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Abstract

Background Elastic stable intramedullary nailing (ESIN) and plates are currently the main internal fixation for treating
Pediatric Diaphyseal Femur Fractures (PDFF), and the optimal choice of internal fixation is controversial. The purpose of
this meta-analysis is to compare the surgical outcomes and complications of the two fixation methods.

Materials and Methods MEDLINE, Embase, and the Cochrane Library were systematically searched for studies published
up to March, 2023, that compared ESIN and plate fixation techniques for treating PDFF. Pooled analysis identified differ-
ences in surgical outcomes between ESIN and plate, mainly regarding surgical outcomes and postoperative complications,
such as time at surgery, fracture healing time, blood loss and related complications.

Results We included 10 studies with 775 patients with PDFF in our review. Of these, 428 and 347 were treated with ESIN
and Plate, respectively. In terms of postoperative complications, ESIN led to a shorter surgery time [MD =—28.93, 95%
CI (—52.88 to —4.98), P <0.05], less blood loss [MD =—66.94, 95% CI (—87.79 to —46.10), P <0.001] and more fracture
healing time [MD =2.65, 95% CI (1.22-4.07), P <0.001]. In terms of postoperative complications, ESIN led to fewer fec-
tions (RR=0.77, 95% CI 0.37, 1.60, P=0.48), fewer angulation deformities (RR=0.80, 95% CI 0.35, 1.83, P=0.60) and
more prominent implants (RR =3.36, 95% CI 1.88, 6.01, P <0.001), more delayed unions (RR =4.06, 95% CI1 0.71, 23.06,
P=0.11).

Conclusions ESIN and Plate have similar rates of complications besides a prominent implant rate, while ESIN has a shorter
period of operation and less intraoperative bleeding. Although both options are suitable, the results of this study support the
use of ESIN rather than plates in the treatment of PDFF in terms of complication rates. In clinical applications, surgeons
should choose the appropriate treatment method according to the actual situation.
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Introduction

Pediatric diaphyseal femur fractures (PDFF) are common
in children's orthopedics at different ages, accounting for
1.4-1.7% of child fractures [1, 2]. When choosing the appro-
priate treatment, several factors must be taken into account
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stable intramedullary nailing (ESIN) is recommended for
children aged 5-11. Although widely accepted, ESIN has
been linked to suboptimal outcomes in pediatric femoral
fractures characterized by biomechanical instability and
significant hardware-related adverse events. The higher inci-
dence of complications by ESIN (from 10 to 80%), including
infection, prominent implant, unplanned reoperations, dif-
ferences in limb length, and deformity healing, was aggra-
vated in children. In general, treatment is age-dependent and
there is a substantial overlap between age groups. According
to studies, elastic intramedullary nails are appropriate for
patients weighing less than 50 kg and children aged 6-15
[3, 4]. Due to its good bone reconstruction potential, ESIN
has been a common treatment for stable femoral fractures in
children for a long time [5].

There is growing evidence that these fractures can also be
treated with open or submuscular plates which have emerged
as a new method of treating femoral shaft fractures in chil-
dren. Many studies have concluded that there is no difference
in intraoperative and postoperative complications between
open plates and submuscular plates [6, 7]. The treatment of
pediatric femoral diaphyseal fractures by incised reduction
plate fixation reduces the complication rate and results in a
faster healing rate and early weight bearing. In comminuted
and unstable fractures of the femoral stem, plates provide
good results compared to flexible intramedullary nailing.
Although the weight of the children was not specified in
the literature included in this study, the age of the included
children was 4—15 years old.

The exact therapeutic effectiveness of elastic stable
intramedullary nailing and plates is still controversial. Over
the past two decades, there have been some randomized con-
trolled studies and retrospective studies on ESIN and plate
fixation of femoral fractures. However, the sample quan-
tity and methodological quality of these studies are limited.
Thus, we conducted a meta-analysis to evaluate the out-
come of ESIN with plate fixation treatment in children aged
4-15 years. Analysis of outcomes included time at surgery,
fracture healing time, blood loss and related complications.

Materials and Methods

Bias risk assessment at the research level, using the
Cochrane Bias Risk Tool (RoB) to assess bias risk in rand-
omized controlled trials (RCT) and using the Methodologi-
cal Index for Nonrandomized Studies (MINORS) to assess
bias risk in retrospective study (RCS). The Cochrane bias
risk assessment tool includes subsequent areas: Sequence
Generation (Selection Deviation), Assignment Selection
Hidden (Selection deviation), blind vision of participants
and personnel (Performance Bias), Blindness of Result Eval-
uation (Detection deviation), insufficient result data (loss
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deviation), selective results reports (reporting deviations)
and other possible causes of deviation. The authors' inter-
pretations are classified as “low risk,” “high risk” or “biased
risk of ambiguity.”

Outcome indicators included:

1. Angulation deformity was defined as greater than 10°
angulation in the sagittal plane (flexion or extension) or
greater than 5° angulation in the coronal plane (varus or
valgus).

2. Delayed union was defined as persistent bone pain and
tenderness 3 months after the fracture with no complete
healing on imaging. Nonunion was defined as Nonunion
was defined as the absence of osseous union more than
6 months after the injury.

Results
Study Selection

A systematic search of PubMed, Embase, Web of Science,
Cochrane Library, and Google database identified 620
potentially eligible studies, and no additional records were
found during manual searches of reference lists.

After removing duplicates and ineligible records follow-
ing an automated tool, we screened the remaining 371 stud-
ies. Of these, 340 articles were left for full-text review, and
21 articles were excluded according to the inclusion and
exclusion criteria. Finally, 4 RCT studies [8—11], 5 retro-
spective studies [12—16], and 1 prospective study [17] were
included in the review. The literature screening process
(PRISMA diagram) is shown in Fig. 1.

Patient Characteristics

The meta-analysis included 4 RCT studies, 5 retrospective
studies, and 1 prospective study. Table 1 summarizes the
general information included in the publications. A total of
775 cases of femoral fractures in children were retrieved
from 10 studies published from 2018 to 2023. Of these, 428
cases (55.2%) were treated with flexible intramedullary nails
(ESIN) and 347 cases (44.8%) were treated with Plates.

Quality Evaluation

According to the Cochrane Bias Risk Assessment Tool, the
quality of the included studies ranged from medium to high
quality. Therefore, the inclusion of research has acceptable
quality for inclusion. Details of bias risks are summarized
in Figs. 2 and 3.
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Fig.1 PRISMA flow diagram
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Outcome Indicators
Time at Surgery

Six studies compared the surgical time of treating pedi-
atric diaphyseal femur fractures. In the subgroup of lock-
ing plate, there was a significant difference between the
two fixation methods (MD =-45.51, 95% CI [—81.33
to—9.69], P <0.05). In the subgroup of submuscular plate,
there was a significant difference between the two fixa-
tion methods (MD =—15.58, 95% CI [-21.52 to — 9.65],
P <0.001). The combined mean difference across all stud-
ies MD=-128.93,95% CI [-52.88 to —4.98], P <0.05).
A large heterogeneity was observed between these studies
(I’=99%, P <0.001) (Fig. 4).

Blood Loss

Six studies assessed blood loss in a total of 419 patients.
The subgroup of locking plate reported a statistically sig-
nificant difference favoring ESIN over the Plate group
[MD=-112.27,95% CI (— 175.13 to — 49.41)]. The sub-
group of submuscular plate similarly supported the ESIN
group. There was still a large heterogeneity observed
between these studies when combined, but the blood
loss during the surgery was still in favor of ESIN with
statistical significance (MD =—66.94, 95% CI, [—87.79
to —46.10], 1*=96%, P <0.001) (Fig. 5).
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Fracture Healing Time

Two studies assessed the fracture healing time in a total of
99 patients. There was a statistically significant difference
favoring Plate over the ESIN group (MD=2.65, 95% CI
[1.22 to 4.07], ’=18%, P <0.001). The two fixation meth-
ods showed a significant difference (Fig. 6).

Weight

Three studies evaluated the weight of 227 patients at the
time of injury. There were no significant differences in body
weight among the patients included in the study, and there
was no significant heterogeneity in the assessments (Fig. 7).

Infection

All included trials of 516 children reported the infection
in the analysis, 266 in the ESIN group and 250 in the Plate
group. Ten children (3.8%) in the ESIN group and thirteen
children (5.2%) in the Plate group had infections. There
are deep infections and superficial infections, but none of
these require surgical management. There was no statisti-
cally significant difference between the two procedures, with
low heterogeneity (RR=0.77, 95% CI 0.37, 1.60, I>=4%,
P=0.48) (Fig. 8).

Prominent Implant

Six studies of 466 children were included in the prominent
implant analysis in which fifty-six (21.8%) of 257 patients
were treated with elastic stable intramedullary nailing and
twelve (5.7%) of 209 patients were treated with plates with
prominent implants. Analysis of the incidence of the promi-
nent implant shows that the ESIN group is higher, and the
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. Lowe risk of hias
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Fig. 3 Risk of bias assessment (2)
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ESIN [Plate] Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight IV, Random, 95% CI
1.1.1 Locking plate
Bajelidze 2020 528 175 TE 8176 175 61 17.3% -29.26 [35.16,-23.36]
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Wang 20149 6893 718 60 14235 14.28 G0 17.4% -73.42[77.46,-69.38]
Subtotal (95% CI) 146 133 48.9% -45.51[-81.33,-9.69]

Heterogeneity: Tau®= 939.01; Chi®= 15041, df= 2 {P = 0.00001); F= 99%
Test for overall effect £=2.49 (P =0.01)

1.1.2 Submuscular plate

James 2022 99.9 15 20 10474 2875 20 16.5% -4.84 [[19.05, 9.37]
Liz020 545 8.1 77 737 97 45 17.4% -19.20[-22.56,-15.84]
Wael 2021 454 1045 25 60 115 25 17.3% -14.60[20.70,-8.50]
Subtotal (95% CI) 122 90 51.1% -15.58[-21.52, -9.65]

Heterogeneity: Tau®=15.38; Chi*=4.89, df= 2 (P=0.09); F=59%
Test for overall effect Z=5.15 (P = 0.00001)

Total (95% CI) 268 223 100.0%
Heterogeneity: Tau® = 854 .66; Chi®= 485.28, df=5 (P = 0.00001); F= 99%
Testfor overall effect Z=2.37 (P=0.02)

Test for subaroup differences: Chi*=2.61. df=1 P =0111F=61.7%

Fig.4 Forest plot: mean time at surgery in the ESIN group versus Plate group
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Fig.5 Forest plot: mean blood loss in the ESIN group versus Plate group
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ESIN [Plate] Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight [V, Random, 95% CI IV, Random, 95% CI
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Fig.6 Forest plot: mean fracture healing time in the ESIN group versus Plate group
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ESIN [Plate] Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight [V, Fixed, 95% CI IV, Fixed, 95% CI
Allen 2018 338 102 a0 3445 11.8 15 8.3% -0.70[-7.31,5.91]
James 2022 258 101 20 2565 BB 20 130% 015[-5.14,5.44]
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Heterogeneity: Chi*=0.04, df=2 (F=0498) F=0%
Test for overall effect: Z=0.04 (P =0.87)

Fig. 7 Forest plot: mean weight in the ESIN group versus Plate group
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Fig.9 Forest plot: risk ratio of prominent implant in the ESIN group versus Plate group

statistical analysis showed a statistically significant differ-
ence between the two fixation methods with low heteroge-
neity (RR=3.36, 95% CI 1.88, 6.01, I’=39%, P <0.001)
(Fig. 9).

Angulation Deformity

Six studies involving 458 children were included in the angu-
lation deformity analysis. Angulation deformity occurred in
nine (3.5%) of 255 children treated with ESIN and in ten
(4.9%) of 203 patients treated with Plate. Patients subjected
to Plate showed a higher occurrence of angulation deformity

compared to those who received ESIN treatment, but the sta-
tistical analysis showed no difference between these patients
(RR=0.80,95% CI10.35, 1.83, P=0.60) (Fig. 10).

Delayed Union and Nonunion

Three studies of 198 children were included in the delayed
union rate analysis. Delayed union and nonunion occurred
in six (7.3%) of 82 children treated with ESIN and in one
(1.3%) of 79 patients treated with Plate. The statistical analy-
sis showed no difference between the two fixation methods
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ESIN [Plate] Risk Ratio Risk Ratio
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Fig. 10 Forest plot: risk ratio of angulation deformity in the ESIN group versus Plate group
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Fig. 11 Forest plot: risk ratio of delayed union and nonunion in the ESIN group versus Plate group

with low heterogeneity (RR=4.06, 95% CI 0.71, 23.06,
’=0%, P=0.11) (Fig. 11).

Discussion

The main result of this pooled analysis was that there was
no apparent difference between the ESIN and plate groups
in the incidence of postoperative primary complications of
infection (3.8% vs. 5.2%; P =0.48), angulation deformity
(3.5% vs. 4.9%; P=0.60), and delayed union and nonun-
ion (7.3% vs. 1.3%; P=0.11). Our study showed that the
prominent implant rate (21.8% vs. 5.7%; P <0.001) was
significantly higher in patients treated with ESIN than in
those treated with plates. The higher incidence of promi-
nent implants in ESIN is similar to previous studies that

@ Springer

have shown implant irritation rates of up to 52% [18].
Major and minor complication rates for plating pediatric
femoral fractures are 6% and 7% respectively [19]. How-
ever, the incidence of complications by ESIN was 62%
[20]. A review found a significantly increased relative risk
of all complications, particularly malunion and prominent
implants, when fractures in this cohort were treated with
ESIN compared with plates [21]. This review partially dif-
fers from our study which found no significant difference
in the incidence of deformity in PDFF treated with these
two fixation modalities. Allen et al. [15] are more support-
ive of the use of ESIN because the use of plates resulted in
higher estimated blood loss, longer operative times, higher
costs and equivalent pain compared to ESIN. However, in
the study of Sutphen et al. [22], plates are associated with
minimal complication rates, the fastest times to union, and
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full weight bearing when compared to flexible intramed-
ullary nailing, even though there is limited high-quality
evidence.

The fracture type may also have an impact on the inci-
dence of postoperative deformities, but this study was not
grouped according to fracture stability. In the past, unstable
pediatric femoral diaphyseal fractures have been treated with
plate fixation with good results [23, 24]. The study by Sink
et al. [20] concluded that elastic stable intramedullary nail-
ing has a high and serious complication rate in the treatment
of PDFF, and treatment options other than flexible intramed-
ullary nails should be considered. However, several recent
studies [25, 26] have found that there was no significant
difference in the complication rate between length stable
and unstable fractures treated with ESINs. ESINs and plate
techniques are equally suitable for unstable fracture types
with no effect on outcome. Further clinical evidence, such
as large multiregional clinical trials, is needed to support
our finding.

In this meta-analysis, the plate was associated with a
longer operative time and more blood loss than ESIN. Plate
treatment in femur shaft fracture surgery increases the
exposed surface area and blood loss, thus increasing the risk
of infection. However, our meta-analysis showed that the
infection rate was not statistically significant between the
two fixation groups. In addition, the fracture healing time
was significantly shorter in the Plate group than in ESIN
group. A biomechanical study [27] suggests that using
locked plating for pediatric femur fracture models results in
a more stable biomechanical structure compared to elastic
intramedullary nailing. There is also a biomechanical study
[28] that revealed that patients weighing over 4045 kg are
vulnerable to losing sagittal and coronal plane resurfacing
when titanium elastic nails are used to stabilize transverse
fractures of the mid-femur. According to studies, femoral
shaft fractures in children and adolescents weighing 50 kg
or more and over the age of ten have an increased rate of
complications [29]. Weight is not independently associated
with adverse outcomes when age is also included in logistic
regression [30]. Although the literature we included does not
limit the types of fracture and the weight range of patients
included in the literature is 30-60 kg, these two fixed meth-
ods have no statistical significance in weight or the incidence
of angulation deformity.

According to the authors, this is the first systematic
review of the differences between ESIN and plate inter-
nal fixation in the treatment of femoral shaft fractures in
children. Most of our results were consistent with previous
meta-analyses, except for the results of a comparison of time
at surgery, blood loss, and weight. In the meta-analysis of
ESIN and Plate, several outcomes were more heterogene-
ous. As a result, the total average difference may not seem
reliable. However, none of these results contradict each

other. Nevertheless, these results should be interpreted with
caution.

We encountered some limitations in analyzing the results.
First, there are very few randomized controlled trials. Sec-
ond, due to the limited number of studies included, it is
not possible to conduct a publication bias analysis, which
may be biased. Third, due to the characteristics of the meta-
analysis, we could not control for fracture severity as a con-
founding factor. confounding factor, despite our best efforts
to reduce the bias of each included study. Additionally, the
varied weights and fracture types that can have an impact
on the outcomes were not reported in this meta-analysis.
Fortunately, most of the results of this meta-analysis show
that the heterogeneity between the included studies is low,
indicating that the meta-analysis conclusions are stable and
relatively reliable.

In conclusion, based on current evidence, ESIN and
Plate have similar rates of complications in addition to a
prominent implant rate, while ESIN has a shorter period of
operation and less intraoperative bleeding. Although both
options are suitable, the results of this study support the use
of ESIN rather than plate in the treatment of PDFF in terms
of complication rates. In clinical applications, surgeons
should select the appropriate treatment method according
to the actual situation. Further study should concentrate on
how these two fixations affect the clinical prognosis of chil-
dren with various body weights and fracture types, as well
as on the time spent on weight bearing in patients with these
two fixations.

Acknowledgements We thank all the authors of the included studies.
We also thank the operating room staff of the Department of Ortho-
paedics, The Second Affiliated Hospital of Inner Mongolia for their
assistance in this work.

Author Contributions Wanlin Liu, Rui Bai carried out the conception
and design of the research, Wenqiang Li, Xiangyu Xu participated in
the acquisition of data. Zhenqun Zhao, Xiangyu Xu carried out the
analysis and interpretation of data. Wengiang Li, Yan Wang performed
the statistical analysis. Wanlin Liu, Rui Bai participated in obtaining
funding. Wengiang Li drafted the manuscript and Zhenqun Zhao par-
ticipated in revision of manuscript for important intellectual content.
All authors read and approved the final manuscript.

Funding This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

Data availability The datasets generated during and/or analyzed dur-

ing the current study are available from the corresponding author on
reasonable request.

Declarations

Conflict of interest The authors declare that they have no conflict of
interest.

Consent for Publication All authors have stated for their consent for
publication.

@ Springer



Indian Journal of Orthopaedics

Ethical Standard Statement This article does not contain any studies
with human or animal subjects performed by the any of the authors.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

10.

11.

McCartney, D., Hinton, A., & Heinrich, S. D. (1994). Operative
stabilization of pediatric femur fractures. Orthopedic Clinics of
North America, 25(4), 635-650.

Agarwal-Harding, K. J., Meara, J. G., Greenberg, S. L. M., et al.
(2015). Estimating the global incidence of femoral fracture from
road traffic collisions: A literature review. The Journal of Bone
and Joint Surgery American, 97(6), e31. https://doi.org/10.2106/
JBJS.N.00314

Memeo, A., Panuccio, E., D’Amato, R. D., et al. (2019). Ret-
rospective, multicenter evaluation of complications in the treat-
ment of diaphyseal femur fractures in pediatric patients. Injury,
50, S60-S63. https://doi.org/10.1016/j.injury.2019.01.009
Kayaokay, K., & Aktuglu, K. (2018). Titanium elastic nailing in
pediatric femoral diaphyseal fractures in the age group of 6-15
years mid-term and long-term outcomes. Pakistan Journal of
Medical Sciences. https://doi.org/10.12669/pjms.346.16297
Heyworth, B. E., Suppan, C. A., Kramer, D. E., et al. (2012). Man-
agement of pediatric diaphyseal femur fractures. Current Reviews
in Musculoskeletal Medicine, 5(2), 120-125.

Abbott, M. D., Loder, R. T., & Anglen, J. O. (2013). Comparison
of submuscular and open plating of pediatric femur fractures: A
retrospective review. Journal of Pediatric Orthopedics, 33(5),
519-523. https://doi.org/10.1097/BPO.0b013e318287056d
Zlowodzki, M., Vogt, D., Cole, P. A, et al. (2007). Plating of
femoral shaft fractures: Open reduction and internal fixation ver-
sus submuscular fixation. Journal of Trauma, 63(5), 1061-1065.
Wang, W., Zheng, X., & Sun, Z. (2019). Comparison of efficacy
between internal fixation of minimally invasive elastic stable
intramedullary nail and plate in the treatment of pediatric femo-
ral shaft fracture. Pakistan Journal of Medical Sciences, 35(5),
1417-1421. https://doi.org/10.12669/pjms.35.5.513

James, D., Martin, D., Kumar, A., et al. (2022). Elastic stable
intramedullary nailing versus submuscular plating in pediatric
diaphyseal femur fractures: A randomized controlled trial among
children in South India. Journal of Pediatric Orthopedics. Part
B, 31(2), e122—e129. https://doi.org/10.1097/BPB.0000000000
000933

El-Adly, W., El-Gafary, K., Khashaba, M., et al. (2022). Flexible
intramedullary nail versus submuscular locked plate with the clus-
ter technique in pediatric femoral shaft fractures fixation. Indian
Journal of Orthopaedics, 56(4), 580-586. https://doi.org/10.1007/
s43465-021-00571-7

Hayat, U., Gillani, S. F. U. H. S., Masood, F., et al. (2020). Com-
parison of submuscular locking plate and titanium elastic nail in

Springer

12.

13.

14.

15.

16.

17.

19.

20.

21.

22.

23.

24.

25.

26.

children with fracture midshaft of the femur. Pakistan Journal of
Medical Sciences, 15,209-212.

Li, J., Rai, S, Ze, R., et al. (2020). The optimal choice for length
unstable femoral shaft fracture in school-aged children: A com-
parative study of elastic stable intramedullary nail and submuscu-
lar plate. Medicine, 99(25), €20796. https://doi.org/10.1097/MD.
0000000000020796

Luo, Y., Wang, L., Zhao, L.-H., et al. (2019). Elastic stable tita-
nium flexible intramedullary nails versus plates in treating low
grade comminuted femur shaft fractures in children. Orthopaedic
Surgery, 11(4), 664—670. https://doi.org/10.1111/0s.12514
Chen, L. K., Sullivan, B. T., & Sponseller, P. D. (2018). Submus-
cular plates versus flexible nails in preadolescent diaphyseal femur
fractures. Journal of Children’s Orthopaedics, 12(5), 488-492.
https://doi.org/10.1302/1863-2548.12.180036

Allen, J. D., Murr, K., Albitar, F., et al. (2018). Titanium elas-
tic nailing has superior value to plate fixation of midshaft femur
fractures in children 5 to 11 years. Journal of Pediatric Orthope-
dics, 38(3), el11-el17. https://doi.org/10.1097/BPO.0000000000
001129

Bajelidze, G., Kanashvili, B., Cholokava, N., et al. (2020).
Treatment of pediatric femoral shaft fractures—Titanum elas-
tic intramedullary nails vs. plate. Georgian Medical News,
298(1512-0112), 36-40.

Venkataraman, S., Ethiraj, P., Shanthappa, A. H., et al. (2022).
Treatment of diaphyseal fractures of the femur in paediatric age
group: a comparative study of locking compression plate versus
titanium elastic nailing system (TENS). Cureus, 14(9), €28924.
https://doi.org/10.7759/cureus.28924

. Narayanan, U. G., Hyman, J. E., Wainwright, A. M., et al. (2004).

Complications of elastic stable intramedullary nail fixation of
pediatric femoral fractures, and how to avoid them. Journal of
Pediatric Orthopedics, 24(4), 363-369.

May, C., Yen, Y.-M., Nasreddine, A. Y., et al. (2013). Complica-
tions of plate fixation of femoral shaft fractures in children and
adolescents. Journal of Children’s Orthopaedics, 7(3), 235-243.
https://doi.org/10.1007/s11832-013-0496-5

Sink, E. L., Gralla, J., & Repine, M. (2005). Complications of
pediatric femur fractures treated with titanium elastic nails: A
comparison of fracture types. Journal of Pediatric Orthopedics,
25(5), 577-580.

Donovan, R. L., Harries, L., & Whitehouse, M. R. (2020). Flexible
nails have a significantly increased risk of complications com-
pared with plating techniques when treating diaphyseal femoral
fractures in children aged 5-12: A systematic review. Injury,
51(12), 2763-2770. https://doi.org/10.1016/j.injury.2020.09.024
Sutphen, S. A., Mendoza, J. D., Mundy, A. C., et al. (2016). Pedi-
atric diaphyseal femur fractures: submuscular plating compared
with intramedullary nailing. Orthopedics, 39(6), 353-358. https://
doi.org/10.3928/01477447-20160719-03

Sutphen, S. A., Beebe, A. C., & Klingele, K. E. (2016). Bridge
plating length-unstable pediatric femoral shaft fractures. Journal
of Pediatric Orthopedics, 36(Suppl 1), S29-S34. https://doi.org/
10.1097/BP0O.0000000000000761

Samora, W. P., Guerriero, M., Willis, L., et al. (2013). Submus-
cular bridge plating for length-unstable, pediatric femur fractures.
Journal of Pediatric Orthopedics, 33(8), 797-802. https://doi.org/
10.1097/BP0O.0000000000000092

Ouillette, R. J., Bastrom, T. P., Newton, P. O., et al. (2022). Elastic
intramedullary nails in the treatment of pediatric length unstable
femur fractures. Journal of Pediatric Orthopedics, 42(4), 201—
208. https://doi.org/10.1097/BPO.0000000000002055

Siddiqui, A. A., Abousamra, O., Compton, E., et al. (2020).
Titanium elastic nails are a safe and effective treatment for
length unstable pediatric femur fractures. Journal of Pediatric


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.2106/JBJS.N.00314
https://doi.org/10.2106/JBJS.N.00314
https://doi.org/10.1016/j.injury.2019.01.009
https://doi.org/10.12669/pjms.346.16297
https://doi.org/10.1097/BPO.0b013e318287056d
https://doi.org/10.12669/pjms.35.5.513
https://doi.org/10.1097/BPB.0000000000000933
https://doi.org/10.1097/BPB.0000000000000933
https://doi.org/10.1007/s43465-021-00571-7
https://doi.org/10.1007/s43465-021-00571-7
https://doi.org/10.1097/MD.0000000000020796
https://doi.org/10.1097/MD.0000000000020796
https://doi.org/10.1111/os.12514
https://doi.org/10.1302/1863-2548.12.180036
https://doi.org/10.1097/BPO.0000000000001129
https://doi.org/10.1097/BPO.0000000000001129
https://doi.org/10.7759/cureus.28924
https://doi.org/10.1007/s11832-013-0496-5
https://doi.org/10.1016/j.injury.2020.09.024
https://doi.org/10.3928/01477447-20160719-03
https://doi.org/10.3928/01477447-20160719-03
https://doi.org/10.1097/BPO.0000000000000761
https://doi.org/10.1097/BPO.0000000000000761
https://doi.org/10.1097/BPO.0000000000000092
https://doi.org/10.1097/BPO.0000000000000092
https://doi.org/10.1097/BPO.0000000000002055

Indian Journal of Orthopaedics

217.

28.

29.

Orthopedics, 40(7), e560-e565. https://doi.org/10.1097/BPO.
0000000000001474

Porter, S. E., Booker, G. R., Parsell, D. E., et al. (2012). Biome-
chanical analysis comparing titanium elastic nails with locked
plating in two simulated pediatric femur fracture models. Journal
of Pediatric Orthopedics, 32(6), 587-593. https://doi.org/10.1097/
BPO.0b013e31824b7500

Li, Y., Stabile, K. J., & Shilt, J. S. (2008). Biomechanical analy-
sis of titanium elastic nail fixation in a pediatric femur fracture
model. Journal of Pediatric Orthopedics, 28(8), 874-878. https://
doi.org/10.1097/BPO.0b013e31818f1136

Canavese, F., Marengo, L., Andreacchio, A., et al. (2016). Com-
plications of elastic stable intramedullary nailing of femoral

30.

shaft fractures in children weighing fifty kilograms (one hundred
and ten pounds) and more. International Orthopaedics, 40(12),
2627-2634.

Moroz, L. A., Launay, F., Kocher, M. S., et al. (2006). Titanium
elastic nailing of fractures of the femur in children. Predictors of
complications and poor outcome. The Journal of Bone and Joint
Surgery British, 88(10), 1361-1366.

Publisher's Note Springer Nature remains neutral with regard to

jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1097/BPO.0000000000001474
https://doi.org/10.1097/BPO.0000000000001474
https://doi.org/10.1097/BPO.0b013e31824b7500
https://doi.org/10.1097/BPO.0b013e31824b7500
https://doi.org/10.1097/BPO.0b013e31818f1136
https://doi.org/10.1097/BPO.0b013e31818f1136

	Elastic Stable Intramedullary Nailing Versus Plate Internal Fixation for Pediatric Diaphyseal Femur Fractures: A Systematic Review and Meta-analysis
	Abstract
	Background 
	Materials and Methods 
	Results 
	Conclusions 

	Introduction
	Materials and Methods
	Results
	Study Selection
	Patient Characteristics
	Quality Evaluation
	Outcome Indicators
	Time at Surgery
	Blood Loss
	Fracture Healing Time
	Weight
	Infection
	Prominent Implant
	Angulation Deformity
	Delayed Union and Nonunion


	Discussion
	Acknowledgements 
	References


