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Abstract
Background: Distal radius malunion is a major complication of distal radius fractures, reported in about 33% of cases. Corrective 
osteotomy to restore normal anatomy usually provides improved function and significant pain relief. We report the outcomes in a 
case-series with special attention to the potential influence of the initial management.

Material and Methods: This single-centre retrospective study included 15 patients, which included 11 males and 4 females, with a 
mean age of 32 years (range, 14-55 years). They were from different socio-economic and professional backgrounds. There were 10 
extra-articular fractures, including 7 with volar angulation, 3 anterior marginal fractures, and 2 intra-articular T-shaped fractures; 
the dominant side was involved in 13/15 patients. Initial fracture management was with Kapandji intra-focal pinning in 3 patients, 
anterior plate in 3 patients, and non-operative reduction in 9 patients. The malunion was anterior in 13 patients, including 3 with 
intra-articular malunion, and posterior in 2 patients. Corrective osteotomy of the radius was performed in all 15 patients between 
2018 June and 2019 July. Mean time from fracture to osteotomy was 145 days (range, 45-180 days). The defect was filled using an 
iliac bone graft in all patients. No procedures on the distal radio-ulnar joint were performed during the corrective osteotomy surgery. 
2 patients among these underwent revision surgery on distal ulna on a later date.

Results: All 15 patients were evaluated 12 months after the corrective osteotomy. They showed gains in ranges not only of flexion/
extension, but also of pronation/supination. All patients reported improved wrist function. The flexion/extension arc increased by 
44° (+24° of flexion and +20° of extension) and the pronation/supination arc by 30° (+15° of pronation and +15° of supination). 
Mean visual analogue scale score for pain was 1.5 (range, 0-3). Complications recorded within 12 months after corrective oste-
otomy were complex regional pain syndrome type I (n = 1), radio-carpal osteoarthritis (n = 2), and restricted supination due to 
incongruity of the distal radio-ulnar joint surfaces (n = 2). This last abnormality should therefore receive careful attention during the 
management of distal radius malunion.

Discussion: In our case-series study, 2 (13.33%) patients required revision surgery for persistent loss of supination. Here we found 
that the reason was failure to perform an additional procedure on the distal radio-ulnar joint despite finding joint congruity on post-
operative x-ray. Hence, it can be concluded that outcome of corrective osteotomy for distal radius malunion significantly depends on 
distal radio-ulnar joint congruity.

Keywords: Distal Radius Osteotomy; Ulanr Shortening; DRUJ Congruity; Unstable Radius Fractures; MDRF; Malunited Distal Radius 
Fracture
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Abbreviations
MDRF: Malunited Distal Radius Fractures; CT: Computed Tomog-
raphy; DRUJ: Distal Radio-Ulnar Joint; VAS: Visual Analogue Scale; 
Fig: Figure

Introduction
Distal radius fractures are one of the most common types of 

fractures, accounting for around 25% of fractures in the pediat-
ric population and up to 18% of all fractures in the elderly age 
group [1]. Malunion is a major complication of fractures involving 
the distal radius and ulna. The articular surface of the distal aspect 
of the radius tilts 21 degrees in the antero-posterior plane and 5 
to 11 degrees in the lateral plane [2]. Traumatic dislocation of the 
distal radioulnar joint and injury to distal forearm are commonly 
encountered [3]. The incidence of MDRF (malunited distal radius 
fractures) appears to be greater when the fracture is treated with 
cast immobilization, with a historical incidence of approximately 
24% [4,5]. With the advent of advanced surgical techniques, the 
incidence of MDRF has been calculated to be as low as 11% [4]. 
For patients with distal radius fractures, the correct treatment de-
termines the degree of later functional recovery. For patients with 
unsatisfactory reset, early surgical treatment is recommended. De-
layed diagnosis and treatment often lead to chronic and persistent 
lower ulnar joint subluxation, dislocation, or even osteoarthritis. 
For patients with chronic arthritis, arthroplasty can be used to 
relieve pain [6,7]. In Indian subcontinent, due to management of 
fractures by Osteopaths and Quacks, the incidence of Malunion is 
very high. We have selected particularly the patients with restric-
tion of functional ability for the study.

Malunion of distal radius fractures result in a fundamental 
change in the biomechanics of the wrist. Left untreated, this can 
lead to arthritis, pain, limited mobility, or dysfunction. A clinical 
assessment of the functional impact combined with a detailed 
imaging study workup allows classification of the malunion and 
provides an evaluation of its severity and of any alterations in 
joint congruity. Computed tomography (CT) contributes addi-
tional information on the condition of the cartilage and ligaments 
(radio-carpal, radio-ulnar, and intra-carpal), as well as on joint 

relationships. Corrective osteotomy of the radius, which is usually 
performed using the opening-wedge technique, restores normal 
anatomy to improve wrist function. Intra-articular malunion is par-
ticularly challenging to treat, and its outcomes are less predictable. 
Finally, in every case, the relationships with the distal radio-ulnar 
joint (DRUJ) should be evaluated after correction of the malunion, 
to determine whether an additional surgical procedure on the dis-
tal ulna is appropriate.

Objective of the Study
The objective of this study was to evaluate the outcomes of sur-

gical treatment of distal radius malunion in the surgical centre.

We have used additional imaging techniques like CT to assess 
pre-existing Arthritic conditions and to know the status of liga-
ments. 

Materials and Methods
A retrospective study was conducted at Dr. B.R. Ambedkar Med-

ical College and Hospital in the department of Orthopaedics. We 
recorded preoperative and postoperative clinical and radiological 
data. The diagnosis of malunion was based on excessive anterior or 
posterior tilt combined with shortening of the radius. Surgery was 
indicated if the patient reported functional impairment and had ra-
diological evidence of malunion.

Consecutive patients who underwent corrective osteotomy of 
the radius to treat distal radius malunion between 2018 June and 
2019 July were included. Exclusion criteria were distal radius mal-
union that was not corrected or that was treated only by a surgical 
procedure on the DRUJ. We also excluded patients of MDRF with 
good wrist range of motion with no functional impairment.

Before corrective osteotomy, antero-posterior radiographs, true 
lateral radiographs, and CT of the wrist were obtained in all pa-
tients. Radial inclination and ulnar variance were determined on 
the antero-posterior radiographs and radial joint surface obliquity 
on the lateral radiograph (Table 1). None of the imaging studies 
obtained before corrective osteotomy showed evidence of osteoar-
thritis.

Number Ulnar variance 
(mm)

Radial inclination 
(degree)

Distal radial joint surface 
obliquity (degree)

Volarly angulated 
malunion

12 +5 (+7 to +3) 25° (23° to 27°) +30° (+28° to +32°)

Dorsally angulated 
malunion

3 +4 (+6 to +1) 24° (22° to 26°) -35° (-30° to -40°)

Table 1: Computed tomography measurements on the 15 distal radius fracture malunions (mean values). 
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Operative technique

The procedures were performed under General and Regional 
Anesthesia. According to this review volar approach is more easier 
and popular due it’s minor complication than dorsal approach and 
can be used in volar or dorsal displacement of malunited fracture 
distal radius by volar angle fixed plate. Moreover, a volar approach 
is easier than a dorsal approach and the reduction of the volar cor-
tex is simple because of less comminution and the advantage of 
direct vision [8].

Volarly angulated malunion (n = 12)
Volar approach of Henry was used in all 12 patients. The flexor 

tendons and median nerve were identified and reflected. The pro-
nator quadratus muscle was incised longitudinally and elevated 
from the volar aspect of the radius. The malunion site was identi-
fied with fluroscopy. A saw was then used to perform a transverse 
bone cut and posterior hinge was left intact. The cut was opened by 
placing a Meary spreader and the correction was checked by fluo-
roscopy. The goal was to obtain 10° of forward tilt of the radial joint 
surface. The defect created by the osteotomy was filled with a bone 
graft of iliac cortical and cancellous bone. The osteotomy site and 
graft were then stabilised by implanting a Volar Locking Plate. In 4 
patients where the osteotomy extended to the intra-articular com-
partment Variable angle Locking plates were used. No procedures 
were performed on the head of the ulna in the primary procedure.

Dorsally angulated malunion (n = 3)

We have used dual approach i.e. either Volar or Dorsal approach 
to the malunion based on fracture configuration. Volar approach 
was as described above. The dorsal approach has been described 
subsequently.

Dorsal longitudinal incision was made between the radial and 
ulnar styloid process. The dorsal retinaculum was incised longi-
tudinally. Extensor pollicis longus tendon is retracted radially and 
dissection continued between the third and fourth compartments. 
Two parallel pins were implanted to identify the fracture site and 
to guide the transverse osteotomy performed using a saw. A Meary 
spreader was used to correct the deformity by inducing 10° of 
forward tilt of the radial joint surface. A graft composed of iliac 
cortical and cancellous bone was implanted to fill the defect. Fixa-
tion was with a dedicated dorsal plate after resection of Lister’s tu-
bercle. The extensor retinaculum was placed beneath the extensor 

tendons to protect them from the underlying plate. No procedure 
on the head of the ulna was performed.

Postoperative management

Forearm was immobilized with POP Slab. After 6weeks slab 
was removed and radiographs were then taken to check that the 
osteotomy site had healed. The slab was then removed and a re-
habilitation programme followed for 2 months on average (range, 
1 - 3 months).

Assessment methods

The clinical evaluation relied on the visual analogue scale (VAS) 
pain score and goniometer measurements of wrist flexion/exten-
sion and pronation/supination. We were able to contact 13 of the 
15 patients, who completed the Quick-DASH questionnaire [9] after 
a mean follow-up of 18months (range, 12 - 24 months).

Antero-posterior and lateral radiographs of the treated wrist in 
the neutral position were obtained immediately after surgery then 
every 3 months. Radial inclination, ulnar variance, and radial joint 
surface obliquity were measured on the radiographs. The radio-
graphs were examined for signs of osteoarthritis, which was classi-
fied according to Knirk and Jupiter [10].

Mean preoperative and postoperative values of continuous wrist 
motion variables were compared using the non-parametric Mann-
Whitney test.

Results and Discussion
All the patients underwent corrective osteotomy within 

6months of the fracture, i.e. after a mean interval of 145 days. Fol-
low-up was at least 12 months in all patients.

Mean patient age at the time of the fracture was 32 years (range, 
14 - 60 years). The dominant side was involved in 13 patients. Of 
the 15 fractures, 10 were extra-articular, 3 anterior marginal, and 
2 intra-articular T shaped fractures. Distal radial joint surface tilt 
was dorsal in 3 patients and volar in 12 patients. Other fractures, 
found in 2 patients, involved the styloid process of the ulna (n = 2). 
The initial treatment consisted of Kapandji intra-focal pinning in 3 
patients, volar plate fixation in 3 patients, and non-operative man-
agement in 9 patients. Table 2 lists the main characteristics of the 
fractures and treatment methods. The malunion was volarly angulated 
in 12 patients, including 5 with intra-articular involvement, and 
dorsally angulated in 3 patients (Figure 1).
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The main patient complaint was restricted pronation and su-
pination, followed by pain. With the elbow flexed, mean motion 
ranges measured by goniometry before osteotomy were as fol-
lows: flexion, 36° (10° to 55°); extension, 42° (15° to 55°); prona-
tion, 53° (35° to 80°); and supination, 28° (0° to 60°). The mean 
VAS pain score was 2.8 (range, 1 - 5).

Clinical outcomes

Patients consistently reported improved wrist motion and 
function 12 months after corrective osteotomy. Of the 15 patients, 
11 were satisfied or very satisfied with the procedure. The mean 
VAS pain score was 1.5 (range, 0 - 3) and the mean Quick-DASH 
score was 21.6 (range, 12 - 48).

Table 3 compares pain during wrist motion and wrist motion 
ranges before and after corrective osteotomy. The flexion/exten-
sion arc increased by 44° (+24° of flexion and +20° of extension) 
and the pronation/supination arc by 30° (+15° of pronation and 
+15° of supination).

Radiological outcomes

Immediate post-operative radiograph was assessed in all pa-
tients (Figure 2). Progressive radio-carpal osteoarthritis devel-
oped in 2 patients. The osteoarthritis stage according to the Knirk 
and Jupiter classification was 1 in 1 patient and 2 in 1 patient [10].

10 extra-articular fractures 7 volarly angulated 3 dorsally angulated

Initial treatment Kapandji pinning, n = 2 
Non-operative treatment, n = 5

Kapandji pinning, n = 1 
Non-operative treatment, n = 2

3 anterior marginal fractures 3 volarly angulated

Initial treatment Plate + pin fixation, n = 2 
Non-operative treatment, n = 1

2 intra-articular Tshaped fractures 2 volarly angulated -

Initial treatment Plate + pin fixation, n = 1 
Non-operative treatment, n = 1

-

Table 2: Main characteristics of the fractures and initial treatment in the 12 study patients.

Figure 1: Example of an extra-articular fracture with dorsal  
angulation managed conservatively by an Osteopath. 

Mean ulnar variance was -1.8 (range, -9 to +2), mean radial 
inclination was 20.75° (range, 14° to 32°), and mean radial joint 
surface obliquity was -3.5° (range, -28° to 22°). Table 4 compares 
preoperative and postoperative radiographic values. Persistent 
posterior tilt was noted in the patients with posterior malunion. All 
grafts showed good uptake with no complications.

Figure 2: Pre- operative and post-operative day1 radiographs of a 
dorsally angulated fracture fixed with volar plate.

Pre surgical Post surgical
Flexion 36° (10° to 50°) 60° (15° to 70°)
Extension 42° (15° to 55°) 62° (30° to 75°)
Pronation 53° (35° to 80°) 68° (40° to 82°)
Supination 28° (0° to 60°) 43° (15° to 60°)
Pain (VAS score) 3 (2-5) 2 (0-3)
Functionality (Quick 
DASH) - 21 (12-48)

Table 3: Clinical outcomes after 12 months in 15 patients (mean 
values).
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Ulnar variance (mm) Radial inclination (degree) Distal radial joint surface obliquity (degree)

Preop Postop Preop Postop Preop Postop

10 anterior malunions +6 
(+8 to +3)

-2 
(-5 to +3)

25° 
(23° to 27°)

23° 
(14° to 31°)

30° 
(+28° to +33°)

+10° 
(-4° to 22°)

2 posterior malunions +4 
(+5 to +1)

-1 
(-9 to +2)

24° 
(21° to 26°)

18° 
(15° to 25°)

-27° 
(-20° to -40°)

-16° 
(-30° to +10°)

Table 4: Radiological outcomes after 24 months in the 12 study patients (mean values).

Complications and revisions

Complex regional pain syndrome type I developed in 1 patient 
during the 18 months following corrective osteotomy. In 2 patients, 
the range of supination was limited (mean, 7°). Pre-operative X-
ray of these patients showed ulnar variance of +12 and +8. In 1 of 
these patients there was dorsal subluxation of the ulnar head. Both 
these patients required resection-stabilisation of the distal ulna 

[11] after 1 years after corrective osteotomy. Table 5 shows the pre-
operative and postoperative radiological data of these 2 patients.

Osteoarthritis of the radio-scaphoid joint developed after cor-
rective osteotomy in 2 patients with intra-articular fractures. We 
have so far not encountered any recurrent symptoms for these pa-
tients with osteoarthritis wrist. Hence conservative management 
with medications has been administered to the arthritic patients.

Type of fracture Angles before oste-
otomy Type of osteotomy Angles after  

osteotomy

Patient #1 Dorsal angulation
UV +2 
RI 22° 

Anteversion 20°

Anterior, bone sub-
stitute

RU +3 
RI 32° 

Retroversion 11°

Patient #2 T-shaped intra-articular fracture with 
volar angulation

RU 0 
RI 24 

Retroversion 28°

Posterior, iliac bone 
graft

RU +2 
Retroversion 30°

Table 5: Preoperative and postoperative data in the 2 patients who underwent revision surgery with distal radio-ulnar joint resection-
stabilisation within 2 years after corrective osteotomy.

RI: Radial Inclination; UV: Ulnar Variance.

No cases of infection or non-union were recorded. No complica-
tions related to iliac graft harvesting were observed. Neither was 
there any complications related to plate fixation, and none of the 
plates were removed within 2 years after corrective osteotomy.

Discussion
A.I. Kapandji described a procedure for closed pinning of the 

distal radius fracture which is a commonly followed procedure for 
extra-articular fractures of the distal radius [12]. However, clinical 
studies of this Kapandji method displayed a relatively high rate of 
secondary displacements in up to 10% of the cases [13] [14,15]. A 
study in 2000, reported secondary displacement in 30% of cases 
inspite of 6 weeks of immobilization [16]. Another study in 2012, 
reported a reduction in the incidence of secondary displacement 

since the introduction of volar plate fixation [17]. In our study, 3 
out of the 15 patients were initially managed by kapandji pinning. 
All 3 originally had dorsally displaced extra-articular fractures. 
Post Kapandji pinning 2 of these had resulted in volarly angulated 
malunion and 1 had persistent dorsally angulated malunion. On re-
viewing the post-operative radiographs taken 7 days after initial 
surgery, it showed excessive reduction in the former 2 patients and 
inadequate reduction in the latter 1 patient.

The final functional outcome depends on the anatomic restora-
tion of the distal radius and DRUJ. A study in 1997, on cadaveric 
MDRF model, found that 10 mm of loss of radial height led to sub-
stantial loss of supination (29%) and pronation (47%) [18]. It also 
showed that 5 mm of ulnar translation of the radial epiphysis re-
sulted in a mean pronation loss of 23% [18].
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Another component of the malunion which wasn’t studied ex-
tensively initially was the rotation. A study in 2005, described spe-
cific features of anterior malunions emphasizing on limitation of 
volar angulation by the strong anterior capsular plane with mini-
mal shortening of the radius and pronation of the distal fragment 
which caused incongruity of the DRUJ with a marked decrease in 
the range of supination [19]. In a study conducted at Bristol, 26 
of the 35 subjects (74%) in the distal radius fracture study group 
had a rotational deformity [20]. Similar findings were found in a 
German study, which noted this rotational deformity in 23 of 37 
malunions. Rotational deformity was found to be more common in 
volar malunions. The wrist function seemed to be better in dorsal 
malunion [21]. In our study, even after postoperative radiological 
angles were within the normal range, the mean increase in supina-
tion was only 7° in the 10 patients with anterior malunion, after 
exclusion of the 2 patients who underwent revision surgery. This 
limited improvement maybe ascribed to the uncorrected rotation-
al component of the radial malunion thereby indicating that resto-
ration of just the ulnar variance did not ensure good DRUJ congru-
ity. Thus there is a need to correct even the rotational deformities 
in addition to the volar or dorsal deformities thereby making the 
procedure more challenging. 

The study in 2005, showed that optimal results were gained 
by combined distal radius osteotomy and procedure on head of 
ulna when compared to isolated osteotomy of Radius [19]. In our 
study, all 15 patients were operated with isolated osteotomy of dis-
tal radius and 2 of them required revision surgery for persistent 
restriction of rotation. On analyzing the pre-operative and post-
osteotomy radiographs it was noted that ulnar variance had not 
been corrected. This could have been effectively averted by identi-
fying the need for a procedure on ulnar head along with the radial 
osteotomy through detailed evaluation of pre-operative range of 
motion and radiological studies. These findings are in accordance 
with other similar studies which infer that corrective osteotomy 
for MDRF should include restoration of DRUJ congruity and a pro-
cedure on DRUJ must be performed when there is persistent limi-
tation of Pronation-Supination arc intra-operatively [19,22].

A study in 2011 reported that if ulnar variance was more than 
+10mm preoperatively then the radial osteotomy alone could not 
restore the DRUJ congruity. In such cases decision of conservative 
or radical treatment can be made with the help of pre-operative 
computed arthro-tomography. If the joint surface is intact, con-
servative surgery with stabilization and/or ulnar shortening can 

be considered. However, lesions involving the joint may require a 
radical approach [23]. We experienced similar situation in 2 of our 
patients who had ulnar variance of +12 and +8. Modified Darrach’s 
procedure for distal ulna resection, as described by Mansat., et al. 
[11], was carried out on these 2 of our patients with severe restrict-
ed pronation/supination arc. This resulted in significant increase 
in the arc by achieving a mean increase in pronation by +17° and 
supination by +43° thus achieving the functional requirements of 
the patients.

A study in 2001, showed bone graft donor site complication rate 
of 31% [24]. In our study, bone graft was used in all 15 patients 
with no donor site complications. In the study of 2005, a procedure 
was described for MDRF with lateral approach posterior to the first 
extensor compartment where brachioradialis muscle was reflected 
from posterior to anterior to approach the radius. This provided a 
better control over the distal fragment and helped in better reduc-
tion in pronation. Cylindrical osteotomy was performed in sagit-
tal plane. This restored the radial length without the requirement 
of bone graft as there was no shortening. In doing so, they used 
graft in only 3 patients [19]. In our study, we used the standard dor-
sal and Henry’s volar approach and required bone graft for all 15 
cases. In another study, an antero-lateral approach was described 
where the radial artery, brachioradialis and first extensor compart-
ment is detached anterior to posterior for distal radius [25]. This 
not only provided the better control for rotational correction but 
also allowed graft harvesting from the operative site thereby avoid-
ing the donor site complications [24]. All our bone grafts were har-
vested from the patients’ iliac crest.

In a technique described in 1991, Biplanar closing-wedge oste-
otomy was performed avoiding the morbidity of bone graft harvest-
ing [26]. However, it has to be combined with Darrach’s procedure 
to correct for the loss of radial length [26,27]. In the 2 patients with 
posterior malunion, 1 of them was managed by volar approach of 
Henry with closed wedge osteotomy and iliac bone graft for filling 
an isolated defect in lateral column, as there was not much impac-
tion or shortening. The other patient was operated via dorsal ap-
proach with open wedge osteotomy and iliac bone graft. 

The functional outcome also depends on carpal bone stability 
which can be altered by radial malunion [28]. A study conducted in 
2002 reported that the radio-lunate flexion angle could help differ-
entiate between radio-carpal and mid-carpal malalignment [29]. In 
our study, the radiolunate angle was more than 25° in 10 patients 
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whereas it was less than or equal to 25° in 5 patients indicating 
mid-carpal instability and radio-carpal instability respectively. 
Post radial osteotomy, the radiolunate angle was rectified in 12 pa-
tients and remained higer than 25° in the other 3 patients.

Conclusion
The primary goal of correction of distal radius malunions af-

ter surgery is restoration of the normal anatomy thereby achiev-
ing improved wrist range of motion and reduction of pain. In our 
study, we found that the wrist range of motion, particularly supi-
nation, was not restored sufficiently with just transverse osteoto-
my. To achieve best clinical and radiological outcomes, rotational 
component of the malunion must also be corrected in distal radius 
osteotomy. Additionally, ulnar surgery to restore DRUJ anatomy is 
required in some cases to improve the postoperative functional 
outcomes.
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