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ABSTRACT

The aim of this study was to present a novel pre-planned distal radius sliding rotational osteotomy that can address all
deformities in dorsally angulated distal radius malunion through a volar approach using a locking plate. Four consecutive
adult women with symptomatic dorsally angulated distal radius malunion were surgically treated with sliding rotational
osteotomy. All the patients underwent preoperative Disabilities of the Arm, Shoulder and Hand (DASH) scores, a series of
radiography, and a course of physiotherapy. The osteotomy was planned on 2 orthogonal radiographs, and the surgery was
performed through a volar approach. A back slab was applied post-operatively for two weeks and changed to a removable splint
for further four weeks. Gentle active movements out of splint were permitted at two weeks, and formal physiotherapy at six
weeks post-operatively. Radiographs were taken immediately post-operatively, at threemonths, andwith DASH scores at amean
final follow-up of 18 months. On radiographic evaluation, all the deformities were corrected within an acceptable range. The
mean increase in radial inclination was 6.5 degrees. The mean gain in radial height was 2.95 mm. The mean improvement in
ulnar variancewas 4.25mm. Themean change fromdorsal to volar angulationwas 23 degrees, and themean improvement in the
DASH score was 45.25 at a mean final follow-up of 16 months. All osteotomies achieved bony union within 3 months
postoperatively. None of the patients required metalwork removal, and no complications were observed. Sliding rotational
osteotomy appears to be a safe technique to correct deformity and improve function in patients with dorsally angulated,
shortened, and radially deviated distal radius malunion.

Introduction

Malunion of the distal radius fracture is the most
common complication and can occur in approxi-
mately 23.5% distal radial fractures treated con-
servatively and in 10% if treated surgically.1

Restoring radioulnar synergy is one of the most
important factors in determining the functional
outcome of the wrist joint following distal radius
fractures. The angular relationship and relative
length between the two forearm’s bones should
be maintained.2,3 Dorsal angulation >20 degrees
and ulnar inclination of <15 degrees is associated
with patient dissatisfaction, and patients with liga-
ment laxity will often be more dissatisfied with
even less than the above deformities.4,5 Further-
more, radial shortening or change in the distal
ulnar length by 2.5 mm tends to dramatically
alter the pattern of load transmission across the
wrist, which leads to a significant impact on grip
strength.6,7 The most common complaint in these
patients is the ulnar side wrist pain, from second-
ary ulnar–carpal impaction.3,5 Furthermore, com-
pensatory carpal movements occur that may lead
to mid carpal instability.8

Various osteotomies have been described to correct
distal radius deformities, to improve shape and more

importantly function in terms of motion and grip
strength.9,10 Fernandez11 described a traditional tech-
nique through a dorsal approach, which necessitated
bone graft, although it achieved good correction, it
was associatedwith significant co-morbidities of hard-
ware irritation and extensor tendon injuries. Results
of conventional osteotomies demonstrate that only
40% of the distal radial malunion corrections achieve
within 5% of the planned improvement of palmar tilt
and radial inclination.12,13 3D computer planned pro-
cedures to achieve a better outcome and correct rota-
tion have been reported recently14; however, they
have the disadvantages of the need for specialised
software, the time and effort needed for pre-
operative planning, radiation exposure and costs for
custom made template and CT scan.15,16

To the best of our knowledge, a sliding rotational
osteotomy for distal radius dorsally angulated malu-
nion, that restores length, corrects deformities in the
3D plane, avoids needs for a structural bone graft and
additional procedure on ulna, has not been reported
previously.

Materials and Methods

The Department of Clinical Governance and Audit of
our hospital, granted approval (Ref No: 2928) for this
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study, which was performed in four adult women betweenMay 2016
and January 2018. Radiological outcome (Table 1) and functional
outcome (Table 2) were assessed using the Disabilities of the Arm,
Shoulder andHand (DASH)Questionnaire17 before the operation and
at 12 and 24 months follow up. We used the normal values and
acceptable limits of deformities of the distal radius as collated by de
Muinck Keizer et al.16 for radiographic evaluation (Table 3).

Technical Description

Design
At the outset, our novel osteotomy was designed and tested on saw
bones to assess its efficacy in correcting all aspects of deformities of the
distal radius, including rotational deformities. The osteotomy technique
comprised two components. First, an angled osteotomy was performed
exiting the dorsal cortex beyond the apex of deformity in the sagittal
plane (Figure 1A). This allowed the osteotomised distal radius fragment
to slide further distally and volar-wards in the sagittal plane, as shown
by the arrows in Figure 1B, thus generating gain of distal radial length
while maintaining some bone contact (Figure 1C). The second compo-
nent of the osteotomy was a curvilinear osteotomy in the oblique axial
plane (Figure 2A), which was performed simultaneously with the first
osteotomy. This allowed the distal radius fragment to rotate simulta-
neously in the coronal plane, along the arrow shown in Figure 2B,
which helped restore distal radial inclination (Figure 2C).

The malunited distal fragment, which lies in a supinated position,
also rotates into pronation, correcting deformities in all three planes.
Further flexibility to fine tune the correction intra-operatively could
be made using standard reduction techniques for distal radius frac-
tures. The slide between the two fragments at the osteotomy site
offers bone contact to facilitate healing and prevent recurrence of
the deformity.

Pre-operative planning
After taking a written informed consent of all patients following
a detailed explanation of the procedure, AP and lateral radiographs of

thewrist were printed on a sheet of paper. The proposed level and angle
of the osteotomies were drawn on AP and lateral projections. These
included an angled osteotomy exiting the dorsal cortex beyond the apex
of deformity on the lateral view and a curvilinear osteotomy in the AP
view (Figure 3). The distalmalunited radius fragmentswere then cut out
at the proposed osteotomy site and realigned to correct rotation and
length by sliding the cut-out fragments, similar to demonstrated on the
saw bones. These measurements of correction were then reproduced
intra-operatively.

Set up
The patient was placed in a supine position, with upper limb on hand
table. A tourniquet was applied. The extremity was prepped with
chlorhexidine and draped. Antibiotic prophylactic, single dose of
Teicoplanin 400 mg + Gentamicin 160 mg, is administered. The
tourniquet was inflated. A single surgeon (first author) performed
all the procedures with an assistant.

Exposure
A volar approach through the bed of the flexor carpi radialis was used
to access the distal radius. An incision of around 10 cm was made for
adequate exposure. A self-retaining retractor was used to retract and
protect the radial vessels to the radial side of thewound and the flexor
carpi radialis and the median nerve to the ulnar side of the wound.
The pronator quadratus was elevated from the radial border of the
distal radius and retracted ulnar-wards to expose the distal radius

H I G H L I G H T S

• This osteotomy is planned by templating from two orthogonal plain X-rays.

• It helps address all deformities, including restoring radial length with slide
and rotation of the osteotomised distal radius fragment.

• The slide and rotation at osteotomy site helps maintain some bone contact,
hence reducing the need for bone graft.

• All osteotomies healed in 3 months with no complications and no metal-
ware failure, hence making this procedure safe, effective and cost-
efficient.

Table 1. Radiographic Evaluation of the Distal Radius of Our Patients

Radial Inclination in Degrees Radial Length or Height in mm Ulnar Variance in mm Dorsal–Volar Angulation in Degrees

Pre-op* Post-op** Pre-op* Post-op** Pre-op* Post-op** Pre-op* Post-op** Total Change

Patient 1 14 18 6 10 +4 0 12 dorsal 4 volar 16

Patient 2 19 25 9 12 +8.1 +3.5 24 dorsal 9 volar 33

Patient 3 10 19 7 9.7 +9 +3.9 14 dorsal 11 volar 25

Patient 4 18 25 10.2 12.3 +4 +1 18 dorsal 0 18

Mean 15.25 21.75 8.05 11.0 6.25 2 17 dorsal 6 volar 23

Mean correction 6.5 2.95 4.25 23
*Pre-operative parameters
**Post-operative parameters

Table 2. Improvement in DASH Scores

DASH Scores

Pre-Operative Post-Operative

Patient 1 67 23

Patient 2 65 21

Patient 3 56 8

Patient 4 70 25

Mean 64.50 19.25

Mean correction 45.25

Table 3. Collated16 Normal Values and Acceptable Limits of Deformities on Radio-
graphic Evaluation of the Distal Radius

Radial Incli-
nation in
Degrees

Radial
Length or

Height in mm
Ulnar Variance

in mm

Dorsal–Volar
Angulation in

Degrees

Normal value 21–25 10–13 Neutral, ±1 11° volar

Acceptable
limit of
deformity value

>15 7-15 <3mm
compared to
contralateral

side

≤15° dorsal tilt,
≤20° volar tilt
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malunion. The soft tissues around the malunion were elevated from
the distal radius to protect them from injury, while fashioning the
osteotomy and to help restore radial length.

The sliding rotational osteotomy
An image intensifier was used to identify the osteotomy site intra-
operatively from the volar aspect of the distal radius and lines drawn

with a sterile marker pen (Figure 4). Multiple drill holes were made
with a 1.6 mm Kirschner wire to mark the osteotomy site at the volar
and radial cortices of the distal radius as per the preoperative plan.
A 1 cm wide oscillating saw was directed from distal volar aspect of
the radius towards proximal aspect of the dorsal radial cortex prox-
imal to the apex of deformity. The inclination reduced the risk of
damaging the overlying extensor tendons. A gentle curve was made

Figure 1. Saw model demonstrating correction of deformity in coronal plane. Figure 2. Saw model demonstrating correction of deformity in sagittal plane.
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in coronal plane to allow rotational tilting of the distal radius to
correct the radial deviation, rotation and pronation of the distal
radius. A full release of the dorsal cortex was ensured by using
narrow osteotome to allow mobilization of the distal radius.

After the distal radius fragmentwas freelymobile around the osteotomy
site with bone and periosteal sleeve release, the deformity was then
corrected with sliding motion. Proximal radius was pushed dorsally
against the proximal end of the distal fragment, correcting the volar
deformity while maintaining bone contact. The distal radial fragment
was also rotated in the coronal plane to re-establish pronation and distal
radial inclination. This process restored alignment and length. The bone
contact provided enough stability to hold the preliminary fixation with
a 1.6 mmKirschner wire, which was passed through the styloid process
of the radius to the ulnar cortex of the proximal radial fragment.

An Acumed® distal radius locking plate was placed on the volar surface
of the realigned distal radius spanning the osteotomy. AP and lateral
images were taken to confirm correction of deformities and for stable
fixation, while positioning the plate with temporary Kirschner wires on
the distal radius. Further improvement of the radial height if needed
could be accomplished, through sliding the plate distally after fixation
of distal fragment with locking screws, while maintaining bone contact.
The Acumed® distal radius locking plate was fixed to distal fragment of

the radius with 2.9 mm distal locking screws. The proximal fragment
was fixed with a combination of 3.5 mm locking and non-locking
screws (Figure 5A and B). Minimal amount of morselized bone graft
(allograft) could be added to the osteotomy site, if needed.

Thewoundwas irrigatedwith saline, the tourniquet was released and
haemostasis achieved. The surgical wound was closed in layers with
2/0 Vicryl to subcutaneous tissue, 3/0 Monocryl in subcuticular
stitches and Steri-Strips® to approximate skin. The upper limb was
immobilized in below elbow plaster back slab for 2 weeks, followed
by a removable strap-on splint for 4 weeks; early gentle active and
assisted mobilisation was commenced.

No intra- and post-operative complications were observed. Post-
operative Xrays were taken, immediately after the operation, at 3
months and at yearly follow up. Radiological union was achieved in
all fractures by 3 months after the operation, and remodelling was
achieved by 1 year follow up (Figure 6).

Discussion

Dorsally displaced distal radius fractures often result from bending
forces that lead to dorsal cortical comminution, metaphyseal bone
impaction and shortening.18 Our sliding rotational osteotomy restores

Figure 3. Interrupted arrows showing direction and site of proposed osteotomy on radiographs.
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distal radial length with correction of deformities within the accep-
table range in 3D planes.16 The need for structural bone graft is
avoided as the slide of the bony fragments maintains some bone
contact. Previously described techniques9,19 necessitate use of wedge-
shaped structural bone graft to fill the defect that is created in an
attempt to restore radial length and inclination. A sliding osteotomy

for Smith’s fracture noted that the volar displaced fracture malunion,
in contrast, comprised minimal or no bone loss.20 They demonstrated
a distal sliding osteotomy of the volar malunited fragment that re-
stored its correct position without need for a structural bone graft, in
10 patients who were satisfied with their final functional outcome at
an average of 32.7 months.

Figure 4. Intra-operative mark-up of distal radius osteotomy.

Figure 5. a, b. Intra-operative locking plate fixation of realigned distal radius.
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A dome osteotomy restored distal radius malunion deformities in
all planes; however, it required a concomitant Sauve–Kapandji
ulnar shortening procedure to shorten ulnar length to restore
distal radio-ulnar joint articulation and neutral ulnar variance.21

Results of volar dome osteotomy for Madelung deformity demon-
strated improvement in the range of movement, pain, appearance
and radiographic correction; however, 8 of 18 patients needed
subsequent bony procedures on the ulna.22 Our osteotomy saves
need for any additional procedure on the ulna, as the slide of the
two fragments help restore distal radius the length and distal
radio-ulnar joint articulation.

Our pre- and post-operative radiological parameters demonstrated
correction of radial inclination to within the acceptable range of >15
degrees2,16 and correction of radial height to within normal limits of
between 10 and 13 mm.16 Correction of ulnar variance was achieved
within acceptable limit16 to < 3mm in two of our patients and to 3.5 and
3.9mm,which is alsowithin an acceptable limit of < 5mm, as described
previously.2 The dorsal–volar angulation was corrected to a mean

acceptable range2,16,23 of 6 degree volar angulation. All patients were
satisfied with their functional outcome and were happy to have the
same operation again, if indicated and recommended the procedure to
their friends and family. Bony union was achieved within 3 months in
all patients and is comparable with 2 to 5 months with other
osteotomies.3,15 Our osteotomy can be templated from plain radio-
graphs taken in two orthogonal views. This is especially useful in
a resource poor environment, where access to expensive 3D compu-
terised software technology14 is scarce. Our osteotomy can be safely
performed through a volar approach, andwedid not observe anymetal
ware issues, surgical complications and subsequent or re-operations in
contrast to previous reports.11,14,20,22

Our series has some limitations that it comprises four patients; how-
ever, this is a new technique and hence will have increasing numbers
in time. There is an absence of a control group, but we have compared
our results with other studies.2,15,16,23 Contralateral wrist radiographs
would have helped with patient’s normal parameters, and we have
overcome this by measuring our radiographic parameters within the

Figure 6. Radiographs showing remodelled bone at 1 year follow up.
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acceptable range.16 Minimal amount of morselized bone graft (allo-
graft) may be added to the osteotomy site if bony contact reduces
while achieving volar tilt. However, the need for any structural
wedge-shaped bone graft is avoided. There is additional criticism of
the pre-operative range ofwrist movement in these patients; however,
improvement in DASH scores provide evidence of achieving better
wrist function and patient satisfaction.

Our sliding rotational osteotomy is a safe technique to correct defor-
mity and improve function in patients with dorsally angulated, shor-
tened and radially deviated distal radius malunion. It addresses all
aspects of the deformity including restoration of radial length and
provides flexibility to the operating surgeon to correct and stabilize
the distal fragment and assess the correction before committing to the
final fixation with a locking plate. It avoids need for a structural bone
graft at the osteotomy site.

Informed Consent: Written informed consent was received from all patients
following a detailed explanation of the procedure.
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