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Abstract

Objective The aim of this study was to compare the radiographic and functional outcomes of operative intervention
in patients with both-bone forearm fractures treated by open reduction and internal fixation (ORIF) with plates or
intramedullary (IM) nailing.

Methods Studies published in PubMed, EMBASE, Web of Science, SinoMed (Chinese BioMedical Literature
Service System, China), and CNKI (China National Knowledge Infrastructure, China) were systematically searched.
The main outcomes included time to union, union rate, operation time, magnitude and location of radial bow, loss of
forearm rotation, and complication rates. Results were expressed with weighted mean difference or risk ratio with
95 % confidence intervals. Pooled estimates were calculated using a fixed-effects or random-effects model according
to the heterogeneity among studies.

Results A total of 13 studies met the inclusion criteria and were included in this meta-analysis. Compared with
ORIF, IM nailing significantly reduced the operation time and complication rate. However, no significant differences
were observed between the two surgical techniques in several outcomes, including time to union, union rate, radial
bow magnitude, and loss of forearm rotation. Except in complications, these findings were consistent across the
subgroup analysis of children and adult patients.

Conclusion IM nailing is associated with shorter operation time and lower complication rate compared with ORIF. It
is an effective and safe treatment option for children and adults with both forearm fractures. However, considering
the limitations in this study, large-scale, high-quality randomized controlled trials are needed to indentify these

findings.

Introduction

Both-bone forearm fractures account for 3.4 % of all
pediatric fractures and 26 % of pediatric upper extremity
long-bone fractures [1, 2]. As one of the various types of
forearm fractures, both-bone forearm fractures are
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frequently occurred in adults in clinical practice [3]. It has
been demonstrated that open reduction and internal fixation
(ORIF) with plates is the most commonly used technique
for the treatment of operative stabilization of diaphyseal
fractures of both forearm bones [4]. Several advantages of
plate fixation have been proposed, including good fixation,
adequate reduction, and satisfactory healing and functional
recovery [5]. However, it also has several recognized
complications, such as extensive soft tissue damage,
radioulnarsynostosis, and neurovascular injury, nonunion,
refracture and infection after plate removal [6-9]. Intra-
medullary (IM) nailing has been proposed as an alternative
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method to circumvent these above problems [10, 11].
Many reports showed several advantages of the IM nailing
technique, including improved cosmesis, limited soft tissue
dissection, reduced operative time, ease of implant
removal, and early return to activity after implant removal
[6, 12]. However, IM nailing may not be favored for both-
bone forearm fractures because it might result in high rate
of nonunion, neurovascular injuries, and the need for
additional immobilization [13].

It was hypothesized that ORIF and IM nailing would
achieve good fixation and functional outcome, minimal
damage to soft tissues, and lower refracture. There have
been several direct comparisons between ORIF and IM
nailing in children or adults [7, 12, 14]. However, their
results remained controversial. We therefore conducted this
meta-analysis based on available studies to compare the
efficacy and safety between ORIF and IM nailing in
patients with both-bone forearm fractures.

Materials and methods
Search strategy

We conducted this meta-analysis in adherence to the
methods of the Cochrane Handbook for Systematic
Reviews of Interventions [15]. The findings were reported
according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) statement [16].
PubMed, EMBASE, Web of Science, SinoMed (Chinese
BioMedical Literature Service System, China), and CNKI
(China National Knowledge Infrastructure, China) were
systematically searched from inception through March 20,
2016, to identify relevant studies. The search items were
listed as followings: (Both-bone[All Fields] AND (“fore-
arm”[MeSH Terms] OR “forearm”[All Fields]) AND
(“fractures, bone”[MeSH Terms] OR (“fractures”[All
Fields] AND “bone”[All Fields]) OR “bone fractures”[All
Fields] OR “fracture”[All Fields])) AND (open[All Fields]
AND reduction[All Fields] AND (“fracture fixation,
internal”’[MeSH Terms] OR (“fracture”[All Fields] AND
“fixation”[All Fields] AND “internal”[All Fields]) OR
“internal fracture fixation”[All Fields] OR (“internal”[All
Fields] AND “fixation”[All Fields]) OR “internal fixa-
tion”[All Fields]) AND plates[All Fields]) AND (“fracture
fixation, intramedullary”’[MeSH Terms] OR (“frac-
ture”[All Fields] AND “fixation”[All Fields] AND “in-
tramedullary”[All Fields]) OR “intramedullary fracture
fixation”[All Fields] OR (“intramedullary”[All Fields]
AND “nailing”[All Fields]) OR “intramedullary nail-
ing”[All Fields]). Details of the search strategy are shown
in “Appendix”. No language restriction was applied. We
also manually searched the bibliographies of the previous

reviews and of the included studies to identify other
potentially eligible trials.

Study selection

Two investigators independently carried out the literature
search, deleted duplicate records, reviewed the titles and
abstracts, and identified the records as included, excluded
or requiring further assessment. We included the studies
that met the following inclusion criteria: (1) population:
children or adult patients with simple or moderately com-
minuted diaphyseal fractures in both forearm bones; (2)
intervention: IM nailing; (3) comparison: ORIF; (4) out-
come: time to union, magnitude and location of radial bow,
operation time, loss of forearm rotation, union rate, and
complication rates; and (5) design: randomized controlled
trials (RCTs) and observation studies (prospective or ret-
rospective cohort studies). Disagreements between the
investigators were resolved by discussion and consensus.

Data extraction and quality assessment

Data extraction was performed by independently. The
following information was obtained from each study: first
author, year of publication, country, study design, number
of patients in each group, demographic characteristic,
surgical procedure, and outcome data (time to union,
magnitude and location of radial bow, operation time, loss
of forearm rotation, union rate, and complication rates).
When the same trial appeared in several publications, we
retained only the latest, or most information study to avoid
duplication of information. The Cochrane risk of bias tool
was used to evaluate the risk of bias for each RCT [17], and
the modified Newcastle-Ottawa scale was adopted to
assess the risk of bias in observational studies [18].

Statistical analysis

We compared the effects of ORIF and IMN in patients with
both-bone forearm fractures on the data from the included
studies. For continuous variables (i.e., time to union,
magnitude and location of radial bow, and operation time),
the mean value and standard deviation (SD) were extracted
from the included studies. Thereafter, the weighted mean
difference (WMD) with 95 % confidence intervals (Cls)
was calculated. For dichotomous variables (i.e., loss of
forearm rotation, union rate, and complication rates), the
number of events and total number of patients was
extracted from the included studies. Thereafter, they were
expressed as risk ratio (RR) with 95 % CIs. We used P
statistic to test the heterogeneity among the included
studies, in which I value of greater than 50 % was con-
sidered to be substantial heterogeneity [15]. We pooled the
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Fig. 1 Eligibility of studies for
inclusion in meta-analysis
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Literature assessment and data

WMD and RR of each study by using a fixed-effects model
(Mantel-Haenszel method) [19] or random-effects model
(DerSimonian—Laird method) [20] according to the
heterogeneity. When significant heterogeneity was identi-
fied, the random-effects model was used; otherwise, the
fixed-effects model was used. Sensitivity analysis was
conducted by omitting one study in each turn to explore the
influence of a single study on the overall pooled estimate.
We also conducted subgroup analysis according to the
patients’ age (children vs. adult). The Begg’s [21] and
Egger’s [22] tests were conducted to evaluate the presence
of publication bias. We considered a P value of less than
0.05 to be statistically significant, except where otherwise
specified. All statistical analyses were performed using
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STATA version 12.0 (StataCorporation, College Station,
TX, USA).

Results
Study identification and selection

The initial search yielded 1217 relevant citations from
PubMed, EMBASE, Web of Science, SinoMed, and CNKI.
Of these, 536 were excluded as duplicate records, and 662
were excluded after review of title/abstract (Fig. 1).
Therefore, 19 potential studies were identified for the final
analysis; however, 6 studies were excluded because four
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were single-arm studies and two did not provide available
data. Finally, 13 studies (involving 854 patients) [6, 23]
were included in this meta-analysis.

Study characteristics and quality assessment

The main characteristics of the included studies are shown in
Table 1. These studies were published between 2005 and
2016. The sample size ranged from 30 to 200 (ORIF group,
416; IM nailing group 438). Among these studies, eight were
published in international English journal [6, 23-29], and
five were in Chinese core journal [30-34]. All these studies
were prospective or retrospective cohort studies except four
[26,29, 31, 32], which was performed with a RCT design. Of
these 13 studies, 2 were conducted in USA [6, 24, 25], 6 in
China [29-34], 2 in Germany 6, 26, and 1 each in UK [27],
Korea [23], and Turkey [28]. The subject populations in
seven studies were adults [23, 26, 29, 31-34] and in six were
children [6, 24, 25, 27, 28, 30].

Quality assessment

The risk of bias assessment of the included studies is
presented in Table 2. One of the four RCTs was con-
sidered as low risk, while the remaining three were
uncertain. Based on the Newcastle-Ottawa scale to
evaluate the risk of bias of cohort studies, all these
studies were scaled as a total score of >5 (Table 3),
indicating a low risk of bias.

Time to union

Six of the included studies provided data for time to union
[23, 24, 28, 29, 31, 32]. Compared with IM nailing, ORIF
had no benefit on time to union (WMD = 0.98 weeks,
95 % CI —0.92, 2.87; P = 0.312) (Fig. 2), with significant
heterogeneity (P < 0.001, I* = 88.0 %). The results also
were consistent across all subgroup analyses (for adult:
WMD = 1.23 weeks, 95 % CI —1.29, 3.76; P = 0.339;

Table 1 Baseline characteristics of patients in the trials included in the meta-analysis

Study Country Population  Treatments  No. of patients Male/female = Age (mean £ SD, year)  Study design

Lee [23] Korea Adults ORIF 32 22/10 40.3 £ 10 Prospective cohort
IMN 35 23/12 43.1 £ 11

Shah [24] USA Children ORIF 46 37/9 141 £1.5 Retrospective cohort
IMN 15 10/5 133 £ 1.0

Reinhardt [25] USA Children ORIF 12 10/2 14.4 (11.9-16) Retrospective cohort
IMN 19 13/6 12.5 (10-14.6)

Gradl [26] Germany  Adults ORIF 55 5/50 614 + 14 RCT
IMN 66 13/53 63.1 £ 15

Fernandez [6] Germany  Children ORIF 19 15/4 11.16 £ 2.57 Retrospective cohort
IMN 45 32/13 9.3 +2.68

Teoh [27] UK Children ORIF 17 11/6 9.45 (4-13) Retrospective cohort
IMN 17 11/6 9.28 (5-13)

Kose [28] Turkey Children ORIF 11 10/1 13+ 1.9 Retrospective cohort
IMN 21 17/4 12+ 1.5

Zhang [29] China Adults ORIF 21 12/9 38.22 £+ 1.15 RCT
IMN 22 12/10 37.8 £ 0.8

Zhen [30] China Children ORIF 25 16/9 9.5 (8.1-13.1) Retrospective cohort
IMN 16 11/5 10.2 (8.6-13.8)

Liu [31] China Adults ORIF 50 35/15 26.8 + 3.8 RCT
IMN 50 37/13 274 +£35

Dong [32] China Adults ORIF 100 75125 27.8 +£29 RCT
IMN 100 57/43 275+ 34

Xia [33] China Adults ORIF 11 NR NR Retrospective cohort
IMN 19 NR NR

Qu [34] China Adults ORIF 18 12/6 35+25 Prospective cohort
IMN 12 10/2 36 £ 2.7

IMN intramedullary nailing, NR not reported, RCT randomized controlled trial
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Table 2 Risk of bias assessment of randomized controlled trials

Study Adequate Allocation Blinding of Incomplete Selective Other Overall
sequence concealment? participants, personnel, outcome reporting? bias? risk of
generation? and outcome assessors? data? bias

Gradl [26] Yes Yes Yes No No No Low

Zhang [29] Yes Uncertain Yes No No No Uncertain

Liu [31] Yes Uncertain Uncertain No No No Uncertain

Dong [32] Yes Uncertain Uncertain No No No Uncertain

for children: WMD = 0.35 weeks, 95 % CI —1.48, 2.19;
P = 0.705) (Fig. 2).

When we excluded the trial conducted by Lee et al. [23],
the overall estimate changed substantially, which showed
that ORIF had 2.01 weeks more of time to union than IM
nailing (WMD = 2.01 weeks, 95 % CI 0.89, 3.14;
P < 0.001); however, the heterogeneity was still present
(P = 0.053, I* = 57.2 %). Further exclusion of any single
study did not alter the overall estimate, and the evidence of
heterogeneity was still observed among the remaining
studies (data not shown).

Union rate

Five studies reported the data for wunion rate
[23, 25, 30, 31, 34]. Compared with IM nailing, ORIF did
not significantly increase union rate (RR = 0.95, 95 % CI
0.85, 1.05; P = 0.312) (Fig. 3). There was no evidence of
heterogeneity (P = 0.224, I = 29.6 %). These results of
similar union rate were consistent in all subgroup analyses
(for adult: RR = 0.92, 95 % CI 0.77, 1.09; P = 0.329; for
children: RR =0.98, 95 % CI 0.89, 1.09; P = 0.763)
(Fig. 3).

Operation time

Eight studies reported the data for operation time
[6, 23, 25, 26, 28, 29, 32, 34]. Compared with IM nailing,
ORIF significantly increased the operation time
(WMD = 20.43 min, 95 % CI 11.79, 29.07; P < 0.001)
(Fig. 4). There was statistical heterogeneity between the
individual studies (P < 0.001, I* = 99.8 %). The findings
of longer operation time were consistent in all subgroup
analyses (for adult: WMD = 13.92 min, 95 % CI 3.24,
24.6; P = 0.011; for children: WMD = 27.12 min, 95 %
CI 2098, 33.25; P <0.001) (Fig.4).However, the
heterogeneity was still present in each subgroup analyses.

In the subgroup analysis for adult, when we excluded
any single study, the pooled estimates did not change
substantially, yet the heterogeneity was still present. When
two trials of Lee et al. [23] and Zhang et al. [29] were
excluded, the overall results altered slightly

@ Springer

(WMD = 16.41 min, 95 % CI 1545, 17.38; P < 0.001),
but no evidence of heterogeneity was observed (P = 0.137,
P =548 %).

In the subgroup analysis for children, exclusion of one
trial conducted by Qu et al. [34] changed the overall esti-
mate little (WMD = 30.09 min, 95 % CI 28.31, 31.87;
P < 0.001), and no evidence of heterogeneity was found
among the remaining studies (P = 0.618, I* = 0.0 %).

Magnitude and location of radial bow

Four studies reported the data for radial bow magnitude
and location [23-25, 27]. Compared with IM nailing, ORIF
had similar radial bow magnitude (WMD = —0.05 mm,
95 % CI —0.75, 0.65; P = 0.889), but different locations
of radial bow (WMD = —5.78 %, 95 % CI —7.76 %,
—3.80 %; P < 0.001) (Fig. 5). The test for heterogeneity
was not significant (for radial bow magnitude: P = 0.376,
P =34 %; for radial bow location: P = 0.255,
I? = 26.1 %). Since only one study reported data for radial
bow magnitude and location in adults, subgroup analysis
was not performed.

Loss of forearm rotation

Three studies reported the data for loss of forearm rotation
[24, 25, 27]. Compared with IM nailing, ORIF had a
similar loss of forearm rotation rate (RR = 1.27, 95 % CI
0.62, 2.61; P = 0.508). There was no significant hetero-
geneity between the included studies (P = 0.387,
P = 0.0 %).

Complication rate

Twelve studies reported the data for complications
[6, 23-30, 32-34]. These postoperative complications
included refractures, ulna nonunion, delayed union,
superficial wound infections, superficial radial nerve palsy,
and hypertrophic scars. The complication rates were 21.6
and 13.7 % in the ORIF and IM nailing groups, respec-
tively. Compared with IM nailing, ORIF resulted in a
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Fig. 2 ORIF versus IM nailing Study %

on time to union D WMD (95%Cl)  Weight
Adult
Lee SK (2014) _— f 4.00(-596,-2.04) 17.11
Liu X (2011) — 260(1.11,4.09) 1854
Dong DY (2012) L 170 (1.30,2.10)  20.74
Zhang XF (2016) | ——%————— 470(230,7.10)  15.67
Subtotal (I-squared = 92.5%, p = 0.000) e i 123(-1.29,376)  72.06
Children i
Shah AS (2010) S P 0.40 (-1.69,2.49)  16.69
Kose O (2008) : 0.20(-364,4.04) 11.25
Subtotal (I-squared = 0.0%, p = 0.929) < T 0.35(-1.48,2.19)  27.94
Overall (I-squared = 88.0%, p = 0.000) <> 0.98(-0.92,2.87)  100.00
NOTE: Weights are from random effects analysis i

T T

=71 0 71

Study Events, Events, IM %

D RR (95% Cl) ORIF  nailing Weight

Adult

Lee SK (2014) \—— 1.03(0.95, 1.11) 32/32  34/35 30.92

Liu X (2011) - 0.78 (0.51, 1.18) 21/50  27/50 25.30

Subtotal (I-squared = 88.4%, p =0.003) Q:> 0.92 (0.77, 1.09) 53/82  61/85 56.21

Children '

Reinhardt KR (2008) ’ 1.02 (0.81, 1.29) 11112 17/19 12.33

Qu XF (2011) —-30—— 0.96 (0.81, 1.14) 17/18  12/12 13.91

Zhen YF (2015) —_—— 0.98 (0.84, 1.13) 15/16  24/25 17.55

Subtotal (I-squared = 0.0%, p = 0.894) <> 0.98 (0.89, 1.09) 43/46  53/56 43.79

Overall (I-squared = 29.6%, p = 0.224) <:> 0.95 (0.85, 1.05) 96/128 114/141  100.00
T ! T

514 1.95

-

Fig. 3 ORIF versus IM nailing on union rate

significant higher complication rate (RR = 1.63, 95 % CI  Publication bias
1.19, 2.22; P =0.002) (Fig. 6), with no significant
heterogeneity (P = 0.545, I> = 0.0 %). These findings
were also found in the adult patients (RR = 2.26, 95 % CI
1.42, 3.60; P =0.001), but not in children patients

(RR = 1.14, 95 % CI 0.74, 1.73; P = 0.557).

The assessment of publication bias showed that there was
no evidence of significant publication bias by the formal
statistical tests (Egger’s test, P = 0.822; Begg’s test,
P = 0.304) (Fig. 7).
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Fig. 4 ORIF versus IM nailing Study %

on operation time D WMD (95% Cl) Weight
Adult
Lee SK (2014) —— 22.00(17.68,26.32) 12.62
Gradl G (2014) . 16.00 (15.26, 16.74) 13.02
Dong DY (2012) ! 17.00 (15.91, 18.09) 13.01
Zhang XF (2016) . 1.00(0.84,1.16)  13.03
Subtotal (l-squared = 99.9%, p = 0.000) < 13.92(3.24,24.60) 51.69
Children '
Reinhardt KR (2008) Lo 29.20 (26.67, 31.73) 12.89
Fernandez FF (2005) ——————— 30.00 (15.82, 44.18) 9.65
Kose O (2008) L - 31.00 (28.45, 33.55) 12.89
Qu XF (2011) ~ 20.00 (17.44, 22.56) 12.89
Subtotal (-squared = 92.7%, p = 0.000) < 27.12(20.98,33.25) 48.31
Overall (I-squared = 99.8%, p = 0.000) <> 20.43 (11.79, 29.07) 100.00
NOTE: Weights are from random effects analysis :

T T
-44.2 0 442

Fig. 5 ORIF versus IM nailing Study %

on radial bow magnitude and D WMD (95% Ci) Weight

location
Radial bow magnitude
Lee SK (2014) ——t .90 (-2.20,0.40)  28.86
Shah AS (2010) —— 0.90 (0.74,2.54)  18.29
Reinhardt KR (2008) —_— 0.10(-1.62,142)  21.24
Teoh KH (2009) — 0.21(-1.03,1.45)  31.61
Subtotal (I-squared = 3.4%, p = 0.376) <> 0.05(-0.75,0.65)  100.00
Radial bow location
Lee SK (2014) _— 6.40(-9.78,-3.02)  34.29
Shah AS (2010) _— -7.10(-10.87,-3.33) 27.52
Reinhardt KR (2008) _— -7.20 (-12.00, -2.40)  17.02
Teoh KH (2009) RN G R 1.90 (-6.20, 2.40)  21.17
Subtotal (I-squared = 26.1%, p = 0.255) <> 5.78(-7.76,-3.80)  100.00

T T
12 0 12
Discussion nailing had similar effects with ORIF in time to union,

The present meta-analysis identified 13 studies compar-
ing the radiographic and functional results of operative
intervention in patients with both-bone forearm fractures
treated by ORIF or IM nailing. The analysis showed that
IM nailing significantly decreased operation time and
complication rate compared with ORIF. However, IM

union rate, and loss of forearm rotation. Moreover, all
these findings except complications were consistent
across the subgroup analyses based on children and
adult.

ORIF is the treatment of choice for the majority of both-
bone forearm fractures in adults. However, for pediatric
patients, approximately 90 % of both-bone forearm
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Study Events, Events,IM %
ID RR (95% Cl) ORIF nailing  Weight
Adult |
Lee SK(2014) E > 545(0.27,109.49)2/132  0/35 1.00
Gradl G (2014) - 4.80(0.55,41.70) 4/55  1/66 1.90
Dong DY (2012) S 254 (1.42,453) 331100 13/100  27.18
Xia HG (2009) l 1.80 (0.08, 40.75) 1/19 0/11 1.31
Zhang XF (2016) —_— 1.05(0.40,2.74) 6721 6122 1225
Subtotal (I-squared =0.0%, p = 0.488) <> 226 (1.42,3.60) 461227 20/234 43.63
Children :
Shah AS (2010) —_— 1.41(0.46,4.30) 13/46 3/15 9.46
Reinhardt KR (2008) —_— 1.06(0.62,1.79) 812 1219 19.42
Fernandez FF (2005) —.—— 0.79(0.24,2.60) 3119  9/45 11.17
Teoh KH (2009) ; - 1.00 (0.07,14.72) 117 1117 2.09
Kose O (2008) —_— 1.91(0.46,7.93) 311  3/21 431
Qu XF (2011) : 0.67 (0.11,4.11) 218 2112 5.02
Zhen YF (2015) —_— 1.56 (0.36,6.81) 3/16 3125 4.89
Subtotal (I-squared =0.0%, p = 0.952) <:>: 1.14(0.74,1.73) 33/139 331154  56.37
Overall (I-squared =0.0%, p = 0.545) <> 1.63(1.19,2.22) 79/366 53/388 100.00
T * T
.00913 1 109

Fig. 6 ORIF versus IM nailing on complication rate

Fig. 7 Funnel plot for
assessment of publication bias

Begg's funnel plot with pseudo 95% confidence limits

s.e. of: logRR

fractures are effectively managed with closed reduction
and casting [7]. Operative treatment has been used for the
fixation of pediatric both-bone forearm fractures when the
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following indications are presented: open fracture, failure
to obtain or maintain adequate closed reduction, and dis-
placed fractures in children approaching skeletal maturity
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[24]. Among the operative treatments, ORIF and IM nail-
ing are the principal surgical alternatives for children.

There has been one published systematic review of plate
fixation and IM nailing for children [4]. In that study, the
authors selected 8 retrospective comparative studies to
compare functional outcomes and complications of plate
fixation versus IM nailing for both-bone diaphyseal fore-
arm fractures requiring fixation in children aged 0—18 years
[4]. They found that there was no significant difference in
time to fracture union between the two groups, but oper-
ation duration was significantly shorter in the IM nailing
group [4]. Their results are consistent with the findings of
ours, in which the IM nailing achieved shorter operation
duration but similar time to union than ORIF in children. In
terms of location of the radical bow, the authors found that
it was significantly different in two studies, but no differ-
ence in forearm rotation, which was also identified in our
study. For the complication rate, they demonstrated that
there was no statistical difference between the two groups
[4]. This result was accordance with the finding in our
study, in which IM nailing had similar complication rate
with ORIF for children, but lower complication rate for
adults. In addition to these above outcomes, we also
explored effect of union rate, as well as compared the
radiographic and functional outcomes in the subpopulation
of adult patients, which was not investigated in that sys-
tematic review. Furthermore, this study is a meta-analysis
using the methodology of a random-effects or fixed-effects
model to pool the estimates, whereas the previous study is
a systematic review, which only presented the eligible
studies, and did not synthesize the estimates for the out-
comes of interest.

Several advantages of IM nailing have been reported in
the previous studies, including shorter operation time,
smaller incisions, limited soft tissue dissection, and ease of
implant removal [6, 12, 35]. In this study, we found that
operation time in the IM nailing group was significantly
shorter than that in the ORIF group. Our results are sup-
ported by other comparison studies, which also demon-
strated a shorter operation time of IM nailing
[6, 23, 25, 26, 28]. Reinhardt et al. [25] compared the
radiographic and functional outcomes of IM nailing to
ORIF of forearm fractures in children between 10 and
16 years of age. Their results showed that the surgical time
was significantly shorter for the IM nailing group
(103.4 min) than that for the ORIF group (132.6 min)
(P = 0.037) [25]. However, compared with ORIF, IM
nailing method requires a second operation for the removal
of IM fixation, which would result in a second anesthetic.
This is one disadvantage of IM nailing [24].

Although IM nailing has the merit of limited soft tissue
dissection, some authors suggest that ORIF could more
correctly restore the anatomical bow of the radius [12, 36].

In the included studies, the location of radius bow was
measured as a percentage of radial length as described by
Schemitsch and Richards [36] in adults and adapted by Firl
and Wunsch [37] to children. Our results showed that the
location of radial bow was significantly improved in ORIF
group relative to IM nailing group (WMD = —5.78 %,
95 % CI —7.76 %, —3.80 %; P < 0.001). Results from the
studies of Schemitsch and Richards indicated that restora-
tion of the radial bow is critically important in reconsti-
tuting the normal forearm architecture, and restoring
forearm rotation and grip strength [36, 38]. Changes in
either the magnitude or location of radial bow would result
in the loss of forearm rotation [36, 39, 40]. In this study, the
ORIF had better anatomical correction of location of the
radial bow than IM nailing; however, the percentage of
patients with a loss of rotation in the ORIF group was not
reduced. One possible reason for this may be due to limited
sample size, which decreased the statistical power to detect
the difference in loss of rotation between the two groups.
Thus, a larger-scale prospective study is needed to identify
the correlation between restoration of radial bow location
and loss of forearm rotation.

Most importantly, it was found in our study that ORIF
was associated with a higher complication rate than IM
nailing. This result was observed in most of the included
studies. However, in two studies of Fernandez et al. [6] and
Qu et al. [34], they found a lower complication rate in the
ORIF group, although the trend did not reach statistical
significance. In the study of Fernandez et al. [6], three of 19
(15.8 %) children in the ORIF group developed compli-
cations, including two refracture and one hypesthesia of
thumb [6]. In contrast, in the IM nailing group, nine of 45
(20.0 %) children developed complications. These com-
plications included three hypesthesia of thumb, two skin
infections, two delayed fracture healing, one refracture, and
one pseudarthrosis [6]. In another study conducted by
Zhang et al. [29], it was found that the two surgical
methods had similar complication rate. In that study, 3
delayed unions and 3 infections occurred in the ORIF
group (28.6 %), and 3 malunion and 3 radial nerve injuries
occurred in the IM nailing group (27.3 %) [29]. The
authors explained these complications with the followings
reasons: first, the plate fixation requires large incision [27],
and attaching a rigid plate blocks the blood supply of
periosteum [27]; second, the rotational alignment may be
difficult with IM nailing, and this method may increase the
risk of neurovascular injury [13].

There are several potential limitations in this study.
First, this meta-analysis was performed on 13 studies, and
most of the included studies had a relatively small sample
size. Although these studies were of high quality, or with
low risk, caution should be taken when interpreting our
findings because studies with small sample size are more
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likely to result in an overestimation of the treatment effects
compared with large-scale trials. Second, among the 13
included studies, only four were RCTs, and the remaining
nine were cohort studies. Although the cohort studies can
reflect the “real world” and further support the conclusion,
cohort data are of course highly subject to confounding.
Third, although no significant heterogeneity was found for
most of the outcomes, population characteristics, fracture
type, and injury mechanism varied across the included
studies. To explore whether these factors have a potential
impact on the overall pooled results, we conducted sub-
group analysis and the results were consistent across the
subgroup, which added robustness of our findings. Fourth,
we were unable to assess the impact of fracture type on the
clinically meaningful outcomes, such as time to union,
duration of operation, and complication rate, due to sparse
data among the included studies.

Table 4 Search strategy

In conclusion, the current meta-analysis suggests that
IM nailing is associated with shorter operation time and
lower complication rate compared with ORIF. IM nailing is
an effective and safe treatment option for children and
adults with both forearm fractures. However, our results are
largely obtained from data of cohort studies, which is
inclined to selection bias. Thus, our findings should be
interpreted with caution. And large-scale, high-quality
RCTs are needed to indentify these findings.
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Appendix

See Table 4.

Database Period of search ~ Search strategy
PubMed 1987 to March 20, (Both-bone[All Fields] AND (“forearm”[MeSH Terms] OR “forearm”[All Fields]) AND (“fractures,
2016 bone”[MeSH Terms] OR (“fractures”[All Fields] AND “bone”[All Fields]) OR “bone fractures”[All
Fields] OR “fracture”[All Fields])) AND (open[All Fields] AND reduction[All Fields] AND (“fracture
fixation, internal”[MeSH Terms] OR (“fracture”[All Fields] AND “fixation”[All Fields] AND
“internal”’[All Fields]) OR “internal fracture fixation”[All Fields] OR (“internal”[All Fields] AND
“fixation” [All Fields]) OR “internal fixation”[All Fields]) AND plates[All Fields]) AND (“fracture
fixation, intramedullary” [MeSH Terms] OR (“fracture”[All Fields] AND “fixation”[All Fields] AND
“intramedullary”[All Fields]) OR “intramedullary fracture fixation”[All Fields] OR
(“intramedullary”[All Fields] AND “nailing”[All Fields]) OR “intramedullary nailing”[All Fields])
EMBASE 1987 to March 20, 1 (intramedullary nail* or intramedullary fracture fixation* or nailings, intramedullar*).af.
(OvidSP) 2016 2 exp intramedullary nailing/or exp intramedullary nailings/or exp intramedullary nail/or exp
Osteosynthesis, Fracture, Intramedullary/
31or2
4 (open reduction internal fixation* or internal fracture plate fixation* or fracture osteosythesis plate* or
intramedullary fracture plate fixation* or osteosytheses fracture plate fixation*). af.
5 exp open reduction internal fixation/or internal fracture fixation/
64o0r5
7 3 and 6
8 (both forearm bone fracture*).af.
9 exp both forearm bone fracture/
108 or 9
11 7 and 10
Web of 1987 to March 20, #1 TS = (intramedullary nail* OR intramedullary fracture fixation* OR nailings, intramedullar*)
Science 2016

#2 TS = (open reduction internal fixation* OR internal fracture plate fixation* OR fracture osteosythesis
plate* OR intramedullary fracture plate fixation* OR osteosytheses fracture plate fixation*)

#3 TS = (both forearm bone fracture*)
#4 #3 AND #2 AND #1
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