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Abstract
Purpose The purpose of this randomised, controlled, double-blind trial was to evaluate functional outcome during the first year
after corrective osteotomy for malunited distal radius fractures, with or without filling the osteotomy void.
Method Patients were randomised to receive a HydroSet bone substitute or no graft. Cortical contact was maintained and
stabilisation of the osteotomy was carried out with a DiPhos R- or RM Plate. To evaluate subjective functional outcome, the
Patient-Rated Wrist Evaluation (PRWE), the Quick Disabilities of the Arm, Shoulder and Hand Questionnaire (Q-DASH), the
Canadian Occupational Performance Measure (COPM) and the RAND-36 were used. Moreover, range of motion and grip
strength were measured by blinded evaluators. Evaluations were made pre-operatively and three, six and 12 months post-
operatively.
Results There were no significant differences between the groups at any time point post-operatively with respect to any of the
PROMs that were used or range of motion or grip strength (p > 0.05). In both groups, there was a significant improvement at the
12-month follow-up compared with pre-operatively for the PRWE, the Q-DASH and the COPM satisfaction scores. The RAND-
36 revealed no significant differences except for two domains, in which there was an improvement in the treatment group (p <
0.05). For grip strength and for range of motion in all movement directions, except dorsal extension, there was a significant
improvement in both groups (p < 0.05).
Conclusion There is no significant difference in functional outcome during the first year after corrective open-wedge distal radius
osteotomy, where cortical contact is maintained, regardless of whether or not bone substitute to fill the void is used.
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Introduction

Distal radius fracture is the most common injury in the ortho-
paedic emergency room [1]. A common complication of ini-
tially displaced and reduced distal radius fractures is healing
with malunion [2]. This is reported to occur in approximately
35% of non-surgically treated fractures and up to 10% of sur-
gically treated fractures [3, 4]. A malunion may cause pain and
reduced range of motion (ROM) and may thereby hamper the
ability to perform activities of daily living, take part in activities
during leisure time or manage the demands of work [5, 6].

Corrective osteotomy is a surgical procedure that aims to
ameliorate function by restoring the anatomy of the wrist.
Various methods for performing this surgery have been de-
scribed. Clinical symptoms, such as pain, reduced grip
strength and reduced range of motion (ROM), rather than
radiographic appearance, determine whether surgical
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intervention is indicated [7]. The procedure involves the re-
creation of the fracture at or near the healed fracture site. The
distal radius fragment is reduced until the radiographic appear-
ance of the distal radius, the ulna and the carpal bones is
normalised as effectively as possible [8]. Open-wedge
osteotomy with plate fixation is regarded as the standard pro-
cedure for the common dorsally displaced Colles’ fracture [9].
It effectively restores the length of the radius, but, at the same
time, it creates a void and grafts are often used to fill the void
to create better stability [10]. An autograft from the iliac crest
is often used, but this may lead to pain and other complica-
tions at the donor site [11]. To reduce complications of this
kind, the use of a synthetic bone substitute is an option [12,
13], while leaving the void open is another option [14].

Previously, evaluations after different orthopaedic injuries,
such as distal radius fractures, focused on radiological aspects
and functional outcome in terms of grip strength and range of
motion. In recent decades, the importance of taking the pa-
tients’ experiences and well-being into account, using differ-
ent patient-rated outcome measurements (PROMs), has been
emphasised [15]. This adds aspects that are likely to be of
major relevance to the patients.

In a previous review of studies presenting results from sur-
gery both with and without grafts, some of the studies includ-
ed evaluations of subjective outcome, such as patient-rated
wrist function and pain. This review indicated that the use of
grafts was not necessary, either with respect to PROMs or
with regard to regained function or radiographic outcome
[16]. A recent, retrospective study, comparing the results of
osteotomies, with or without the use of grafts, also indicates
no differences in functional outcome between the methods
[17]. Since corrective osteotomy is a relatively rare procedure,
studies are often small, and more studies, including
randomised, controlled studies, comparing functional out-
come when a graft is or is not used, are needed.

The purpose of this study was to evaluate functional out-
come during the first year after corrective osteotomy for
malunited distal radius fractures, with or without filling the
osteotomy void.

Materials and methods

This randomised, controlled, double-blind trial comprised a
series of patients undergoing osteotomy because of a
malunited distal radius fracture between December 2014 and
May 2018 (Fig. 1). The study was conducted on the Mölndal
campus at Sahlgrenska University Hospital in Sweden. The
indication for osteotomy was a malunion after a non-
surgically treated distal radius fracture that was determined
radiographically, in patients suffering from pain and function-
al limitations affecting their ability to perform activities of
daily living.

The malunion warranted surgery if there was a dorsal tilt of
> 20° with or without one or more of the following
parameters:

– Radial inclination < 10°
– Radial shift > 5–10 mm
– Radial shortening > 5 mm

The exclusion criteria were dementia or not being able to
communicate in Swedish without an interpreter. It was the
surgeon who invited participants to the study after the pre-
operative examination. After enrolment in the study, the pa-
tients visited the first author, who is an occupational therapist,
and received both oral and written information about the study
and the patients who chose to participate gave their informed,
written consent. A total of 69 patients were assessed for eligi-
bility, 11 did not meet the inclusion criteria, two were missed
at inclusion, four declined to participate and eight decided not
to undergo surgery. Recruitment started in December 2014
and follow-up was completed in May 2019. The study was
performed in line with the principles of the Declaration of
Helsinki and approved by the Ethics Committee in
Gothenburg, Sweden (no. 472-14) and registered in a local
register at Sahlgrenska Hospital (no. 29934). At the time the
study began, it was not a prerequisite to register studies
elsewhere.

The osteotomy was performed as a dorsal open-wedge dis-
tal radius osteotomy, which was fixed with a volar locking
plate, using a two-incision procedure. The plate that was used
was a DiPhos R Plate (Limacorporate, Udine, Italy), made of
carbon fibre and PolyEtherEther Ketone polymer (PEEK),
which is radiolucent [18, 19]. During the first year of the
study, a narrower variant of the plate, DiPhos RM, was intro-
duced to provide a better fit in patients with a thinner skeleton.

Fig. 1 Image of the wrist of a woman aged 48 years suffering from a
malunion of the distal radius
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The DiPhos RM Plate was used in four patients in the treat-
ment group and in six patients in the control group.

The patients were randomised during surgery, by a person
independent of the study, using the “Randomizer” app [20].
The ratio between the groups was 1:1. The treatment group
had the osteotomy filled with HydroSet, a synthetic bone ce-
ment consisting of hydroxyapatite (HydroSet, Stryker
Liebinger GmbH& Co. KG, D-79111 Freiburg, Germany),
whereas the void was left empty in the control group.

Post-operative regimen

Between four and seven days post-operatively, the patients
were seen by an occupational therapist, or a physiotherapist.
The patients were instructed to start performing exercises im-
mediately, aimed at reducing post-operative oedema, every
hour during the day. They were also told to use their hand in
light daily activities and to keep it elevated during rest. The
patients used a Softcast® fibreglass cast for two weeks. After
two weeks, the cast was replaced by a brace (Wrist Lacer short
28571, Camp Scandinavia AB, Helsingborg, Sweden) and
gentle range of motion exercises of the wrist were started four
times a day according to a home exercise programme. All the
patients followed this exercise programme and one also had
supervised training at the clinic due to shoulder pain. The
frequency of therapy sessions was individualised according
to the patient’s status with regard to oedema and progress in
range of motion during the treatment period. Patients were
monitored either by therapists at the hospital or in primary
care.

Instruments

The patients were seen pre-operatively and three, six and 12
months post-operatively to fill in different PROMs and for
assessments of ROM and grip strength (Figs. 2, 3 and 4).
With a few exceptions, the measurements were made by one
occupational therapist. In these cases, two other specialised
occupational therapists made the measurements in a
standardised manner to ensure reliability. The occupational
therapists were not engaged in the treatment of the patients
and were blinded with respect to group allocation, as were the
participants.

The following PROMs were used:
To measure the self-perceived ability to perform activities

and pain:

– The Patient-Rated Wrist Evaluation (PRWE), which con-
sists of five questions on pain and ten on function in
specific activities, was used. The score ranges from 0 to
100 points and the higher the score, the poorer the func-
tion. The instrument has been tested for validity and sen-
sitivity to change and is easy to fill in [21, 22]. The PRWE
score was the primary outcome.

– The Quick Disabilities of the Arm, Shoulder and Hand
(Q-DASH) questionnaire [23] was filled in pre-
operatively and at the 12-month follow-up only. The Q-
DASH consists of 11 items related to pain and function in
the upper extremities. The score ranges from 0 to 100
points and the higher the score, the poorer the function
[23]. The instrument has been tested for validity and reli-
ability [24].

Fig. 2 Pre-operative radiograph
of malunited distal radial fracture
scheduled for osteotomy with
bone substitute. a AP view. b
Sagittal view
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– The Canadian Occupational Performance Measure
(COPM). This tool is used as a semi-structured interview,
where the patient selects three to five activities or tasks of
personal importance and assesses his/her own capability

to perform these and how content he/she is with this abil-
ity [25]. The instrument has been tested for validity and
reliability [26, 27].

To measure health-related quality of life:

– The RAND-36, which consists of 36 questions
representing eight domains of quality of life, where a
higher score indicates better health-related quality of life
[28]. The instrument has been tested for reliability and
responsiveness [29]. The RAND-36 was only filled in
pre-operatively and at the 12-month follow-up.

Functional assessment:

– Grip strength was measured as the mean of three mea-
surements using a Jamar dynamometer. The patient was
in a seated position with the elbow in 90° of flexion [30].

– To measure the ROM, a goniometer was used [31] in a
standardised manner according to a national measure-
ment manual [32].

Drop-outs

In the treatment group, one participant was lost to follow-
up because of implant failure and a re-operation before
the first follow-up and one was excluded from the analy-
sis due to an implant failure within six months post-oper-
atively. Both patients had the narrow plate. In the control

Fig. 3 Post-operative radiographs
after open osteotomy using bone
substitute. a AP view. b Sagittal
view

Fig. 4 Radiographs at 12 months control after osteotomy using bone
substitute. a AP view. b Sagittal view
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group, one participant was lost to follow-up after an EPL
rupture before the first follow-up. Two participants, with
the original plate, were lost to follow-up due to implant
failures and re-operation after falling on the operated arm
before the first follow-up. One participant was excluded
from the analysis due to the implant failure of the narrow
plate within six months post-operatively. The patients
who suffered implant failures between the first and the
second follow-ups declined to undergo secondary surgery.

Statistical analysis

We performed a sample size calculation based on the as-
sumption that the group had a mean PRWE score of 40
points (SD ± 17 p) [33] pre-operatively and that the differ-
ence between groups should be 11 points, which is equal to
the “minimal clinically important difference” (MCID) for
patients with distal radius fractures [34]. To reach a power
of 0.8 with an alpha of 0.05, 16 patients per group were
needed. Forty-four patients were included to compensate
for expected drop-outs.

The mean, SD, median and range were used to describe
demographics. To compare the groups at baseline, the chi-
square test was used for nominal data and the t test for numer-
ical data.

The Mann Whitney U test was used to make comparisons
between the groups on the follow-up occasions. Within-
groups analysis was performed using Friedmann’s test and
theWilcoxon signed-rank test was conducted for comparisons
within groups between follow-up occasions.

Analyses were performed with SPSS for Windows
(Version 20, SPSS, Inc., Chicago, IL).

Results

There were no significant differences between the patients
completing the study, compared with the drop-outs in terms
of age (p = 0.38), gender (p = 0.23) or injury to the dominant
hand (p = 0.36).

The treatment group and the control group each comprised
15 women and four men.

The mean age in the treatment group was 59 (SD13)
years and 55 (SD16) years in the control group. There
was no statistically significant difference in terms of age
between the groups (p = 0.32). In the treatment group, one
patient, who was injured during childhood, underwent
surgery 336 months (28 years) later. For the other pa-
tients, the range was 4 to 65 months from injury to sur-
gery. Demographic data for both groups are shown in
Table 1.

Comparison between groups

PROMs

There were no significant differences in self-perceived ability
to perform activities and pain, measured with the PRWE, or in
terms of activity performance measured with the COPM be-
tween the groups at any time point. Nor were there were any
significant differences between the groups in terms of self-
perceived ability to perform activities, measured with the Q-
DASH, or health-related quality of life, measured with the
RAND-36, pre-operatively or 12 months post-operatively
(Tables 2 and 3).

Range of motion and grip strength

There were no significant differences between the treatment
group and the control group with respect to range of motion or
grip strength at any follow-up appointment (Table 4).

Comparison within groups

PROMs

There was a significant improvement at the 12-month follow-
up, compared with pre-operatively, in the self-perceived abil-
ity to perform activities measured with the PRWE. Within the
treatment group, the score decreased from a median score pre-
operatively of 58 (95% CI 33–76) to 14 (95% CI 5–31) (p =
0.01), while the median score in the control group decreased
from 58 (95% CI 32–75) to 20 (95% CI 9–44) (p = 0.01).
There was also a significant improvement with respect to pain:
the median score decreased from 28 (95% CI 21–41) to 9
(95% CI 2–20) (p = 0.001) in the treatment group and from
29 (95% CI 21–33) to 17 (95% CI 6–24) (p = 0.001) in the
control group. The COPM showed a significant increase for
both groups with regard to satisfaction but only for the control
group in terms of activity performance (Table 2).

With respect to the Q-DASH score, there was a significant
improvement in both groups. In terms of health-related quality
of life, measured with the RAND-36, there was a significant
improvement in the treatment group for the domain of “role
physical” (RP) and the domain of “bodily pain” (BP). In the
control group, there were no significant differences pre-
operatively compared with 12 months post-operatively in
any of the domains (Table 3).

Range of motion and grip strength

In both groups, ROM was significantly decreased in the in-
jured side compared with the non-injured side pre-operatively
for all movement directions (in both groups p < 0.05), with the
exception of dorsal extension.
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At 12 months post-operatively, there was a significant in-
crease in both groups for pronation, supination, volar flexion
and radial and ulnar deviation compared with pre-operatively
(p < 0.05). There was no significant difference in either group
regarding dorsal extension (p = n.s).

When comparing the range of motion on the operated side
with the non-injured side at the 12-month follow-up, the two
groups differed. In the treatment group, there was still a sig-
nificant difference between the non-injured side and the in-
jured one, with respect to pronation, supination, volar flexion
and ulnar deviation at the 12-month follow-up (p < 0.05). This
indicates that the range of motion was not restored compared
with the non-injured side. The control group experienced the

restoration of ROM compared with the non-injured side in all
directions apart from volar flexion, where there was still a
significant difference compared with the non-injured side (p
= 0.001) (Figs. 5, 6 and 7).

There was a significant increase in grip strength for both
groups at 12 months compared with the pre-operative status in
both groups (p < 0.05). In the treatment group, patients expe-
rienced the restoration of strength compared with the non-
injured side at 12 months, as there was no longer a significant
difference between the injured side and the non-injured side (p
= 0.06). However, in the control group, the grip strength was
still significantly decreased compared with the non-injured
side at the 12-month follow-up (Table 4).

Table 1 Demographics
Treatment group (n = 19) Control group (n = 19)

Age at corrective osteotomy median [range] 59 [21–80] 65 [16–68]

Number of women 15 (79%) 15 (79%)

Number of men 4 (21%) 4 (21%)

Occupation at time of osteotomy

Official 6 (32%) 4 (21%)

Labourer 5 (26%) 5 (26%)

Retired 6 (32%) 8 (42%)

Disability pension 2 (11%) 2 (11%)

Months to osteotomy median [range] 12 [4–336] 22 [6–65]

Injured limb

Dominant 8 (42%) 8 (42%)

Non-dominant 11 (58%) 10 (53%)

Missing data 1 (5%)

Mechanism of injury

Low energy 13 (68%) 12 (63%)

High energy 5 (26%) 7 (37%)

Missing data 1 (5%)

Type of fracture

Intraarticular 6 (32%) 9 (47%)

Extraarticular 13 (68%) 10 (53%)

Initial treatment

Reduction 8 (42%) 7 (37%)

Type of implant

DiPhos R 15 (79%) 13 (68%)

DiPhos RM 4 (21%) 6 (32%)

Complications

EPL rupture 1 (5%) 1 (5%)

ECRL rupture 1 (5%)

CTS 1 (5%)

Need for plate removal

DiPhos RM 1 (5%)

Implant failure

DiPhos R 2 (11%)

DiPhos RM 2 (11%) 1 (5%)
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Discussion

The results of this randomised, controlled, double-blind trial
of 38 patients indicate that there were no significant differ-
ences in terms of functional outcome between the treatment
group, in which the patients had the osteotomy void filled, and
the control group, in which the void was left empty. There
were no significant differences between the groups at any time
point post-operatively in terms of any of the PROMs used, for
either range of motion or grip strength.

The results of this study indicate that osteotomy after the
malunion of a distal radius fracture improves self-perceived
ability to perform activities, range of motion and grip strength.

The functional outcome in this study is comparable with the
results in another recent study comparing outcome for patients
initially treated surgically and patients treated with reduction
and a cast after comminuted distal radius fractures [35].

The PRWE, the Q-DASH and COPM satisfaction scores
had improved significantly 12 months post-operatively com-
pared with pre-operatively for both groups. The minimal clin-
ically important difference (MCID) can be defined as “the
smallest change in an outcome perceived as beneficial by
patients” [36–38]. The improvement in the PRWE score from
a median of 58 points to 14 points in the treatment group and
from 58 points to 20 points in the control group exceeded the
MCID, which is 11 points in patients with distal radius

Table 2 PRWE and COPM
scores median (95% CI).
Comparison between and within
the groups, p value. There was no
significant difference between the
groups at any follow-up. N = 38

Time point Treatment group Control group p value

PRWE-total Pre-operatively 58 (33–76) 58 (32–75) 0.9

3 months 25 (9–44) • 26 (9–29) • 0.5

6 months 24 (7–16) 23 (11–46) 0.8

12 months 14 (7–31) ▪ 20 (9–44) ▪ 0.6

PRWE-pain Pre-operatively 28 (21–41) 29 (21–33) 0.7

3 months 12 (6–23) • 16 (9–22) • 0.3

6 months 16 (10–44) 15 (9–22) 0.9

12 months 9 (6–20) ▪ 17 (6–24) ▪ 0.3

COPM-performance Pre-operatively 3 (2–4) 3 (3–5) 0.8

3 months 5 (4–7) • 7 (4–9) • 0.4

6 months 6 (4–9) • 8 (5–10) • 0.4

12 months 10 (5–9) 9 (7–9) ▪ 0.4

COPM-satisfaction Pre-operatively 1 (1–4) 3 (1–4) 0.5

3 months 6 (2–7) • 7 (4–9) • 0.4

6 months 5 (5–9) • 6 (4–10) • 0.4

12 months 8 (4–9) •▪ 8 (6–9) ▪ 0.8

• Significant difference compared with the previous test occasion p < 0.05

▪ Significant difference between values pre-operatively and 12 months post-operatively, p < 0.05

Table 3 RAND-36 and Q-DASH
scores pre-operatively and at 12
months, median (95% CI), p val-
ue. Comparison between and
within groups. N = 38

RAND-36 Treatment group Control group Comparison between
groups

Pre-op 12 months Pre-op 12 months Pre-op 12 months

PF 65 (55–100) 80 (65–95) 70 (65–85) 80 (50–80) p = 0.94 p = 0.99

RP 25 (0–50) 75 (25–100) ▪ 50 (0–75) 50 (25–100) p = 0.54 p = 0.56

BP 33 (23–55) 78 (35–90) ▪ 45 (33–68) 55 (35–70) p = 0.28 p = 0.19

GH 85 (60–90) 80 (70–95) 70 (60–85) 70 (50–90) p = 0.33 p = 0.28

VT 70 (50–80) 70 (55–85) 70 (40–75) 70 (55–80) p = 0.88 p = 0.51

SF 75 (63–100) 100(75–100) 75 (63–100) 100 (75–100) p = 0.43 p = 0.68

RE 100 (67–100) 100 (67–100) 100 (33–100) 100 (67–100) p = 0.53 p = 0.84

MH 80 (64–92) 88 (76–88) 84 (76–96) 84 (64–92) p = 0.53 p = 0.43

Q-DASH 45 (25–55) 16 (5–27) ▪ 36 (30–57) 20 (9–46) ▪ p = 0.8 p = 0.1

▪Significant difference between values pre-operatively and 12 months post-operatively, p < 0.05
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fractures [34]. The PRWE pain score decreased from 28 (95%
CI 21–41) to 9 (95% CI 6–20) (p < 0.05) in the treatment
group and from 29 (95% CI 21–33) to 17 (95% CI 6–24) (p
< 0.05) in the control group. These improvements also

exceeded the MCID, which is 1.5 points for the PRWE pain
scale, in patients with distal radius fractures [34]. Earlier re-
search has shown that the functional outcome one year after a
distal radius fracture is associated with a reduction in pain

Table 4 Range of motion
(degrees) and grip strength (Kg).
Comparison between and within
the groups. Mean (SD), p value.
There was no significant differ-
ence between the groups at any
follow-up. N = 38

Time point Treatment
group

Control
group

p value between
groups

Supination Non-injured side,
pre-operatively

83 (7.3) 81 (7.3) 0.51

Pre-operatively 67 (16.0) ♦ 69 (10.1) ♦ 0.76

3 months 73 (11.5) • 73 (10.6) • 0.98

6 months 75 (10.2) • 77 (8.9) • 0.30

12 months 79 (8.9) •♦▪ 78 (8.5) ▪ 0.62

Pronation Non-injured side,
pre-operatively

73 (5.8) 72 (10.8) 0.49

Pre-operatively 56 (17.7) ♦ 58 (14.2) ♦ 0.58

3 months 63 (11.0) • 67 (10.0) • 0.50

6 months 67 (9.7) • 70 (10.4) • 0.68

12 months 68 (8.3) •♦▪ 70 (10.3) ▪ 0.98

Dorsal
extension

Non-injured side,
pre-operatively

70 (10.2) 72 (4.8) 0.23

Pre-operatively 67 (14.2) 65 (15.2) 0.68

3 months 63 (9.4) 63 (13.8) 0.99

6 months 65 (9.5) 67 (12.4) 0.57

12 months 66 (10.7) 67 (13.0) 0.77

Volar flexion Non-injured side,
pre-operatively

70.8 (10.2) 68 (11.5) 0.48

Pre-operatively 41 (15.8) ♦ 38 (16.4) ♦ 0.62

3 months 50 (11.0) • 47 (13.8) • 0.30

6 months 52 (13.0) 52 (14.0) • 0.76

12 months 54 (11.3) ♦▪ 51 (14.6) ♦▪ 0.41

Radial deviation Non-injured side,
pre-operatively

19 (6.1) 16 (5.1) 0.13

Pre-operatively 15 (7.3) ♦ 13 (6.7) ♦ 0.55

3 months 17 (5.2) 16 (6.2) • 0.74

6 months 19 (4.7) • 17 (4.9) 0.36

12 months 18 (4.8) ▪ 17 (5.8) ▪ 0.29

Ulnar deviation Non-injured side,
pre-operatively

27 (4.2) 27 (4.5) 0.96

Pre-operatively 18 (7.1) ♦ 20 (7.5) ♦ 0.34

3 months 21 (3.8) 22 (7.1) • 0.38

6 months 23 (4.3) 25 (5.4) • 0.22

12 months 24 (4.7) •♦▪ 26 (4.7) ▪ 0.21

Grip strength
(kg)

Non-injured side,
pre-operatively

31 (14.2) 30 (10.0) 0.74

Pre-operatively 18 (14.4) ♦ 20 (11.5) ♦ 0.41

3 months 24 (10.4) • 23 (8.1) 0.84

6 months 26 (15.1) 26 (11.2) 0.84

12 months 27 (9.2) 25 (6.5) 0.74

• Significant difference compared with the previous test occasion, p < 0.05

♦ Significant difference compared with the non-injured side, p < 0.05

▪ Significant difference between values pre-operatively and 12 months post-operatively, p < 0.05
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[39]. The results of this study indicate that, from the patient’s
perspective, it is worthwhile undergoing surgery, since the

improvement in both the PRWE scores and the PRWE pain
scores was not only statistically significant but also exceeded
the MCID 12 months post-surgery, compared with before
(Fig. 8).

The results in terms of the RAND-36 indicate no dif-
ferences pre-operatively to 12 months post-operatively,
apart from an improvement in “role physical” and “bodily
pain” in the treatment group. It is expected that health-
related quality of life will not change that much in one
year in this patient group, since they are not suffering
from a progressive disease. An interpretation of the results
is that the improvement in the wrist, which is reflected in
the improvement in the PRWE and Q-DASH scores, is
not reflected in the health-related quality of life in the
way that it is evaluated using the RAND-36.

With respect to range of motion, the pattern of recov-
ery was similar over the year in both groups. Dorsal ex-
tension was not significantly decreased compared with the
non-injured side pre-operatively in either group, nor did it
change significantly over the year. All other movement
directions were significantly decreased in the injured wrist
pre-operatively compared with the non-injured side. Volar
flexion was the movement direction that was mostly de-
creased pre-operatively compared with the healthy side in
both groups, and was the movement direction where the
largest recovery was seen. However, also pre-operatively,
both groups had enough capability in volar flexion to
manage activities of daily living. About 40° of wrist

Fig. 5 Pre-operative radiograph
of malunited distal radial fracture.
a AP view. b Sagittal view

Fig. 6 Post-operative radiographs after open wedge osteotomy. a AP
view. b Sagittal view
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flexion has been shown to be sufficient for activities in
daily life [40]. The improvement in radial and ulnar devi-
ation was probably too small to be noticeable for the
patients. The changes in supination, pronation and volar
flexion were large enough for the patients to detect. Taken
one by one, the changes are probably not clinically im-
portant, but the sum of all the changes together is, as the
total range of motion arc increased, enabling the wrist to
function more effectively in everyday life activities. For
the control group, the recovery in range of motion was so
large that there were no longer any differences compared
with the non-injured side in supination, pronation and
radial and ulnar deviation. Moreover, in the treatment
group, the recovery was also large enough for the patients
to reach range of motion close to the values on the non-
injured side and, again, there were no significant differ-
ences between the groups.

Concerning grip strength, there was a significant increase
at the 12-month follow-up in both groups compared with pre-
operatively. The change was large enough to presume that it
was noticeable for the patients in both groups, which is clin-
ically important, since the recovery of grip strength is impor-
tant for the ability to perform activities of daily living [41].
The recovery, in terms of increased range of motion and grip
strength, was reflected in the PROMs.

The results of this study indicate that the use of a bone
substitute does not appear to imply any significant advan-
tage as analysed by any of the PROMs used, or in terms of
range of motion or grip strength. This finding is in line with
the result of a recent study by Mugnai et al. [16], comparing
the use of an iliac bone graft with a non-graft, with respect
to time to healing and functional outcome. It revealed that
osteotomies of extra-articular malunions do not require
grafting when a volar locking plate is used [16]. Another
recent study of 48 patients also revealed that there was no
difference in functional outcome regardless of whether or
not a graft was used [17]. Since there is a cost associated
with using a bone substitute, surgeons should consider the
possibility of not filling the void. In the present study, the
osteotomies were carried out with the preservation of volar
cortical contact, thereby facilitating healing. If osteotomy
gaps are larger, a bone substitute or other grafts might,
however, be necessary to maintain stability and facilitate
bone healing.

There were some limitations to this study. During the time
of the study, a narrower plate was introduced because the
original plate appeared to be too wide to be suitable for pa-
tients with a thinner skeleton. The narrower plate was used in
ten patients (four in the treatment group and six in the control
group). It is possible that the change of plate affected the

Fig. 7 Radiographs at 12 months
control after open wedge
osteotomy. a AP view. b Sagittal
view
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outcome of the trial. No calculations were made with respect
to which kind of plate was used.

Another limitation is that five patients (two with the origi-
nal plate in the control group and three with the narrower
plate, of which two were in the treatment group and one in
the control group) suffered an implant failure during the first
year post-surgery. Because of the implant failure, they were
excluded from the analysis.

In this trial, interest focused on functional outcome from
the patient’s perspective. The results with respect to radiol-
ogy, such as time to healing, remaining deformities and the
occurrence of osteoporosis, are not presented or linked to
functional outcome, which might be regarded as a
limitation.

One strength in this study is that the surgery was per-
formed by one surgeon. Other strengths are that the mea-
surements were made by one, blinded, occupational thera-
pist, with just a few exceptions when they were made by
two other trained occupational therapists, and that the mea-
surement methods and PROMs that were used have been
tested for validity and reliability.

Conclusion

There is no significant difference in functional outcome dur-
ing the first year after corrective open-wedge distal radius
osteotomy, where cortical contact is maintained, regardless
of whether or not a bone substitute is used to fill the void.

Author contribution All the authors have approved the final contents of
the submission and been actively involved in the planning and in the
enactment of the study.

Funding information Open access funding provided by University of
Gothenburg. This study was funded by the Local Research and
Development Board of Gothenburg and Södra Bohuslän (no:
VGFOUGSB-512721) and by a grant under the ALF agreement Vastra
Gotaland (no: 74020) and by the Felix Neubergh Foundation (2016) and
by the Foundation of the Sahlgrenska University Hospital 2019.

Compliance with ethical standards

This study was performed in line with the principles of the Declaration of
Helsinki. Approval was granted by the Ethics Committee in Gothenburg,

Fig. 8 Flow diagram

1363International Orthopaedics (SICOT) (2020) 44:1353–1365



Sweden (no. 472-14) and registered in a local register at Sahlgrenska
Hospital (no. 29934). All participants gave informed, written consent.

Conflict of interest The authors declare that they have no conflicts of
interest.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing, adap-
tation, distribution and reproduction in any medium or format, as long as
you give appropriate credit to the original author(s) and the source, pro-
vide a link to the Creative Commons licence, and indicate if changes were
made. The images or other third party material in this article are included
in the article's Creative Commons licence, unless indicated otherwise in a
credit line to the material. If material is not included in the article's
Creative Commons licence and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Taras JS, Ladd AL, Kalainov DM, Ruch DS, Ring DC (2010) New
concepts in the treatment of distal radius fractures. Instr Course Lect
59:313–332

2. Mackenney PJ, McQueen MM, Elton R (2006) Prediction of insta-
bility in distal radial fractures. J Bone Joint Surg Am 88(9):1944–
1951. https://doi.org/10.2016/JBJS.D.02520

3. Wilcke MK, Hammarberg H, Adolphson PY (2013) Epidemiology
and changed surgical treatment methods for fractures of the distal
radius: a registry analysis of 42,583 patients in Stockholm County,
Sweden, 2004-2010. Acta Orthop 84(3):292–296. https://doi.org/
10.3109/17453674.2013.792035

4. Sharma H, Khare GN, Singh S, Ramaswamy AG, Kumaraswamy
V, Singh AK (2014) Outcomes and complications of fractures of
distal radius (AO type B and C): volar plating versus nonoperative
treatment. J Orthop Sci 19(4):537–544. https://doi.org/10.1007/
s00776-014-0560-0

5. Brogren E, Hofer M, Petranek M, Wagner P, Dahlin LB, Atroshi I
(2011) Relationship between distal radius fracture malunion and
arm-related disability: a prospective population-based cohort study
with 1-year follow-up. BMCMusculoskelet Disord 12:1–9. https://
doi.org/10.1186/1471-2474-12-9

6. Ali M, Brogren E, Wagner P, Atroshi I (2018) Association between
distal radial fracture malunion and patient-reported activity limita-
tions: a long-term follow-up. J Bone Joint Surg Am 100(8):633–
639. https://doi.org/10.2106/JBJS.17.00107

7. Prommersberger KJ, Pillukat T, Muhldorfer M, van Schoonhoven J
(2012) Malunion of the distal radius. Arch Orthop Trauma Surg
132(5):693–702. https://doi.org/10.1007/s00402-012-1466-y

8. Haase SC, Chung KC (2012) Management of malunions of the
distal radius. Hand Clin 28(2):207–216. https://doi.org/10.1016/j.
hcl.2012.03.008

9. Bushnell BD, Bynum DK (2007) Malunion of the distal radius. J
Am Acad Orthop Surg 15(1):27–40. https://doi.org/10.5435/
00124635-200701000-00004

10. Pillukat T, Schadel-Hopfner M, Windolf J, Prommersberger KJ
(2007) The malunited distal radius fracture - early or late correc-
tion? Handchir Mikrochir Plast Chir 45(1):6–12. https://doi.org/10.
1055/s-0033-1333745

11. Dimitriou R, Mataliotakis GI, Angoules AG, Kanakaris NK,
Giannoudis PV (2011) Complications following autologous bone
graft harvesting from the iliac crest and using the RIA: a systematic

review. Injury 42(Suppl 2):3–15. https://doi.org/10.1016/j.injury.
2011-06-015

12. Luchetti R (2004) Corrective osteotomy of malunited distal radius
fractures using carbonated hydroxyapatite as an alternative to au-
togenous bone grafting. J Hand Surg [Am] 29(5):825–834. https://
doi.org/10.1016/j.hsa.2004.06.004

13. Winge MI, Rokkum M (2018) CaP cement is equivalent to iliac
bone graft in filling of large metaphyseal defects: 2 year prospective
randomised study on distal radius osteotomies. Injury 49(3):636–
643. https://doi.org/10.1016/j.injury.2017.11.027

14. Disseldorp DJ, Poeze M, Hannemann PF, Brink PR (2015) Is bone
grafting necessary in the treatment of malunited distal radius frac-
tures? J Wrist Surg 4(3):207–213. https://doi.org/10.1055/s-0035-
1558831

15. Bradham DD (1994) Outcomes research in orthopedics: history,
perspectives, concepts, and future. Arthroscopy 10(5):493–501.
https://doi.org/10.1016/s0749-8063(05)8003-9

16. Mugnai R, Tarallo L, Lancellotti E, Zambianchi F, Di Giovine E,
Catani F et al (2016) Corrective osteotomies of the radius: grafting
or not? World J Orthop 7(2):128–135. https://doi.org/10.5312/wjo.
v7.i2.128

17. Mulders MA, d’Ailly PN, Cleffken BI, Schep NW (2017)
Corrective osteotomy is an effective methdood of treating distal
radius malunions with good long-term functional results. Injury
48(3):731–737. https://doi.org/10.1016/j.injury.2017.01.045

18. Kurtz SM, Devine JN (2007) PEEK biomaterials in trauma, ortho-
pedic, and spinal implants. Biomaterials 28(32):4845–4869

19. Horak Z, Pokorny D, Fulin P, Slouf M, Jahoda D, Sosna A (2010)
Polyetheretherketone [PEEK]. Part I: prospects for use in orthopae-
dics and traumatology. Acta Chir Orthop Traumatol Cechoslov
77(6):463–469. https://doi.org/10.1016/j.biomaterials.2007.07.13

20. iPhone-iPad randomization 2018 [updated 2018 -11-01; cited 2019
2019-12-16]. Available from: https://www.ecrf-medsharing.com/
iphone_ipad_randomization.php.

21. MacDermid JC, Turgeon T, Richards RS, Beadle M, Roth JH
(1998) Patient rating of wrist pain and disability: a reliable and valid
measurement tool. J Orthop Trauma 12(8):577–586. https://doi.org/
10.1097/00005131-199811000-00009

22. Mellstrand Navarro C, Ponzer S, Tornkvist H, Ahrengart L,
Bergstrom G (2011) Measuring outcome after wrist injury: transla-
tion and validation of the Swedish version of the patient-rated wrist
evaluation [PRWE-Swe]. BMC Musculoskelet Disord 12:171.
https://doi.org/10.1186/1471-2474-12-171

23. Gummesson C, Ward MM, Atroshi I (2006) The shortened disabil-
ities of the arm, shoulder and hand questionnaire [QuickDASH]:
validity and reliability based on responses within the full-length
DASH. BMC Musculoskelet Disord 7(44). https://doi.org/10.
1186/1471-2474-7-44

24. Beaton DE, Wright JG, Katz JN, Upper Extremity Collaborative G
(2005) Development of the QuickDASH: comparison of three item-
reduction approaches. J Bone Joint Surg Am 87(5):1038–1046.
https://doi.org/10.2106/JBJS.D.02060

25. Law M, Baptiste S, McColl M, Opzoomer A, Polatajko H, Pollock
N (1990) The Canadian occupational performance measure: an out-
come measure for occupational therapy. Can J Occup Ther 57(2):
82–87. https://doi.org/10.1177/000841749005700207

26. Dedding C, Cardol M, Eyssen IC, Dekker J, Beelen A (2004)
Validity of the Canadian Occupational Performance Measure: a
client-centred outcome measurement. Clin Rehabil 18(6):660–
667. https://doi.org/10.1191/0269215504cr746oa

27. Kjeken I, Dagfinrud H, Uhlig T, Mowinckel P, Kvien TK, Finset A
(2005) Reliability of the Canadian Occupational Performance
Measure in patients with ankylosing spondylitis. J Rheumatol
32(8):1503–1509

1364 International Orthopaedics (SICOT) (2020) 44:1353–1365

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.2016/JBJS.D.02520
https://doi.org/10.3109/17453674.2013.792035
https://doi.org/10.3109/17453674.2013.792035
https://doi.org/10.1007/s00776-014-0560-0
https://doi.org/10.1007/s00776-014-0560-0
https://doi.org/10.1186/1471-2474-12-9
https://doi.org/10.1186/1471-2474-12-9
https://doi.org/10.2106/JBJS.17.00107
https://doi.org/10.1007/s00402-012-1466-y
https://doi.org/10.1016/j.hcl.2012.03.008
https://doi.org/10.1016/j.hcl.2012.03.008
https://doi.org/10.5435/00124635-200701000-00004
https://doi.org/10.5435/00124635-200701000-00004
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.injury.2011-06-015
https://doi.org/10.1016/j.injury.2011-06-015
https://doi.org/10.1016/j.hsa.2004.06.004
https://doi.org/10.1016/j.hsa.2004.06.004
https://doi.org/10.1016/j.injury.2017.11.027
https://doi.org/10.1055/s-0035-1558831
https://doi.org/10.1055/s-0035-1558831
https://doi.org/10.1016/s0749-8063(05)8003-9
https://doi.org/10.5312/wjo.v7.i2.128
https://doi.org/10.5312/wjo.v7.i2.128
https://doi.org/10.1016/j.injury.2017.01.045
https://doi.org/10.1016/j.biomaterials.2007.07.13
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1097/00005131-199811000-00009
https://doi.org/10.1097/00005131-199811000-00009
https://doi.org/10.1186/1471-2474-12-171
https://doi.org/10.1186/1471-2474-7-44
https://doi.org/10.1186/1471-2474-7-44
https://doi.org/10.2106/JBJS.D.02060
https://doi.org/10.1177/000841749005700207
https://doi.org/10.1191/0269215504cr746oa


28. Hays RD, Sherbourne CD, Mazel RM (1993) The RAND 36-Item
Health Survey 1.0. Health Econ 2(3):217–227. https://doi.org/10.
1002/hec.4730020305

29. Orwelius L, Nilsson M, Nilsson E, Wenemark M, Walfridsson U,
LundstromM et al (2017) The Swedish RAND-36 Health Survey -
reliability and responsiveness assessed in patient populations using
Svensson’s method for paired ordinal data. J Patient Rep Outcomes
2(4). https://doi.org/10.1186/s41687-081-0030-0

30. Mathiowetz V,Weber K, Volland G,KashmanN (1984) Reliability
and validity of grip and pinch strength evaluations. J Hand Surg
[Am] 9(2):222–226. https://doi.org/10.1016/s0363-5023(84)
80146-x

31. Clarkson HM, (2013) Musculoskeletal assessment: joint motion
and muscle testing. Philadelphia, Pa;London;: Wolters Kluwer
Health/Lippincott Williams & Wilkins.

32. Nationell mätmanual. Manual for rorelse styrka version 1:
Handkirurgiskt kvalitetsregister; 2011 [cited 2011 01112018].
Available from: https://hakir.se

33. Schmitt JS, Di Fabio RP (2004) Reliable change and minimum
important difference (MID) proportions facilitated group respon-
siveness comparisons using individual threshold criteria. J Clin
Epidemiol 57(10):1008–1018. https://doi.org/10.1016/j.clinepi.
2003.02.007

34. Walenkamp MM, de Muinck Keizer RJ, Goslings JC, Vos LM,
Rosenwasser MP, Schep NW (2015) The minimum clinically im-
portant difference of the patient-rated wrist evaluation score for
patients with distal radius fractures. Clin Orthop Relat Res
473(10):3235–3241. https://doi.org/10.1007/s11999-015-4376-9

35. Zengin EC, Ozcan C, Aslan C, Bulut T, Sener M (2019) Cast
immobilization versus volar locking plate fixation of AO type C

distal radial fractures in patients aged 60 years and older. Acta
Orthop Traumatol Turc 53(1):15–18. https://doi.org/10.1016/jaott.
2018.10.005

36. Jaeschke R, Singer J, Guyatt GH (1989) Measurement of health
status. Ascertaining the minimal clinically important difference.
Control Clin Trials 10(4):407–415. https://doi.org/10.1016/0197-
2456(89)90005-6

37. Smith MV, Calfee RP, Baumgarten KM, Brophy RH, Wright RW
(2012) Upper extremity-specific measures of disability and out-
comes in orthopaedic surgery. J Bone Joint Surg Am 94(3):277–
285. https://doi.org/10.2106/JBJS-J-01744

38. Calfee RP, Adams AA (2012) Clinical research and patient-rated
outcome measures in hand surgery. J Hand Surg [Am] 37(4):851–
855. https://doi.org/10.1016/j.hsa.2012.01.043

39. Cowie J, Anakwe R, McQueen M (2015) Factors associated with
one-year outcome after distal radial fracture treatment. J Orthop
Surg 23(1):24–28. https://doi.org/10.1177/230949901502300106

40. Ryu JY, Cooney WP 3rd, Askew LJ, An KN, Chao EY (1991)
Functional ranges of motion of the wrist joint. J Hand Surg [Am]
16(3):409–419. https://doi.org/10.1016/0363-5023(91)90006-w

41. Swart E, Nellans K, Rosenwasser M (2012) The effects of pain,
supination, and grip strength on patient-rated disability after opera-
tively treated distal radius fractures. J Hand Surg [Am] 37(5):957–
962. https://doi.org/10.1016/j.jhsa.2012.01.028

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

1365International Orthopaedics (SICOT) (2020) 44:1353–1365

https://doi.org/10.1002/hec.4730020305
https://doi.org/10.1002/hec.4730020305
https://doi.org/10.1186/s41687-081-0030-0
https://doi.org/10.1016/s0363-5023(84)80146-x
https://doi.org/10.1016/s0363-5023(84)80146-x
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.clinepi.2003.02.007
https://doi.org/10.1016/j.clinepi.2003.02.007
https://doi.org/10.1007/s11999-015-4376-9
https://doi.org/10.1016/jaott.2018.10.005
https://doi.org/10.1016/jaott.2018.10.005
https://doi.org/10.1016/0197-2456(89)90005-6
https://doi.org/10.1016/0197-2456(89)90005-6
https://doi.org/10.2106/JBJS-J-01744
https://doi.org/10.1016/j.hsa.2012.01.043
https://doi.org/10.1177/230949901502300106
https://doi.org/10.1016/0363-5023(91)90006-w
https://doi.org/10.1016/j.jhsa.2012.01.028

	Functional outcome after corrective osteotomy for malunion of the distal radius: a randomised, controlled, double-blind trial
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Materials and methods
	Post-operative regimen
	Instruments
	Drop-outs
	Statistical analysis

	Results
	Comparison between groups
	PROMs
	Range of motion and grip strength

	Comparison within groups
	PROMs
	Range of motion and grip strength


	Discussion
	Conclusion
	References


