
i n i t i a l  displacement cannot be inf luenced.  Inves t iga t ions  on prevention 
and b e t t e r  t reatment  of major complications might t h e r e f o r e  be the  new 
f r o n t i e r  i n  t h e  sea rch  f o r  b e t t e r  f u n c t i o n a l  end r e s u l t s  a f t e r  Colles 
f r a c t u r e s .  

8 . 2  Conclusions 

The a p p l i c a t i o n  f i e l d  of f u n c t i o n a l  t reatment  i n  the management of Col -  
l es  f r a c t u r e s  i s  r a t h e r  l i m i t e d ,  when compared t o  convent ional  p l a s t e r  
t reatment .  

Sarmiento's  f u n c t i o n a l  bracing i n  supinat ion has no place i n  the  manage- 
ment of Col les  f r a c t u r e s .  

Funct ional  bracing with a below-the-elbow brace has some s l i g h t  advanta- 
ge over convent ional  p l a s t e r  t reatment  i n  d i sp l aced  e x t r a - a r t i c u l a r  Col- 
les  f r a c t u r e s .  

Funct ional  t reatment  with a bandage f o r  t h r e e  weeks a f t e r  one week immo- 
b i l i s a t i o n  i s  t h e  method of choice i n  Col les  f r a c t u r e s  without i n i t i a l  
d o r s a l  angulat ion.  
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The c a u s a l  r e l a t i o n s h i p  between t h e  anatomical  end r e s u l t  and t h e  funct-  
i o n a l  end r e s u l t  is  weak i n  Colles  f r a c t u r e s  t h a t  are managed as d e s c r i -  
bed i n  t h i s  s tudy.  

The most important c a u s a l  f a c t o r s  i n f luenc ing  t h e  f u n c t i o n a l  end r e s u l t  
a r e  not  t h e  method of f r a c t u r e  t r ea tmen t ,  nor  t h e  anatomical end r e s u l t ,  
bu t  t h e  i n i t i a l  displacement of f r a c t u r e  fragments and t h e  occurrence of 
complicat ions - 
For e v a l u a t i o n  of f u n c t i o n a l  and anatomical  end r e s u l t s  i n  Col les  f r a c t -  
u re s  , t h e  non-injured w r i s t  should s e r v e  as t h e  i n d i v i d u a l  s t anda rd  
because of l a r g e  i n t e r p a t i e n t  v a r i a b i l i t y  of normal va lues .  

In Sarmiento's  f r a c t u r e  c l a s s i f i c a t i o n ,  Type 1 and 3 should be changed 
t o  form one type of minimally d i sp laced  f r a c t u r e s  ( i . e .  f r a c t u r e s  
without d o r s a l  angulat ion)  . 
I n v e s t i g a t i o n s  on complicat ions a f t e r  Col les  f r a c t u r e s  might r e s u l t  i n  a 
b e t t e r  t reatment  outcome f o r  t h i s  i n j u r y .  
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CHAPTER 9 

SUMMARY 

Chapter 1 In t roduc t ion  
Funct ional  treatment i s  a r e c e n t l y  developed approach t o  a f r a c t u r e  in- 
j u r y  with emphasis on e a r l y  motion and func t ion  whereby f r a c t u r e  f r ag -  
ments a r e  not  immobilised bu t  only s t a b i l i s e d .  It i s  based on t h e  assump- 
t i o n  t h a t  e s p e c i a l l y  s o f t  t i s s u e  hea l ing  i s  important f o r  proper rehabi-  
l i t a t i o n .  This a spec t  i s  given p r i o r i t y  over bone conso l ida t ion  i n  anato- 
mical pos i t i on .  Retrospect ive s t u d i e s  i n d i c a t e  rewarding r e s u l t s  of 
f u n c t i o n a l  t reatment  i n  the  management of Colles  f r a c t u r e s .  The a i m  of 
t h i s  t h e s i s  i s  t o  e s t a b l i s h  the  a p p l i c a t i o n  f i e l d  of f u n c t i o n a l  t r e a t -  
ment of Col les  f r a c t u r e s  by comparing r e s u l t s  from f u n c t i o n a l  t reatment  
with convent ional  p l a s t e r  t reatment  i n  a prospect ive c l i n i c a l  study. 

Chapter 2 The normal wrist and hand, review of l i t e r a t u r e  
The motion i n  t h e  w r i s t  r eg ion ,  t h e  func t ion  of t h e  hand and t h e  radiolo-  
g i c a l  anatomy a r e  descr ibed as f a r  a s  t hese  appear r e l e v a n t  t o  t h i s  s tu -  
dy*  

Chapter 3 The Colles  f r a c t u r e ,  review of l i t e r a t u r e  
Many a s p e c t s  of t h e  Colles  f r a c t u r e  i n j u r y  and i t s  management a r e  sub- 
ject  t o  c o n t r o v e r s i a l  opinions.  The r e s u l t s  of va r ious  s t u d i e s  r epor t ing  
d i f f e r e n t  methods of t reatment  a r e  ha rd ly  comparable. Very few prospect i -  
ve s t u d i e s  have been performed. The r e l a t i o n  between the  anatomical and 
f u n c t i o n a l  r e s u l t  i s  c r u c i a l  i n  t h e  i n d i c a t i o n  f o r  most methods of t r e a t -  
ment. This r e l a t i o n s h i p  however , remains unrevealed a s  t he  ex i s t ence  of 
a c o r r e l a t i o n  i s  disputed and because t h e  e x i s t e n c e  of a c a u s a l  r e l a t i o n -  
s h i p  between the  anatomical and f u n c t i o n a l  end r e s u l t  has never been in- 
ves t iga t ed .  The only r epor t ed  type of f u n c t i o n a l  t reatment  of Col les  
f r a c t u r e s  i s  Sarmiento's  f u n c t i o n a l  bracing i n  sup ina t ion ,  which i s  ad- 
vocated r e g a r d l e s s  of t h e  s t a b i l i t y  of t h e  f r a c t u r e .  It appears t h a t  t h e  
c u r r e n t  methods of treatment outcome eva lua t ion  show major drawbacks. 

Chapter 4 Design of t h e  s tudy 
F rac tu re  s t a b i l i t y  and the  kind of r e l a t i o n s h i p  between the  anatomical 
and f u n c t i o n a l  r e s u l t  s e e m  important f a c t o r s  t o  determine t h e  most bene- 
f i c i a l  type of f u n c t i o n a l  t reatment .  Both f a c t o r s  a r e  considered i n  the  
formulat ion of hypotheses t h a t  were t e s t e d  i n  t h e  c l i n i c a l  study. The 
c r i te r ia  used f o r  t reatment  outcome comparison a r e  speed of f u n c t i o n a l  
recovery,  f u n c t i o n a l  end r e s u l t  and incidence of complicat ions.  

Chapter 5 Methods 
The s tudy  was performed from 1981 till  1984. The p a t i e n t s  were s e l e c t e d  
according t o  f i x e d  cr i ter ia .  Three t reatment  groups were formed. One 
group was t r e a t e d  with a convent ional  below-the-elbow plaster.  The se- 
cond group was t r e a t e d  with Sarmiento' s above-the-elbow f u n c t i o n a l  brace 
i n  sup ina t ion  t h a t  permited e a r l y  vo la r  f l e x i o n  and u l n a r  d e v i a t i o n  bu t  
r e s t r i c t e d  pronat ion of t he  forearm. In  the  t h i r d  group displaced f r a c t -  
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ures  were t r e a t e d  with a below-the-elbow f u n c t i o n a l  brace t h a t  permited 
e a r l y  vo la r  f l e x i o n ,  u lna r  d e v i a t i o n  and pronat ion and su  i n a t i o n  i n  t h e  
forearm; minimally-displaced f r a c t u r e s  ( v o l a r  ang le  > 0 ) were t r e a t e d  
with a bandage t h a t  allowed motion i n  a l l  d i r e c t i o n s .  A l l  f r a c t u r e s  i n  
the  second and t h i r d  group were i n i t i a l l y  immobilised with a p l a s t e r  
s p l i n t  f o r  one week t o  reduce pain and swel l ing.  The t o t a l  per iod of 
immobilisation o r  s t a b i l i s a t i o n  i n  a l l  groups was fou r  weeks. A l l  o t h e r  
a s p e c t s  of t he  management of t he  i n j u r y  were s t anda rd i sed .  

A new sco re  system f o r  t h e  f u n c t i o n a l  recovery and f u n c t i o n a l  end r e s u l t  
i s  presented which r e f l e c t s  t he  p a t i e n t ' s  d i s a b i l i t y .  The c r i t e r i a  f o r  
t he  d i agnos i s  of complicat ions a r e  descr ibed.  The anatomical r e s u l t  i s  
based on four radiographic  parameters.  The f r a c t u r e  type i s  c l a s s i f i e d  
according t o  Sarmiento. The s t a t i s t i ca l  methodology i s  ou t l ined .  
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Chapter 6 P a t i e n t  populat ion 
The t o t a l  number of p a t i e n t s  t h a t  p a r t i c i p a t e d  i n  t h e  s tudy i s  196; pre-  
dominantly e l d e r l y  women. C h a r a c t e r i s t i c s  of t h e  p a t i e n t  populat ion l i k e  
r i g h t - l e f t  d i s t r i b u t i o n ,  f r a c t u r e  type d i s t r i b u t i o n ,  i n i t i a l  d i sp l ace -  
ment and q u a l i t y  of r educ t ion  a r e  presented.  

Chapter 7 Resu l t s  
I n  the  t h i r d ,  most f u n c t i o n a l  t reatment  group, t he  speed of f u n c t i o n a l  
recovery i s  i n i t i a l l y  f a s t e r  than i n  t h e  o t h e r  two groups f o r  d i sp l aced  
e x t r a - a r t i c u l a r  f r a c t u r e s  t r e a t e d  with a below-the-elbow f u n c t i o n a l  
brace and f o r  minimally-displaced f r a c t u r e s  t r e a t e d  with a bandage. Also 
i n  the second group, t r e a t e d  with Sarmiento 's  brace i n  sup ina t ion ,  an 
i n i t i a l l y  f a s t e r  f u n c t i o n a l  recovery i s  found compared t o  t h e  con- 
v e n t i o n a l  t r e a t e d  group, but only f o r  d i sp l aced  e x t r a - a r t i c u l a r  f r a c t -  
ures .  I n  displaced i n t r a - a r t i c u l a r  f r a c t u r e s ,  no d i f f e r e n c e  i n  speed of 
f u n c t i o n a l  recovery between t h e  t h r e e  t reatment  groups i s  found. The 
f u n c t i o n a l  end r e s u l t  and t h e  incidence of complicat ions i s  no t  d i f f e r -  
e n t  i n  t h e  t h r e e  t reatment  groups. The anatomical end r e s u l t  of i n i t i a l -  
l y  d i sp l aced  f r a c t u r e s  i s  i n  t h e  t h i r d ,  most f u n c t i o n a l  group, i n f e r i o r  
t o  the  f i r s t  group t r e a t e d  with a p l a s t e r .  
The c a u s a l  r e l a t i o n s h i p  between the  anatomical and f u n c t i o n a l  end r e s u l t  
i s  very weak. The i n i t i a l  displacement i s  a r e l a t i v e l y  important f a c t o r  
i n f luenc ing  both t h e  f u n c t i o n a l  and anatomical end r e s u l t .  Major compli- 
c a t i o n s  appear another  r e l a t i v e l y  important f a c t o r  i n f luenc ing  t h e  func- 
t i o n a l  end r e s u l t .  

Chapter 8 Discussion and conclusions 
The r a t h e r  complicated newly developed sco re  system i s  a keystone f o r  
t h e  r e s u l t s  and conclusions of t h i s  study. Funct ional  t reatment  with a 
below-the-elbow f u n c t i o n a l  brace appears  b e n e f i c i a l  i n  some s e l e c t e d  ca- 
ses of d i sp l aced  e x t r a - a r t i c u l a r  f r a c t u r e s .  For minimally d i sp laced  f r ac -  
t u r e s ,  a bandage f o r  t h r e e  weeks a f t e r  one week immobilisation i s  t h e  
t reatment  of choice.  Funct ional  t reatment  should no t  be used f o r  d i sp l a -  
ced i n t r a - a r t i c u l a r  f r a c t u r e s .  There i s  no place f o r  f u n c t i o n a l  treat- 
ment with Sarmiento' s above-the-elbow f u n c t i o n a l  brace.  The o v e r a l l  i m -  
por tance of f u n c t i o n a l  t reatment  of Col les  f r a c t u r e s  i s  r a t h e r  l i m i t e d  
when compared t o  convent ional  p l a s t e r  t reatment .  This conclusion i s  i n  
c o n t r a s t  t o  most r e p o r t s  i n  l i t e r a t u r e  concerning t h i s  s u b j e c t .  
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The p o s i t i v e  c o r r e l a t i o n  between t h e  anatomical  and f u n c t i o n a l  end re- 
s u l t ,  as r epor t ed  by some a u t h o r s ,  can be explained from t h e  f a c t  t h a t  
both r e s u l t s  depend on t h e  same c a u s a l  f a c t o r ;  t h e  i n i t i a l  displacement.  
From t h i s  c o r r e l a t i o n  a c a u s a l  r e l a t i o n s h i p  between t h e  anatomical  and 
f u n c t i o n a l  end r e s u l t  should not  be concluded beforehand. 

The ha rd ly  e x i s t i n g  c a u s a l  r e l a t i o n s h i p  between t h e  anatomical  and funct-  
i o n a l  end r e s u l t  does no t  r e s t r i c t  f u r t h e r  i n v e s t i g a t i o n s  of f u n c t i o n a l  
t reatment  types with more e a r l y  motion and func t ion  and t h e r e f o r e  with a 
higher  chance on i n f e r i o r  anatomical  r e s u l t s .  The conclusions from t h i s  
s tudy  however, do not i n d i c a t e  a need f o r  f u r t h e r  i n v e s t i g a t i o n s  i n  t h i s  
d i r e c t i o n .  

Not t h e  method of t r ea tmen t ,  nor t h e  anatomical  end r e s u l t s ,  but  t h e  i n i -  
t i a l  displacement ,  and complicat ions are t h e  most important f a c t o r s  i n  
determining t h e  f u n c t i o n a l  end r e s u l t .  Of t h e  l a t t e r  two, t h e  i n i t i a l  
displacement cannot be in f luenced .  Therefore ,  r e sea rch  on t h e  compli- 
c a t i o n s  a f t e r  Co l l e s  f r a c t u r e s  might be t h e  new f r o n t i e r  i n  improving 
t h e  t reatment  outcome of a Col les  f r a c t u r e  i n j u r y .  
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CHAPTER 10 

SAMENVATTING 

Hoofdstuk 1, Inleiding 
Funktionele behandeling is een recent ontwikkelde vorm van fraktuurbe- 
handeling waarbij de nadruk wordt gelegd op vroegtijdige beweging en 
funktie. De fraktuur wordt hiertoe niet ge’imobiliseerd doch alleen ge- 
stabiliseerd. Deze benadering berust op de veronderstelling dat de weke 
delen genezing van groter belang is voor een gunstig herstel dan strikte 
anatomische consolidatie. In retrospectieve studies worden veelbelovende 
resultaten vermeld van funktionele behandeling van Colles frakturen. Het 
doe1 van deze studie is om door middel van een prospectief klinisch on- 
derzoek het toepassingsgebied van deze behandelingsvorm voor Colles frak- 
turen te evalueren, door resultaten van functionele behandeling te verge- 
lijken met die van conventionele f raktuurbehandeling met behulp van een 
gipsspalk. 

Hoofdstuk 2, Literatuuroverzicht van de normale pols en hand 
Van functionele en rantgenologische aspekten van de normale hand en pols 
wordt een overzicht gegeven, voor zover dit relevant is voor de opzet 
van de studie. 

Hoofdstuk 3 ,  Literatuuroverzicht van de Colles fraktuur 
Over de meeste aspekten van het Colles fraktuurletsel blijken controver- 
sizle meningen te bestaan. De uitkomsten van velerlei studies over ver- 
schillende behandelingsmethoden zijn nauwelijks onderling te vergelij- 
ken. Het aantal gepubliceerde prospectieve studies is gering. Het veron- 
derstelde verband tussen het anatomische en functionele eindresultaat is 
de basis voor de indicatiestelling van de meeste behandelingsvormen. Dit 
verband blijft echter onopgehelderd aangezien de meningen over een corre- 
latie tussen beide verdeeld zijn en aangezien een oorzakelijke verband 
tussen beide nooit onderzocht blijkt te zi jn. De funktionele behandeling 
volgens Sarmiento is de enige tot nu toe beschreven vorm van funktionele 
behandeling van Colles frakturen. Lkze wordt ongeacht de stabiliteit bij 
iedere Colles fraktuur aangeraden. 
Tenslotte blijken de gangbare evaluatiemethoden van behandelingsresulta- 
ten belangrijke tekortkomingen te vertonen. 

Hoofdstuk 4 ,  Onderzoeksopzet 
De fraktuurstabiliteit en het verband tussen het anatomische en functio- 
nele eindresultaat lijken belangrijke factoren te zijn voor het bepalen 
van de meest optimale vorm van functionele behandeling. Deze beide fac- 
toren zijn betrokken bij het formuleren van de hypothesen die in de kli- 
nische studie getoetst zijn. Als criteria voor de vergelijking van re- 
sultaten dienen de snelheid van het funktionele herstel, het funktionele 
eindresultaat en de incidentie van complicaties. 
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Hoofdstuk 5, Methoden 
De s t u d i e  werd v e r r i c h t  van 1981 t o t  1984. De pa t i zn tenpopu la t i e  kwam 
t o t  s t and  volgens vooropgestelde c r i t e r i a .  E r  werden d r i e  behandelings- 
groepen samengesteld. Groep 1 werd geymmobiliseerd m e t  een convent ionele  
onderarmsgipsspalk.  Groep 2 werd behandeld m e t  een t o t  boven de el leboog 
reikend funk t ione le  koker volgens Sarmiento, waarbi j  v o l a i r e  f l e x i e  en 
u l n a i r e  d e v i a t i e  toegestaan werden doch waarbi j r o t a t i e  van de onderarm 
beperkt  werd. In groep 3 werden v e r p l a a t s t e  f r ak tu ren  behandeld met een 
funk t ione le  onderarms b k e r  waa rb i j  v o l a i r e  f l e x i e ,  u l n a i r e  d e v i a t i e  en 
onderarmsrotat ie  mogeli j k  waren. Minimaal v e r p l a a t s t e  f r ak tu ren  ( v o l a i r e  
hoek g r o t e r  dan 0 ' )  werden i n  deze groep behandeld m e t  een zwachtel 
waardoor a l l e  bewegingen mogelijk waren. Alle f r ak tu ren  i n  de 2e en 3e 
groep werden i n  h e t  begin gedurende 66n week m e t  een g i p s s p a l k  germobi- 
l i s e e r d .  De t o t a l e  immobil isat ie  of s t a b i l i s a t i e  t i j d  i n  a l l e  d r i e  de 
behandelingsgroepen was v i e r  weken. De ove r ige  onderdelen van de behan- 
d e l i n g  van h e t  trauma werden ges t anda r i see rd .  Een nieuw sco re  systeem 
voor h e t  funk t ione le  h e r s t e l  en h e t  funk t ione le  e i n d r e s u l t a a t  werd ont- 
wikkeld. 
De c r i t e r i a  voor de d i agnos t i ek  van compl i ca t i e s  worden beschreven. De 
beoordeling van h e t  anatomische r e s u l t a a t  gesch ied t  op grond van v i e r  
r a d i o l o g i s c h e  p a r a m e t e r s .  Voor de f r a k t u u r  k l a s s i f i c a t i e  wordt  
Sarmiento' s i n d e l i n g  gebru ik t  . E r  wordt een besch r i  j v ing  gegeven van de 
geb ru ik t e  s t a t i s t i s c h e  methodieken. 

Hoofdstuk 6, De pa t i sn t en  popu la t i e  
In t o t a a l  z i j n  196 pa t ign ten  in  h e t  onderzoek betrokken. Het merendeel 
hiervan b e t r e f t  vrouwen van middelbare en hogere l e e f t i j d .  Gegevens over 
de l i nks - r ech t s  ve rde l ing ,  d e  f r e q u e n t i e  d e r  f r ak tuu r  typen , de oorspron- 
k e l i j k e  f r a k t u u r v e r p l a a t s i n g  en de mate van succes  van de f r a k t u u r  repo- 
s i t i e  worden vermeld. 

Hoofdstuk 7 ,  Resul ta ten 
In groep 3, de meest f m k t i o n e l e  behandelingsgroep, wordt i n  h e t  begin 
een s n e l l e r  funk t ionee l  h e r s t e l  gevonden dan i n  de andere twee groepen. 
D i t  b l i j k t  t e  berusten op een s i g n i f i c a n t  s n e l l e r  funk t ionee l  h e r s t e l  
b i j  v e r p l a a t s t e  e x t r a - a r t i c u l a i r e  f r ak tu ren  en b i j  minimaal v e r p l a a t s t e  
f r a k t u r e n .  In groep 2,  behandeld m e t  de func t ione le  bovenarmskoker i n  
s u p i n a t i e  volgens Sarmiento , wordt b i  j v e r p l a a t s t e  e x t r a - a r t i c u l a i r e  
f r ak tu ren  i n  h e t  begin een s n e l l e r  f u n c t i o n e e l  h e r s t e l  gevonden ten op- 
z i c h t e  van de convent ioneel  behandelde groep. B i j  v e r p l a a t s t e  i n t r a -a r -  
t i c u l a i r e  f r ak tu ren  wordt geen v e r s c h i l  i n  funk t ionee l  h e r s t e l  tussen de 
d r i e  behandelingsgroepen gevonden . Z o w e l  he t  funk t ione le  e i n d r e s u l t a a t  
a l s  de i n c i d e n t i e  van complicat ies  v e r s c h i l l e n  i n  de d r i e  behandelings- 
groepen n i e t  s i g n i f i c a n t  . H e t  anatomische e i n d r e s u l t a a t  van oorspronke- 
l i j k  v e r p l a a t s t e  f r ak tu ren  b l i j k t  i n  de meest f m k t i o n e l e  behandelings- 
groep (groep 3)  i n f e r i e u r  t e  z i j n  i n  v e r g e l i j k i n g  t o t  de conventioneel 
behandelde groep. 
E r  b l i j k t  nauweli jks  een o o r z a k e l i j k  verband tussen h e t  anatomische en 
f m k t i o n e l e  e i n d r e s u l t a a t  t e  bestaan.  ( B i j  f r ak tu ren  d i e  behandeld z i j n  
z o a l s  i n  deze s t u d i e ,  waarbi j  r e p o s i t i e  en handhaven van een r e d e l i j k e  
anatomische s t and  aandacht k r i  jgen) . De oor sp ronke l i jke  fraktuurver-  
p l a a t s i n g  en h e t  optreden van complicat ies  b l i j k e n  de b e l a n g r i j k s t e  be- 
palende faktoren van he t  funk t ione le  e i n d r e s u l t a a t  t e  z i j n .  Ook b l i j k t  
de oorspronkel i jke f r ak tuu rve rp laa t s ing  de b e l a n g r i j k s t e  bepalende fac- 
t o r  voor h e t  anatomische e i n d r e s u l t a a t  t e  z i j n .  
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Hoofdstuk 8,  Discussie  en conc lus i e s  
De r e s u l t a t e n  en conc lus i e s  z i j n  voor een b e l a n g r i j k  d e e l  gebaseerd op 
uitkomsten van h e t  nieuw ontwikkelde v r i j  gecompliceerde eva lua t i e sys -  
teem voor h e t  funk t ione le  h e r s t e l  en h e t  funk t ione le  e i n d r e s u l t a a t .  U i t  
de uitkomsten van deze s t u d i e  wordt geconcludeerd d a t  funk t ione le  behan- 
d e l i n g  m e t  een funk t ione le  onderarmskoker i n  sommige geval len van ex t r a -  
a r t i c u l a i r e  Col les  f r a k t u r e n  van nu t  kan z i j n .  Voor f r a k t u r e n  zonder oor- 
s p r o n k e l i j  ke d o r s a l e  a n g u l a t i e  i s  funk t ione le  behandeling gedurende d r i e  
weken m e t  een zwachtel ,  na 66n week immobil isat ie ,  de behandeling van 
keuze. Funktionele behandeling van i n t r a - a r t i c u l a i r e  f r a k t u r e n  h e e f t  
geen voordeel boven convent ionele  g ips spa lk  behandeling. Voor Sarmien- 
t o ' s  funk t ione le  behandeling m e t  een t o t  boven de el leboog reikende funk- 
t i o n e l e  koker l i j k t  geen p l a a t s  t e  bestaan.  In  h e t  algemeen z i j n  de voor- 
de l en  van funk t ione le  behandeling van Colles  f r a k t u r e n  boven conventione- 
l e  gipsspalkbehandel ing beperkt . Deze conc lus i e  i s  i n  tegenspraak m e t  de 
meeste p u b l i c a t i e s  over func t ione le  behandeling van Colles  f r ak tu ren .  

D e  door somnige a u t e u r s  gerapporteerde c o r r e l a t i e  t u s sen  he t  anatomische 
en func t ione le  e i n d r e s u l t a a t  kan ve rk laa rd  worden u i t  h e t  f e i t  d a t  beide 
r e s u l t a t e n  a f h a n k e l i j k  z i  j n  van deze l fde  i n i t i e l e  f a c t o r :  de oorspronke- 
l i j k e  f r ak tuu r  ve rp laa t s ing .  U i t  een d e r g e l i j k e  c o r r e l a t i e  mag evenwel 
op voorhand geen o o r z a k e l i j k  verband geconcludeerd worden. 

H e t  nauwelijks aanwezige oo rzake l i jke  verband tussen he t  anatomische en 
func t ione le  e i n d r e s u l t a a t  staat vervolg onderzoek naar  func t ione le  behan- 
delingsvormen m e t  nog meer v r o e g t i j d i g e  beweging en f u n k t i e  en daarmee 
m e t  g r o t e r e  kans op i n f e r i e u r e  anatomische r e s u l t a t e n ,  n i e t  i n  de weg. 
Echter ,  de uitkomsten van deze s t u d i e  geven aan d a t  er geen behoefte i s  
aan verder  onderzoek i n  deze r i c h t i n g .  

Niet de behandelingsmethode, noch he t  anatomische e i n d r e s u l t a a t  , maar de 
oo r sp ronke l i jke  f r a k t u u r v e r p l a a t s i n g  en h e t  optreden van complicat ies  
z i j n  de b e l a n g r i j k s t e  f ac to ren  d i e  h e t  funk t ione le  e i n d r e s u l t a a t  bepa- 
l en .  Van de twee l a a t s t  genoemde f a c t o r e n  i s  de oorspronkel i jke f r ak tuu r -  
v e r p l a a t s i n g  n i e t  te bexnvloeden. Daarom l i j k t  onderzoek naar  de oor- 
zaak, p reven t i e  en behandeling van complicat ies  een nieuwe weg d i e  inge- 
s lagen moet worden naar ve rbe te r ing  van de behandelings r e s u l t a t e n  van 
een Colles  f raktuur  l e t se l .  

7 9  





CHAPTER 11 

REFERENCES 

I Alber t  SM, Wohl MA, Rechtman AM. 
Treatment of t h e  d i s r u p t e d  rad io-u lnar  j o i n t .  
J Bone J o i n t  Surg. 45A: 1373-1381, 1963. 

Epidemiology of f r a c t u r e s  of t h e  forarm. 
J Bone J o i n t  Surg 44A: 105-114, 1962. 

3 American Academy of Orthopaedic Surgeons. 
J o i n t  Motion: method of measuring and record ing .  
Liv ings tone ,  Edinburgh, 1965. 

Compression p l a t e  f i x a t i o n  and t h e  e f f e c t  of d i f f e r e n t  types  of i n t e r n a l  f i x a t i o n  on 
f r a c t u r e  hea l ing .  
J Bone J o i n t  Surg 47A: 191-208. 1965. 

5 Anderson R, O ' N e i l  G. 
Comminuted f r a c t u r e s  of t h e  d i s t a l  end of t h e  r a d i u s .  
Surg Cynecol Obstet  78:  434-440, 1944. 

A biomechanical i n v e s t i g a t i o n  of w r i s t  k inemat ics .  
J Biomechanics 12: 83-93, 1979. 

Zum Krankhei t sb i ld  d e r  Siideck'schen Dystrophie. 
For t schr  Med 99: 712-720, 1980. 

The c o l l e s  f r a c t u r e .  
Missouri  Medicine 69: 421-426, 1972. 

9 Bacorn RW, Kurtzke J F .  
Col les  f r a c t u r e .  A s tudy  of two thousand cases form t h e  New York S t a t e  Workmen's 
Compensation Board. 
J Bone J o i n t  Surg 35A: 643-658, 1953. 

l n d i k a t i o n ,  Technik und Ergebnisse  d e r  percutanen Spickung von d i s t a l e n  Radiusfrak- 
tu ren .  
Hefte  Unfa l lhe i lkde  245-247, 1965. 

11 Barton J R .  
Views and t rea tment  of an important  I n j u r y  of t h e  Wrist. 
Med Examiner 1: 365-368, 1838. 

Apparatus f o r  use in reduct ion  and f i x a t i o n  of f r a c t u r e s  of d i s t a l  r a d i u s .  
Cl in  Orthop 63: 190-195, 1969. 

13 Baumgartl F, Kremer K, Schre iber  H. 
S p e z i e l l e  Chi rurg ie  fiir d i e  Praxis .  
Georg Thieme Verlag,  S t u t t g a r t ,  1976. 

The use  of a dynamometer with a d j u s t a b l e  handle  spac ings .  
J Bone J o i n t  Surg 36A: 820-832, 1954. 

P e r i l u n a r  d i s l o c a t i o n  of t h e  carpus  and an a s s o c i a t e d  Col les  f r a c t u r e .  
The Hand 15: 262-266, 1983. 

Or ig ina l  B r i t i s c h  t r i a l s  on t h e  f u n c t i o n a l  brac ing  of c o l l e s  f r a c t u r e s .  
Nursing t imes,  May: 901-909, 1981. 

17 Bl icher t -Tof t  M, Kaalund Jensen H. 
Col les  f r a c t u r e  t r e a t e d  wi th  modif ied B6hler technique.  
Acta Orthop Scand 42: 45-57, 1971. 

Der Fixa teur  e x t e r n e  von Hoffmann in d e r  Behandlung von Pouteau-Colles Frakturen.  
2 Unfallmed Berufskr  73: 159-160, 1980. 

2 Alffram PA, Bauer GCH. 

4 Anderson LD. 

6 Andrews J G ,  Youm Y. 

7 Ascherl R ,  B l ' h e l  G. 

8 Augustine RW. 

10 Bal tensperger  A. 

1 2  Bate JT.  

14 Bechtol CO. 

15 B e l l  MJ. 

16 B e t t s  GW, Hodgkinson V,  Densley GW, Kamat S. 

18 Boegli S, Chamay A. 

81 



19 BBhler J. 
Gelenknahe Frakturen  des  Unterarmes. 
Chirurg 4:  198-203, 1969. 

D i e  f u n k t i o n e l l e  Bewegungsbehandlung d e r  typischen Radiusbriicke. 
M M W 70: 387-390, 1923. 

D i e  Technik der  Knochenbruchbehandlung. 
Verlag Wilhelm Maudrich, Wien, 1953. 

The t rea tment  of f r a c t u r e s .  5 t h  ed .  
Grune 6 S t r a t t o n ,  New York, 1956. 

Typische en a t y p i s c h e  r a d i u s f r a c t u r e n .  
Ned Ti jdschr  Geneesk 114: 368-374, 1970. 

Double Pin F ixa t ion  of Severe ly  Comminuted F r a c t u r e s  of t h e  Distal Radius and Ulna. 
South Med J 56: 307-311, 1963. 

Intravenous diazepam: Its use in t h e  reduct ion  of f r a c t u r e s  of t h e  lower end of t h e  
r a d i u s .  
I n j u r y  4: 249-253, 1972. 

Ear ly  r e s u l t s  a f t e r  Col les  f r a c t u r e :  Funct ional  brac ing  i n  s u p i n a t i o n  vs. d o r s a l  
p l a s t e r  immobil izat ion.  
Arch Orthop Trauma Surg 103: 251-256, 1984. 

Surgery of t h e  Hand. 5 t h  ed. 
L ippincot t  Company, 1970. 

Hand Pain and impairment. 
Davis Company, Phi lade lphia ,  1982. 

29 Caro thers  RG, Berning DD. 
Col les  Frac ture .  
Am J Surg. 80:626. 1950. 

C o l l e s  Frac ture ,  a s tudy  of end r e s u l t s .  
J A M A 11: 963-965, 1950. 

Les f r a c t u r e s  r e c e n t e s  d e  l ' e x t r Q m i t 6  i n f e r i e u r e  du r a d i u s  chez l ' a d u l t e .  
Rev Chir Orthop 50: 581-696, 1964. 

C l a s s i f i c a t i o n s  of F r a c t u r e s  of t h e  D i s t a l  Radius. 
Cl in  Orthop 103: 163-166, 1974. 

Erfahrungen b e i  f u n k t i o n e l l e r  Therapie  von Colles-Frakturen nach Sarmiento. 
Akt Traumatol 13: 103-105, 1983. 

The c losed  t rea tment  of common f r a c t u r e s .  
Churchi l l  L iv ings tone ,  London, 1972. 

Percutaneous Kirschner-wire f i x a t i o n s  of Col les  f r a c t u r e s .  
J Bone J o i n t  Surg 66A: 1008-1014, 1984 

36 Cole JM, Obletz  BE. 
Comminuted f r a c t u r e s  of t h e  d i s t a l  end of t h e  r a d i u s  t r e a t e d  by s k e l e t a l  t r a n s f i x i o n  
in p l a s t e r  c a s t .  
J Bone J o i n t  Surg 48A: 931-945, 1966. 

37 C o l l e r t  S, Isacson J. 
Management of r e d i s l o c a t e d  c o l l e s  f r a c t u r e s .  
Cl in  Orthop 135: 183-186, 1978. 

On t h e  f r a c t u r e  of t h e  c a r p a l  ex t remi ty  of t h e  r a d i u s .  
Edinburgh medical  and s u r g i c a l  j o u r n a l  10: 182-186, 1814. 

39 Comtet J J ,  Auffray Y, Creysse l  J. 
Le t r a i t e m e n t  c h i r u r g i c a l  aprPs Qchec du t r a i t e m e n t  non s a n g l a n t  dans l e s  f r a c t u r e s  de 
l ' e x t r E m i t 6  i n f e r l e u r e  du r a d i u s .  
Acta Orthop Belg 34: 505-522, 1968. 

20 BBhler L. 

21 BGhler L. 

22 BGhler L. 

23 Bouma S. 

24 Brady LP. 

25 B u l t i t u d e  M I ,  Wellwood J M ,  Hol l ingsworth RP. 

26 Biinger C,  Sdlund K, Rasmussen P. 

27 Bunnell S. 

28 C a i l l i e t  R. 

30 Cassebaum WH. 

31 Cas ta ing  J. 

32 C a u t i l l y  RA, Joyce MF, Gordon E,  Juarez  R. 

33 Cavlak Y. 

34 Charnley J. 

35 Clancey G J .  

38 C o l l e s  A. 

82 



40 

41 

42 

43  

44 

45 

46 

41 

48 

49 

50 

51  

52 

53  

54 

55  

56 

57 

58  

59  

60 

Comtet JJ.,  Auf f r ay  Y. 
L'embrochage p e r c u t a n e  dans  les f r a c t u r e s  de  l ' e x t r 6 m i t e  i n f e r i e u r e  du  r a d i u s .  
Lyon Medica l  220: 309-312, 1968. 
Conwell  HE, Vese ly  DG. 
F r a c t u r e s  o f  t h e  d i s t a l  r a d i u s  i n  a d u l t s .  
C l i n  Or thop  83: 13-16, 1972. 
Conwell HE. 
I n j u r i e s  t o  t h e  wrist. 
C l i n i c a l  Symposia (CIBA) 22: 2-30, 1970. 
Cooney WP, L i n s c h e i d  RL, Dobyns J H .  
E x t e r n a l  p i n  f i x a t i o n  f o r  u n s t a b l e  c o l l e s  f r a c t u r e s .  
J Bone J o i n t  Surg 61A: 840-845, 1978. 
Cooney WP, Dobyns J H ,  L insche id  RL. 
Compl i ca t ions  of  c o l l e s  f r a c t u r e s .  
J Bone J o i n t  Surg 62A: 613-619, 1980. 
Co t ton  F J .  
The pa tho logy  of f r a c t u r e  of t h e  lower  e x t r e m i t y  of t h e  r a d i u s .  
Ann Surg. 32: 194-218, 1900. 
Crenshaw AH. 
Campbe l l ' s  o p e r a t i v e  o r t h o p a e d i c s .  
5 t h  Ed. Mosby Company S t .  b u i s ,  1971. 
Debrunner AM. 
D i s t a l e  F a d i u s f r a k t u r e n .  
Schweiz Med Wochenschr 25: 820-822, 1967. 
Demark van  RE, Co t ton  GIW.  
T r a n s l o c a t i o n  t e n o r r a p h y  of t h e  e x t e n s o r  p o l l i c i s  l o n g u s  a f t e r  spon taneus  r u p t u r e  i n  
C o l l e s  f r a c t u r e .  
C l i n  Or thop  31:  106-109, 1963. 
Denman EE. 
Rupture  of t h e  e x t e n s o r  p o l l i c i s  l o n g u s ,  a c r u s h  i n j u r y .  
The Hand 11: 295-298, 1979. 
DePalma AF. 
Comminuted f r a c t u r e s  of t h e  d i s t a l  end of t h e  r a d i u s  t r e a t e d  by  u l n a r  p inn ing .  
J Bone J o i n t  Surg 34A: 651-662, 1952. 
Des to t  E ,  G a l l o i s  E. 
Recherches  p h y s i o l o g i q u e s  e t  e x p g r i m e n t a l e s  s u r  les  f r a c t u r e s  d e  l ' ex t rCimi t6  
i n f e r i e u r e  d u  r a d i u s .  
Rev C h i r ( P a r i s )  18: 886-915, 1898. 
Dingman PVC. 
R e s e c t i o n  of  t h e  d i s t a l  end of t h e  u l n a r  (Dar rach  o p e r a t i o n ) .  
J Bone J o i n t  Surg 34a :  893-900, 1952. 
D in ley  R J ,  M i c h e l i n a k i s  E. 
Loca l  a n a e s h e s i a  in t h e  r e d u c t i o n  of c o l l e s  f r a c t u r e .  
I n j u r y  4: 345-346, 1973. 
Dobyns J H ,  L i n s c h e i d  RL. 
Carpa l  bone i n j u r i e s .  
C l i n  Or thop  149: 2-3, 1980. 
Dobyns J H ,  L i n s c h e i d  RL. 
F r a c t u r e s  and  d i s l o c a t i o n s  of t h e  wrist. 
In: Rockwood AA, Green DP. 
F r a c t u r e s ,  L i p p i n c o t t ,  P h i l a d e l p h i a ,  1975. 
Dowling JJ, Sawyer B. 
Comminuted c o l l e s  f r a c t u r e s .  
J Bone J o i n t  Surg  43A: 657-668, 1961. 
Lhnningham TH. 
The t r e a t m e n t  of Sudeck ' s  a t r o p h y  i n  t h e  uppe r  l imb  by  s y m p a t h e t i c  b lockade .  
I n j u r y  12:  139-144, 1980. 
Ebe l  R. 
E ine  Methode zu r  Behandlung s t a r k  ve r schobene r  Spe ichenbruche  a n  t y p i s c h e r  S t e l l e .  
Mschr U n f a l l h e i l k  75:  375-378, 1972. 
E h a l t  W. 
Die Bruchenformen a m  u n t e r e n  Ende d e r  Vorderarmbrijche.  
C h i r u r g  3: 1050, 1931. 
Ekenstam F, Hage r t  CG. 
The d i s t a l  r a d i o  u l n a r  j o i n t .  The i n f l u e n c e  of  geometry  on s i m u l a t e d  Colles f r a c t u r e s .  
Scand J P l a s t  Recons t r  Surg 19 :  27-31, 1985. 

83 



61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

7 2  

73 

74 

75 

76 

77 

78 

79 

80 

81 

Engkvist 0, Lundborg G. 
Rupture of t h e  ex tensor  p o l l i c i s  longus tendon a f t e r  f r a c t u r e  of t h e  lower end of t h e  
rad ius .  A c l i n i c a l  and microangiographic  s tudy.  
The Hand 11:76-86, 1979. 
Fahey J H .  
F rac tures  and d i s l o c a t i o n s  about t h e  wrist. 
SuKg Clin N Am 37:  19-40, 1957. 
Falch JA. 
Epidemiology of f r a c t u r e s  of t h e  d i s t a l  forearm i n  Oslo Norway. 
Acta Orthop Scand 54: 291-295, 1983. 
Falck B, Aarnio P. 
Lef t -s ided c a r p a l  tunnel  syndrome i n  butchers .  
Scand J Work envi ron  h e a l t h  9: 291-297, 1983. 
Fernandez DL. 
Correc t ion  of post- t raumatic  w r i s t  deformity i n  a d u l t s  by osteotomy, bone g r a f t i n g  and 
i n t e r n a l  f i x a t i o n .  
J Bone J o i n t  Surg 64A: 1164-1178, 1982. 
Fisk GR. 
An overview of i n j u r i e s  of t h e  wrist. 
Cl in  Orthop 149: 137-144, 1980. 
Fi tzs imons RA. 
C o l l e s ' s  f r a c t u r e  and c h a u f f e u r ' s  f r a c t u r e .  
B r  Med J 2 :  357-360, 1938. 
Flynn JE. 
Hand Surgery,  2nd Ed. 
The Williams and Wilkins Company, Bal t imore,  1966. 
Forgon M, Mammel E. 
The e x t e r n a l  f i x a t e u r  i n  the  management of u n s t a b l e  c o l l e s  f r a c t u r e .  
I n t  Orthop 5: 9-14, 1981. 
Freund E ,  Hiittner H J ,  SchrBder H. 
Morbus Sudeck a ls  Komplikation des  Radiusf rak tur .  
Mschr U n f a l l h e i l k  73: 569-574, 1970. 
Fr iberg S, Lundstriim B. 
Radiographic measurements of t h e  rad io-carpa l  j o i n t  i n  normal a d u l t s .  
Acta Radiologica Diagnosis 1 7 :  249-256, 1976. 
F r i t s c h e  K. 
Konservat ive oder  o p e r a t i v e  Therapie  der  typ ischen  Radiusf rak tur?  
Z e n t r a l b l  Chir 103: 435-438, 1978. 
Frykman G. 
Frac ture  of t h e  d i s t a l  r a d i u s  inc luding  sequelae-shoulder-hand-fingers syndrome, 
d i s t u r b a n c e  i n  t h e  d i s t a l  rad io-u lnar  j o i n t  and impairment of nerve func t ion .  
Acta Orthop Scand supp. 108, 1967. 
Gart land JJ, Werley CW. 
Evaluat ion of healed c o l l e s  f r a c t u r e s .  
J Bone J o i n t  Surg 33A: 895-907, 1951. 
Gelberman RH, Szabo RM, Mortensen WW. 
Carpal  tunnel  pressures  and wrist p o s i t i o n  i n  p a t i e n t s  with Col les  f r a c t u r e s .  
J Trauma 24: 747-749, 1984. 
Golden GN. 
Treatment and prognosis  of Col les  f r a c t u r e s .  
Lancet, 511-515, March 1963. 
Goodwin FC, Cameron DM. 
Reduction of t h e  permanent p a r t i a l  d i s a b i l i t y  of comminuted f r a c t u r e s  of t h e  lower end 
of t h e  r a d i u s  by s k e l e t a l  t r a c t i o n .  
Surg Gynecol Obstet  75: 343-344, 1942. 
Goris R J A ,  Dongen LMv, Winters HAM. 
Treatment of Sudeck's dystrophy with hydroxyl r a d i c a l  scavengers .  
20th Congress European Socie ty  f o r  Surg ica l  Research, Rotterdam, 1985. 
Green DP. 
Pins  and p l a s t e r  t rea tment  of comminuted f r a c t u r e s  of t h e  d i s t a l  end of t h e  r a d i u s .  
J Bone J o i n t  Surg 57A: 304-310, 1975. 
Green JT, Gay FH. 
Col les  f r a c t u r e ,  r e s i d u a l  d i s a b i l i t y .  
Am J Surg 21: 636-642, 1956. 
Guide t o  t h e  e v a l u a t i o n  of permanent impairment of t h e  e x t r e m i t i e s  and back. 
J A M A ( s p e c i a l  e d i t i o n )  166: 1958. 

84 



82 

8 3  

84 

85 

86 

87 

88 

89 

90 

91  

92 

9 3  

94 

95 

96 

97 

98 

99 

100 

1 V I  

102 

Hambury H J ,  Watson J ,  Toole A. 
The use  of  d i f f e r e n t i a l  s k i n - t e m p e r a t u r e  measurements  in t h e  e v a l u a t i o n  of  
p o s t t r a u m a t i c  oedema c o n t r o l .  
Med Bio l  Eng 13:  202-208, 1975. 
Hammond G. 
Comminuted c o l l e s  f r a c t u r e s .  
Am J Surg 78: 617-624, 1949. 
Hawkins LG, S t o r e y  SD, Wells GG. 
I n t r a v e n o u s  lodoca ' ine  a n e s t h e s i a  f o r  upper  e x t r e m i t y  f r a c t u r e s  and  d i s l o c a t i o n s .  
J Bone J o i n t  Surg 52A: 1647-1649, 1970. 
H e f f i n g t o n  CA, Thompson RC. 
The use of i n t e r s c a l e n e  b l o c k  a n e s t h e s i a  f o r  m a n i p u l a t i v e  r e d u c t i o n  of f r a c t u r e s  and 
d i s l o c a t i o n s  of  t h e  upper  e x t r e m i t i e s .  
3 Bone J o i n t  Surg  55A: 83-86, 1973. 
H e p p e n s t a l l  RB. 
F r a c t u r e  t r e a t m e n t  and  h e a l i n g .  
W.B. Saunder s  Company, P h i l a d e l p h i a ,  1980. 
Hinding  E. 
F r a c t u r e s  of t h e  d i s t a l  end of t h e  fo rea rm.  
Acta Or thop  Scand 43:  357-365, 1972. 
Hudson OC, Rusnack T J .  
Comminuted f r a c t u r e s  of t h e  lower  end of t h e  r a d i u s .  
Am J Surg. 95: 74-80, 1958. 
H u f f s t a d t  A J C ,  E i s m a  WH. 
De Hand, S t a f l e u ,  Alphen a a n  de  R i j n ,  1982. 
Imanuel HM, Levy FL, Geldwer t  JJ. 
Sudeck ' s  At rophy:  A r ev iew of  t h e  l i t e r a t u r e .  
J Foot Surg  20: 243-246, 1981. 
Jakob RP, Fernandez  DL. 
The t r e a t m e n t  of wr is t  f r a c t u r e s  w i t h  t h e  small A.O.  E x t e r n a l  f i x a t i o n  d e v i c e .  
C u r r e n t  Concepts  of E x t e r n a l  F i x a t i o n  of  F r a c t u r e s .  
Sp r inge r -Ver l ag ,  B e r l i n ,  1982. 
Johnsson  U.  
E x t e r n a l  f i x a t i o n  f o r  r e d i s l o c a t e d  C o l l e s  f r a c t u r e s .  
Acta Or thop  Scand 54: 878-883, 1983. 
J a r e s k o g  KG. SGrbom D. 
LISREL V I ,  A n a l y s i s  of l i n e a r  s t r u c t u r a l  r e l a t i o n s h i p s  by t h e  method of maximum 
l i k e l i h o o d .  
3e ed . ,  U n i v e r s i t y  of Uppsa la ,  1984. 
Kapand j i  A. 
L 'Os t6osyn thSse  pa r  d o u b l e  embrochage i n t r a - f o c a l .  
Ann C h i r  30: 903-908, 1976. 
Kapandj i  I A .  
The p h y s i o l o g y  of  t h e  j o i n t s .  
C h u r c h i l l  L i v i n g s t o n e  2e ed . ,  Edinburgh ,  1970. 
Kaplan EB. 
F u n c t i o n a l  and  S u r g i c a l  Anatomy of  t h e  hand .  
Second E d ,  L i p p i n c o t t  Company, London, 1965. 
Kauer JMG. 
F u n c t i o n a l  anatomy of t h e  w r i s t .  
Clin Orthop 149: 9-19, 1980. 
Keeman H. 
E x t e r n a l  f i x a t i o n  of d i s t a l  r a d i a l  f r a c t u r e s .  Technique  and  r e s u l t s .  Symposium 
F r a c t u r e s  and  d i s l o c a t i o n s  a round t h e  w r i s t ,  Amsterdam, 1984. 
Kelsey  JL. 
Epidemiology of musculo  s k e l e t a l  d i s o r d e r s .  
In: Monoigraphs i n  ep idemio logy  and b i o s t a t i s t i c s  v o l  3. 
Oxford U n i v e r s i t y  p r e s s ,  New ' fo rk ,  1982. 
Kessler I, Hecht 0. 
P r e s e n t  a p p l i c a t i o n  of t h e  Darrach  P rocedure .  
C l i n  Or thop  72 :  254-260, 1970. 
K in ley  DL, E v a r t s  CM. 
Ca rpa l  t u n n e l  syndrome due  t o  a small  d i s p l a c e d  f r agmen t  of bone. 
Cleve  C l i n  Q 35: 215-221, 1968. 
K i r k p a t r i c k  JE. 
E v a l u a t i o n  of Gr ip  Loss. 
C a l i f o r n i a  Medic ine  85: 314-320, 1956. 

85 



103 

104 

105 

106 

107 

108 

109 

110 

111 

112 

113 

114 

115 

116 

117 

118 

119 

120 

121 

122 

123 

Knapp ME. 
Treatment of some compl ica t ions  of c o l l e s  f r a c t u r e .  
J A M A 148: 825-527, 1952. 
Kofoed H. 
Comminuted d i s p l a c e d  c o l l e s  f r a c t u r e s .  Treatment with in t ramedul la ry  
methylmethacrylate  s t a b i l i s a t i o n .  
Acta Orthop Scand 54: 307-311, 1983. 
K r i s t i a n s e n  A. 
Col les  f r a c t u r e  o p e r a t i v e  t rea tment  i n d i c a t i o n s  and r e s u l t s .  
Acta Orthop Scand 39: 33-46, 1968. 
Lankford LL, Thompson JE. 
Reflex sympathet ic  dys t rophy,  upper and lower ex t remi ty :  d i a g n o s i s  and management. 
I n s t r u c t i o n a l  Course Lectures  26: 163-178, 1977. 
L a t t a  LL, Sarmiento A ,  Tarr  RR. 
The r a t i o n a l  of f u n c t i o n a l  brac ing  of f r a c t u r e s  
Cl in  Orthop 146: 28-26, 1980. 
Ledoux A. 
La c o n s o l i d a t i o n  en  p o s i t i o n  v i c i e u s e  des  f r a c t u r e s  de l ' e x t r e m i t g  i n f s r i e u r e  du 
r a d i u s .  
A c t a  Chir  Belg 7 :  477-502, 1969. 
LidstrBm A. 
F r a c t u r e s  of t h e  d i s t a l  end of the  r a d i u s .  
Acta Orthop Scand Suppl 41, 1959. 
L i l e s  R, F r i e r s o n  J N ,  Wolf CL, Frnka T. 
Reduction of Col les  Frac ture  by weight t r a c t i o n  under l o c a l  a n a e s t h e s i a .  
South Med J 62: 45-48, 1962. 
L i l i e n f e l d t  A. 
Uber d i e  Erzengung der  typ ischen  Verletzungen d e r  Handwurzelknochen der  Radiusbruches. 
2 Orthop Chir  20: 437-454, 1908. 
Linden W van d e r ,  Er icson  R. 
Col les  f r a c t u r e .  
J Bone J o i n t  Surg 63A: 1285-1288, 1981. 
L i p p a n n  RK. 
Laxity of t h e  radio-ulnar  j o i n t  fol lowing Col les  f r a c t u r e .  
Arch Surg 35: 772-782, 1937. 
LLoyd GJ, Stangel  L. 
The power of pronat ion  and s u p i n a t i o n  fol lowing a Col les  f r a c t u r e .  
Physiotherapy Canada 26: 13-16, 1974. 
Lucas GL, Sacht jen  KM. 
An a n a l y s i s  of hand f u n c t i o n  i n  p a t i e n t s  with C o l l e s  f r a c t u r e ,  t r e a t e d  by rush  rod 
f i x a t i o n .  
Cl in  Orthop 155: 172-179, 1981. 
Lugnegard H. 
Resect ion of t h e  head of t h e  u lna  i n  pos t t raumat ic  dysfunct ion  of t h e  d i s t a l  
radio-ulnar  j o i n t .  
Scand J P l a s t  Reconstr  Surg 3: 65-69, 1969. 
Lynch AC,  Lipscomb PR. 
The c a r p a l  tunnel  syndrome and Col les  f r a c t u r e .  
J A M A 185: 363-366, 1963. 
Mackay I, Simpson RG. 
Closed r u p t u r e  of ex tensor  d ig i torum communis tendon fol lowing f r a c t u r e  of t h e  rad ius .  
The Hand 12: 214-216, 1980. 
Makai F ,  Khandl J .  
Or ig in  of t h e  c a r p a l  tunnel  syndrome fol lowing Col les  f r a c t u r e .  
Acta Chir Orthop Chechoslovacs 36: 52-58, 1969. 
Mandell BB. 
Assessment of r e s u l t s  of t rea tment  of 100 c a s e s  of c o l l e s  f r a c t u r e .  
South A f r i c  Med J 39: 171-174, 1965. 
March HO, Teal  SW. 
Treatment of comminuted f r a c t u r e s  of t h e  d i s t a l  r a d i u s  wi th  se l f -conta ined  s k e l e t a l  
t r a c t i o n .  
Am J Surg 124: 715-719, 1972. 
Marti R, Polomski W. 
D i s t a l ,  r a d i a l  f r a c t u r e s ,  r e s u l t s  of i n t e r n a l  f i x a t i o n .  
Symposium Frac tures  and d i s l o c a t i o n s  around t h e  wrist. 
Amsterdam, 1984. 
Mason ML. 
C o l l e s ' s  f r a c t u r e .  A survey of end-resu l t s .  
B r i t  J Surg 15: 340-346, 1953. 

86 



124 

125 

126 

127 

128 

129 

130 

131 

132 

133 

134 

135 

136 

137 

138 

139 

140 

141 

142 

143 

144 

Matzen PF. 
D i e  i ibers t reckungsf rak tur  des  d i s t a l e n  Radiusendes Behandlungsgrundsltze-klinische und 
rBntgenologische Ergebnisse .  
E e i t r  Orthop Traumatol 28: 106-109, 1981. 
Matthews LS. 
Acute v o l a r  compartment syndrome secondary t o  d i s t a l  r a d i u s  f r a c t u r e  in an a t h l e t e .  

Mayer J H .  
Col les '  s Frac ture .  
B r i t  J Surg 27: 629-642, 1940. 
Mayfield J K ,  Johnson RP, Kilcoyne RF. 
The l igaments  of t h e  human w r i s t  and t h e i r  f u n c t i o n a l  s i g n i f i c a n c e .  
Anat Rec 186: 417-428, 1976. 
McBride ED. 
D i s a b i l i t y  e v a l u a t i o n .  
5 t h  Ed, L ippincot  Company, P h i l a d e l p h i a ,  1953. 
McKibbin B. 
The biology of f r a c t u r e  h e a l i n g  in long bones. 
J Bone J o i n t  Surg 60B: 150-162, 1978. 
McLearie M. 
L e t t e r  t o t  t h e  e d i t o r  
I n j u r y  5: 358, 1974. 
Milch H. 
Tors iona l  malalignments in t r a n s v e r s e  f r a c t u r e s  of t h e  lower end of t h e  r a d i u s .  
Surgery 55: 396-406, 1964. 
Mbller EN. 
Simultaneous f r a c t u r e  of t h e  c a r p a l  scaphoid and a d j a c e n t  bones. 
The Hand 15: 258-261, 1983. 
MXler M, Poigenfi i rs t  J ,  Zaunbauer F. 
Karpaltunnelsyndrom nach Speichenbruch a n  typ ischer  S t e l l e .  
Unfal lhei lkunde 79: 389-394, 1976. 
Nemethi CE. 
Normal w r i s t  motions. 
I n d u s t r i a l  Medicine and Surg 2 2 :  230, 1953. 
Newton-John HF, Morgan DB. 
The lo s s  of bone with age ,  o s t e o p o r o s i s  and f r a c t u r e s .  
Cl in  Orthop 71: 229-252. 1970. 
Nigst  H. 
Zur prophylaxe d e r  pos t t raumat i schen  Osteoporose und des  Sudeckschen Syndroms. 
Lkr Landartz 43: 167-169, 1967. 
NikoliC V ,  HanceviC J,  Hudec M, Banovie B. 
Absorption of t h e  impact energy in t h e  palmar s o f t  t i s s u e s .  
Anat Gnbryol 148: 215-221, 1975. 
Okuhara 
Spontaneous r u p t u r e  of f l e x o r  tendons of a l i t t l e  f i n g e r  due t o  p r o j e c t i o n  of the  hook 
of t h e  hamate. 
The Hand 14: 71-74, 1982. 
Older TM, S tab ler  E V ,  Cassebaum WH. 
Col les  f r a c t u r e :  e v a l u a t i o n  and s e l e c t i o n  of therapy.  
J T r a m a  5: 469-476, 1965. 
P a t r i c k  J. 
A s tudy  of s u p i n a t i o n  and pronat ion  with e s p e c i a l  r e f e r e n c e  t o  t h e  t reatment  of 
forearm f r a c t u r e s .  
J Bone J o i n t  Surg 28: 737-748, 1946. 
P a s i l a  M, Karaharju EO, Lepis t6  PV. 
Role of phys ica l  therapy in recovery of f u n c t i o n  a f t e r  Colles' Frac ture .  
Arch Phys Med Rehabil 55: 130-134, 1974. 
Perdieus H, Seghers K, van M e t  8 .  
Behandeling van de p o l s f r a k t u u r .  
Act Chir  Belg 32: 65-82, 1966. 
Pol lack  HJ von, Neumann R, Po l lack  E. 
M. Sudeck und Psych6. 
E e i t r  Orthop Traumatol 27: 463-468, 1980. 
Pool c. 
Colles's F r a c t u r e ,  A prospec t ive  s tudy  of t rea tment .  
J Bone J o i n t  Surg 55B: 540-544, 1973. 

Am J 0 S 11: 6-7, 1983. 

87 



145 

146 

147 

148 

149 

150 

151 

152 

153 

154 

155 

156 

157 

158 

159 

160 

161 

162 

163 

164 

Pouteau C.  
Oevres posthumes d e  M. Pouteau:  Memoire, c o n t e n a n t  que lques  r e f l e x i o n s  s u r  que lques  
f r a c t u r e s  du  po igne t  e t  s u r  l e  d i a s t a s i s  
P a r i s  PH D P i e r r e s ,  1783. 
Pyrgos NM, Argyropoulos  E l ,  Pyrgos V N .  
The use  of i n t r a v e n o u s  r e g i o n a l  a n a e s t h e s i a  f o r  t h e  r e d u c t i o n  of C o l l e s ’  f r a c t u r e s .  
R e s u s c i t a t i o n  5: 59-63, 1976 
R e i f e n s t e i n  EC. 
The r e l a t i o n s h i p s  of s t e r o i d  hormones t o  t h e  development  and t h e  management of 
o s t e o p o r o s i s  i n  a g i n g  people .  
C l i n  Orthop 10: 206-253, 1957. 
R i c h t e r  D. 
Behandlungsergebnisse  b e i  t y p i s c h e n  R a d i u s f r a k t u r e n  nach Einftihrung von 
“Gruppenturnen“ . 
Deutsche Gesundhei tswesen 21: 1983-1986, 1966. 
Robbins H. 
Anatomical s t u d y  of t h e  median ne rve  i n  t h e  c a r p a l  t u n n e l  and e t i o l o g i e s  of t h e  c a r p a l  
t u n n e l  syndrome. 
J Bone J o i n t  Surg 45A: 953-966, 1963. 
Rogers SC. 
An a n a l y s i s  of C o l l e s ’ s  f r a c t u r e .  
B r i t h  Med J 1: 807-809, 1944. 
Rosetzsky A. 
C o l l e s  f r a c t u r e s  t r e a t e d  by p l a s t e r  and po lyure thane  b r a c e s :  a c o n t r o l l e d  c l i n i c a l  
s tudy .  
J Trauma 22: 910-913, 1982. 
Rubinovich RM, Rennie WR. 
C o l l e s  f r a c t u r e :  End r e s u l t s  i n  r e l a t i o n  t o  r a d i o l o g i c  pa rame te r s .  
Can J Surg 26: 361-366, 1983. 
Rush LV, Rush HL. 
Evo lu t ion  of medu l l a ry  f i x a t i o n  of f r a c t u r e s  by t h e  l o n g i t u d i n a l  p i n .  
Am J Surg 78: 324-333, 1949. 
Rush LET. 
Closed medu l l a ry  p i n n i n g  of C o l l e s  f r a c t u r e .  
C l i n  Orthop 3:  152-162, 1954. 
Ryckak JS, Kalenak A. 
I n j u r y  t o  t h e  median and u l n a r  n e r v e s  secondary  t o  f r a c t u r e  of t h e  r a d i u s .  
J Bone J o i n t  Surg 59A: 414, 1977. 
Sadr  8. 
S e q u e n t i a l  r u p t u r e  of e x t e n s o r  tendons a f t e r  a C o l l e s  f r a c t u r e .  
J Hand Surg 9A: 144-145, 1984. 
S a l t e r  N, Darcus HD. 
The ampl i tude  of forearm and of humeral r o t a t i o n .  
J Anat 87: 407-418, 1953. 
Sarmiento A. 
The b r a c h i o r a d i a l i s  a s  a deforming f o r c e  i n  C o l l e s  f r a c t u r e s .  
C l i n  Orthop 38: 86-92, 1965. 
Sarmiento A, P r a t t  Gtl, Berry NC, S i n c l a i r  WF. 
C o l l e s  f r a c t u r e ,  f u n c t i o n a l  b r a c i n g  i n  s u p i n a t i o n .  
J Bone J o i n t  Surg 5 7 A :  311-316, 1975. 
Sarmiento A, S i n c l a i r  WF. 
F r a c t u r e  o r t h o s e s  i n  “At las  of o r t h o s i c s ,  b iomechan ica l  p r i n c i p l e s  and a p p l i c a t i o n “ .  
S t .  Louis  Mosby, 245-254, 1975. 
Sarmiento A, S c h a e f f e r  J F ,  Beckerman L, L a t t a  LL, E n i s  JE. 
F r a c t u r e  h e a l i n g  i n  r a t  femora as  a f f e c t e d  by f u n c t i o n a l  weight-bear ing.  
J Bone J o i n t  Surg 59A: 369-375, 1977. 
Sarmiento A, Zagor sk i  J B ,  S i n c l a i r  WF. 
F u n c t i o n a l  b r a c i n g  of C o l l e s  f r a c t u r e s :  A p r o s p e c t i v e  s t u d y  oE immobi l i za t ion  i n  
s u p i n a t i o n  v s  p r o n a t i o n .  
C l i n  Orthop 146: 175-183, 1980. 
Sarmiento A, L a t t a  LL. 
Closed f u n c t i o n a l  t r e a t m e n t  of f r a c t u r e s .  
Sp r inge r  Verlag,  B e r l i n ,  1981. 
Scheck M. 
Long-term follow-up of t r e a t m e n t  of comminuted f r a c t u r e s  of t h e  d i s t a l  end of t h e  
r a d i u s  by t r a n s f i x a t i o n  wi th  Ki r schne r  w i r e s  and c a s t .  
J Bone J o i n t  Surg 44A: 337-351, 1962. 

88 



165 

166 

167 

168 

169 

170 

171 

172 

173 

174 

175 

176 

177 

178 

179 

180 

181 

182 

183 

184 

185 

Schneider LH, Rosenstein RG. 
Res tora t ion  of ex tensor  p o l l i c i s  longus f u n c t i o n  by tendon t r a n s f e r .  
P l a s t  Reconstr Surg 71: 533-537, 1983. 
Schoen J L ,  Marti RK. 
Correct ion of malunions of t h e  r a d i u s .  
Symposium Frac tures  and d i s l o c a t i o n s  around the  wrist. 
Amsterdam, 1984. 
Scot t  I H .  
Comminuted c o l l e s  f r a c t u r e s :  Their  t rea tment  by s k e l e t a l  pinning and e x t e r n a l  
f i x a t i o n .  
J I n t  Col l  Surg 41: 521-526, 1964. 
Siege1 RS , Weiden I. 
Combined median and u lnar  nerve l e s i o n s  complicat ing f r a c t u r e s  on t h e  d i s t a l  rad ius  
and ulna.  
J Trauma 8: 1114-1118, 1968. 
S i rbu  AB, Col loff  B. 
Col les  Frac ture .  A s tudy  of end r e s u l t s  with conserva t ive  management. 
W J of S 0 h G. 59: 635-643, 1951. 
Smail GB. 
Long-term follow-up of C o l l e s ' s  Frac ture .  
J Bone J o i n t  Surg 4 7 B :  80-85, 1965. 
Smith FM. 
Late r u p t u r e  of ex tensor  p o l l i c u s  longus tendon fol lowing Colles's f r a c t u r e .  
J Bone J o i n t  Surg 28: 49-59, 1946. 
Sblund K ,  Rasmussen P, Borg L, Bfinger C. 
Radiologish,  f u n k t i o n e l  og s o c i a l  h e l i n g  e f t e r  Col les  f r a k t u r .  
Ugeskr Iaeger  145: 2289-2292, 1983. 
Soren A. 
Treatment of Col les '  f r a c t u r e s .  
Medical Times 93: 1283-1286, 1965. 
Southmayd W, Mil lender  LH, Nalebuff EA.  
Rupture of t h e  f l e x o r  tendons of t h e  index f i n g e r  a f t e r  Col les '  Frac ture .  
J Bone J o i n t  Surg 57A: 562-563, 1975. 
Spi ra  E ,  Weigl K. 
The comminuted f r a c t u r e  of t h e  d i s t a l  end a t  the  r a d i u s .  
Reconstr Surg Traumat 11: 128-138, 1969. 
Sponsel KH, Palm ET. 
Carpal tunnel  syndrome fol lowing Col les  f r a c t u r e .  
Surg Gynecol Obstet 100: 1252-1256, 1965. 
S t a p e r t  JWJL. (DWNI) 
Personel  communication 
Maas t r ich t ,  1982. 
Stewart HD, Innes AR, Burke FD. 
Funct iona l  c a s t  b rac ing  f o r  Col les  f r a c t u r e s .  
J Bone J o i n t  Surg 66B: 749-753, 1984. 
Stewart  HD, Innes AR, Burke FD. 
The hand compl ica t ions  of Col les  f r a c t u r e s .  
J Hand Surg 1 0 B :  103-106, 1985. 
Stewart HD. Innes AR, Burke FD. 
Fac tors  a f f e c t i n g  t h e  outcome of Col les  f r a c t u r e :  a n  anatomical  and f u n c t i o n a l  s tudy.  
In jury  16: 289-295, 1985. 
S t r a n d e l l  G. 
Post- t raumatic  r u p t u r e  of t h e  ex tensor  p o l l i c i s  longus tendon - Pathogenesis  and 
t rea tment .  
Acta Chir Scand 109: 81-96, 1955. 
Strong JM. 
Treatment of Col les  f r a c t u r e s .  
Surg Gynecol Obstet  121: 107-112, 1955. 
Sturm G. 
Be i t rag  zur Anatomie des  typ ischen  Fadiusbruches. Radiometrische Untersuchungen. 
Anat Anz Bd 125: 1-17, 1969. 
Swanson AB. 
Implant a r t h r o p l a s t y  f o r  d i s a b i l i t i e s  of t h e  d i s t a l  rad io-u lnar  j o i n t .  
Orthop Clin N Am 4: 373-382, 1973. 
Swanson AB, Giiran-Hagert C ,  de  Groot-Swanson G. 
Evaluat ion in: 
Hunter JM, Schneider LH, Mackin E J ,  B e l l  J A .  
R e h a b i l i t a t i o n  of t h e  hand, 62-69, Mosby Company, Sa in t  Louis, 1978. 

89 



186 T a k a t s  d e  G,  Miller DS. 
P o s t t r a u m a t i c  d y s t r o p h y  of  t h e  e x t r e m i t i e s .  
Arch-Surg .  46: 464-479, 1943. 

187 Tay lo r  GW, Pa r sons  CL. 
The r o l e  of t h e  d i s c u s  a r t i c u l a r i s  i n  c o l l e s  f r a c t u r e .  
J Bone J o i n t  Surg  20:  149-152, 1938. 

Rupture  of e x t e n s o r  t endons  by  a t t r i t i o n  a t  t h e  i n f e r i o r  r a d i o - u l n a r  j o i n t .  
J Bone J o i n t  Surg 30B: 528-530, 1948. 

Biomechanics of t h e  w r i s t .  
Clin Orthop 149: 112-117, 1980. 

Trea tment  of C o l l e s  f r a c t u r e .  
Acta Or thop  Scand 53: 225-228, 1982. 

191  Wahlstr'dm 0, Ekberg S ,  Hammerby S .  
S e r i a l  bone s c a n n i n g  of  C o l l e s  f r a c t u r e .  
Arch Or thop  Trauma Surg 102: 11-17, 1983. 

F r a c t u r e s  and  j o i n t  i n j u r i e s .  
6 t h  Ed. C h u r c h i l l  L i v i n g s t o n e ,  Fd inburg ,  1982. 

Radius  K o r r e k t u r  Opera t ionen .  
F o r t s c h  Med 101: 295-302, 1983. 

D i e  Ruptur  d e r  l angen  Daumens t recksehne .  
Handch i ru rg ie  12: 37-38, 1980. 

The t r i a g u l a r  f i b r o c a r t i l a g e  of t h e  w r i s t  j o i n t .  
Recons t r  Surg T r a m a t o l  11: 139-153, 1969. 

Uber d e n  Zusammenhang von f u n k t i o n e l l e n  E r g e b n i s  und p r i m l r e n  R e p o s i t i o n  b e i  t y p i s c h e n  
R a d i u s f r a k t u r e n .  
Med Welt 40: 2361-2363, 1967. 

P r o s p e c t i v e  s t u d y  c o n s e r v a t i v e / o p e r a t i v e  t r e a t m e n t  of C o l l e s  f r a c t u r e s .  
Symposium F r a c t u r e s  and  d i s l o c a t i o n s  a round t h e  wr is t .  
Amsterdam, 1984. 

Ruptur  d e r  Sehne d e s  Musculus Ex tenso r  P o l l i c i s  Longus a l s  Kompl ika t ion  d e r  
R a d i u s f r a k t u r .  
B e i t r  K l i n  C h i r  201: 448-452, 1960. 

199  Wong FYH, Pho RWH. 
Median n e r v e  compress ion ,  w i t h  t endon  r u p t u r e s ,  a f t e r  Colles f r a c t u r e .  
J Hand Surg  9B: 139-141, 1984. 

Kinemat ics  of  t h e  wr is t .  
Clin Orthop 149: 21-32, 1980. 

K inemat i c s  of  t h e  wrist. 
Exper imen ta l  s t u d y  of r a d i o - u l n a r  d e v i a t i o n  and f l e x i o n - e x t e n s i o n .  
J Bone J o i n t  Surg  60A: 423-431, 1978. 

Acute compartment syndrome o f  l ower  arm and hand.  P r e v e n t i o n  and  t r e a t m e n t  by s u r g i c a l  
decompress ion?  
Symposium F r a c t u r e s  and  d i s l o c a t i o n s  a round  t h e  w r i s t .  
Amsterdam, 1984. 

F r a c t u r e  of t h e  lower  end of t h e  r a d i u s  w i t h  u l n a r  n e r v e  p a l s y .  
J Bone J o i n t  Surg 48B: 514-516, 1966. 

188  Vaughn-Jackson O J .  

189 V o l z  RG, L ieb  M, Benjamin J. 

190 WahlstrSm 0. 

192 Watson-Jones 

193  Wilhelm K. 

194 Wilhelm W. 

195  Weigl  K, S p i r a  E. 

196 Weyand F ,  Weller S, Benning CD. 

197 Wier ingen  AJM van .  

198  Witter H. 

200 Youm Y, F l a t t  AE. 

201 Youm Y, McMurty RY, F l a t t  AE, G i l l e s p i e  TE. 

202 Zimmerman KW. 

203 ZoZga H. 

90 



CHAPTER 12 

ADDENDA 

Addendum 1 

In fo rma t ion  f o r  t h e  p a t i e n t .  ( a l l  p a t i e n t s )  

You have g o t  a p l a s t e r  because  o f  a w r i s t  f r a c t u r e .  The p l a s t e r  i s  n e c e s s a r y  f o r  p rope r  
h e a l i n g  o f  t h e  f r a c t u r e .  The f i r s t  day your hand might show some s w e l l i n g  which is normal .  
Important  : 
- Keep your arm i n  a s l i n g  d u r i n g  t h e  day f o r  t h e  f i r s t  t h r e e  days .  
- Keep your  arm e l e v a t e d  on a c u s h i o n  d u r i n g  t h e  n i g h t  f o r  t h e  f i r s t  t h r e e  days .  

Re tu rn  to t h e  c a s u a l t y  depa r tmen t  immedia t e ly ,  
- i f  t h e  hand becomes numb, b l u e  o r  w h i t e ,  o r  swells c o n s i d e r a b l y .  
- i f  p a i n  i n c r e a s e s  much. 

An appointment  is made f o r  p l a s t e r  check  up a f t e r  one day.  Subsequent  appo in tmen t s  f o r  
check up w i l l  be made the reupon .  
S top  u s i n g  t h e  s l i n g  a f t e r  t h r e e  days .  E x e r c i s e  f i n g e r  and s h o u l d e r  movements f r e q u e n t l y  
d u r i n g  t h e  day.  
In c a s e  of c o m p l a i n t s  o r  q u e s t i o n s  you may c o n t a c t  t h e  c a s u a l t y  depa r tmen t ,  t e l e p h o n e  
number 043-862059. 

Addendum 2 

I n f o r m a t i o n  f o r  t h e  p a t i e n t .  ( b r a c e  t r e a t m e n t )  

You have g o t  a b r a c e  because  o f  a w r i s t  f r a c t u r e .  Th i s  b r a c e  e n a b l e s  you t o  perform 
e x e r c i s e s  w i t h  t h e  arm and hand.  E x e r c i s e s  and motion a r e  good f o r  h e a l i n g  of t h e  f r a c t u r e  
and p r e v e n t  s t i f f n e s s  of t h e  hand. Keep your hand and wrist moving as o f t e n  a s  p o s s i b l e  
d u r i n g  t h e  day.  S t r e t c h  t h e  f i n g e r s  and make a f i s t  a l t e r n a t i v e l y .  R o t a t e  your  hand as f a r  
as p o s s i b l e ,  however p reven t  p a i n .  

O r  : 

I n f o r m a t i o n  f o r  t h e  p a t i e n t .  (bandage t r e a t m e n t )  

You have g o t  a bandage a f t e r  a f r a c t u r e  o f  t h e  w r i s t .  With t h i s  t y p e  o f  f r a c t u r e ,  u se  of a 
p l a s t e r  c a s t  d u r i n g  one week i s  s u f f i c i e n t .  A f t e r  t h a t ,  a bandage g i v e s  enough s u p p o r t .  
With t h i s  bandage motion i n  t h e  wr is t  i s  p o s s i b l e  a g a i n .  A s  motion i s  i m p o r t a n t  f o r  qu ick  
r e c o v e r y ,  e x e r c i s e  is v e r y  i m p o r t a n t .  Try t o  move you wrist i n  a l l  d i r e c t i o n s ,  however,  
p reven t  pa in .  Some s l i g h t  d i s c o m f o r t  is normal .  
The f r a c t u r e  ( c rack )  has  n o t  h e a l e d  y e t .  P reven t  l i f t i n g ,  c a r r y i n g ,  push ing  or p u l l i n g .  
L igh t  d a i l y  work a c t i v i t i e s ,  d r e s s i n g ,  e a t i n g  o r  k n i t t i n g  a r e  p e r m i t t e d .  
The bandage is n e c e s s a r y  d u r i n g  t h r e e  weeks.  

Addendum 3 

I n f o r m a t i o n  f o r  t h e  p a t i e n t .  ( a l l  p a t i e n t s )  

You have had a w r i s t  f r a c t u r e .  The p l a s t e r ,  b r a c e  o r  bandage has  been removed. For a f a s t  
r e c o v e r y ,  e x e r c i s e s  w i t h  t h e  wrist and hand a r e  v e r y  i m p o r t a n t .  The b e s t  i s  t o  e x e r c i s e  i n  
lukewarm w a t e r .  R o t a t e  t h e  wrist as when s t i r r i n g ,  move i t  up and down, t o  t h e  r i g h t  and t o  
t h e  l e f t .  Extend t h e  f i n g e r s  and make a f i s t  a l t e r n a t e l y ,  squeeze  o u t  a sponge under  wa te r .  
Try t o  i n c r e a s e  t h e  e x c u r s i o n s  e v e r y  day. 
E x e r c i s e  a t  least  s i x  t i m e s  a day d u r i n g  a q u a r t e r  of a n  hour .  
Wringing,  heavy l i f t i n g  o r  s p o r t  shou ld  be postponed u n t i l  a month a f t e r  removal of t h e  
p l a s t e r ,  b r a c e  o r  bandage. 
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Addendum 4 Two way analysis of variance of the functional recovery 

Two way analysis of variance to determine the effect of the method of treatment and the 
fracture type on the functional recovery. Mean and standard deviation of the square root  of 
the functional result score at the subsequent checkpoints are presented for each treatment 
group and for each fracture type ( T l ,  T2, T3, T4). The scores were square root transformed 
f o r  the statistical analysis. Fracture Type 1 and 3 are not significantly different with 
respect to the functional result scores (Tl-T3 p>0.05) .  

CON T 1  mean 
sd 

T2 mean 
sd 

T3 mean 
sd 

T4 mean 
sd 

SAR T 1  mean 
sd 

T2 mean 
sd 

T3 mean 
sd 

T4 mean 
sd 

FUN T 1  mean 
sd 

T2 mean 
sd 

T3 mean 
sd 

T4 mean 
sd 

5.55 
1.95 
7.34 
1.80 
5.39 
1.21 
7.60 
1.58 

4.37 
0.64 
6.39 
1.34 
5.73 
0.74 
7.77 
1.54 

3.73 
1.86 
6.41 
1.87 
3.48 
1.37 
6.78 
1.26 

4.42 
2.02 
5.92 
1.88 
3.41 
1.17 
6.13 
1.76 

3.38 
0.72 
5.03 
1.19 
4.21 
1.54 
6.03 
1.72 

2.89 
1.47 
5.28 
2.07 
2.04 
1.77 
5.45 
0.96 

3.21 
1.19 
4.86 
2.02 
3.12 
1.21 
4.47 
1.38 

2.17 
1.20 
4.29 
1.51 
3.18 
1.37 
5.02 
1.96 

2.25 
1.36 
4.16 
1.59 
1.83 
1.58 
4.42 
0.70 

3.14 
1.03 
3.74 
1.64 
2.71 
0.83 
3.76 
1.50 

2.37 
0.76 
3.34 
1.59 
2.77 
1.08 
4.41 
1 . 7 1  

2.27 
0.92 
3.35 
1.55 
1.83 
0.71 
4.08 
0.94 

2.23 
1.30 
3.22 
1.42 
1 .93  
0.97 
2.96 
1.58 

1.74 
0.59 
2.88 
1.23 
1.78 
1.19 
3.58 
1.68 

2.30 
0.88 
2.50 
1.11 
1.40 
1.06 
3.17 
0.93 

1.62 
1.00 
2.46 
1.01 
1.66 
0.96 
2.66 
1.28 

1.42 
0.68 
2.12 
1 .17  
1.56 
1.19 
2.89 
1.42 

1.68 
0.52 
1.75 
1.07 
1.28 
1.43 
2.38 
1.18 

Two way analysis of 
variance F-test 
type-effect p = O.OO* 
method-effect p = O.OO* 
type-meth.1nt.p = 0.28 
t-test for contrasts 
Tl-T2 p = o.oo* 
Tl-T3 p = 0.53 
Tl-T4 p = o.oo* 
T2-T3 p = o.oo* 
T2-T4 p = 0.02* 
T3-T4 p = o.oo* 
T1/3-T2/4 p O.Oo* 

o.oo* 
0.02" 
0.41 

0. oo* 
0.53 
o.oo* 
0.00" 
0.13 
o.oo* 
O.OO* 

o.oo* 0.00" 
0.11 0.59 
0.47 0.48 

o.oo* 0.01* 
0.74 0.48 
o.oo* o.oo* 
o.oo* 0.02* 
0.48 0.02* 
o.oo* o.oo* 
o.oo* o.oo* 

o.oo* 
0.71 
0.38 

0. oo* 
0.35 
0. oo* 
0.00" 
0.12 
o.oo* 
0. oo* 

o.oo* 
0.43 
0.72 

0.01" 
0.83 
0.00" 
0.06 
0.01* 
o.oo* 
0.00" 
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Addendum 5 Two way a n a l y s i s  o f  v a r i a n c e  o f  t h e  f u n c t i o n a l  end r e s u l t  

Two way a n a l y s i s  of v a r i a n c e  t o  d e t e r m i n e  t h e  e f f e c t  of t h e  method of t r e a t m e n t  and t h e  
f r a c t u r e  t y p e  on t h e  f u n c t i o n a l  end r e s u l t .  Mean and s t a n d a r d  d e v i a t i o n  o f  t h e  l o g a r i t h m  o f  
t h e  f u n c t i o n a l  end r e s u l t  s c o r e  i s  p r e s e n t e d  f o r  each  t r e a t m e n t  g roup  and f o r  each  f r a c t u r e  
type  ( T l ,  T2, T3, T4). F r a c t u r e  Type 1 and 3 a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  w i t h  r e s p e c t  
t o  t h e  f u n c t i o n a l  end r e s u l t  s c o r e  (Tl-T3 p>0.05) .  

CON SAR F U N  Two way a n a l y s i s  o f  
v a r i a n c e  F - t e s t  

T1 mean 0.59 0 - 5 2  0.65 t y p e - e f f e c t  p= 0.00" 
sd  0.39 0.25 0.26 me thod-e f fec t  p= 0.62 

T2 mean 0.93 0.85 0.76 type -me th . in t .  p= 0.68 
sd  0.33 0.41 0.36 t-test for c o n t r a s t s  

T3 mean 0.67 0.53 0.45 Tl-TZ p= o.oo* 
sd  0.33 0.41 0.54 Tl-T3 p= 0.75 

T4 mean 1.00 1.12 1.02 T1-T4 p= O.OO* 
sd  0.38 0.34 0.30 T2-T3 p= 0.01* 

T2-T4 p= o.oo* 
T3-T4 p= 0.00" 
T1/3-T2/4 p= 0.00" 
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Addendum 6 Two way analysis of variance of the anatomical end results 

Two way analysis of variance to determine the effect of the method of treatment and the 
fracture type on the anatomical end result. Mean and standard deviation of the final volar 
angle difference ( V 3 ) ,  square root of the final radial angle difference ( R 3 )  and final 
radial length difference (L3) and of the final radial shift (S3)  are presented for each 
treatment group and for each fracture type ( T l ,  T2, T3, T4) .  R3 and L3 were added with 
constant factors and square root tranformed for the statistical analysis. With respect to 
the anatomical end result, fracture Type 1 and 3 are not significantly different and 
fracture Type 2 and 4 are not significantly different (Tl-T3 p>0.05, T2-T4 p>0.05). 

v3 f i 3  K 3  s3 

CON T 1  mean 6.56 2.50 3.94 1 . 1 7  
sd 5.24 0.91 0.42 3.03 

T2 mean 14.68 3.24 4.23 2.89 
sd 8.96 0.85 0.32 2.25 

T3 mean 7.63 2.99 3.96 1.63 
sd 8.12 0.81 0.35 1.41 

T4 mean 12.06 3.18 4.29 2.33 
sd 10.68 0.86 0.38 2.68 

SAR T1 mean 4.10 2.80 3.86 1.60 
sd 5.92 0.73 0.38 1.51 

T2 mean 9.82 3.46 4.22 3.07 
sd 13.47 0.87 0.74 2.83 

T3 mean 7.50 2.56 3.94 1.75 
sd 5.45 0.78 0.13 1 . 7 1  

T4 mean 11.61 3.62 4.45 3.67 
sd 12.47 0.68 0.53 3.65 

FUN T 1  mean 6.63 2.71 4.03 1.60 
sd 6.91 0.45 0.17 1.06 

T2 mean 13.67 3.79 4.59 3.10 
sd 14.77 0.84 0.45 2.53 

T3 mean 9.33 3.30 4 . 3 1  1.33 
sd 12.74 0.84 0.29 1.16 

T4 mean 13.45 3.45 4.37 4.46 
Sd 10.54 0.71 0.45 2.42 

Two way analysis of 
variance F-test 
type-effect p = O . O l *  O.OO* O.OO* O.OO* 
method-effect p = 0.60 0.21 0.12 0.48 
type-meth.int.p = 0.98 0.65 0.56 0.80 
t-test for contrasts 
Tl-TZ p = o.oo* o.oo* o.oo* o.oo* 
T1-T3 p = 0.51 0.30 0.43 0.90 
Tl-T4 p = 0.01* o.oo* 0.00" o.oo* 

T3-T4 p = 0.22 0.07 0.05 0.02* 

T2-T3 p = 0.17 0.03* 0.06 0.07 
T 2-T 4 p = 0.86 0.60 0.78 0.35 

T1/3-T2/4 p = 0.01* O.OO* O.OO* O.OO* 
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