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Background Closed reduction and cast immobilization of displaced distal radius
fractures carries the risk of secondary displacement, which could result in a symptom-
atic malunion. In patients with a symptomatic malunion, a corrective osteotomy can be
performed to improve pain and functional impairment of the wrist joint.

Objective The aim of this study was to assess the functional outcomes of children who
underwent a corrective osteotomy due to a symptomatic malunion of the distal radius.
Methods Between 2009 and 2016, all consecutive corrective osteotomies of the
distal radius of patients younger than 18 years were reviewed. The primary outcome
was functional outcome assessed with the ABILHAND-Kids score. Secondary outcomes
were QuickDASH (Quick Disabilities of Arm, Shoulder, and Hand) score, range of
motion, complications, and radiological outcomes.

Results A total of 13 patients with a median age of 13 years (interquartile range [IQR]:
12.5-16) were included. The median time to follow-up was 31 months (IQR: 26-51). The
median ABILHAND-Kids score was 42 (range: 37-42), and the median QuickDASH was 0
(range: 0-39). Range of motion did not differ significantly between the injured and the
uninjured sides for all parameters. One patient had a nonunion requiring additional
operative treatment. The postoperative radiological parameters showed an improvement
of radial inclination, radial height, ulnar variance, dorsal tilt, and dorsal tilt.

Conclusion Corrective osteotomy for children is an effective method for treating
symptomatic malunions of the distal radius.

Level of Evidence This is a Level IV study.

Displaced fractures of the distal radius in children are usually
managed by closed reduction and cast immobilization,
whereas unstable fractures are mostly fixed with Kirschner
wires (K-wires). However, these treatment modalities may
lead to secondary displacement, which, in turn, may lead to a
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symptomatic malunion of the distal radius. A malunion of
the distal radius can become symptomatic causing pain,
weakness, or functional impairment of the wrist joint.1'2
Various types of corrective osteotomies have been devel-
oped for treating distal radius malunions. An open wedge
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osteotomy is a technique that can be performed to correct
radial length, radial inclination, and rotation.> Open wedge
osteotomy is an established technique in adult patients.* A
fixed-angle plate can be used as a lever device to correct the
deformity.> When there is only radial shortening, simple
radius lengthening will suffice.

Functional outcomes measured with patient-rated out-
come measures have been performed for adult patients
undergoing a corrective osteotomy.* However, a few studies
have been performed on corrective osteotomies in children.
The existing studies usually report on radiological param-
eters and not on functional outcomes of these patients.®’
Functional outcomes may help clinicians in their decision-
making as well as in informing patients and their parents
about the outcomes prior to surgery. Therefore, the aim of
this study is to assess the functional outcomes in children
who underwent a corrective osteotomy due to a symptom-
atic malunion of the distal radius.

Methods

In this retrospective cohort study, all consecutive pediatric
(under 18 years of age) patients who underwent a corrective
osteotomy for a symptomatic distal radius malunion between
2009 and 2016 were evaluated. Patients undergoing a correc-
tive osteotomy due to a malunion of the distal radius for any
other reason than a previous trauma, such as Kienbock’s
disease, were excluded.

Malunion, as measured on plain radiographs, for full-
grown patients or those 16 years and older was defined as
radial inclination < 15 degrees, loss of radial height > 5 mm,
dorsal angulation >15 degrees, and palmar angulation >
20 degrees.8 For patients between 6 and 16 years of age,
dorsal angulation of more than 20 degrees and palmar
angulation of more than 25 degrees was considered a mal-
union. In patients up to 6 years of age, any degree of
angulation was accepted unless this was symptomatic. More-
over, malunion was also defined as more than 2-mm positive
ulnar variance, one-third shaft displacement, malrotation,
and DRU]J incongruency. All patients had to have symptom-
atic malunions.

The primary outcome was the ABILHAND-Kids score. This
questionnaire, filled in by parents with their children, is a
measure of the manual ability for children with upper limb
impairments. The scale is validated for children with cerebral
palsy. The scale ranges from 0 to 42, with 42 indicating a
maximum score in a child’s ability to manage daily activities
that require the use of the upper limb.® Secondary outcomes
were the Quick Disability of the Arm, Shoulder, and Hand
(QuickDASH) score, range of motion, and grip strength
compared with the injured wrist, pain as indicated on the
visual analog scale (VAS), radiological parameters, time to
union, and complications. The QuickDASH is an eleven item
questionnaire designed to measure physical function and
symptoms in people with a musculoskeletal disorder of the
upper limb, valid for older children and adolescents.'? The
QuickDASH ranges from 0 to 100, with 0 indicating no pain
and no functional impairment.'"1?
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Surgical Technique

All corrective osteotomies were performed by two highly
experienced surgeons as classified by Tang.13 Antibiotic pro-
phylaxis (cefazolin 30 mg/kg) was given preoperatively. The
Henry volar approach was used in all patients. The radius was
exposed and the appropriate level of the osteotomy was
determined, after which an open wedge or lengthening osteot-
omy was performed. A graft was used if more than 1cm of
lengthening was necessary. The grafts consisted of demineral-
ized bone matrix (DBM), autogenic grafts, and allogenic hip-
bone grafts. Ulnar epiphysiodesis was performed to prevent
progressive ulnar growth after radial lengthening of a radius
with closed physis was performed. Finally, the fracture was
fixated with an angular stable volar plate.

Functional and Radiographic Evaluation

Institutional Review Board approval was obtained by the ethics
committee and institutional board of our hospital. All patients
who had undergone a corrective osteotomy at least 1 year ago
were invited to visit the outpatient clinic to fill out the ques-
tionnaires and undergo physical examination. The patients,
with their parents when necessary, filled out the ABILHAND-
Kids and QuickDASH questionnaire. The ABILHAND-Kids ques-
tionnaire is a measure of the manual ability for children with
upper limb impairments. The scale is validated for cerebral
palsy children and measures a child’s ability to manage daily
activities that require the use of the upper limbs. Children and
their parents are provided 21 questions on the perceived
difficulty of various activities on a three-level scale: impossible,
difficult, and easy. The maximum score is 42, indicating no
difficulty in managing daily activities.’

The QuickDASH is a shortened version of the DASH with
11 items. The score ranges from 0 to 100, with 0 indicating no
disability.'® In addition, patients were asked to indicate their
pain as on a VAS score pre- and postoperatively and were
asked if their symptoms improved after the corrective
osteotomy.

Range of motion was measured using a goniometer and
included radial and ulnar deviation, pronation and supina-
tion, and dorsal and palmar flexion. Grip strength was
measured using a Baseline Hydraulic Hand Dynamometer
(Fabrications Enterprises Inc., White Plains, NY). This was
performed three times, and an average of these measure-
ments was used. Both range of motion and grip strength were
measured for both the injured and uninjured sides.

Radiographic evaluation was performed pre- and postop-
eratively on standard lateral and posteroanterior radio-
graphs and included radial inclination, radial height, ulnar
variance, and dorsal and palmar angulation.

Time to union was defined as the time between the correc-
tive osteotomy and bridging of the fracture site by callus.

Statistical Analysis

General descriptive statistics on patient characteristics at
baseline were performed, including factors such as gender
and age, and presented as percentages (categorical varia-
bles), means, and standard deviation (continuous variables,
normally distributed), or median and interquartile range
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Table 1 Patient characteristics

Number (%)
Age at corrective osteotomy, median (IQR) | 13 (12.5-16)
Number of males 11 (85)
Fracture of dominant wrist 3(23)
Trauma mechanism
Fall from standing height 2 (15)
Sports related 11 (85)

Abbreviation: IQR, interquartile range.

(continuous variables, not normally distributed), whichever
applicable.

The difference in range of motion, grip strength, radiolog-
ical parameters, and pain pre- and postoperatively was
analyzed using a paired Student’s t-test. Values of p <0.05
were considered significant.

Results

A total of 13 patients with a corrective osteotomy were
included in this cohort. In this period, a total of 2,027 pediatric
patients were treated for a distal radius fracture in our institu-
tion. Patients had a median age of 13 (interquartile range [IQR]:
12.5-16), and 11 were males. The median time to follow-up
was 31 months (IQR: 26-51). Corrective osteotomy was per-
formed within a median of 18 weeks (IQR: 2-62) after initial
trauma. Initial treatment consisted of plaster cast immobiliza-
tion (n=9), K-wire fixation (n=3), and volar plate fixation
(n=1). Patient characteristics are presented in ~Table 1.

An open wedge osteotomy was performed in 11 patients
(=Fig. 1). In two patients, a radius lengthening with an
additional ulnar epiphysiodesis was performed (=Fig. 2).
Grafts were used in six patients, of which two were allogenic
hip grafts, two were autogenic grafts (one greater trochanter
and one ulna graft), and two were DBM.

Out of the 13 patients invited for follow-up, 11 completed
the questionnaires and the clinical evaluation, and 1 patient
completed only the questionnaires. One patient was lost to
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Fig. 2 Ulnar epiphysiodesis.

follow-up. The median ABILHAND-Kids score was 42 (IQR:
42-42), with a range of 37 to 42, and median the QuickDASH
was 0 (IQR: 0-7), with a range of 0 to 39. The median
preoperative VAS score was 6 (IQR: 2.3-7), which improved
significantly to O postoperatively (IQR: 0-0) (p =0.003). Pre-
operative complaints were pain (n=9), pain and loss of
function (n = 2),and loss of function (n = 1). All but one patient
had an improvement in their complaints after the corrective
osteotomy. One patient complained of persistent pain, which
was due to the plate. The patient was planned for plate
removal, after which his pain improved from a VAS score of
3 to 0, measured 2 weeks postoperatively.

Range of motion did not differ significantly between the
injured and the uninjured sides for all parameters (~Table 2).
Grip strength in the injured side was significantly lower (87%
of the uninjured side) (p =0.04).

Fig. 1 Open wedge osteotomy: pre- and postoperative radiographs. L, left.
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Table 2 Range of motion and grip strength at follow-up

Range of Injured | Uninjured | Difference | p-Value
motion, side side

grip strength,

mean (SD)

Radial 16(4) | 173) 0.5 (2) 0.34
deviation

Ulnar 22(3) | 21(3) 0 -
deviation

Pronation 87 (4) 88 (3) 0.5 (2) 0.34
Supination 87 (3) 87 (3) 0 -
Dorsal flexion | 84 (6) 84 (4) 0 -
Volar flexion | 84 (5) | 84 (4) 0.5 (2) 0.34
Grip 27(8) | 31(11) 3(5) 0.04
strength (kg)

Abbreviation: SD, standard deviation.
Note: Values in bold are significant (p < 0.05).

One patient, a 13-year-old girl, required additional sur-
gery due to a nonunion following open wedge osteotomy. She
was successfully treated with an autograft 8 months later.
Nine patients had their plate removed due to symptomatic
hardware.

The radiological parameters after corrective osteotomy
compared with those before corrective osteotomy showed an
improvement of the radial inclination, radial height, ulnar
variance, and dorsal tilt (=~ Table 3). The median time to union
was 3 months (IQR: 1-5.5).

Discussion

Our results show that corrective osteotomy of the distal
radius for a symptomatic malunion in children provides
good functional outcomes. Range of motion of the injured
wrist is comparable to that of the uninjured wrist. Further-
more, pain scores decreased and radiographic parameters
improved significantly after the corrective osteotomy.
Satisfactory results for corrective osteotomies for mal-
united fractures of the forearm in children have previously
been reported.'® This study did not, however, focus specifically
on distal radius malunions but also analyzed fractures of both
the radius and ulna, as well as distal and midshaft fractures. In
our study, we found a median ABILHAND-Kids score of 42 and a
median QuickDASH of 0. These patient-rated functional out-

Table 3 Radiological evaluation
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comes cannot be compared with results in the existing litera-
ture, as no functional outcomes for children have yet been
described. Previous studies showed a DASH score of 10 to 16
after corrective osteotomy in adult patients.*'® Another study
reported satisfactory outcomes after corrective osteotomy in
young and middle-aged patients, with DASH scores ranging
from 25 to 33,” but these scores are arguably higher than the
QuickDASH score found in our study.

Van Geenen and Besselaar reported a significant improve-
ment of range of motion in a cohort of children with a mal-
union of the forearm. Patients included had fractures of either
the radius or the radius and ulna, and location of the fracture
varied from proximal and middle to the distal one-third of the
bone.!” The authors also suggest that the corrective osteotomy
should be performed within 1 year, resulting in greater gain in
range of motion. Hove and Engesaeter assessed the outcome of
six pediatric patients with corrective osteotomies due to
malunions of the distal radius.® The authors found complete
postoperative pain relief, and a total range of motion that was
96% compared with the uninjured side.

One of the possible complications of an open wedge
osteotomy is a nonunion.> We found one case of nonunion
in this cohort. After 7 months, no bridging of the osteotomy
site was visible. The patient had no complaints of the mal-
union and had a full range of motion. The defect was treated
with an ulnar cancellous bone graft mixed with autograft
from the iliac crest and Cerasorb (Curasan, Research Triangle
Park, NC). Three months later, union was achieved. A previ-
ously published cohort of corrective osteotomies after inju-
ries of the distal radial physis in children reported no
complications, but this was a cohort of only six patients.®

There are several limitations to this study. Due to its
retrospective nature, no presurgical data were available to
compare the functional outcomes with the postoperative
ones. The range of motion and grip strength were evaluated
at follow-up, but as preoperative data were not available, the
improvement could not be measured. These parameters
were, however, compared with the uninjured side to give
an indication of what the patient’s baseline range of motion
and grip strength would be. The preoperative VAS was also
determined retrospectively, which might lead to recall bias.
Future research should focus on collecting presurgical data
prospectively to more thoroughly analyze the effect of cor-
rective osteotomy on functional outcome. Furthermore, the
use of functional outcomes has become increasingly popular.

Radiological parameter, mean (SD) Preoperative Postoperative Difference p-Value
Radial inclination 18 (4) 21 (3) 3(3) 0.003
Radial height 8(2) 9(2) 1(2) 0.046
Ulnar variance 0.5 (3) -2! 2(2) 0.006
Dorsal tilt 17 (16) 2(3) 15 (16) 0.004
Volar tilt 6 (9) 4 (4) 2(7) 0.37

Abbreviation: SD, standard deviation.
Note: Values in bold are significant (p <0.05).
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However, there are currently no validated questionnaires for
children with upper limb trauma. The ABILDHAND-Kids
questionnaire is a validated questionnaire for children with
cerebral palsy and has been previously used as the next best
available outcome measure.'® The QuickDASH is a valid
instrument for older children and adolescents with upper
extremity pathology.'® The questionnaires used in this study
were the next best available for measuring functional out-
comes in a pediatric population. The results provide an
insight into the effect of corrective osteotomies for distal
radius malunions and valuable information for shared deci-
sion-making. Time to union was determined on plain radio-
graphs. The moment the radiograph was taken varied in time
between patients. The union could have therefore been
achieved earlier than the radiograph was taken.

Conclusion

Corrective osteotomy is an effective method to treat symp-
tomatic malunions of the distal radius in children with good
functional outcomes.

Note
This work was performed in the Maasstad Hospital.
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