
The treatment and outcomes of distraction osteoto-
my in 9 patients with malunion of the distal radius
with radial shortening are presented. 
The patients had an average age of 32 years (range :
14 to 36 years) and comprised 7 males and 2 females.
Ulnar inclination was below normal in all patients,
volar inclination was below normal in 8 patients, and
the average radial length discrepancy was 7.6 mm
(range : 4 to 16 mm). Angulations in the distal radius
were corrected by manipulation after osteotomy, and
shortening by callus distraction. 
In order to achieve normal radial length, distraction
was performed for an average of 10.2 days (range : 7
to 19 days), and union occurred in an average of
10.7 weeks (range : 9 to 13 weeks). During the wait-
ing period between distraction and consolidation,
impairment of ulnar and volar inclination recurred
in 3 patients, and translation of the distal fragment
necessitating correction occurred in 3 patients. No
cases of nonunion or malunion were observed. In all
patients, there was a decrease in cosmetic and pain-
related complaints, and improvement in wrist move-
ments.
Distraction osteotomy is a simple and effective treat-
ment for malunion of the distal radius with concur-
rent radial shortening. However, the position of the
distal fragment should be followed up until consoli-
dation. 

INTRODUCTION

Shortening of the radius following fracture of its
distal end leads to incongruence and instability in
the distal radioulnar joint. This deformity adverse-
ly affects forearm rotation and causes distal ulno-

carpal impingement (9, 11). Furthermore, it may
decrease inclination in the ulnar plane, grasping
strength, and extension and ulnar deviation in the
wrist and hand, as well as bringing about cosmetic
complaints (7, 10, 11). 

Bowers’ hemiresection interposition arthroplas-
ty, Darrach’s procedure, the Sauvé-Kapandji proce-
dure and other corrective surgical methods have
been described in the literature (2, 3, 7, 8). Indica-
tions for Darrach’s procedure have been narrowed
in recent years due to its complications (3, 7).
Corrective surgery and combined procedures in the
distal radius are frequently reported to lead to
residual problems in the distal radioulnar joint (3, 5,

10, 11). Achieving an anatomical relationship
between the sigmoid notch and the ulnar head is a
requisite for success. However, during corrective
osteotomies, correction of length discrepancy with
a suitable graft and maintenance of the correction
are technically difficult, particularly in cases with
marked discrepancy and in long-standing deformi-
ties (1, 11, 12). Few cases have been reported in
which malunion of the distal radius was treated by
callus distraction, and there is insufficient data con-
cerning its effectiveness (7). 

In the present study, we present the treatment
and outcomes of callus distraction in patients with
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severe shortening of the radius following fracture
of its distal end. 

MATERIALS AND METHODS

We treated 9 patients who presented with malunion
following distal radial fracture, who were treated by cal-
lus distraction. Their average age was 32 years (range :
14 to 36 years) ; there were 7 males and 2 females. 

Malunion was secondary to intraarticular fracture of
the distal radius in five patients, Colles fracture in two
patients, Smith’s fracture in one patient, and segmental
fracture of the radius in one patient. The last patient had
nonunion of the radial diaphysis in addition to malunion
of the distal radius (fig 1a, b, c). 

Standard anteroposterior and lateral radiographs were
taken preoperatively, and measurements were carried
out with Castaing’s modification of the method devised
by Gartland and Werley (in 3). Ulnar inclination was
measured as the angle between a line drawn parallel to
the distal articular surface of the radius and a line drawn
perpendicular to the radial shaft. Volar inclination was
measured as the angle between a line drawn tangential to
the distal radial articular surface in the sagittal plane and
a line drawn parallel to the shaft of the radius. The radio-
ulnar index was measured by determining the distance
between a line drawn perpendicular to the long axis of
the radius and tangential to the lunate facet of the radial
articular surface and the distal end of the ulnar head. 

Post-traumatic osteoarthritic changes were graded
according to the criteria of Knirk and Jupiter (6). Mild
changes represented slight narrowing of the joint space ;
moderate changes, marked narrowing, and the presence
of marginal osteophytes ; and severe changes indicated
complete loss of the joint space and the presence of mar-
ginal osteophytes and subchondral bone cysts. 

Pain was assessed as mild, moderate, or severe. Mild
pain meant that there was pain in extreme wrist move-
ments that did not create physical or psychological prob-
lems ; moderate pain meant that pain occurred during
hard work and that it created physical and/or psycholog-
ical problems ; and severe pain meant that pain occurred
during daily activities, and even at rest (3).

SURGICAL TECHNIQUE

A dorsal approach was performed under general
anesthesia using a pneumatic tourniquet. The distal
radial metaphysis and Lister’ tubercle were
exposed. Two K-wires were positioned parallel to

the joint, one on Lister’ tubercle and the other on
the ulnar side of this pin, at a 45° angle in the
frontal plane, and their position was checked by
fluoroscopy. Two fixator pins were then placed in
suitable positions. The radius was then exposed
proximally over 10 to 14 cm and 2 pins were insert-
ed in the radial diaphysis. Complete osteotomy of
the radius was performed 10 mm proximal to the
distal pins, and the external fixator was adapted. By
manipulation of the fragments, radial inclination
and volar inclination were corrected under fluoro-
scopic control, and the fixator connector was tight-
ened. Intraoperatively, correction of radial shorten-
ing and bone grafting were not performed. 

On postoperative day 7, after the waiting period,
daily distraction of 2 � 0.5 mm was begun, and the
extent of distraction was followed up radiographi-
cally. After a sufficient radioulnar index was
obtained, distraction was terminated and the fixator
was left in place until consolidation. Postopera-
tively, active and passive hand and wrist exercises
were initiated, and continued after removal of the
fixator.

RESULTS

In order to achieve normal radial length, it was
necessary to perform distraction for an average of
10.2 days (range : 7 to 19 days), and union was
achieved in an average of 10.7 weeks (range : 9 to
13 weeks). No nonunion or delayed union were ob-
served. Nonunion in the radial diaphysis of patient
4 healed spontaneously, presumable because dis-
traction in the distal metaphysis exerted compres-
sion on the nonunion (fig 1b, c). 

During the distraction period and the waiting
period for consolidation, ulnar and volar inclina-
tion was impaired in 3 patients, and ulnar and volar
translation occurred in the distal fragment in two
patients (fig 1b), and volar translation occurred in
the distal fragment in one patient. In these patients,
the external fixator module was loosened and the
fragments were corrected by manipulation. Volar
translation persisted in two patients, and volar
translation and impaired volar inclination persisted
in two patients (fig 1c). 

Acta Orthopædica Belgica, Vol. 69 - 1 - 2003



DISTRACTION OSTEOTOMY 25

Patients were followed up for an average of
43 months (range : 21 to 66). At the final examina-
tion, patients were assessed with regard to pain,
active hand and wrist movements, and cosmesis.
Radiographic measurements were made, and evalu-
ation of degenerative arthritis was carried out.

Preoperatively, radioulnar joint pain was mode-
rate in 6 patients and severe in 3. Radiocarpal joint
pain was mild in 2 patients, moderate in 5, and
severe in 2. In addition, 7 patients had cosmetic
complaints, and for two of them, this was the pri-
mary reason for seeking treatment. Three patients
were free of pain at the final examination. Pain per-
sisted, albeit decreased, in all but one of the
remaining six ; radiocarpal joint pain was mild in
four and moderate in one, and radioulnar joint pain
was mild in two and moderate in four. All patients
had cosmetic improvement, and were pleased with
their cosmetic outcomes (fig 2a, b, c). 

The average preoperative hand-wrist range of
motion determined by standard goniometry was as
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Fig. 1a. — Preoperative anteroposterior and lateral X-ray of a
patient with malunion in the distal radius and nonunion in the
diaphysis associated with a segmental fracture in the radius
(case 4). b : Ulnar translation of the distal fragment occurred
during distraction. c : Anteroposterior and lateral X-ray
6 months postoperatively. Radio-ulnar index : 0 mm. Volar in-
clination : 8º. Ulnar inclination : 19º. Diaphyseal nonunion
healed.
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follows : dorsiflexion, 48º (normal side 78º), pal-
mar flexion 25º (normal side 74º), pronation 25º
(normal side 75º), and supination 17º (normal side
87º). At final examination, the average angles were
respectively, 55º, 38º, 46º, and 59º. 

Preoperatively, ulnar inclination was below nor-
mal in all patients, volar inclination was below nor-
mal in 8 patients (table I), and the average length
discrepancy was 7.6 mm (range : 4 to 16 mm).
Radiographically, the average volar inclination was
1.6º (range : -11 to 6º) preoperatively, and 7.2º
(range : 3 to 11º) postoperatively. The average
ulnar inclination increased from 5.7º preoperative-
ly (range : -5 to 13º) to 17.5º postoperatively
(range : 12 to 22º). The average radioulnar index
was -7.6 mm (range : -4 to -16 mm) preoperatively
and 0.2mm (range : -2 to 2 mm) postoperatively. 

In the radiocarpal joint, two patients had mild
and one had moderate osteoarthritis (fig 2c) ; in the
radioulnar joint, two patients had mild, three
patients had moderate, and one patient had severe
osteoarthritis. In addition, chondropathy in the
ulnar head was noted on X-rays in one patient .

DISCUSSION

Surgical indications in malunion of the distal
radius include severe pain or functional impairment
rather than anatomical irregularities (2, 3, 4, 5, 7). In
cases involving only osteopenia, osteoarthritic
changes, and in patients with systemic problems,
surgery is contraindicated. To date, a number of
surgical procedures have been implemented, each
having its own area of application, advantages, and
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Fig. 2a. — Preoperative anteroposterior and lateral X-ray of a patient with malunion in the lower end of the radius following Colles
fracture (case 9). b : Anteroposterior X-ray 2 months postoperatively. c : X-ray 24 months postoperatively. Radioulnar index : 0 mm.
Volar inclination : 11º. Ulnar inclination : 22º.

a

c b
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disadvantages. Darrach’s procedure is one of the
oldest, but it has significant complications such as
carpal instability, decreased grasping strength, and
painful instability of the distal ulnar stump. It is
currently recommended only in cases where treat-
ment by other methods is not possible (4, 6, 7, 9, 11,

12). In selected cases of painful instability of the
distal radioulnar joint, the Sauvé-Kapandji proce-
dure can be preferred. However, this technique is a
salvage procedure, and we think that the Sauvé-
Kapandji procedure, as well as the Darrach proce-
dure, should not be considered as first choice.

Radial shortening is the most frequent cause of
residual radioulnar joint problems after treatment
for wrist deformity. The reason is usually insuffi-
cient radial distraction. The maximum lengthening
that can be obtained in distal radius osteotomies is
6-7 mm (3). When greater lengthening is required,
radius osteotomy alone is inadequate. In such
cases, it must be combined with ulnar leveling ;
however, this combined procedure is known to
expose to a number of complications, including
ulnar nonunion, radial nonunion, incomplete cor-
rection, pin tract infection and hardware failure,
soft tissue problems and tendonitis, reflex sympa-
thetic dystrophy, carpal tunnel syndrome, and
residual problems in the distal radioulnar joint (2, 4,

5, 8). Furthermore, these procedures present techni-
cal difficulties. The osteotomy and callus distrac-
tion we performed allow the necessary length to be
achieved with limited surgery, and are technically
simple . 

Classical osteotomies of the distal end of the
radius require the planning and execution of 3-
dimensional bone graft models (1, 11, 12). However,
the exact calculation of the dimensions of the bone
graft, the achievement of the appropriate dimen-
sions, and proper execution are not always easy.
Since we did not use bone grafts, there was no need
for such complex planning. Moreover, no difficul-
ties with union were observed in any of the
patients. 

In the literature, there are few cases in which
malunion of the distal end of the radius was treated
by osteotomy and callus distraction ; it has been
reported that there is insufficient control of the dis-
tal fragment in this procedure (7). Displacement of
the distal fragment occurred in six of our nine
patients. This was completely corrected in two
patients, but in the remaining four, the anatomic
defects were not completely corrected even after a
second manipulation. No detailed information is
available on the reason for translation. However,
loosening is a general problem with fixators which
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Table I. - Data of the patients before surgery and at latest follow-up

Case Age, Radiographic Time Radiographic Pain Pain
Sex measurements measurements (before surgery) (latest follow-up)

(before surgery) (latest follow-up)

VI UI RUI Distrac. Union VI UI RUI RCJ RUJ RCJ RUJ
(days) (weeks)

1 28, M 6 -2 -6 9 11 9 16 2 ++ ++ – –
2 14, M 10 4 -12 15 9 10 17 0 + +++ + ++
3 36, M -11 0 -7 8 12 3 21 -1 ++ ++ + +
4 18, M 8 13 -16 19 13 8 19 0 ++ +++ – ++
5 24, M 0 -5 -7 10 12 5 12 1 +++ ++ + +
6 27, M 2 8 -6 8 11 7 16 1 ++ ++ – –
7 32, M -3 7 -5 8 10 5 20 -2 ++ ++ ++ –
8 30, FM 1 0 -6 8 9 7 15 1 +++ +++ + ++
9 23, M 2 12 -4 7 10 11 22 0 + ++ – –

VI ; Volar Inclination (degrees), UI ; Ulnar Inclination (degrees), RUI ; Radioulnar Index (mm) (Negative value = radius shorter
than ulna), RCJ : Radiocarpal Joint, RUJ ; Radioulnar joint. 

– ; no pain at all, + ; mild pain, ++ ; moderate pain, +++ ; severe pain.
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have moving ball connectors. We think that the rea-
son for translation of the distal fragment may be
loosening in the external fixator module caused by
the muscle pull during longitudinal traction.
Although patients may have good clinical out-
comes with osteotomy and callus distraction, it
should be kept in mind that there may be problems
in maintaining the distal fragment position
throughout the distraction period. 

CONCLUSION

In the treatment of malunited fractures of the
distal end of the radius with shortening of the
radius, distraction osteotomy is a simple and effec-
tive method that does not require extensive dissec-
tion. However, during distraction and the waiting
period, the position of the distal fragment should be
well monitored until consolidation is achieved. 
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