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Abstract

Purpose Femoral neck fractures in children represent less than 1% of all paediatric fractures. Osteonecrosis of the femoral head is
one of the devastating complications of this fracture. Time to treatment is one of the most important predictors of this outcome
with no clear consensus in the literature. The aim of this study was to determine whether early treatment (< 24 hours) of pediatric
femoral neck fractures is associated with a lower rate of osteonecrosis of the femoral head compared to late treatment (> 24 hours).
Methods We searched several databases (PubMed, Embase, and Cochrane library), from January 1966 to November 2017 for
any comparative studies that evaluated early (< 24 hours) versus late (> 24 hours) treatment of paediatric femoral neck fractures.
We pooled the effect sizes using fixed effects model that compared the rate of osteonecrosis of the femoral head between children
undergoing early versus late treatment, open versus closed reduction, displaced versus non-displaced and different Delbet type
femoral neck fractures. Descriptive and qualitative data was also extracted.

Results Of the 391 articles identified, six studies (prospective and retrospective cohort studies) were eligible for the meta-
analysis, with a total of 231 paediatric femoral neck fractures. The pooled odds ratio (OR) for osteonecrosis of the femoral head
did not show any statistically significant difference between early (<24 hours) versus late (>24 hours) treatment (OR =1.19,
95% CI10.56, 2.51, P= 23.6%), nor between open versus closed reduction of paediatric femoral neck fractures (OR = 1.62, 95%
C10.82,3.22, P = 19.57%). Displaced and Delbet type I/Il femoral neck fractures were 3.8 (OR =3.81, 95% CI 1.49, 9.78, P=
0.00%) and 2.4 (OR=2.43, 95% CI 1.28, 4.61, > =0.57%) times more associated with osteonecrosis of the femoral head
compared to non-displaced and Delbet type III/IV fractures respectively.

Conclusions The cumulative evidence at present does not indicate an association between the time to treatment or method of reduction
of femoral neck fractures in children and the risk of osteonecrosis of the femoral head. However, initial expedient treatment of femoral
neck fractures in children should always remain the rule especially for displaced and Delbet type I/II femoral neck fractures.

Level of evidence II/11I
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Introduction

Femoral neck fractures in children are rare and represent less
than 1% of all paediatric fractures [1—4]. These fractures are
usually caused by high energy trauma such as falling from a
height or motor vehicle accidents. Although most paediatric
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fractures can be treated conservatively, this type of fracture
requires a different approach as it has complications with dev-
astating sequelae that may have lifelong adverse effects [5—7].
Common complications following paediatric femoral neck
fractures include osteonecrosis of the femoral head, coxa vara,
and premature physeal closure of the proximal femoral physis.
Of these, osteonecrosis of the femoral head is the most trou-
blesome complication and difficult to manage [1-8]. Once
osteonecrosis of the femoral head occurs in children, there is
no effective treatment and the outcome is poor. Hence, the best
treatment is to prevent its occurrence.

The rate of osteonecrosis of the femoral head following
femoral neck fractures in children varies between studies
and has been reported to range from 0 to 92% [5, 6, 9].
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Functional outcome of these patients is mainly affected by the
rate of osteonecrosis of the femoral head. Hence, it is impor-
tant to recognize the risk factors of this complication [10].
Many variables that influence the development of
osteonecrosis of the femoral head have been studied, includ-
ing age, type of fracture, amount of fracture displace-
ment, time to fracture treatment, method of reduction
(open versus closed), and capsular decompression.
However, there is no consensus on the extent of predic-
tion of osteonecrosis concerning these factors [11, 12].
The Delbet classification system that was modified by
Colonna is the most commonly used system to describe
femoral neck fracture in children [9]. This classification
scheme has been found to have prognostic significance
with proximal fractures associated with a higher risk of
osteonecrosis of the femoral head [1-5, 13-16]. The
successful treatment of femoral neck fractures in chil-
dren is mainly based on anatomical reduction and inter-
nal fixation as non-surgical management has been asso-
ciated with high failure rates [10, 17].

Moon and Mehlman [13] conducted a meta-analysis on 20
studies (levels IV and V) and reported that the only predictors
for osteonecrosis of the femoral head following femoral neck
fracture in children were age and fracture type. More recently,
a meta-analysis by Yeranosian et al. [14] published in 2013
with 30 studies (27 level IV and 3 level I1T) demonstrated that
osteonecrosis of the femoral head following femoral neck
fracture in children is intrinsic to the type of fracture and time
to reduction.

The literature is vastly discordant especially with regards to
the time to treatment and risk of osteonecrosis of the femoral
head [13-20]. Recent prospective and retrospective co-
hort studies have been published since the last meta-
analysis and report conflicting results that time to treat-
ment does not influence osteonecrosis rate, and other
variables may be more important such as method of
reduction (open versus closed), fracture type and dis-
placement [21-25].

The aim of our study was to systematically review the
literature that compares early (<24 hours from the time of
injury) versus late (>24 hours from the time of injury) treat-
ment of femoral neck fracture in children. The primary out-
come analysis involved the rate of osteonecrosis of the femo-
ral head. We also investigated the effect of reduction meth-
od (open versus closed), fracture displacement, and Delbet
fracture type on our primary outcome.

Materials and methods

We used the PRISMA statement criteria in reporting our meta-
analysis [26].
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Search strategy

A systematic search was performed of MEDLINE using
PubMed through January 1966 to November 2017 to retrieve
all published studies comparing the outcomes of early (<
24 hours) versus late (> 24 hours) treatment of femoral neck
fractures in children. The search terms were (fem* neck OR
hip) AND (fracture) AND (paediatric* OR paediatric*), as
words in the title or abstract. The search was limited to human
subjects and English language. Supplementary searches were
performed using Embase and Cochrane library using similar
search terms. Furthermore, we performed a manual search
using reference lists of original research and review articles.

Selection of studies

After retrieving publications from our search, two phases of
selection were carried out according to the eligibility criteria in
our meta-analysis, including comparative studies whether pro-
spective or retrospective, that analyzed femoral neck fractures
and reported the rate of osteonecrosis of the femoral head
among children (under 18 years of age) undergoing early
and late treatment for femoral neck fractures, method of re-
duction (open versus closed), whether they had displaced or
non-displaced fractures and the Delbet type of fracture (Delbet
I versus Delbet III/IV). Early treatment was defined as less
than 24 h elapsed from the time of injury, whereas late treat-
ment referred to those treated after 24 hours from the time of

injury.
Data extraction

Two independent authors (N.A. and M.Y.) extracted the data
including where each study was conducted, year of publica-
tion, number of patients and events, demographic characteris-
tics of the study population, methodology, and details of out-
comes reported. In the event of any difference in opinion, the
conflict was discussed with the senior investigator and re-
solved by consensus.

Outcomes

The primary outcome in our meta-analysis was osteonecrosis
of the femoral head, identified according to the radiographic
criteria reported in each of the included studies. With respect
to the time of femoral neck fracture treatment, early was de-
fined as < 24 hours from the time of injury compared to late
defined as > 24 hours from the time of the injury. In the sec-
ondary analyses, we investigated the effect of reduction meth-
od (open vs closed), fracture displacement (displaced vs non-
displaced), and fracture type (Delbet I/II versus Delbet I1I/TV)
on the rate of osteonecrosis of the femoral head.
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Quality assessment

Quality assessment of the eligible studies was performed
using the Newcastle-Ottawa scale [27] for non-randomized
cohort studies; each study was judged on eight items, catego-
rized into three domains: the selection of the study groups (4
stars), the comparability of the groups (2 stars), and the ascer-
tainment of outcome of interest (3 stars). Stars were awarded
such that the highest quality studies were awarded up to a
maximum of nine stars.

Statistical analysis

We performed the meta-analysis using the OpenMeta-Analyst
software (Center for Clinical Evidence Synthesis, Tufts
Medical Center Boston, MA, USA) [28], using odds ratio
(OR) as an effect measure, with a 95% confidence interval.
The analysis was performed using the fixed effects model
when there was no significant heterogeneity. We repeated
the analysis using the random effects model to ensure that
our results were robust. Heterogeneity was assessed using 7,
where a value of >50% was considered significant and
Cochrane Q statistics. Publication bias was explored using
funnel plot and the Egger test [29, 30].

Results

The systematic and manual search identified 391 studies pub-
lished between January 1966 and November 2017. After two
phases of selection, six prospective and retrospective cohort
studies evaluating the rate of osteonecrosis of the femoral head
following early and late treatment of pediatric femoral neck
fractures were considered for inclusion in our meta-analysis.
Figure 1 summarizes the process of identifying the eligible
studies. Twenty-five studies were excluded because they were
not comparative studies (i.e., systemic reviews or case series),
seven of the excluded studies did not report the primary out-
come of interest (osteonecrosis of the femoral head) and three
studies recorded the timing of treatment in a different time
format that we could not specify the 24hour limit for early
and late treatment.

Characteristics of included studies

Table 1 summarizes the characteristics of the six studies in-
cluded in our primary analysis. All included studies reported
the events of osteonecrosis of the femoral head with sufficient
details to define the timing of treatment. The sample size
ranged from 22 to 70 children. The total number of patients
included was 230 children, with 231 femoral neck fractures, of
which 142 fractures were treated within the first 24 hours of
injury, and 89 fractures treated after 24 hours. All the patients

were of paediatric age group (less than 18 years of age). The
mean age of patients in both groups was 11.4 years, ranging
from two to 18 years. Falling from height followed by motor
vehicle accidents were the most reported mechanisms of inju-
ry for the femoral neck fractures in the children, 41% and 35%
respectively, while sport injuries were responsible for 19% of
femoral neck fractures. All studies described femoral neck
fractures using the Delbet classification system [9], with
Delbet type II fractures being the most prevalent, comprising
more than 50% of all the femoral neck fractures. Of the in-
cluded studies, all reported the details of displacement with
179 displaced femoral neck fractures, whereas 52 were non-
displaced fractures. However, Panigrahi et al. [22] did not
report the number of osteonecrosis of the femoral head in
the displaced and non-displaced fractures. Furthermore, 76
of the femoral neck fractures required an open reduction in
comparison to 126 fractures treated with closed reduction.
Panigrahi et al. [22] did not specify the method of reduction
of the fractures. Various methods of treatment were described
in the eligible studies, either closed reduction and hip spica
casting, closed reduction with internal fixation by Kirschner
wires or percutaneous screws, or open reduction and internal
fixation. Patients were followed up for at least one year and
ranged from one to 26 years.

Quality assessment

Table 2 summarizes the results for the different domains of
study quality adapted from the Newcastle—Ottawa scale for
cohort studies [27]. The assessment of the included cohort
studies suggests that two studies (Stone et al. [24] and
Panigrahi et al. [22]) had unbalanced prognostic factors of
the children in their cohorts, as they did not match patients
in the design, nor did they adjust for important confounding
factors, in contrast to the remaining cohort studies. In addition,
the studies of Panigrahi et al. [22] and Baysal et al. [25] did not
have adequate follow-up with more than 20% of their children
lost to follow-up. In summary, three of the six included studies
scored 8 out of 9 stars on the Newcaslte—Ottawa scale (Inan et
al. [23], Spence et al. [12], and Riley et al. [21]), while two
studies (Stone et al. [24] and Baysal et al. [25]) scored 7 out of
9, and one study (Panigrahi et al. [22] scored 6 only.

Quantitative data synthesis

The fixed effects model for pooling the odds ratios was used
due to the minimal values of /2, indicating mild heterogeneity
in the retrieved data. We repeated the analysis using the ran-
dom effects model to ensure the robustness of our approach.
The comparative effect of early (< 24 h) treatment of paediat-
ric femoral neck fractures showed no significant difference in
the rate of osteonecrosis of the femoral head, compared to late
(>24 h) treatment (OR=1.19, 95% CI 0.56, 2.51, P=

@ Springer



680 International Orthopaedics (SICOT) (2019) 43:677-685
Fig. 1 Flow diagram of eligible )
stgdies W diagr el c Records identified through
(o] .
'¢"-'u' database. searching Additional records identified
:f_: Pubmed: (n=391) through other sources
:E Embase:(n =112) (n = 40)
[T}
K/
. Records after duplicates removed
(n=123)
)]
=
c
[
o
S
[3}
@ Records screened Records excluded
(n=123) g (n =82)
y
-~ Full-text articles assessed Full-text articles excluded,
= for eligibility (n=35)
2 (n =41) 1. No comparative
=] )
E design (n = 25)
2. Not recording the
2 primary outcome
_J Studies included in (n=7)
qualitative synthesis 3. Could not specify
(n=6) 24-hour limit
(n=3)
°
[}
kol y
=
© Studies included in
= quantitative synthesis
(meta-analysis)
(n=6)

23.64%) (Fig. 2). Similarly, we failed to prove any statistical
significance for the method of reduction (open versus closed)
on the rate of osteonecrosis of the femoral head (OR =1.62,
95% C10.82, 3.22, F =19.57%) (Fig. 3).

There was a significant trend for increased osteonecrosis of
the femoral head when treating pediatric displaced femoral
neck fractures compared to non-displaced fractures (OR =
3.81, 95% CI 1.49, 9.78, F=0.00%) (Fig. 4). Furthermore,
osteonecrosis of the femoral head was more associated with
Delbet type I/II fractures in comparison to Delbet type III/IV
fractures (OR =2.43, 95% CI 1.28, 4.61, > = 0.57%) (Fig. 5).

Publication bias was assessed using funnel plots and Egger
tests, which did not show patterns for significant bias in terms
of any measured outcomes.

Discussion

The current study revealed no statistically significant differ-
ence in the observed rate of osteonecrosis of the femoral head
following femoral neck fracture in children when comparing
early (<24 hours) versus late (>24 hours) treatment.
Moreover, a separate pooled analysis in our study for the
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method of reduction found no significant difference between
open versus closed reduction of femoral neck fracture.
However, there were significant associations between the dis-
placement and Delbet type of the fracture with the rate of
osteonecrosis of the femoral head, with pooled odds ratio of
3.8 and 2.4 times more in children with displaced and Delbet
type I/II fractures. The results were consistent across different
assumptions. The extent to which these statements reflect the
true outcome of comparison requires an understanding of the
limitations in the current literature and included studies and
consideration of the conduct and interpretation of the results of
our analyses. Although our study mainly assessed the effect of
early treatment, there was varied reporting regarding the key
determinants of pediatric femoral neck fractures known to
influence the rate of osteonecrosis of the femoral head.
Furthermore, none of the included studies reported effect es-
timates adjusted for these potential confounders.

Important factors that influence the rate of osteonecrosis of
the femoral head in femoral neck fractures in children have
been reported in the literature with no consensus among stud-
ies and no established causal relationships [13, 14]. Although
several studies have shown a positive correlation between the
time to treatment and the rate of osteonecrosis of the femoral
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Table2 Newcastle-Ottawa quality assessment of the included studies in the meta-analysis (maximum of 9 stars)
Domain Item Inanetal. Stoneet Rileyet Panigrahiet Spenceet Baysal et
[23] al. [24] al. [21] al. [22] al. [12] al. [25]
Selection (maximum of -Representativeness of the exposed cohort * * * * * *
4 stars) -Selection of the non-exposed cohort * * * * * *
-Ascertainment of exposure * * * * * *
-Demonstration that outcome of interest was not * * * * * *
present at start of study
Comparability -Comparability of cohorts on the basis of the * Nil * Nil * *
(maximum of 2 stars)  design or analysis
Outcomes (maximum  -Assessment of outcome * * * * * *
of 3 stars) -Was follow-up long enough for outcomes to * * * * * *
oceur
-Adequacy of follow-up of cohorts * * * Nil * Nil

head [14, 15], there is no prospective study evaluating the
effect of early treatment on the rate of femoral head
osteonecrosis following femoral neck fracture in children.
The ability to detect a difference was further confounded by
the relatively small sample size. More recent studies including
level 1I evidence failed to detect a statistically significant cor-
relation between time to treatment and the rate of
osteonecrosis of the femoral head [21-25]. Damage to the
blood supply is thought to take place at the time of initial
trauma and some studies dispute that the severity of initial
fracture displacement is more important than the timing of
treatment [12, 25].

A meta-analysis by Moon and Mehlman [13] in 2006 with
a total of 360 patients (including 20 studies) reported age and
fracture type as the only significant predictors of femoral head
osteonecrosis following pediatric femoral neck fracture. Using
regression analysis, they concluded that older children had a
1.14 higher risk of developing osteonecrosis for each year of
increasing age, and Delbet type I to III fractures were more
likely to develop osteonecrosis compared to type [V fractures.
However, this meta-analysis only included level IV studies
and lacks a meaningful statistical analysis. A further meta-
analysis by Yeranosian et al. [14] in 2013 compared various
treatments and outcomes of femoral neck fractures in children
and included 30 studies (27 level IV and 3 level III) with a total

Studies

Inan et al 2009 0.829
Stone et al 2015 1.
Riey et al 2015 0.
Panigrahi et al 2015 0.5(
Baysal et al 2016 1.
Spence et al 2016

5799

Overall 1.191 (0.564,

2.513)

47/142 19/89

of 935 patients. This meta-analysis showed that the risk of
osteonecrosis was intrinsic to the type of fracture and only
affected by early treatment. The study reported the risk of
osteonecrosis of the femoral head to be 22% higher in
Delbet type I/Il and an odds ratio of 4.2 when comparing time
to reduction before versus after 24 h from the time of injury.
However, this meta-analysis only analyzed the data of six
studies that compared early versus late treatment, and all of
the studies were level IV with only two studies statistically
scrutinized. Other variables that influence the risk of
osteonecrosis of the femoral head were investigated such as
open versus closed reduction, operative versus non-operative
intervention and capsular decompression, which showed
that operative treatment and open reduction had a higher
risk of osteonecrosis of the femoral head than closed reduc-
tion. However, this could be explained by selection bias
with severe injuries requiring open reduction in Delbet type
/11 fractures.

Our systematic review identified six cohort studies (level
II/IIT) that compared the rate of osteonecrosis of the femoral
head following femoral neck fractures in children who
underwent early treatment (<24 hours) with the correspond-
ing rate in those who underwent late treatment (>24 hours).
All studies were of good methodological quality according to
the Newcastle-Ottawa scale, with limitations in the

R

003 on 023 046 1.15 220 458 1146 2292

Odds Ratio (log scale)

Fig. 2 Forest plot: pooled odds ratio (OR) for osteonecrosis in the early versus late treatment groups
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Studies Estimate (95% C.I.) Ev/Trt Ev/Ctrl

Inan et al 2009 1.852 (0.265
Stone et al 2015 0.077 (0.004,

Riley et al 2015

12 Q4
, 12.947

s EGe  an
0.507,

Baysal et al 2016 . .690, 15.: 1
Spence et al 2018 1.385 (0.483, 12/38
Overall 1.624 (0.819, 3.2249) 27/76 35/127

T T T T T T T T T T ]
oo 002 004 oor 019 037 074 162 arnz T44 152
Odds Ratio (log scale)

Fig. 3 Forest plot: pooled odds ratio (OR) for osteonecrosis in the open versus closed reduction groups

comparability domain. Because of the small number and type
of included studies, we did not incorporate quality in our sen-
sitivity analysis. The simplest approach is to judge studies on
specific domains of quality that are most relevant to the con-
trol of bias for that particular study. Our findings are consistent
with the literature, with an overall rate of osteonecrosis of
28.5% [13, 14]. Five of the six included studies in our meta-
analysis showed that early treatment did not influence the rate
of femoral head osteonecrosis [21-25]. On the other hand,
other studies have reported a higher rate of osteonecrosis of
the femoral head with delayed treatment. Dhar et al. [19] re-
ported a rate of 60% for osteonecrosis of the femoral head
after a mean delay of 7 days [19]. These findings were con-
sistent with previous studies regarding the type of fracture and
more proximal femoral neck fractures associated with a higher
risk of osteonecrosis [5, 13—16]. Although initial displacement
of the fracture has been recently considered as a critical pre-
dictor for osteonecrosis of the femoral head [12, 25], previous
studies have not found a statistically significant correlation
with osteonecrosis, which can be explained by inter-observer
reliability, sample size or due to variation in displacement
definitions [13].

Factors that may influence the rate of osteonecrosis of the
femoral head after femoral neck fracture including age of the
patient, quality of reduction, and capsular decompression
could not be controlled for in this analysis, due to the paucity
of individual-level data in the included studies and this re-
quires further research. The limited number of studies address-
ing these factors permits limited conclusions for the current
meta-analysis. Additionally, these factors will particularly

Studies Estimate (95% C.I.) Ev/Trt Ev/Ctrl
Inan et al 2009 3.500

Stone et al 2015 0.586 0/0

Riley et al 2015 1.826 2/14
Baysal et al 2016 8.000 10
Spence et al 2016 8.143 66.488) 19/54 1/16
Overall 3.846 (1.499, 9.870) 56/154 6/48

vary from centre to centre, with disparity in clinical skills
and patient assessment, and will further confound the results.
The only outcome measure examined in this meta-analysis
was the rate of osteonecrosis of the femoral head. This is a
clinically relevant and important outcome, and it is the most
troublesome and devastating complication following femoral
neck fracture in children. Our study only assessed the effect of
time to treatment, method of reduction, displacement and
Delbet fracture type on the rate of osteonecrosis of the femoral
head following femoral neck fracture in children, even though
these are some of many factors that may influence
osteonecrosis. Consequently, our analysis has a limitation
due to the lack of studies addressing these pivotal issues.
Furthermore, the various types of treatment cannot be ana-
lyzed due to lack of data in the included studies and inability
to pool data for loss of reduction and/or implant failure.
Although, there were only six eligible published studies with
mild to moderate heterogeneity among the data of these stud-
ies, we chose to perform this meta-analysis to provide a more
generalizable result on the effect estimate as this is the best
available evidence in the literature.

In conclusion, the cumulative evidence at present does not
indicate an association between the timing of treatment and
method of reduction with the rate of osteonecrosis of the fem-
oral head following femoral neck fractures in children.
However, this cumulative evidence does elucidate a positive
association between initial fracture displacement and the prox-
imity of femoral neck fractures with the rate of osteonecrosis
of'the femoral head. The results of our meta-analysis are based
on observational studies; hence, multi-centre prospective

T T T T T T T T T T T T ]
002 005 on 021 053 106 213 385 1063 2125 5313
Odds Rato (log scale)

Fig. 4 Forest plot: pooled odds ratio (OR) for osteonecrosis in the displaced versus non-displaced pediatric femoral neck fractures
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Studies Estima (95% C.I.) Ev/Trt Ev/Ctr

Inan et al 2009 3.500 -

Stone et al 2015 0.586 0/0 - 3

Riley et al 2015 1.826 2/14 )

Baysal et al 2016 8.000 10 -

Spence et al 2016 8.143 1/16 ]

Overall 3.846 (1.499, 9.870) 56/154 6/48 ——T e

oot
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002 005 on 021 053 106 213
Odds Ratio (log scale)

Fig. 5 Forest plot: pooled odds ratio (OR) for osteonecrosis in the Delbet type I/l versus Delbet type Il I/IV pediatric femoral neck fractures

cohort studies are necessary to be able to answer questions
with more certainty and a higher level of evidence.

Compliance with ethical standards

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

Ethical approval This article does not contain any studies with human
participants or animals performed by any of the authors.

References

1. Ratliff AH (1962) Fractures of the neck of the femur in children. J
Bone Joint Surg Br 44:528-542

Hamilton CM (1961) Fractures of the neck of the femur in children.
JAMA 178:799-801

Davison BL, Weinstein SL (1992) Hip fractures in children: a long-
term follow-up study. J Pediatr Orthop 12:355-358

McCarthy J, Noonan K (2010) Fractures and traumatic dislocations
of the hip in children. In: Beaty JH, Kasser J (eds) Rockwood and
Wilkins’ fractures in children, 7th edn. Lippincott Williams &
Wilkins, Philadelphia

Canale ST, Bourland WL (1997) Fracture of the neck and
intertrochanteric region of the femur in children. J Bone Joint
Surg Am 59:431-443

Togrul E, Bayram H, Gulsen M, Kalact A, Ozbarlas S (2005)
Fractures of the femoral neck in children: long-term follow-up in
62 hip fractures. Injury 36:123-130

Swiontkowski MF, Winquist RA (1986) Displaced hip fractures in
children and adolescents. J Trauma 26:384-388

Morrissy R (1980) Hip fractures in children. Clin Orthop 152:202—
210

Colonna PC (1929) Fracture of the neck of the femur in children.
Am J Surg 6:793-797

Bali K, Sudesh P, Patel S, Kumar V, Saini U, Dhillon M (2011)
Pediatric femoral neck fractures: our 10 years of experience. Clin
Orthop Surg 3:302-308

Norton B, Mulligan R, Rush J, Kelly DM, Warner WC, Sawyer JR
(2012) Proximal femoral fractures in children and adolescents. Curr
Orthop Pract 23:429-434

Spence D, Di Maur1 JP, Miller PE, Glotzbecker MP, Hedequist DJ,
Shore BJ (2016) Osteonecrosis after femoral neck fractures in chil-
dren and adolescents: analysis of risk factors. J Pediatr Orthop 36:
111-116

10.

11.

12.

@ Springer

13.

14.

16.

17.

18.

20.

21.

22.

23.

24.

25.

26.

27.

Moon ES, Mehlman CT (2006) Risk factors for avascular necrosis
after femoral neck fractures in children: 25 Cincinnati cases and
meta-analysis of 360 cases. J Orthop Trauma 20:323-329
Yeranosian M, Horneff JG, Baldwin K, Hosalkar HS (2013) Factors
affecting the outcome of fractures of the femoral neck in children
and adolescents: a systematic review. Bone Joint J 95:135-142
Shrader MW, Jacofsky DJ, Stans AA, Shaughnessy WJ,
Haidukewych GJ (2007) Femoral neck fractures in pediatric pa-
tients: 30 years experience at a level 1 trauma center. Clin Orthop
Relat Res 454:169—-173

Cheng JC, Tang N (1999) Decompression and stable internal fixa-
tion of femoral neck fractures in children can affect the outcome. J
Pediatr Orthop 19:338-343

Song K (2010) Displaced fracture of the femoral neck in children. J
Bone Joint Surg Br 92:1148-1151

Flynn JM, Wong KL, Yeh GL, Meyer JS, Davidson RS (2002)
Displaced fractures of the hip in children. Management by early
operation and immobilisation in a hip spica cast. J Bone Joint
Surg Br 84:108-112

Dhar SA, Ali MF, Dar TA, Sultan A, Butt MF, Kawoosa AA, Mir
MR (2009) Delayed fixation of the transcervical fracture of the neck
of the femur in the pediatric population: results and complications. J
Child Orthop 3:473-477

Varshney MK, Kumar A, Khan SA, Rastogi S (2009) Functional
and radiological outcome after delayed fixation of femoral neck
fractures in pediatric patients. J Orthop Traumatol 10:211-216
Riley PM Jr, Morscher MA, Gothard MD, Riley PM Sr (2015)
Earlier time to reduction did not reduce rates of femoral head
osteonecrosis in pediatric hip fractures. J Orthop Trauma 29:231—
238

Panigrahi R, Sahu B, Mahapatra AK, Palo N, Priyardarshi A,
Biswal MR (2015) Treatment analysis of pediatric femoral neck
fractures: a prospective multicenter therapeutic study in Indian sce-
nario. Int Orthop 39:1121-1127

Inan U, Kése N, Omeroglu H (2009) Pediatric femur neck fractures:
a retrospective analysis of 39 hips. J Child Orthop 3:259-264
Stone JD, Hill MK, Pan Z, Novais EN (2015) Open reduction of
pediatric femoral neck fractures reduces osteonecrosis risk.
Orthopedics 38:983-990

Baysal O, Eceviz E, Bulut G, Bekler HI (2016) Early prediction of
outcomes in hip fractures: initial fracture displacement. J Pediatr
Orthop B 25:228-233

Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group
(2010) Preferred reporting items for systematic reviews and meta-
analyses: the PRISMA statement. Int J Surg 8:336-341

Wells GA, Shea B, O’Connell D, Petersen J, Welch V, Losos M,
Tugwell P (2014) The Newcastle-Ottawa Scale (NOS) for
assessing the quality of nonrandomized studies in meta-analyses.
Department of Epidemiology and Community Medicine,
University of Ottawa, Ottawa. http://www.ohri.ca/programs/
clinical_epidemiology/oxford.htm. Accessed Nov 2017


http://www.ohri.ca/programs/clinical_epidemiology/oxford.htm
http://www.ohri.ca/programs/clinical_epidemiology/oxford.htm

International Orthopaedics (SICOT) (2019) 43:677-685 685

28.  Wallace BC, Dahabreh 1J, Trikalinos TA, Lau J, Trow P, Schmid 30. Higgins JPT, Green S (eds) (2011) Cochrane handbook for system-

CH (2012) Closing the gap between methodologists and end-users: atic reviews of interventions, version 5.1.0 (updated March 2011).
R as a computational back-end. J Stat Softw 49:5 The Cochrane Collaboration, Oxford. http://www.cochrane-
29. DerSimonian R, Laird N (1986) Meta-analysis in clinical trials. handbook.org

Control Clin Trials 7:177-188

@ Springer


http://www.cochrane-handbook.org
http://www.cochrane-handbook.org

	Early versus late treatment of paediatric femoral neck fractures: a systematic review and meta-analysis
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Materials and methods
	Search strategy
	Selection of studies
	Data extraction
	Outcomes
	Quality assessment
	Statistical analysis

	Results
	Characteristics of included studies
	Quality assessment
	Quantitative data synthesis

	Discussion
	References


