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Abstract

Objectives: Our objectives were to study the epidemiology, management and change in trends in management of paediatric
diaphyseal forearm fractures during the COVID-19 pandemic.

Methods: It was a prospective study which included all fresh (< 3 weeks), traumatic, forearm diaphyseal fractures in
paediatric patients < 16 years. Closed & compound grade I fractures were included. Pathological fractures, compound grade
II/11I fractures and fractures >3 weeks old were excluded. All patients underwent closed reduction and above elbow cast
application. Acceptability of reduction was graded as per the criteria described by Noonan K], et al. At 2 weeks follow-up,
repeat check radiograph was done for assessing acceptable reduction. Patients with acceptable reduction were continued
with nonsurgical treatment and patients with loss of reduction were offered operative intervention. But due to refusal of
operative intervention by the parents, patients were continued with the nonsurgical treatment.

Results: Eighty patients were available for follow-up. Mean age was 7.78 years. Left to right side involvement was 58% & 42%
respectively. Out of 80 patients, 20 patients were operated due to failed closed reduction, while 60 patients were managed
nonsurgically. Out of 60 patients, 18 (30%) presented with loss of reduction and were offered surgery. Refusal to surgery
pushed us to continue with nonsurgical treatment and evaluation as a separate group in the study as nonsurgically treated,
not meeting the acceptability criteria. In nutshell out of 80 patients, 20 were managed operatively, while 60 were managed
nonsurgically, 42 (70%) patients meeting the acceptable reduction criteria while 18 patients (30%) were not meeting the
acceptable reduction criteria. Restriction of forearm rotations was found to be statistically insignificant in all nonsurgically
treated patients irrespective of the reduction criteria met or not. Furthermore, on sub-grouping the patients with loss of
reduction, on the basis of age and angulation it was observed that there was no significant change in the final functional
outcome in the patients with angulation of 15-18 degrees in < 10 years of age and 10-13 degrees in > 10 years of age weather
treated conservatively or operatively (p value = 0.522). However, when angulation was > 18 degrees in < 10 years of age and >
13 degrees in > 10 years of age, it was observed that operated patients had statistically significant better functional outcome
when compared to conservatively treated patients (p value < 0.05).

Conclusion: Our study attempts to highlight the management of paediatric forearm diaphyseal fractures with emphasis
on nonsurgical management of these injuries to deal with the scarcity of follow-up care during the global health crisis. The
encouraging results of our conservatively treated patients, even when angulation is few degrees more than the acceptable
limit, allows us to widen the acceptable limit of reduction in paediatric population, especially when the health care system
is challenged by the global pandemic and its restrictions. However more studies are required to confirm our findings before

making them generalizable.
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Introduction

Both bone forearm fractures account for 3-6% of all
fractures in children [1]. Forearm fractures are the 3™
most common fracture in children [2]. The most common
mechanism of injury is fall onto an outstretched hand [3].
Management of paediatric forearm fracture is a challenge
for the treating orthopaedic surgeon. The diagnosis of
forearm fracture is straight forward. However treatment of
such fractures is contentious (surgical vs nonsurgical) due
to fewer acceptances of deformity and functional loss. In the
1960s, closed reduction and immobilisation in plaster were
recommended for all of the paediatric forearm fractures,
and the criteria of acceptable reduction varied. Management
of paediatric forearm fractures has witnessed a significant
transform in last two to three decades of the 20" century
with the prototype shift from conventional nonsurgical
management to surgical management. Schmittenbecher
have shown that surgical management of diaphyseal
forearm fractures at their institution has increased from
1% between 1976 and 1985 to 40.4% between 1998 and
2000 [4]. Ever since there is an increased interest in surgical
treatment of diaphyseal forearm fractures, especially in
older age group (= 10 years). However, the COVID-19 global
pandemic not only has profound effect on the volume and
epidemiology of paediatric diaphyseal forearm fractures,
but also raised a concomitant concern about follow-up and
subsequent management. Orthopaedic daily practice has
been profoundly revolutionized by the pandemic. During
the COVID pandemic, there was an increased emphasis on
nonsurgical strategies [5].

Our objectives were to study the epidemiology and
management of the paediatric diaphyseal forearm fractures
during the COVID-19 pandemic. We further studied the
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change in trends from surgical to nonsurgical management
of these injuries to deal with the scarcity of follow-up care
during the global health crisis.

Methods
Study Design

This was a prospective study of the management of
paediatric diaphyseal forearm fractures, from October
2020 to September 2022. The study was approved by the
institutional ethical committee (IECJNMC/380). Informed
consent was obtained from the parents of all the patients.
The study was performed according to the ethical standards
of the 1964 Declaration of Helsinki as revised in 2000.

Inclusion and Exclusion Criteria

We included all fresh (< 3 weeks), traumatic, forearm
diaphyseal fractures in paediatric patients < 16 years of
age. Closed as well as compound grade I fractures [6] were
included. Pathological fractures, compound grade II & III
fractures and fractures >3 weeks old were excluded from the
study.

Management Protocol

Paediatric patients with pain and deformity following
trauma to the forearm were carefully evaluated clinically for
any associated injuries, skeletal or otherwise. Once patients
were haemodynamically stable, radiological evaluation of
the forearm was carried out by obtaining two orthogonal
views of forearm including the wrist and elbow joints. After
assessment, all closed and compound grade I fractures
were treated with closed reduction and above elbow cast
application with post-reduction check radiographs in two
orthogonal planes (AP and lateral views). Acceptability
of reduction was graded as per the criteria described by
Noonan K], et al. [7] (Table 1).

Patient age Angulation (degrees) Mal-rotation (degrees) Bayonet apposition
0-9 years <15 <45 Yes, if <1 cm short
210 years (mid/distal shaft) <15 <30 None
210 years (proximal shaft) <10 0 None
Approaching skglgtal maturity (<2 years 0 0 None
remaining growth)

Table 1: Acceptable reduction guidelines for paediatric both-bone forearm fractures stratified by age and fracture location [7].

If fracture reduction was found in acceptable range,
patients were discharged with the advice to follow up after 2
weeks for repeat check radiograph. If the fracture reduction
is not as per the reduction criteria, then another trial of

Siddiqui YS, et al. Management of Diaphyseal Forearm Fractures in Paediatric Patients: Lesson Learnt During

COVID-19 Pandemic. ] Ortho Bone Disord 2023, 7(4): 000253.

closed reduction and cast application was given for getting
an acceptable reduction and now if the reduction is achieved,
the patient is asked to come after 2 weeks for repeat check
radiograph. However, if the reduction criterion is not met
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then the patient is planned for operative intervention. At
2 weeks follow-up, repeat check radiograph was done for
assessing acceptable reduction (as per the study criteria).
Patients with acceptable reduction were continued with
nonsurgical treatment. However, parents of patients with
loss of reduction were explained and offered operative
intervention. But due to refusal of operative intervention by
the parents, patients were continued with the nonsurgical
treatment.

Functional Outcome Evaluation

All the patients included in the study were followed up
and assessed for functional outcome score at minimum of 6
months by the criteria proposed by Flynn JM, et al. [1] (Table
2).

Clinical Outcome

Criteria
Score
Full range of motion (supination and
Excellent pronation), and no postoperative
complications
Minimal loss of range of motion
Fair (< 30 degree of supination and/or

pronation) and/or minor, resolving
postoperative complication

Loss of range of motion (supination
and pronation) > 30 degree, and/or
Poor major postoperative complication
(i.e., infection, compartment
syndrome, or delayed union)

Table-2: Outcome Classification for paediatric Forearm
Fractures.

Hence, based on treatment received and refusal to
surgery by parents at 2 weeks follow-up in loss of reduction
cases, the study subjects have been divided into 3 groups and
clinic-radiological evaluation was done in these three groups
as per the criteria proposed by Flynn JM, et al. [1].

1. Nonsurgical management (coming in reduction criteria)

2. Nonsurgical management (not coming in reduction
criteria)

3. Operatively treated

Statistical Analysis

Qualitative variables were recorded as frequencies and
percentages and compared by chi-square test (y2 test).
Quantitative variables were presented as means + SD and
compared by Student’s t test. A p-value less than 0.05 was
considered statistically significant.
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Results
Study Population and Demographic
Characteristics

A total of 100 patients with diaphyseal forearm fractures
presented to our institute, from October 2020 and September
2022, were examined, assessed and treated according
to the study treatment protocol. Twenty patients were
lost to follow up due to COVID-19 lockdown restrictions.
Finally 80 patients (80%) were available for follow-up and
observations were recorded as per fixed proforma. Out of 80
patients, 52 patients (65%) in the study were males and 28
(35%) were females. Mean age of patients in the study was
7.78 years (range 2 months to 16 years). Twenty five patients
were in the age group of 0-5 years, 32 patients were in age
group of 6-10 years and 23 were in 11-16 years age group. In
the present study, 58% patients had involvement of left side,
while 42% had involvement of right side (Table 3).

Variables Number of patients
Male = 52 (65%); Female = 28
Gender (35%)
Age Range = 2 months to 16 years; Mean
g =7.78 years
. Right = 33 (41.25%); Left = 47
Side Involved (58.75%)
Diaphyseal Proximal = 24 (30%); Middle = 29
Location (36.25%); Distal = 27 (33.75%)

Number on bone Both bones = 62 (77.5%); Single

involved Bone =18 (22.5%)
Method of Nonsurgical = 60 (75%); Surgical =
treatment 20 (25%)

Table 3: Demographical details of our study population.

Sixty two patients (77.5%) sustained injury to both
bones while 18 patients (22.5%) sustained injury to either
ulna or radius. Out of 18 patients who had single bone
involved two cases have distal radio ulnar joint subluxation.
Twenty four patients had proximal 1/3 fracture, 29 of the
patients had middle 1/3 fracture and 27 had distal 1/3
fracture. In the study all patients were given an attempt of
closed reduction and cast application at presentation, failing
which patients were operated. Out of 80 patients, 20 patients
were operated due to failed closed reduction, while 60
patients were managed nonsurgically. Among the surgically
treated patients, 10 patients were treated with K-wires, 8
with titanium elastic nails, and 2 with compression plating.
Range of follow-up varied from 6 months to 24 months
(mean = 11.7 months).
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Loss of Reduction at 2 Weeks in Nonsurgically
Treated Patients

In the current study, we treated 60 patients
nonsurgically as per the criteria described by Noonan
KJ (1998) based on acceptable reduction guidelines for
paediatric forearm bone fractures stratified by age and
fracture location [7]. Out of the 60 patients, 18 (30%)
patients presented with loss of reduction at 2 weeks
(deviation from acceptable reduction criteria). Although
we offered surgical intervention to the patients, refusal to
surgery due to one or other reason pushed us to continue
with nonsurgical treatment in these 18 cases. So they were
evaluated as a separate group in the study as nonsurgically
treated, not meeting the acceptability criteria. In nutshell
out of 80 patients, 20 were managed operatively, while 60
were managed nonsurgically, 42 (70%) patients meeting
the acceptable reduction criteria while 18 patients (30%)
were not meeting the acceptable reduction criteria.

Treatment Type Versus Restriction of Forearm
Rotations (Supination and Pronation)

In current study, restriction of forearm supination
movement was found to be statistically insignificant in all
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nonsurgically treated patients irrespective of the reduction
criteria met or not. Twenty seven patients (64%) treated
nonsurgically as per the reduction criteria, had no restriction
in supination, while 13 patients (32%) had 10 degree of
restriction, and 2 patients (4%) had 20 degree of restriction.
While 8 patients (45%) treated nonsurgically, deviating from
the acceptable reduction (not coming in the reduction criteria)
had no restriction in supination, 7 patients (41%) had 10
degree of restriction and 3 patients (14%) had 20 degree of
restriction. Similarly, the range of restriction in pronation
was found to be statistically insignificant in patients who
were treated nonsurgically weather coming in the reduction
criteria or not. Twenty four patients (57%) who were treated
nonsurgically as per reduction criteria had no restriction
in pronation, while 15 patients (35%) had 10 degree of
restriction and 3 patients (8%) had 20 degree of restriction.
While, 7 patients (37.5%) who were treated nonsurgically,
deviating from the acceptable reduction (not coming in the
reduction criteria) had no restriction in pronation, 6 of them
(33.3%) had 10 degree of restriction and 5 patients (29.2%)
had 20 degree of restriction. Figures 1 & 2 represents the
patients with loss of reduction at 2 weeks follow-up in our
study population with good clinico-radiological healing.

Figure 1: A: Pre-reduction plain radiograph showing both bone forearm fracture in 14 year old boy:.
B: Immediate radiograph following closed reduction showing acceptable reduction.
C: Radiograph at 2-weeks, showing angulation of 11° (outside range of acceptable limits).
D: Radiograph showing united fracture with remodelling of angulation.
E & F: Clinical photograph showing full supination with terminal 20° of pronation restriction.
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Figure 2: A: Pre-reduction plain radiograph showing both bone forearm fracture in 7 year old boy.
B: Immediate Check radiograph showing an angulation of 8.6 degrees (acceptable Range).
C: Radiograph at 2-weeks, showing angulation of 18.5° (outside range of acceptable limits).
C: Radiograph showing united fracture with remodelling of angulation (3.6° of angulation).
E & F: Clinical photograph showing full supination with terminal 10° of pronation restriction.

Comparison of Functional Outcome between
Nonsurgically and Surgically Treated Patients
at Final Follow Up

Patients had been assessed for functional outcome score
based on the criteria proposed by Flynn JM, et al. [1], and
they were graded accordingly. Twenty eight patients (66%)
had excellent functional outcome, 13 patients (32%) had fair
outcome and one patient (2%) had poor outcome who were

managed conservatively (coming in the reduction criteria
proposed by Flynn M], et al. [1]. While, 5 patients (29%)
had excellent functional outcome, 11 patients (62%) had
fair outcome and 2 patients (9%) had poor outcome who
were managed conservatively (not coming in the reduction
criteria proposed by Flynn M], etal. [1]. However amongst the
surgically treated patients, 12 patients (60%) had excellent
functional outcome, 7 patients (35%) had fair outcome and
one patient (5%) had poor outcome (Table 4).

Conservative Conservative
Functional . : . Chi-square
RIS SIS (Within range of (Outside range of Operative =il p-value
acceptable reduction) acceptable reduction)
Excellent 28 (66%) 5 (29%) 12 (60%)
Fair 13 (32%) 11 (62%) 7 (35%) 32.58 p<0.05
Poor 1(2%) 2 (9%) 1(5%)

Table 4: Functional outcome for all patients, treated nonsurgically (including patients within range of acceptable reduction &

outside range of acceptable reduction) and surgically as per criteria proposed by Flynn JM, et al. [1] (Table 2).
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Comparison of Functional Outcome between
Nonsurgically Treated (with Loss of Reduction)
and Surgically Treated Patients

The 18 patients treated nonsurgically with loss of
reduction at 2 weeks, were divided into two groups on the
basis of angulation and age of the child (group 1 and 2), and
were compared with the surgically treated patients.

Group 1: Angulation of 15-18 degrees < 10 years; angulation
of 10-13 degrees in > 10 years. Group 2: Angulation of >18
degrees in < 10 years; angulation of >13 degrees in > 10
years.

Journal of Orthopedics & Bone Disorders

In our study the final functional score between the
group 1 (n=14) and operative group (n=20) was found to be
statistically insignificant, and it was observed that there was
no significant change in the final functional outcome in the
patients with angulation of 15-18 degrees in < 10 years of
age and 10-13 degrees in > 10 years of age weather treated
conservatively or operatively (Table 5). Final functional
score between the group 2 (n=4) and operative group
(n=20) was found to be statistically significant, and it was
observed that patient had better functional outcome when
treated operatively as compared to conservatively treated
when angulation is > 18 degrees in < 10 years of age and > 13
degrees in > 10 years of age (Table 6).

Group 1
Functional outcome - R Operative Chi-square -value
ST Angulation of 15-18 degrees < 10 years; p \ Tl i p-valu
angulation of 10-13 degrees in > 10 years
Excellent 7 (50%) 12 (60%)
Fair 6 (42.86%) 7 (35%) 1.29 p=0.522
Poor 1 (7.14%) 1 (5%)

Table 5: Comparison of functional outcome between operative group and group 1 (Angulation of 15-18 degrees < 10 years;

angulation of 10-13 degrees in > 10 years).

Group 2
Functional outcome L . Chi-square
ST Angulation of >18 degrees in < 10 years; Operative s p-value
angulation of >13 degrees in > 10 years
Excellent 1(25%) 12 (60%)
Fair 2 (50%) 7 (35%) 30.39 P<0.05
Poor 1(25%) 1 (5%)

Table 6: Comparison of functional outcome between operative group and group 2 (Angulation of >18 degrees in < 10 years;

angulation of >13 degrees in > 10 years).

Discussion

Of late, diaphyseal forearm fractures in children have
become increasingly common. Conservative treatment is
usually preferred modality of treatment for uncomplicated
union and good functional outcome. Potential complications
included with management of such fractures are re-
displacement (loss of reduction), decreased range of motion
(forearm rotations), delayed union, residual deformity, and
re-fracture. Of these complications, re-displacement was our
main concern in the current study due to the restrictions
imposed in COVID-19 lockdown, as the restrictions were
a potential menace to regular follow-up and further
management. Some studies showed that there isan increased
interest in surgical treatment of diaphyseal forearm fractures
[1,4]. It was reported that there is an increase in the rate of
complications following non-operative treatment compared
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with operative treatment which could be the reason that
management has shifted to surgical one [8]. However, the
COVID-19 global pandemic not only has profound effect
on the volume and epidemiology of paediatric diaphyseal
forearm fractures, but also raised a concomitant concern
about follow-up and subsequent management. During the
COVID-19 pandemic, there was an increased emphasis on
nonsurgical strategies for managing orthopaedic injuries
including the paediatric diaphyseal forearm fractures [5].
Our study findings suggested the inclination of the doctors
and parents for nonsurgical management of these injuries
in order to deal with the scarcity of follow-up care during
the global health crisis (75% nonsurgical vs 25% surgical
management of the study subjects). Furthermore, the change
in trend from surgical to nonsurgical management was also
reinforced by the refusal to surgery by the parents due to one
or the other reason in cases of re-displacement at 2 week
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follow-up.

Evaluation of the patients with loss of reduction (re-
displacement) at follow-up as a separate group (nonsurgically
treated, not meeting the acceptability criteria), revealed
remarkable findings. Restriction of forearm rotations
(supination and pronation) was found to be statistically
insignificant in all nonsurgically treated patients irrespective
of the reduction criteria met or not. Furthermore, on sub-
grouping the patients with loss of reduction into two
groups on the basis of age and angulation, it was observed
that there was no significant change in the final functional
outcome in the patients with angulation of 15-18 degrees
in £ 10 years of age and 10-13 degrees in > 10 years of age
weather treated conservatively or operatively (p value =
0.522). However, when angulation was > 18 degrees in < 10
years of age and > 13 degrees in > 10 years of age, it was
observed that operated patients had statistically significant
better functional outcome when compared to conservatively
treated patients (p value < 0.05). On reviewing the literature,
whether anatomic alignment associates well with forearm
rotations is contentious. Fuller, et al. [9] established a
positive relationship with residual angulation and eventual
range of motion. On the other hand, reports of good forearm
rotations with poor anatomic healing can be seen in
literature [10]. Conversely, cases of anatomic healing with
documented motion loss have been reported [10,11]. Studies
of documented mal-unions revealed that good functional
outcome can be obtained in patients with motion loss up to
50 degrees, and that more symptomatic losses can be partly
compensated for with shoulder movements [9,11]. Some
authors have reported little functional loss with decreases in
forearm rotations of 35 to 40 degrees [10,12]. Hogstrom H, et
al. [13] reported that some patients with a limitation of < 60
degrees of forearm rotations appeared to be unaware of their
incapacity. In addition, it is feasible that patients with initially
unsatisfactory motion may have improvement with time [14].
Although differing definitions of acceptable alignment have
been delineated in the literature, many patients with residual
deformity have good functional results [7]. This disparity
in literature suggests that factors other than alignment
may affect range of motion. In print discrepancies between
residual angular deformity and final forearm rotations may
be attributed to the inability to accurately document and
record the radiographic mal-rotation [9-11,15].

Literature is divided on the opinion to change over to
surgical management in conservatively managed children,
owing to the considerable remodelling potential, gradual
improvement in forearm rotations with time and variable
acceptability criteria, especially in the hands of experienced
paediatric orthopaedic surgeons. Franklin CC, et al. [16]
stated that, successful treatment of paediatric forearm
fractures should result in painless and complication free
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outcomes with functional forearm rotations [17]. Caruso G, et
al. [18] reported that conservative management is a safe and
successful treatment choice in forearm fractures in children.
Operative intervention is recommended when an acceptable
reduction cannot be obtained with conservative treatment
[16]. Although we offered operative intervention for patients
with loss of reduction, but refusal from parents due to
COVID-19 restrictions pushed us for accepting the reduction
and continuing it till union. Our study demonstrated that the
functional outcome was comparable with operated patients
even with angulation of 15-18 degrees in < 10 years and
angulation of 10-13 degrees in > 10 years in nonsurgically
treated patients. However, when angulation is >18 degrees
in < 10 years and angulation of >13 degrees in > 10 years,
the functional outcome was inferior in nonsurgically treated
patients when compared with operated patients. Therefore,
accepting the reduction within few degrees of deviation from
standard reduction criteria proposed by Noonan K], et al. [7],
has no significant effect on forearm rotations and functional
outcome.

Conclusion

Our study attempts to highlight the management of
paediatric forearm diaphyseal fractures with emphasis
on nonsurgical management of these injuries to deal with
the scarcity of follow-up care during the global health
crisis. The strengths of the study were prospective nature,
a definite treatment protocol and valid evaluation tools.
However, small sample size and short follow-up were the
limitations of current study. The encouraging results of our
conservatively treated patients, even when angulation is few
degrees more than the acceptable limit, allows us to widen
the acceptable limit of reduction in paediatric population,
especially when the health care system is challenged by
the global pandemic and its restrictions. Nevertheless if the
reduction is not maintained then it is advisable to go for
operative intervention as it provides better reduction, early
physiotherapy and excellent range of motion. However more
studies are required to confirm our findings before making
them generalizable.
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