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ABSTRACT
Purpose: Studies on functional recovery after pediatric forearm fractures are scarce. Outcome measures
are usually (retrospectively) incorporated to compare treatments. How these parameters recover has only
rarely fallen within the scope. Aim was to provide insight into “normal recovery” by evaluating how limi-
tations, post-traumatic symptoms, range of motion (ROM) and dexterity recuperate.
Materials and methods: Prospective observational study regarding children 4 and 18 years with a
reduced forearm fracture. Limitations, post-traumatic symptoms, ROM, and dexterity were evaluated
6weeks, 3 and 6months post-trauma. ROM of the unaffected side was used as a baseline.
Results: Of 54 participants 25.9% and 5.9% perceived limitations after 3 respectively 6months. Pain, swel-
ling and hypertrichosis were common symptoms. Movements distal from the elbow were restrained
6weeks post-trauma. Supination and palmar flexion were most affected, followed by dorsal flexion and
pronation. Palmar flexion and pronation were still affected after 3months and associated with treatment
invasiveness. Dexterity was diminished at 6weeks only.
Conclusions: Mild limitations are common. Further investigation of the association between pain,
reduced sensitivity and hypertrichosis with treatment invasiveness is warranted. Regarding ROM supin-
ation, pronation, palmar and dorsal flexion should be incorporated in future studies. Dexterity is an
unsuitable outcome measure.

� IMPLICATIONS FOR REHABILITATION
� This study relates to monitoring recovery from pediatric forearm fractures.
� Physicians ought to realize that one in four children experience limitations preceding 3 months post-
trauma, in which case involvement of a hand therapist should be considered.

� Pain, swelling and especially hypertrichosis are common post-traumatic symptoms in children and
should on itself not immediately raise concerns for complex regional pain syndrome (CRPS).

� To assess recovery of range of motion measuring pronation, supination, dorsal, and palmar flexion
is sufficient.
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Introduction

Forearm fractures are a common pediatric injury accounting for
approximately one third (23-42%) of all pediatric fractures [1–8].
In over 80% of cases, the distal forearm is affected. The fracture is
situated in the shaft (9–13%) or the proximal radius and/or ulna
(2–9%) less often [1,4,9]. The incidence of forearm fractures shows
a peak in both genders at the beginning of the prepubertal
growth spurt, namely around age 10–11 in girls and 12–14 in
boys [1,2,8,10]. A smaller peak incidence for both genders around

age 5 has also been described [2,4,7]. Consistently reported is the
fact that the vast majority of forearm fractures is sustained by
boys [3,4,9,11]. Despite an overall decrease in the incidence of
pediatric fractures, especially of the lower extremity, the incidence
of forearm fractures has shown an increase over time [2,5,7,10,12].
This is true for forearm fractures as a whole as well as for distal
fractures and diaphyseal both-bone fractures specifically
[2,5,10,13]. Surely, to this should be added the exceptional situ-
ation during the Covid-19 pandemic, during which some studies
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demonstrated drastic decreases in the number of (forearm) frac-
tures, while others did not [14–16]. Decreases of such are most
likely a reflection of the temporary decreases in activities associ-
ated with sustainment of fractures, such as sports. This is sup-
ported by the fact that the distribution according to fracture
location regarding the upper extremity remained very simi-
lar [14,15].
Displaced fractures are generally treated by means of closed

reduction followed by cast immobilization. Due to the remodeling
capacity of bones with remaining growth potential, achieving per-
fect anatomic alignment in children is not always a necessity [17].
However, the limits of angulation allowing for a conservative
course are currently based on scarce (mostly retrospective) stud-
ies, case reports and expert opinions. Moreover, although there is
no high-level evidence regarding if and when either conservative
or operative treatment is superior, a clear trend leaning toward
surgical intervention has been observed [18–20]. With more chil-
dren undergoing surgery, because of an inclined incidence and
declined threshold for surgical intervention the question arises as
to whether this leads to differences in functional outcome.
Functional outcome after forearm fractures in adults is often

described in terms of range of motion (ROM). Similar studies in
children are rare and usually describe functional results retro-
spectively at the end of follow-up, often comparing ROM of the
affected hands or pain score of two treatment groups [21–23].
Studies prospectively examining or describing how outcome
measures reflecting hand function actually recover themselves,
especially in relation to the unaffected hand, are very scarce
[24–26]. Furthermore, there seem to be no studies that have pro-
spectively evaluated the presence or recovery of common post-
traumatic symptoms, and the same holds true for dexterity.
The aim of this study is therefore to prospectively investigate

how several commonly used outcome measures of hand function
recover after reduction of forearm fractures in children. More spe-
cifically, this study focusses on self-perceived limitations, post-
traumatic symptoms, ROM and dexterity. The research questions
were as follows:

1. How many children still experience functional limitations at 3
and 6 months post-trauma, and of what do those exist?

2. What percentage of children experience post-traumatic
symptoms (pain, swelling, redness, hypertrichosis, tempera-
ture asymmetry, reduced sensibility and/or allodynia) at 6
weeks, 3 months 6 months post-trauma? Are there differen-
ces in the incidences of these symptoms between children
undergoing different treatments (closed reduction with or
without internal fixation, open reduction)?

3. Is there a difference in the ROM of the affected side or dex-
terity of the affected hand in comparison to the unaffected
hand at 6 weeks, 3 months and 6 months post-trauma?

4. Are type of treatment, gender, age, and the dominant hand
being the affected hand associated with recovery of either
ROM or dexterity?

Methods

Study design

A prospective observational study conducted at University
Medical Center Groningen (UMCG). The current study was part of
a broader study regarding outcome measures of functional recov-
ery after reduced fractures of the distal upper extremity [26].
Children were invited to participate in line with their first or
second follow-up appointment at the hospital, thus usually after

cast check-up, change or removal. Families received verbal as well
as written information from the researchers on the study’s proce-
dures and purpose. Written informed consent was obtained from
the parents or legal guardian, but only after the child had also
given consent to participate. The study received a waiver by the
Medical Ethical Board of UMCG (M.14.150324).

Participants and procedures

All children and adolescents aged 4–18 years with a reduced dis-
placed radial or both-bone fracture (distal or diaphysis) were
invited to participate. The inclusion ran from 1 May 2014 until 1
May 2015. Children with proximal fractures, as well as Monteggia
and Galeazzi fractures were excluded. Other exclusion criteria
comprised neuromuscular diseases, general bone diseases, condi-
tions interfering with normal growth, or fractures that (possibly)
resulted from abuse. Finally, children with bilateral fractures that
both met the inclusion criteria and children who could not be
examined or followed for logistical reasons were excluded. All par-
ticipants were invited for three measurements sessions: T1 at
6weeks, T2 at 3months, and T3 at 6months post-trauma.
Participants were not measured in the week following cast or
osteosynthesis removal. In these cases, measurements were post-
poned with one week. In order to make participation accessible
to all children and parents, home visits were offered when meas-
urement sessions could not be planned for subsequently sched-
uled follow-up appointments at the hospital.

Outcome measurements

Demographic data (including age, gender, and hand-dominance)
as well as fracture-specific information (comprising fracture mech-
anism, type of fracture, affected side and type of treatment) were
registered. Independent researchers not involved in the treatment
of the children assessed if the child experienced limitations.
Children were asked if there were any activities that they could
not perform as well as before, and named examples (dressing,
writing/drawing, sports, other). Answers were confirmed by a par-
ent. Thereafter, the researchers examined if there was any swel-
ling, redness, temperature asymmetry or hypertrichosis. A numeric
rating scale ranging from 0 (no pain) to 10 (worst pain imagin-
able) was used to establish the extent of pain. For the pre-school
children, a Faces Scale with smileys was used (Wong Baker), as
the use of the NRS is limited in children under the age of 8
[27,28]. For older children, the NRS can be considered functionally
equivalent to visual scores, with exception of very mild pain [28].
For this reason, the presence of pain was used in analyses rather
than the extent of pain. Sensitivity was tested by means of sharp
and blunt discrimination using a cotton bud, as well as by identi-
fying left/right differences. The presence of allodynia was ques-
tioned with examples of normally non-painful stimuli and
investigated with the same cotton bud.
Active ROM of the elbow and wrist and abduction of the

thumb were measured with a goniometer. Flexion and extension
of the elbow were measured using the lateral olecranon as refer-
ence point. Dorsal and palmar flexion of the wrist were measured
by placing the goniometer at the dorsum of the wrist, with the
lever between metacarpals II and III, whilst keeping the fingers
relaxedly flexed. The lunatum was used as point of reference for
wrist deviations and abduction of digit I while the handmade full
contact with the table. Pronation and supination of the forearm
were measured with a pronation/supination inclinometer, with
the shoulder in neutral position, the elbow in 90� flexion and the

2 A. M. HEPPING ET AL.



fingers folded into a fist. The unaffected side was measured at
the first measurement session as reference value.
Hand dexterity was tested using the nine hole peg test (9-

HPT). This is a quick tool to screen dexterity in children that
reflects multiple aspects of motor control, such as preshaping the
hand, grasping, moving and releasing an object [29,30]. It is
widely used amongst hand therapists and is a valid method for
testing hand dexterity in children aged 4 years and older with a
high inter-rater and test-retest reliability [29,31] Purpose of this
test is to insert nine pegs into nine respective holes in a peg
board as quickly as possible, then remove them one by one as
quickly as possible using one hand. The procedure was followed
in accordance with earlier descriptions[29,31]. Both the affected
and the unaffected hand were tested at each measurement ses-
sion. Participants were allowed to practice once with each hand
before the actual timed stopwatch test took place.

Statistical analysis

Characteristics of the study population and perceived limitations
were described using descriptive statistics. The presence of com-
mon post-traumatic symptoms with respect to the different treat-
ment modalities was tested with Fisher’s exact test. Scores of the
affected and the unaffected hand for ROM and dexterity were
compared using the paired Student t-test after visually ascertain-
ing the normality of data. Finally, mixed-model for repeated meas-
urements analyses were performed to determine if the underwent
treatment was associated with the pattern recovery of ROM and/
or dexterity over time. Age and gender were added to the models
possible confounders. All statistical analyses were performed using

SPSS 23.0 for Windows (IBM SPSS Inc., Armonk, NY). Results were
considered to be significant if the p-value was �0.05.

Results

Patient characteristics

A total of 73 children were treated with reduction for either a
radial or a both-bone fracture. A total of 6 children did not meet
the inclusion criteria and another 13 children were excluded for
other reasons (refusal to participate, logistic reasons, or bilateral
fractures that both met the inclusion criteria). The final study
population thus consisted out of 54 children, in which a vast
majority of 39 fractures (72.2%) was sustained by boys. Closed
reduction followed by fixation with Kirschner wires or Nancy nails
was the treatment in 23 cases (42.6%), and closed reduction with-
out any means of fixation in 22 cases (40.7%). Open reposition fol-
lowed by fixation (Kirschner wire, nail or plate) was used in 9
cases (16.7%). A vast majority of 83.3% (N¼ 45) the children par-
ticipated in all three follow-up measurement sessions, the remain-
ing 16.7% (N¼ 9) in two sessions. An enrollment flow diagram is
shown in Figure 1, and a more detailed overview of the study
population can be found in Table 1. None of the children under-
went a rehabilitation course nor hand therapy.

Limitations and post-traumatic symptoms

At T1, 25.9% (N¼ 14) of children still perceived limitations in their
daily functioning. Not being able to fully resume sport and being
fearful were most reported in 14.8% and 5.6% of cases, respect-
ively. Also mentioned solely were limitations in undressing, writ-
ing/drawing, waiving, and one limitation not otherwise specified.

Figure 1. Enrollment flow diagram.
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At T2, 5.6% (N¼ 3) children still perceived limitations, none of
these were new complaints. All charted post-traumatic symptoms
showed a decrease over time, as can be seen in Figure 2.
Swelling (50.0% at T1, 14.8% at T2), pain (40.7% at T1, 22.2% at
T2), and especially hypertrichosis (64.8% at T1, 63.0% at T2)
showed to be common symptoms in children, with a tendency to
persist over a longer period of time. Reduced sensitivity occurred
less frequently (22.2% at T1), but showed the least reduction over
time (14.8% at T3). Redness (16.7% at T1) and temperature asym-
metry (11.1% at T1) were observed more sporadically.

ROM

For all participants with a unilateral fracture (N¼ 51), the ROM of
the affected side at each measurement sessions was compared to
the reference ROM of the unaffected side as measured at the first
session. Results showed a significant difference at T1 in detriment
of the affected side for pronation and supination of the forearm,
dorsal and palmar flexion of the wrist, deviations of the wrist and
lateral abduction of the thumb. The most affected movements
concerned supination and palmar flexion with an average loss of
18�, followed by dorsal flexion and pronation with an average
loss of 15� and 13�, respectively. Palmar flexion and pronation
were still significantly affected at T2, although in both cases the
difference between the affected and unaffected side was reduced
to below 10�. By contrast, all other movements measured had
normalized at this point. An extensive overview of the results can
be found in Table 2.

Dexterity

The difference in dexterity between the affected and unaffected
hand was only significant at T1, with a difference of 2.1 s in favor
of the unaffected hand. The scores at T2 and T3 were less than
1 s apart, as can be seen in Table 2. Moreover, the scores of both
hands improved over the measurement sessions, and the differ-
ence in score between T1 and T2 was significant for the affected
(p< 0.001) as well as the unaffected hand (p¼ 0.049).

Type of treatment

Time passed after sustainment of the fracture was positively asso-
ciated with improvement of ROM of all movements, with the
exception of extension of the elbow and lateral abduction of the
thumb (Table 3). Invasiveness of treatment underwent showed a
negative association with the recovery of palmar flexion
(p¼ 0.015) and ulnar deviation (p¼ 0.020). No difference in the
pattern of recovery of ROM over time was found for any of the
movements between participants who received a different treat-
ment (time� treatment). Time passed and age were positively
associated with dexterity of both hands. The course of treatment
showed no association with the score of either hand. Results of
these mixed-model repeated measurements analysis for ROM and
dexterity can be found in Table 3.

Discussion

To our knowledge, this is the first study to prospectively evaluate
how self-perceived limitations and common post-traumatic symp-
toms recover after reduction of pediatric fractures of the forearm.
In line with incidence studies, the vast majority of forearm frac-
tures in the current study was sustained by boys (72%) [3,4,9,11].
This was particularly true for the distal radius fractures, of which a
staggering 94% was sustained by males. A quarter of children still
perceived limitations in their daily functioning 3months post-
trauma. At 6months, this percentage had decreased to 5.9%.
Pain, swelling and especially hypertrichosis are common and lin-
gering post-traumatic symptoms in children. These symptoms are
sometimes feared to be associated with complex regional pain
syndrome, especially in combination with mobility impairments,
as they are part of the Budapest (research) criteria [32]. However,
the Budapest criteria are not a validated diagnostic tool for pedi-
atric CRPS and all post-traumatic symptoms do show a clear
reduction over time, only affecting a minority of children
6months post-trauma [33]. The incidence of pain and reduced
sensitivity showed a trend corresponding with the invasiveness of
treatment. Pain was perceived the least in the CR group at all
three measurement sessions (33.3% at T1, 9.1% at T2 and 10.0%
at T3), notably increasing in the CRIF group (47.6% at T1, 27.3%
at T2, 30.0% at T3) and ORIF group (62.5% at T1, 44.4% at T2,
11.1% at T3). Similarly, reduced sensitivity showed the lowest inci-
dence in the CR group (14.3% at T1, 4.5% at T2, 0% at T3),
increasing in the CRIF group (25.0% at T1, 30.4% at T2, 25.0% at
T3) and the ORIF group (50.0% at T1, 22.2% at T2, 33.3% at T3).
However, these differences between treatment groups were not
significant, which is probably due to the low number of children
in the ORIF group. As stated before, no other studies evaluating
post-traumatic symptoms could be identified, therefore compari-
son to literature was not possible.
With respect to ROM, except for flexion and extension of the

elbow, all movements were significantly restrained at 6weeks
post-trauma. Most affected were supination and palmar flexion,
followed by dorsal flexion and pronation. Palmar flexion and
pronation were not only still significantly affected 3months post-
trauma, but furthermore significantly associated with the invasive-
ness of treatment. The ORIF group was associated with the worst
outcome for both movements. However, overall loss of ROM for
all movements could be considered mild with an average max-
imum difference below 20�. At 6months, results evidenced a sig-
nificant difference in favor of the affected hand for supination,
which was an unexpected finding. A possible explanation is that
measuring supination with a pronation/supination inclinometer is
susceptible to “cheating” by slightly lowering the grip of the fifth
digit. Children might figure this out as the measurements pro-
gress. Since the reference measurement was not performed again
after 3 and 6months, this might explain the subtle difference
favoring the affected hand. A retrospective cohort study con-
ducted in the Netherlands compared ROM of the affected hand
with the unaffected hand in children with re-angulated pediatric
forearm fractures [22]. For both the re-manipulation and the sec-
ondary conservatively treated group they found mild limitations

Table 1. Overview of the study population according to fracture type.

N Age (SD) Male (%) Dominant hand (%) CR (%) CRIF (%) ORIF (%)

Radius 17 11.8 (3.3) 16 (94.1) 9 (52.9) 12 (70.6) 3 (17.6) 2 (11.8)
Both-bone 37 9.0 (3.2) 23 (62.2) 14 (37.8) 10 (27.0) 20 (54.1) 7 (18.9)
Total 54 9.9 (3.4) 39 (72.2) 23 (42.6) 22 (40.7) 23 (42.6) 9 (16.7)

CR: closed reduction; CRIF: closed reduction, internal fixation; ORIF: open reduction, internal fixation.
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in pronation/supination (4�–6�, respectively), dorsal/palmar flexion
of the wrist (2�), and deviations (5�). Our longer-term results at
6months post-trauma are very similar, amounting to a limitation
in pronation/supination of 6�, dorsal/palmar flexion of the wrist of
1�, and deviations of 3�. A systematic review by Westacott et al.
(2011) aimed to compare functional outcome following

intramedullary nailing versus plate fixation of pediatric diaphyseal
both-bone fractures [23]. Unfortunately, due to the large varia-
tions between studies statements on significant differences could
not be made. In a retrospective study, for the group undergoing
open reduction with internal fixation (N¼ 17) as well as the group
undergoing closed reduction with internal fixation (N¼ 17) group
Kar Hao Teah et al. (2009) reported restrictions of less than 10�

for pronation and supination of the forearm and negligible restric-
tions in flexion and extension of the elbow – long-term results
again being very similar [21].
To our knowledge, the current study is the first to evaluate

recovery of dexterity by using the 9-HPT as an outcome meas-
urement after traumatic injuries of the upper extremity in chil-
dren. Dexterity of the affected hand showed to be significantly
diminished at 6weeks post-trauma, but no such difference could
be ascertained at 3months or 6months post-trauma. Moreover,
the score of the 9-HPT improved significantly between 6weeks
and 3months for the affected as well as the unaffected hand.
Lastly, no association was found between 9-HPT score and inva-
siveness of treatment. The improvement in score of both hands
between consecutive measurement sessions could very well rep-
resent a learning effect rather than a functional improvement.
Another possible explanation is simply that scores of the 9-HPT
are known to quickly and steadily improve with age, especially
during pre-adolescence. This would also explain “age” having a
significant influence on the scores of both hands in the mixed-
model repeated measurements analysis [31]. All in all, the 9-HPT
seems to be an unsuitable test for recovery of hand function
after pediatric forearm fractures. Based on these results and ear-
lier research by the same group, we strongly recommend that
future studies incorporate grip strength and potentially key grip
strength as outcome parameters of recovery after pediatric frac-
tures, as loss of strength has shown to be more prominent and
prolonged with a higher invasiveness of course of treatment
chosen [26].
A strong point of the current study is that a relatively large

variety of physical outcome measurements was evaluated in a
prospective setting at set moments in time. The follow-up rate
was high, with all children participating in at least two meas-
urement sessions, and the vast majority (83.3%) in all three ses-
sions. The most important limitation is the heterogeneity of the
study population with respect to age, type of fracture and
treatment, leading to small groups in subgroup analyses, espe-
cially in the ORIF group. Still, we could not find a larger pro-
spective study on functional recovery after reduced pediatric

Figure 2. Percentage of children experiencing a specific symptom at T1, T2, and T3.

Table 2. Range of motion and dexterity of affected versus unaffected side.

Affected
side

Unaffected
side

Sig.
(2-tailed)Mean SD Mean SD

MCP I flexion (�) T1 56 12.909 60 10.885 0.002
T2 57 13.244 60 11.132 0.076
T3 59 10.451 60 10.594 0.571

Lateral abduction thumb (�) T1 55 11.910 59 12.179 0.007
T2 56 12.280 59 12.597 0.157
T3 56 10.310 59 12.822 0.060

Wrist dorsal flexion (�) T1 54 14.304 69 10.668 <0.001
T2 66 11.739 69 10.657 0.103
T3 71 13.949 69 10.178 0.365

Wrist palmar flexion (�) T1 53 14.849 71 11.585 <0.001
T2 64 10.379 71 11.474 <0.001
T3 70 7.524 71 11.528 0.516

Wrist radial deviation (�) T1 26 7.105 31 6.550 <0.001
T2 30 6.776 31 6.329 0.634
T3 32 7.787 31 6.438 0.302

Wrist ulnar deviation (�) T1 33 7.088 40 8.781 <0.001
T2 39 8.748 41 8.586 0.341
T3 42 8.632 40 8.808 0.439

Pronation (�) T1 71 15.715 84 10.867 <0.001
T2 76 14.623 84 10.918 0.002
T3 81 11.507 83 11.467 0.306

Supination (�) T1 78 24.358 96 19.299 <0.001
T2 93 21.575 96 18.736 0.276
T3 101 16.124 93 16.604 0.015

Elbow flexion (�) T1 141 6.995 142 5.734 0.142
T2 143 6.029 142 5.584 0.528
T3 144 4.205 142 5.711 0.024

Elbow extension (�) T1 4 7.532 5 5.921 0.542
T2 6 5.746 5 5.787 0.376
T3 7 6.241 5 5.869 0.113

Dexterity (s) T1 25 7.935 23 6.252 0.011
T2 23 6.466 22 5.573 0.189
T3 22 5.183 21 4.993 0.405

ROM of the affected hand, wrist and elbow of the affected side in degrees at
all 3 measurement sessions, compared to ROM of the unaffected side at T1.
Dexterity of the affected side in seconds compared to that of the unaffected
side at all measurement sessions. ROM: range of motion; T1: 6 weeks post-
trauma; T2: 3months post-trauma; T3: 6months post-trauma; SD: standard devi-
ation; Sig.: significance.
Bold values represent <0.05.
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forearm fractures. Another limitation is that due to the very
high percentage of boys in the study population, girls might be
underrepresented. To obtain a larger or less heterogeneous
study population, future research should either have a (much)
longer duration of inclusion or be multi-center in setup. We
hope that this study provides insight into useful outcome
measurements.
In conclusion, a quarter of children (25.9%) still perceive limita-

tions in their daily functioning 3months post-trauma. At
6months, this percentage decreased to 5.9%. Pain, swelling and
especially hypertrichosis are common post-traumatic symptoms in
children. Although their presence tends to persist, they only affect
a minority 6months post-trauma. We would advise further investi-
gation of the association between pain, reduced sensitivity and
hypertrichosis with treatment invasiveness. All movements distal
from the elbow showed to be significantly restrained in compari-
son to the unaffected side 6weeks post-trauma. Supination and
palmar flexion were affected most severely, followed by dorsal
flexion and pronation. Palmar flexion and pronation were affected
the longest and, moreover, significantly associated with the inva-
siveness of the course of treatment chosen. The 9-HPT seems to
be an unsuitable test for recovery of hand function after pediatric
forearm fractures. Based on earlier research the authors advise
incorporating grip strength and potentially key grip strength as
outcome parameters in recovery after pediatric fractures
instead [26].
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