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The evolution of hand function during remodelling in
nonreduced angulated paediatric forearm fractures: a

prospective cohort study
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Forearm fractures are very common orthopaedic injuries
in children. Most of these fractures are forgiving due to the
unique and excellent remodelling capacity of the juvenile
skeleton. However, significant evidence stating the limits
of acceptable angulations and taking functional outcome
into consideration is scarce. The aim of this study is,
therefore, to get a first impression of the remodelling
capacity in nonreduced paediatric forearm fractures based
on radiological and functional outcome. Children aged
0-14 years with a traumatic angular deformation of the
radius or both the radius and ulna, treated conservatively
without reduction, were included in this prospective cohort
study. Radiographs were taken and functional outcome
was assessed at five fixed follow-up appointments
throughout a period of one year. Outcome measurements
comprised radiographic angular alignment, grip strength
and wrist mobility. A total of 26 children (aged 3-13 years)
with a traumatic angulation of the forearm were included.
Mean dorsal angulation at the time of presentation
amounted to 12° (5-18) and diminished after one year to
a mean angulation of 4° (0-13). Grip strength, pronation

Introduction

Fractures of the forearm are very common in children
and account for more than 30% of all paediatric frac-
tures [1-3]. Angularly deformed forearm fractures are
traditionally treated by closed reduction followed by cast
immobilisation. Surgical stabilisation is increasingly used
as a treatment option, probably due to a relatively high
failure rate in the sometimes unpredictable outcome
of conservative treatment [4-6]. Redisplacement is the
most common complication, especially in primary dislo-
cated forearm fractures (21-40%) [7,8]. Redisplacement
or secondary worsening of angulation can be prevented
by surgical intervention using percutaneous pinning,
intramedullary nailing or plate fixation, which gives
maximum stability and the benefit of regaining proper
alignment. Fortunately, not all fractures are unstable and
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and supination were significantly diminished compared to
the unaffected hand up to 6 months after injury. After one
year, no significant differences in function between the
affected and the unaffected arm were found. Nonreduced
angulated paediatric forearm fractures have the potential
to remodel in time and have good radiographic and
functional outcome one year after trauma, where pronation
and grip strength take the longest to recover. J Pediatr
Orthop B 29:172-178 Copyright © 2019 The Author(s).
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require surgical stabilisation since juvenile bone has the
unique potency to remodel [9,10]. There is little evi-
dence supporting guidelines on angular acceptance [11].
The uncertainty of predicting fracture stability and the
remodelling potential in forearm fractures hinders mak-
ing a considered decision between conservative and
surgical treatment [5,8,12]. Also, there is no convincing
literature proving that surgical intervention is superior to
conservative treatment in terms of functional outcome
[5,8,13].

The limits of acceptable angular deformations are cur-
rently based on scarce retrospective studies, case reports
and expert opinions [14-16]. Crawford er «/. demon-
strated that even completely overriding distal radial frac-
tures have the potential to remodel in one year without
reduction [17]. On duration of remodelling, both Friberg
et al. 1979 and Jeroense ¢ a/. found remodelling speed
to be faster in larger angulations [15]. This suggests that
deformities can remodel in time and result in a normal
functional outcome without experiencing the psycho-
logical distress of undergoing a surgical procedure, not
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to mention exposure to anaesthetic and operative risks.
Operative risks should not be underestimated, as earlier
studies found a complication rate of 14.6% in patients
treated with intramedullary nailing [6]. Although research
on fracture remodelling is of great importance in clinical
decision-making, to our knowledge no prospective stud-
ies have been conducted investigating fracture reangula-
tion in time in conservatively treated paediatric forearm
fractures as related to function.

The objective of this prospective study is therefore to
first get an initial impression of fracture remodelling and
functional outcome in nonreduced paediatric forearm
fractures, and second to establish which factors influence
remodelling and to determine whether functional out-
come is correlated with degree of fracture angulation.

Methods

Study design and participants

This prospective single-centre cohort study was con-
ducted at Isala Clinics in Zwolle, the Netherlands.
Children and their parents were verbally informed about
the study and also received detailed written informa-
tion. Informed consent was obtained from the parents
and from all children aged >12 years only if the child was
willing to participate. This study is approved by the local
Medical Ethical Committee (CCMO NIL.12576.075.06).
Boys (age <14 years) and girls (age <12 years) with a
traumatic angular deformity of the radius, confirmed on
postero-anterior and lateral radiographs, were included.
Fracture types included comprised isolated radius frac-
tures (plastic deformation or complete fracture) and
both-bone forearm fractures.

Exclusion criteria were fully ossified physes of the
forearm, manipulated fractures, fracture dislocation,
apposition and open fractures. Also excluded were
polytrauma patients and patients with a bone disease
or pathologic fracture. Maximum acceptable angula-
tions according to age were defined according to the
Isala Graphs minus one SD, shown in Table 1 [14].
These graphs are based on the outcome of a meta-anal-
ysis of existing literature, combined with the opinions
of 18 international experts.
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Procedures

All fractures were treated with cast immobilisation for
4-6 weeks. On the day of presentation at the hospital
('T0), general patient data were collected, including age,
gender and hand preference. Patients and their parents
were requested to return to the hospital for five follow-up
appointments. These sessions were scheduled at 1 week
('T1), 4 weeks ('T'2), 6 weeks ('T'3), 6 months ('T'4) and 12
months ('T5) postinjury. An optional appointment ('T6)
was offered when remodelling was delayed.

Data collection

To determine angular alignment, postero-anterior and
lateral radiographs were taken at all follow-up sessions.
Degree of angulation was defined as the angle between
the central longitudinal intramedullary axis of the prox-
imal and the angulated distal fragment as previously
described by Hansen ¢z a/. (1976) [18] Measurements
were taken by two independent observers who were
not involved in the treatment (J.J.W.P. and B.B.). The
largest angulation at 'T0 (on the postero-anterior or lat-
eral radiograph) was further observed during follow-up.
Additionally, grip strength and passive range of motion
of the wrist were tested for both hands at each fol-
low-up appointment, with the exception of T0. Tests
were not performed at TO due to the cast immobilisa-
tion. Grip strength measurements were taken using a
Jamar hydraulic hand dynamometer (Sammons Preston
Rolyan, Chicago). Grip strength was tested twice on both
sides and the mean score of the two attempts for each
side was used in the analyses. Passive range of motion
was measured using a goniometer, and included flexion
and extension of the elbow, pronation and supination of
the forearm, and palmar and dorsal flexion and ulnar and
radial deviation of the wrist.

Statistical analyses

All statistical analyses were conducted using SPSS (ver-
sion 24.0, SPSS Inc., Chicago). Descriptive statistics
were used to describe the main characteristics of the
research population and functional outcome parame-
ters. The mean angular deformity as determined by
both observers was used in the analyses, as interrater

Table 1 Maximum acceptable angulations according to age
Age (year)
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Type of fracture Sex Maximum acceptable angulation (°)
Greenstick F 21 21 21 20 20 19 18 17 16 14 12 10 8

M 21 21 21 21 21 20 20 19 18 17 16 14 12 10 8
Radius F 25 25 25 25 24 24 23 22 19 17 15 10 8

M 25 25 25 25 25 25 24 24 23 22 19 17 15 10 8
Both-bone F 18 18 18 18 17 16 15 14 13 12 11 10 8

M 18 18 18 18 18 18 17 16 15 14 13 12 11 10 8
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reliability appeared to be excellent (intraclass correla-
tion coefficient 0.98). The Wilcoxon signed-rank test was
used to compare grip strength and range of motion of the
affected and unaffected hands. A multilevel design was
applied, which implies that the follow-up appointments
were nested under patients. A multiple regression analy-
sis was performed with fracture angulation as dependent
variable. The following factors were tested for associa-
tion with the above-mentioned variable: time post-in-
jury, dominant arm fractured, type of fracture (plastic
deformation or complete fracture) and involvement of
the radius or both the radius and ulna. An unconditional
growth model will be presented with fracture angulation
as dependent variable and time and function tests as
independent variables. Results were accepted as signif-
icant if P < 0.05.

Results

Patient characteristics

A total of 27 children were enrolled in this study. One
child did not show up at the follow-up appointments and
was therefore excluded. The final study population com-
prised 26 children (13 boys), ranging from ages 3.3 to 12.6.
Mean age at the time of injury was 9 years (boys: 9.1; girls:
8.9). Of all children, 88.5% were right-hand dominant and
17 fractures (65.4%) affected the nondominant side. In
38.5% the fracture concerned a plastic deformation; 61.5%
had a complete fracture (both cortices). This was equally
distributed between both sexes. Most boys (61.5%) sus-
tained a both-bone fracture, whereas most girls (69.2%)
sustained a solitary radius fracture. All fractures were dis-
tally located except in two cases with a midshaft both-
bone fracture. All fractures were conservatively treated
with cast immobilisation. Mean immobilisation time was

Table 2 Characteristics of the study population

Total N

Number of cases 26
Mean age at time of injury (years) 9
Sex: M/F 13/13
Right dominance (%) 23 (88.5)
Dominant hand affected (%) 9 (34.6)
Type of fracture (%)

Greenstick 10 (38.5

Complete 6 (61.5)
Affected forearm bones (%)

Solitary radius 14 (53.8)

Radius and ulna 12 (46.2)
Mean duration of cast immobilisation (days + SD) 28 (5.8)

F, female; M, male.

Table 3 Outcome of fracture angulation

Trauma 1 week 4 weeks 6 weeks 6 months 12 months

(T0) (T1) (T2) (T3) (T4) (T5)
N 26 24 25 21 22 20
Mean angulation ()  11.7  11.8 12.8 11.3 6.3 3.6
Min (°) 5.0 4.0 4.0 4.0 1.0 0.0
Max (°) 18.0 225 22.0 225 10.5 13.0

28 days (SD 5.3). The main characteristics of the study
population are shown in Table 2.

Radiographic outcome

An overview of radiographic outcome is shown in Table 3.
All maximum angulations occurred in the sagittal plane.
Dorsal angulation occurred in 65.4% of cases. Mean
angulation was 11.7° (5.0-18.0) at the day of presenta-
tion, 11.8° (4.0-22.5) after 1 week and 12.8° (4.0-22.0)
after 4 weeks. Six months after sustaining the fracture,
the mean angulation diminished to 6.3° (1.0-10.5) and
after 1 year to 3.6° (0.0-13.0), with fracture angulation
amounting to less than 5° in 75% of cases. The distri-
bution of fracture angulation is shown in Fig. 1. One
outlier remained as a residual angulation of 13° one
year postinjury. This concerned a 12-year-old boy with
a midshaft both-bone fracture. Because of the remaining
angulation, a control radiograph was taken 2.9 years after
fracture sustainment. Angulation remained at 11°. Mean
angulation and distribution for each follow-up moment
is plotted in Fig. 2.

Functional outcome

Grip strength

Grip strength is significantly diminished in the affected
hand compared to the unaffected hand up to 6 months
postinjury ('T'4). The results show that grip strength is
strongly diminished at T'1, T2 and T3, and less dimin-
ished but still significant at T4. After one year follow-up,
grip strength measurements showed no significant dif-
ference between the affected and unaffected arm. When
describing grip strength of the affected side compared
to the unaffected side (%), results show a mean grip
strength of 97% at both T4 and 'T'5 ('T4: SD 17.6, T5: SD
14.1). An overview of recovery of grip strength is shown
in Table 4 and Fig. 3.

Range of motion

At T2 the affected hand scored significantly lower in
all mobility tests, except for extension of the elbow. At
T3 the affected hand scored significantly lower in all
mobility tests, except for radial deviation. Six months
postinjury ('T'4), only pronation (P < 0.01) and supi-
nation (P = 0.03) were significantly diminished in the
affected arm.

Range of motion after one year follow-up ('T5) showed
no statistically significant differences in elbow and
wrist motion of the affected arm compared to the unaf-
fected arm (see Table 5). Maximum loss of range of
motion at T'5 was found to be 10° in radial deviation
and pronation.

Factors affecting remodelling

A multiple regression analysis with fracture angulation as
dependent variable shows that fracture angulation signif-
icantly diminishes in time (adjusted coefficient = -0.03,
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P <0.01). Greenstick fractures show significantly faster
remodelling than full-thickness fractures (adjusted coef-
ficient = -3.04, P = 0.0145). An affected dominant or
non-dominant hand, as well as suffering from a solitary
radius fracture or both-bone fracture, is not of significant
influence on fracture angulation.

Fracture angulation and function
Using unconditional growth model analyses, grip strength
was found to be significantly influenced by fracture

angulation (coefficient = -1.52, P = 0.0223). No associ-
ation was found between fracture angulation and any
range of motion tests.

Discussion

The current study shows a first impression of the bone
remodelling capacity in nonreduced paediatric fore-
arm fractures, thereby evaluating functional outcome in
time. Factors that influence fracture angulation were also
determined. The rationale was the lack of clear guidance
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Table 4 Grip strength of affected hand vs. unaffected hand

Unaffected hand

Affected hand Strength percentile

N Mean (kg) Min Max N Mean (kg) Min Max Sig. Mean (%) Min (%) Max (%)
T 19 15.7 1.0 29.0 92 4.6 1.0 105 <0.001 38 4 88
T2 21 15.6 2.0 26.0 15° 7.6 1.0 19.0 <0.001 48 6 96
T3 22 16.6 3.0 29.0 22 10.8 0.5 26.0 <0.001 63 6 100
T4 22 179 2.0 29.0 22 16.9 2.0 275 0.03 97 61 160
5 15 17.7 2.5 33.0 15 171 2.0 30.0 0.57 97 73 125
“Difference in N is explained by inability to perform grip strength tests because of cast immobilisation.
Fig. 3
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Mean grip strength of the affected arm presented as percentage of the unaffected arm.
Table 5 Range of motion after 1-year follow-up
Affected arm Unaffected arm
Mean Min Max Mean Min Max P-value

Palmar flexion (°) 95 80 115 95.7 80 115 0.67
Dorsal flexion (°) 92 85 105 92.3 85 105 0.58
Radial deviation (°) 39 20 50 39.3 25 50 1.00
Ulnar deviation (°) 44 30 55 43.7 30 55 0.33
Pronation (°) 93 80 100 94.3 80 100 0.10
Supination (°) 95 90 100 95.3 90 110 0.67
Elbow flexion (°) 149 125 175 149.3 125 175 0.33
Elbow extension (°)? -7 —20 5 —7.7 —20 5 0.33

“Negative value stands for hyperextension of the elbow.

from the literature for definite acceptable angular defor-
mations and functional restoration in time.

After one year, the mean fracture angulation of 12° meas-
ured at initial presentation was reduced to a mean resid-
ual angulation of 4°. At this point in time, no significant
differences between the affected and the nonaffected
hand were found for either grip strength or range of

motion. This suggests that a residual angulation of 4° is
of no functional concern. Conservative treatment without
reduction could therefore be a good treatment option in
angulated forearm fractures.

There is a worldwide tendency toward a more aggres-
sive approach in the treatment of the described angu-
lar deformities, even without thoroughly weighing
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noninvasive treatment modalities. Using the Isala Graphs
as a safe inclusion, we attempted to obtain more insight
into functional outcome in nonreduced angulated frac-
tures. Functional outcome is often overlooked while in
daily practice fracture consolidation often equals the end
of treatment.

Literature on fracture remodelling in paediatric forearm
fractures is scarce, even more so in relation to functional
outcome [19]. Crawford ez a/. performed a retrospective
case series amongst 54 children with conservatively
treated overriding distal radius fractures [17]. Angulation
improved from 4.0 to 2.2° at final follow-up (one-year
after fracture) with no functional limitations. Functional
outcome during follow up and final scores were, however,
not specified and could therefore not be compared to the
recent study. Also, their study population consisted of
completely displaced fractures and were excluded in our
study. In a retrospectively studied population of 33 chil-
dren with malunited distal radius fractures, Jeroense ez a/.
found a mean residual angulation of 8° after a mean fol-
low-up of 9 months, compared to 4° residual angulation
after 12 months in our study population. However, mean
angulation at moment of presentation was larger in their
population (23°) than in ours (12°) [15]. The study of Van
der Sluijs ez al. (2016) merged data of two studies (includ-
ing Jeroense er al. 2015), and included 63 children with
a mean angulation at initial trauma of 25° which remod-
elled to a mean residual angulation of 6.7° after a mean of
22 months follow-up [16]. Neither of these studies took
functional outcome into consideration though.

As mentioned in the Results section, one case maintained
a residual angulation of 11°. Stagnation of remodelling in
this case could be partially explained by fracture location
and age. More proximally located fractures of the radius
and ulna are known to have a high probability of residual
angulation and pronation loss [20]. Johari ¢ @/. described
how midshaft forearm fractures in children older than age
10 have a less favourable prognosis in terms of remodel-
ling [19]. Despite the residual angulation, grip strength
and range of motion were found to be near-normal, with
all scores being equal to the unaffected side except for
pronation and grip strength. These scores were both
90% of the unaffected hand. The minimum loss of func-
tion despite the residual malalignment of 11° could be
explained by the extent of malalignment. Colaris ez al.
(2014) found a significant loss of pronation (<50°) more
than 6 months post-trauma in 31.9% of cases with an
angular malunion of 11-15° [20]. Earlier cadaveric stud-
ies with artificially created deformities of the forearm
bones revealed that angular malalignment of 10° or less
will not limit forearm rotation anatomically, while loss of
pronation and supination can be expected when residual
angles of 20° or more are measured [21,22].

As expected, the radiographs show a reduction of angu-
lation over time. Interestingly, in some cases, angulation
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seems to increase in the first period before a decrease sets
in. This phenomenon is not previously described in stud-
ies on nonreduced forearm fractures. However, Colaris e#
al. described an angulation increase in forearm fractures
treated by reduction, in the period between reduction
and cast removal [7]. In his study, as in ours, remodelling
was seen in the period between cast removal and final
examination. Previous studies have shown that fractures
with any bayonet apposition are prone to lose reduction,
which could probably explain the primary worsening of
angulation [23,24].

It would be reasonable to assume that after correction
of angular deformity in time, recovery of function would
follow. This study found an excellent functional out-
come after one year. No significant differences in elbow
or wrist range of motion were observed between the
affected and the unaffected arm. Pronation and supi-
nation took the longest to recover since the scores on
these parameters where both still significantly dimin-
ished up to 6 months after fracture. This observation
is in line with previous literature, where limitations in
pronation and supination were most frequently seen in
overall mobility of the wrist after sustaining a forearm
fracture [25,26].

The potency of angular correction in juvenile bone
depends on redirection of the epiphyseal growth plate
and remodelling at the fracture site [27,28]. An interest-
ing thought would be that remodelling is being promoted
by function. Factors supporting this can be derived from
for example, Wolff’s law; malalignment in plane of move-
ment is advantageous and rotational deformities in a frac-
ture do not realign. Redistribution of growth in the physis
still remains hard to prove [27,29].

To our knowledge, this study is the first to prospec-
tively investigate fracture remodelling in paediatric
nonreduced angulated forearm fractures for functional
outcome at fixed follow-up moments. Since assessment
took place several times during one year, this study pro-
vides good insight into the progression of remodelling as
well as recovery of function over time.

The most important limitation of this study is the rela-
tively small study population. This makes the data less
reliable to adequately differentiate between subgroups
(e.g. hand dominance, sex and fracture type). Second,
the range of fracture angulation at the moment of pres-
entation was large and relatively moderate because of
the inclusion criteria. More subjects are needed to ade-
quately observe the difference in fracture remodelling,
based on severity of angulation at the time of presenta-
tion. Lastly, we had to deal with missing data. Not all
participants came to all the follow-up appointments.
For future studies, the recommendation would be to
schedule less follow-up appointments at stricter times to
improve attendance.
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Conclusion

This study shows that nonreduced angulated paediat-
ric forearm fractures have the potential to remodel in
time, and show good radiographic and functional out-
come with respect to grip strength and range of motion
after one year. Concerning functional outcome, prona-
tion and grip strength take the longest to recover, with
grip strength being strongly associated with fracture
alignment.
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