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Malunion of fracture distal radius can cause pain and functional impact. Numerous surgical
techniques have been implemented. Distraction osteogenesis allows gradual deformity
correction and avoids bone grafting complications. This retrospective study aims to assess the
results of distraction osteogenesis for the treatment of malunited distal radius fractures.

Between February 2019 and March 2023, 12 patients (eight males and four females) with
malunited distal radius fractures were managed with an Ilizarov external fixator. The corticotomy
was done through a small dorsal incision. The lengthening was started 10 days postoperatively
at a rate of 0.25mm every 6h until the deformity was corrected.

The average age of the patients was 30+2.5 years. The average follow-up time was 25.2+11
months. After an average of 2.5+0.6 months, the external fixator was removed. The average
radius shortening was 9+4.150mm with an average lengthening of 12+2.189mm. A preoperative
average of +3.7mm ulnar variance decreased to +0.62mm at the final follow-up with a statistically
significant difference (P=0.017). Angular deformity improved from a preoperative average of
28+2.457° dorsal tilt to an average of 5+2.538° palmar tilt at the final follow-up with a statistically
significant difference (P=0.01). A preoperative average of 12+6.150° radial inclination improved
to 20+9.189° at the final follow-up with a statistically significant difference (P=0.01). One patient
was complicated with Sudeck’s atrophy. Statistically significant differences could be found as
regards pain, grip strength, active range of motion of the affected wrist, mean Disabilities of the
Arm, Shoulder and Hand score, and mean modified Mayo Wrist Score between the preoperative
measurements and at the final follow-up (P=0.01, 0.012, 0.027, 0.014, and 0.001, respectively).

Distraction osteogenesis with Ilizarov is a safe and effective procedure for the treatment of
malunited distal radius fractures. It could correct the deformity and establish good functional
results.

Distal radius, Distraction osteogenesis, Malunion.
Received: 03 November 2024, Accepted: 26 December 2024

INTRODUCTION

When treating a distal end radius fracture
conservatively, attention should be paid to an acceptable
reduction according to the criteria of acceptance in the
literature [1]. Malunion remains a common complication
after conservative management of unstable extra-articular
fractures [2]. Surgical indications for the treatment of
malaligned distal radius are pain, loss of function, and
unaccepted radial malalignment [3].

The goals of the treatment are to restore congruity of
both distal radioulnar and radiocarpal joints, improve pain
and function, reestablish normal carpal kinematics, and
prevent future arthritis [4]. Operative techniques for the
management of malunited fracture distal radius include
osteotomy and fixation by cast, osteotomy, and fixation
by K-wires, and osteotomy with or without bone graft
supplemented with plate fixation [5].
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However, when plates and screws are used, a high
rate of plate removal has been reported due to painful
hardware and tendons irritation [6]. Surgical techniques
used in bone grafting may be complicated with donor site
morbidity, especially pain, superficial sensory nerve injury,
hematoma, and infection [7].

Many authors used a joint bridging fixator to provide
rigid fixation. This technique has increased the rate of joint
stiffness [8].

Based on the principles of distraction osteogenesis,
which allows gradual deformity correction and avoids
the complications of bone grafting, our aim for this
retrospective study is to present the results of distraction
osteogenesis for the treatment of malunited distal radius
fractures.

PATIENTS AND METHODS

Between February 2019 and March 2023, 12 patients
with malunited fracture distal radius were surgically treated
with an Ilizarov external fixator based on the principles of
distraction osteogenesis. The study was conducted at the
Orthopedic Department, Mansoura University Hospital,
after approval by the institutional research board. Informed
consent was obtained from all studied patients.

Inclusion criteria included a malunion of distal radius
fracture after conservative treatment in symptomatic
patients with wrist pain, functional limitations, and
disruption of the distal radioulnar joint. Exclusion criteria
included patients with asymptomatic malunion with
posttraumatic or degenerative joint changes. Also, patients
with intraarticular malunion, pathological fractures, and
extensive osteoporosis were excluded.

Before surgery, all patients were examined clinically
by history taking and paying attention to sex, age, and
complaints. Pain was assessed via the visual analog
scale [9]. Also, all patients underwent a complete local
examination of the affected side. Hand grip strength was
measured with a dynamometer, and active range of motion
of the affected wrist was evaluated (wrist flexion/extension
and forearm pronation/supination). Anteroposterior and
lateral radiographs of the affected wrist were taken, and
the following measurements were carried out: palmar
tilt, radial inclination, radial length, and ulnar variance.
All patients underwent functional evaluation using the
Disabilities of the Arm, Shoulder and Hand (DASH) score
and the modified Mayo Wrist Score (MMWS) [10,11].

A pre-assembled Ilizarov circular external fixator with
two half rings (with two/three pins on the proximal ring
and two Ilizarov wires and one pin on the distal ring) was
used for fixation after corticotomy of the distal radius. The
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corticotomy was done through a small dorsal incision under
an image intensifier after the determination of its site.

All patients were discharged the next day. They were
instructed about pin site care and distraction mechanisms.
The lengthening was started ten days postoperatively
at a rate of 0.25mm every 6h until the deformity was
corrected. All patients were followed up every 2 weeks
during this phase and then every month till the removal of
the external fixator. Patients were encouraged to do self-
exercise and to return to normal daily living conditions.
The external fixator was removed after consolidation of the
regenerate (bridging of the fracture site by bone, cortical
continuity, and no tenderness at the osteotomy site) with
documentation of its duration.

All patients were followed up after 3, 6, and 12
months. All postoperative complications were noted.
All clinical, radiological, and functional measurements
were documented at the time of presentation and the final
follow-up and compared with each other.

The Mann—Whitney U nonparametric test was used
for the statistical analysis. A P value of less than 0.05 was
reported as statistically significant.

RESULTS

Our study was conducted on 12 patients. There were
eight (66.6%) males and four (33.4%) females. The mean
age of the patients was 30+2.5 years (range, 2054 years).
The mean follow-up time was 25.2+11 months (range, 12—
39 months). After an average duration of 2.5+0.6 months
(range, 2-3.5 months), the external fixator was removed
(Table 1).

As shown in Table (2), the mean pain value by using
the visual analog scale score was 5.3+1.6 (range, 5-8)
preoperatively, which improved to 2.4+1.4 (range, 2—4) at
the final follow-up. The mean preoperative grip strength
was 11.6+3.1kg (range, 10—14kg) compared to 26.2+11.6kg
(range, 18-35kg) at the final follow-up. As regards the active
range of motion before the surgery versus at the final follow-
up, improvements were seen in wrist flexion (44.8+16.8°
vs. 60.2+17.8°), wrist extension (39.3+£11.2° vs. 70.3+9.29),
forearm pronation (75.3+14.5%s. 84.0+7.2°), and forearm
supination (16.0+£7.5° vs. 79.8+15.5°). According to our
results, statistically significant differences could be found
as regards pain, grip strength, and active range of motion of
the affected wrist between the preoperative measurements
and at the final follow-up (P=0.01, 0.012, and 0.027,
respectively).

Angular deformity improved from a preoperative
average of 28+2.457° (range, 21-35) dorsal tilt to an
average of 5+2.538° (range, 3—14) palmar tilt at the
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final follow-up with a statistically significant difference
(P=0.01). Radial inclination improved from an average
of 12+6.150° (range, 8—14) preoperatively to 20+9.189°
(range, 9-30) at the final follow-up with a statistically
significant difference (P=0.01) (Figure 1).
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Table 1: Sex, age, duration of external fixator, and length of
follow-up of patients:

All patients (N=12)

Figure 1: Wrist anteroposterior and lateral radiography showing

malunited fracture distal radius; (A): Underwent management
by corticotomy and Ilizarov external fixation; (B,C): With
gradual correction via lengthening; (D): Based on the principles
of distraction osteogenesis till consolidation of the regenerate;
(E): With good correction of all radiological measurement after
removal of the frame (F).

The mean shortening of the radius was 9+4.150mm
(range, 0.5-1.7cm). The mean lengthening was
1242.189mm (range, 0.7-1.9cm). Apart from two
(16.6%) patients, a normal distal radioulnar joint level
was established in all patients. A preoperative average of
+3.7mm (range, 2—18mm) ulnar variance decreased to
+0.62mm (range, 0.1-3mm) at the final follow-up with a
statistically significant difference (P=0.017) (Table 2).

The mean DASH score was 50.6+£11.478 (range,
40.2-62.9) preoperatively and decreased to 14.3+4.689
(range, 18.6-6.6) at the final follow-up. Mean MMWS
was 48.61+6.313 (range, 44.3-52.6) preoperatively and
increased to 90.8145.449 (range, 72.6-96.4) at the last
follow-up. According to the interpretation of the MMWS,
three (25%) excellent, six (50%) good, and three (25%) fair
results were obtained. Statistically significant differences
were found between the preoperative measurements and at
the final follow-up regarding the DASH score and MMWS
score (all P<0.05) (Table 2).

Four patients had a superficial pin tract infection,
which was managed with frequent pin site care and oral
antibiotics. No deep pin tract infection or neurovascular
complications were seen in any patient. One patient was
complicated with Sudeck’s atrophy and was treated with
physiotherapy and medical treatment.

Sex Male 8(66.6)
Female 4(33.4)

Age Mean+SD Minimum Maximum
30+2.5 20 54

Length of

follow-up 25.2+11 12 39

(months)

Duration of

external fixator 2.540.6 2 3.5

(months)

Table 2: Other data of the studied patients:

All patients (N=12)
The final

Mean+SD Preoperative follow-up P
Clinical

VAS score 5.3+1.6 2.4x1.4 0.01"
Grip strength (kg) 11.6+3.1 26.2+11.6 0.012"
Range of motion (deg.)

Wrist flexion 44.8+16.8 60.2+17.8 0.027
Wrist extension 39.3£11.2 70.3£9.2

Pronation 75.3x14.5 84.0+7.2

Supination 16.0£7.5 79.8+15.5
Radiological

Palmar tilt (deg.) +28+2.457 —5+2.538 0.01"
Radial inclination (deg.) 12+6.150 20+9.189 0.01"
Radial length (mm) 9+4.150 1242.189 0.0001"
Ulnar variance (mm) 3.7+0.330 0.62+0.390 0.017"
Functional

DASH score 50.6+11.478 14.3+4.689 0.014"
MMWS score 48.61+6.313  90.81+5.449  0.001"

DASH: Disabilities of the Arm, Shoulder and Hand; MMWS: Modified
Mayo Wrist Score; VAS: Visual Analog Scale; *: Statistically Significant.

DISCUSSION

The correction of palmar tilt was statistically significant
in the current study. It improved from an average of
28+2.457° dorsal tilt preoperatively to an average of
542.538° of palmar tilt at the final follow-up. This could
be achieved by proper osteotomy hinge placement, as
it determines the axis of correction. Also, there was a
significant improvement in the radial inclination angle. Our
results were comparable with those of Lubahn ef al., [12],
who treated 20 patients using the principles of distraction
osteogenesis.
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Malunited distal radius fractures result in biomechanical
alterations and increased stress at both distal radioulnar and
radiocarpal joints, with a resultant functional disability that
correlates with the amount of residual deformity [13,14].

In the current study, we included symptomatic patients
complaining of pain and functional limitations. The wrist
pain is associated with shortening of the radius and palmar
angle loss [15].

The main objective of the operative management for
distal radius malunion is to reorient the joint surface for the
restoration of normal load transmission and reestablishment
of normal carpal kinematics and distal radioulnar
function [16].

According to our results, we achieved significant
improvement as regards pain, grip strength, and active
range of motion of the affected wrist, which was
comparable with those of other studies reporting the results
of corrective osteotomy with fixation for management of
malunited distal radius fracture [17-19].

The external fixation was removed after healing with a
mean duration of 2.5+0.6 months, which was similar to the
study conducted by Arslan et al., [20].

Numerous surgical techniques have been used for the
treatment of malunited distal radius. Each procedure has
its area of application, advantages, and disadvantages
[21]. The most common technique for dorsal angulation
deformity after an extra-articular fracture malunion is
a distal radial osteotomy and fixation with a volar plate
[22,23]. However, this technique could be technically
demanding and has been associated with nonunion, failure
to achieve full correction, and rupture of the extensor
pollicis longus [24,25].

The maximum distal radius lengthening that can
be obtained from osteotomy is 6—7mm. When radial
shortening is more than this range, the residual radial
shortening will lead to residual radioulnar problems after
treatment [26]. Radial osteotomy could be combined with
ulnar shortening when more lengthening is required. This
combined procedure may be complicated by incomplete
correction, nonunion, hardware failure, and infection [27].

Also, Robinson et al., [28] in 2021 recommended an
ulnar shortening osteotomy in spite of the fact that they
obtained a maximum osteotomy gap of 8.8 mm by a volar
distraction device after the application of a volar plate. In
our study, we obtained a radius lengthening that ranged
from 0.7 to 1.9cm. This was also matched with the results
of Lubahn ef al., [12].
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Classical osteotomies of the distal radius require bone
graft. These procedures are complicated with subsequent
graft site morbidity (11-28%) and nonunion [29].

Some authors recommend the treatment by osteotomy
and plating without bone graft [30,31]. They explained this
by the locking plate’s rigidity and the high vascularity of
the distal radius.

As regards the functional results, significant
improvements in the DASH and Mayo scores were found,
which were similar to other reports of the functional results
of different operative techniques for malunited distal
radius [32,33].

Our study was a retrospective study including a few
patients. We need a larger comparative study and a longer
follow-up.

CONCLUSION

In conclusion, distal radial osteotomy and distraction
osteogenesis with the Ilizarov technique used in the current
study is a simple technique which could achieve the
necessary lengthening of the radius with minimal surgery.
Unlike the other methods, this one does not require a
second operation for removal of the plate and screws. Also,
it eliminates the complications of bone grafting, as there is
no need for bone grafting in this technique.
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