
lable at ScienceDirect

Journal of Clinical Orthopaedics and Trauma 11 (2020) S46eS50
Contents lists avai
Journal of Clinical Orthopaedics and Trauma

journal homepage: www.elsevier .com/locate/ jcot
Hybrid fixation for adolescent both-bones diaphyseal forearm
fractures: Preliminary results of a prospective cohort study

Ahmed S. Elhalawany a, Ahmed Afifi a, Ashraf Anbar a, Sherif Galal a, b, *

a Department of Orthopaedic Surgery, Faculty of Medicine, Cairo University, Cairo, Egypt
b Department of Orthopaedic Surgery, Johns Hopkins Children's Center, Baltimore, MD, USA
a r t i c l e i n f o

Article history:
Received 2 April 2019
Received in revised form
30 April 2019
Accepted 6 May 2019
Available online 9 May 2019

Keywords:
Fracture
Fixation
Forearm
Pediatric
* Corresponding author. Department of Orthopaedic
Cairo University, Cairo, P.O 11559, Egypt.

E-mail addresses: ahmedsamir.ash198@gmai
ahmedafifi@kasralainy.edu.eg (A. Afifi), ashraf.anbar@
Galal@kasralainy.edu.eg (S. Galal).

https://doi.org/10.1016/j.jcot.2019.05.005
0976-5662/© 2019 Delhi Orthopedic Association. All
a b s t r a c t

Introduction: Both-bone forearm fractures account for 3.4% of all pediatric fractures and 26% of all pe-
diatric upper extremity fractures. Although non-operative management remains a feasible treatment
option for children older than 10 years, they have a higher incidence for malunion due to their limited
bone remodelling potential. Therefore, surgical intervention could be advocated for this age group,
however the optimal method of surgical fixation in this age group remains controversial.
Authors wanted to evaluate hybrid fixation (plating of ulna & elastic nail for radius) of adolescent both-
bone forearm fractures in a large single-institution cohort of patients.
Methods: A single-center, prospective cohort study was conducted at an academic Level 1 Trauma Center
from February 2016 to February 2019.
A total of 60 patients (age 10e16 years) with both-bones forearm fracture were enrolled. Patients were
assessed radiographically for union as well as clinically using the “Outcome Grading System” developed
by Martus et al. for functional assessment of surgical management of pediatric forearm fractures using
forearm rotation range of motion & complications rate.
Results: At final follow up for each patient (24 months) Union was achieved in all cases. Delayed union
occurred in 4 patients (2 radii & 2 ulnae) with no case of combined radius & ulnar delayed union. At final
follow up, the mean supination range was 81.27� ± 4.1�, while the mean pronation range was 68.17� ±
3.03�. The “Outcome Grading System” results were: 48 cases (80%) scored excellent, 10 cases (16.7%)
scored good & 2 cases (3.3%) scored fair.
Conclusion: Hybrid fixation method in adolescent both-bones forearm fracture could be a viable option
in managing these injuries & may reduce the problem of ulnar non-union encountered when using
elastic stable intramedullary nail (ESIN) in that age group.
Level of evidence: Level II, Therapeutic study.

© 2019 Delhi Orthopedic Association. All rights reserved.
1. Introduction

1.1. Background

Both-bone forearm fractures account for 3.4% of all pediatric
fractures and 26% of all pediatric upper extremity fractures.1,2 Most
forearm fractures in children younger than 10 years can be treated
successfully non-operatively, due to their remodelling potential.3,4
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Although non-operative management remains a feasible treatment
option for children older than 10 years, they have a higher inci-
dence for malunion due to their limited bone remodelling poten-
tial.5 Therefore, surgical intervention could be advocated for this
age group. Common indications for operative intervention include
unacceptable reduction, loss of reduction, open fractures, poly-
trauma & compartment syndrome.6 Treatment should aim at
maintaining length and rotational stability as well as restoring
functional pronation & supination range of motion.

The optimal method of surgical fixation in this age group re-
mains controversial.7,8 elastic stable intramedullary nail (ESIN) of-
fers many benefits like small wounds, minimal soft tissue
dissection, and spanning the whole length of the bone.9 However,
some recent studies have reported high complication rates of ESIN
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fixation, including delayed union and non-union of the ulna.
Moreover, several studies have shown that the complication rate of
ESIN fixation is higher in children aged > 10 years than in younger
children.10e13

Hybrid fixation, utilizing an elastic stable intramedullary nail
(ESIN) for fixing the radius combined with conventional plating for
the ulna, offers an attractive alternative, which would help reduce
non-union rate as well as providing forearm rotational control with
ulnar plate fixation while reducing the need for soft tissue dissec-
tion for radius plating.

The aim of this study was to evaluate hybrid fixation of
adolescent both-bone forearm fractures in a large single-institution
cohort of patients. The primary outcome was to report the union
time & rate for the ulna using this technique. The secondary out-
comes were to report, operative time, forearm supination-
pronation range of motion & complications.

Since the aim of this study was to establish that hybrid fixation
would be associated with less non-union of the ulna compared to
ESIN, thus the null hypothesis was that hybrid fixation has the same
rate for ulna non-union compared to ESIN.
2. Methods

2.1. Study design

An Institutional Review Board (IRB) approved, single-center,
prospective follow-up study including all patients treated with
hybrid fixation of both-bones forearm fracture who were eligible
for enrollment.
2.2. Setting

An academic Level 1 Trauma Center. The study was conducted
from February 2016 to February 2019 (patient enrollment
continued for 1 year, then study was terminated when a minim of 2
years follow-up was achieved for all patients).
2.3. Participants

Patients 10e16 years of age who presented to our service and
suffered simple, closed, diaphyseal both-bones forearm fracture
(Type 22-A3 fractures according to AO/Müller Classification)15] &
who were indicated for surgical management were eligible for
enrollment in the study, while those with open or pathologic or
Monteggia or Galeazzi or bilateral fractures or those with
compartment syndrome were excluded. Those with fractures older
than 14 days were also excluded. Indications for surgery were
polytrauma, unacceptable reduction & loss of reduction, our insti-
tution uses the parameters of acceptable reduction that are widely
accepted in the existing literature16,17]. The decision of operative
management was taken by the senior investigator (SG).

Data on age, gender, fracture level, fracture pattern, operative
time and complications (e.g. loss of reduction, malunion, infection)
were registered
Table 1
Outcome grading system.

Outcome Grade Range of Motion

Excellent Full
Good Loss of <10� pronation and
Fair Loss of 10e30� pronation a
Poor Loss of >30� pronation and
2.4. Intervention

The radius was fixed using one ESIN (with a nail diameter of 40%
of the medullary canal diameter) inserted through a styloid process
entry point. Closed reduction was achieved under C-arm guidance
for all radius fractures. The ulna was fixed using a 3.5mm dynamic
compression plate (DCP) with 3 screws on each side of the fracture.
All surgeries were performed by the same surgeon (AH). Surgeries
were performed under general anesthesia in the supine position
with hand to be operated over side arm support, a tourniquet was
used. Postoperatively patients were put in a splint for comfort. No
formal physical therapy was recommended post-operatively.

All patients were systematically examined at the outpatient
clinic after 2, 6 weeks, 3, 6 months and 2 years. Clinical data
(forearm supination-pronation range) were obtained during follow
up visits. Radiographic data (antero-posterior& lateral radiographs
of the forearm to assess bony union) were obtained until either
union was achieved or a diagnosis of non-union was established.

Delayed union was defined as incomplete consolidation at 90
days as described by Schmittenbecher et al.18 Incomplete healing by
6 months was considered a nonunion.19

The outcomes were assessed by 2 of the authors (AA & AA)
blinded to each other's assessment, if not in agreement a 3rd
assessment was done by the senior investigator (SG).

The “Outcome Grading System” (Table 1) developed by Martus
et al.14 was used for functional assessment. This outcome grading
system for surgical management of pediatric forearm fractures in-
corporates a modification of the validated Clavien-Dindo classifi-
cation of surgical complications (Table 2) and the minimum
forearm rotation required for activities of daily living (ADL) in
normal subjects.20,21 Normal range of forearm rotation was
considered to be 70� of pronation and 85� of supination.22 An
outcomewas judged excellent if the range of motionwas full and no
complications greater than grade 1 occurred. A good outcome was
reported upon mild loss of motion (<10�) with complications up to
grade 2. A fair outcome was reported if loss of motion was more
significant (10�e30�) and complications were grade 3 or less in
severity. A poor outcomewas reported if there was a significant loss
of motion (>30�) and/or there were complications of grade 4 or 5 in
severity.

2.5. Statistics

The statistical analysis was performed using the statistical
package SPSS (Statistical Package for the Social Sciences) version
25.

Mean and standard deviation (SD) were used to express
continuous data while frequency (count) and relative frequency
(percentage) was used to express categorical data.

Continuous variables were age, operative time, length of follow-
up period, bone union time and range of motion. Categorical vari-
ables were sex, side of injury, fracture pattern, fracture level,
functional outcome and complication.

The statistical difference was calculated using the Student's
tetest for continuous variables which followed a normal distribu-
tion and Mann-Whitney Uetest for those not following a normal
Complication Grade

Grade 1 or none
/or supination Grade 2 or less
nd/or supination Grade 3 or less
/or supination Up to grade 5



Table 2
Modification of the clavien-dindo classification of surgical complications.

Complication Grade Definition Examples

1 Deviation from a routine postoperative course without the need for intervention. � Asymptomatic delayed union
� Prominent implant

2 Resolution after outpatient management, pharmacologic therapy,
or close observation

� Superficial infection
� Transient nerve palsy

3 Requiring inpatient management or reoperation � Deep infection
� Implant migration requiring early removal

4 Complication that is limb threatening, life threatening, or resulting
in a permanent deficit

� Compartment syndrome
� Permanent nerve palsy
� Radioulnar synostosis
� Tendon rupture

5 Death of patient � Postoperative mortality secondary to
anesthetic reaction
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distribution. For comparing categorical data, the Chi-squared (c2)
test was performed.

4. Results

A total of 127 patients were assessed for eligibility, 52 patients
were excluded as they didn't meet the inclusion criteria, 15 patients
refused to participate in the study, so a final number of 60 patients
were enrolled. No patients were lost to follow up at time of final
data analysis.

The study included 54 males (90%) and 6 females (10%), the
mean age at time of enrolment was 11.83± 1.72 years. The mode of
injury was falling to the ground (FTG) in 54 patients, road traffic
accident (RTA) in 4 patients and direct trauma in 2 patients. The
Right side was affected in 44 patients (73.3%) and the left side was
affected in 16 patients (26.7%), 56 patients were right-handed, and
4 patients were left handed.

The fracture levelwasmid-shaft in 48 patients, proximal-shaft in
8 patients & distal-shaft in 4 patients. Fracture pattern was trans-
verse in 38& short oblique in 22 patients. The mean operative time
was 48.5± 10.8min.

Union was achieved in all cases. The mean time to union was
6.7± 1.5 weeks. Delayed union occurred in 4 patients (2 radii & 2
ulnae) with no case of combined radius & ulnar delayed union. The
2 radii finally united at 14 weeks while the 2 ulnae finally united at
15weeks. No surgical interventionwas needed to achieved union in
these cases.

At final follow up, the mean supination range was 81.27� ± 4.1�,
while the mean pronation range was 68.17� ± 3.03�. The “Outcome
Grading System” results were: 48 cases (80.0%) scored excellent, 10
Fig. 1. Radiograph representing one case A: pre-operative AP, B: pre-oper
cases (16.7%) scored good & 2 cases (3.3%) scored fair (one had
limited pronation range and the other had deep wound infection
that required debridement & implant removal).

Fig. 1 shows radiograph of one case & Fig. 2 shows a clinical
picture for the same patient.

5. Discussion

Surgical management for adolescent both-bones forearm frac-
ture is becoming more popular, however the optimal method of
surgical fixation in this age group remains controversial.7,8

Given the relative success of closed reduction and casting in
children, it is critical that operative techniques demonstrate low
complication rates.23

Several advantages of ESIN have been reported in the literature,
including decreased operative time, minimal soft tissue dissection,
improved cosmesis, ease of implant removal, and early return to
activity after implant removal.12,24

Delayed union and nonunion of the ulna after ESIN fixation of
pediatric forearm fractures has been recently reported to be
common.8,10e12,18,25 Ogonda et al.10 attributed that to fracture
distraction by the curved nail tip as its introduced in an antegrade
fashion from the olecranon. He also attributed the lower incidence
of delayed or no-union of the radius to the upward directed force
when the nail is inserted in a retrograde fashion.

Salvi26 described that the ulna plays a greater role in main-
taining the stability of the forearm than the radius, especially
during buckling and torsional stress. Therefore, restoring the orig-
inal function of the ulna is necessary to rebuild forearm stability,
and ulnar plate fixation theoretically provides better stability than
ative lateral, C: Final (3 months) AP, D: final (3 months) lateral view.



Fig. 2. Clinical Picture showing forearm supination-pronation forearm range in patient whose radiographs are shown in Fig. 1. A: maximum supination, B: maximum pronation.
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ESIN fixation.
Advocates of both-bones forearm fractures plating suggest that

it allows for anatomic restoration of the radial bow. Several studies
in the adult population showed that a change in either the
magnitude or location of radial bow has been associated with the
decrease of forearm rotation range.27,28 Although the use of plate
fixation has been shown to lower the risk of forearm loss of rotation
rang, it has not eliminated that risk, as factors other than the
method of fracture fixation come to play in determining the fore-
arm rotation range. Schemitsch et al. showed in their cadaveric
study that re-establishing themagnitude and location of radial bow
is more difficult to achieve with ESIN.28 Although nail contouring
helps re-establish the radial bow, in our experience, planned nail
contouring is frequently compromised during nail insertion. In the
study conducted by Shah et al.23 they showed that themagnitude of
radial bowwas nearly completely restored with use of ESIN, but the
location of the maximal radial bow was translated distally, despite
that they found no difference between plating and ESIN groups in
regaining forearm rotation at their final follow up. Many compar-
ison studies in children report no difference in functional outcome
between ESIN and plating.12,24,29e31

Colaris et al. in their study32 cautions against single-bone fixa-
tion in both-bones forearm fractures in children.

In light of the previously mentioned literature, the authors
wanted to evaluate the hybrid fixation technique in adolescent
both-bones forearm fractures, which would provide maximal ulnar
stability (thought to yield a better supination-pronation range
outcome& a lower non-union rate) as well as fixing the radius with
a minimally invasive technique thus achieving dual bone fixation
while minimizing the need for extensive soft tissue dissection &
improving cosmesis.

In this study, the authors observed high union rate of the ulna
compared to rates reported in the literature when using ESIN as
well as achieving favorable functional outcome.

To the best of the authors knowledge this is the first prospective
pilot study to present results for hybrid fixation of adolescent both-
bones forearm fractures, paving the way to further studies that
would include more patients and perhaps parallel groups study
design. The authors think that among the strengths of this study is
the fact that all surgeries were performed by one surgeon to help
eliminate surgeon's training & skills as a confounding factor.

The authors think the limitations to this study is that in order to
generalize their results, further research would be needed that
involve multiple centers with multiple surgeons performing this
technique.

In conclusion, the authors believe that hybrid fixationmethod in
adolescent both-bones forearm fracture could be a viable option in
managing these injuries & may reduce the problem of ulnar non-
union encountered when using ESIN in that age group.
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