
Vol.:(0123456789)1 3

European Journal of Orthopaedic Surgery & Traumatology (2019) 29:1383–1393 
https://doi.org/10.1007/s00590-019-02460-0

GENERAL REVIEW • HIP - FRAC​TUR​ES

Sliding hip screws versus cancellous screws for femoral neck fractures: 
a systematic review and meta‑analysis

Mohamed S. A. Shehata1 · Mohamed M. Aboelnas2 · Ali N. Abdulkarim2 · Ahmed R. Abdallah3 · Hussien Ahmed1 · 
James Holton4 · Paolo Consigliere5 · Ali A. Narvani6 · Asser A. Sallam7   · James A. Wimhurst8 · Mohamed A. Imam7,8

Received: 30 March 2019 / Accepted: 29 May 2019 / Published online: 5 June 2019 
© Springer-Verlag France SAS, part of Springer Nature 2019

Abstract
Purpose  Both sliding hip screws (SHS) and cancellous screws are used in the surgical management of intracapsular femoral 
neck fracture. However, there is paucity of information as to which is the superior treatment modality. We performed this 
systematic review and meta-analysis study to compare the clinical outcomes of SHS and cancellous screws for the treatment 
of femoral neck fractures in adult patients.
Methods  We searched PubMed, Scopus, Web of Science, and Cochrane CENTRAL, up to December 2017. Randomized 
controlled trials (RCTs) directly comparing the clinical outcomes of SHS and cancellous screws for femoral neck fractures 
were retrieved with no language or publication year restrictions. Data retrieved included operative details, nonunion rate, 
avascular necrosis, reoperation, infection and mortality, hip pain, functional hip scores, and medical complications. These 
were pooled as risk ratio or mean difference (MD) with their corresponding 95% confidence interval (CI). Heterogeneity 
was assessed by Chi-square test.
Results  Ten RCTs involving 1934 patients were included in the final analysis. The pooled estimate showed that the SHS 
group was associated with more intraoperative blood loss (MD = 110.01 ml, 95% CI [52.42, 167.60], p = 0.00002) than the 
cancellous screws. There was no significant difference in terms of operative time, postoperative hip function, nonunion, 
avascular necrosis, reoperation rate, infection, fracture healing, hip pain, medical complications, and mortality rate.
Conclusion  Based on our study, the cancellous screws group was associated with less intraoperative blood loss in comparison 
with the SHS group. No other significant differences were found between the two interventions.

Keywords  Femoral neck fractures · Internal fixation · Sliding hip screws · Cancellous screws

Introduction

A proximal femoral or hip fracture is a very common cause 
of admission to the orthopedic emergency department 
worldwide [1]. The incidence of hip fractures is expected 
to reach 2.6 million by 2025 and up to 4.5 million by 2050 
on secular trends [2]. There are an estimated number of 4.5 
million people per year becoming disabled after a hip frac-
ture, with the number of people living with disability due to 
a hip fracture expected to increase to 21 million in the next 
40 years [1, 3, 4]. These fractures occur most commonly in 
population above 50 years of age [5, 6]. However, young 
population can be prone to such fractures due to high-energy 
trauma in road traffic collisions and extreme sports [7–9]. 
Femoral neck fractures are associated with complications 
such as nonunion, avascular necrosis, infection, and implant 
failure [5, 10].
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Treatment of femoral neck fractures differs according to 
patient’s age and the pattern of the fracture [11–13]. Man-
agement of femoral neck fractures is resource heavy requir-
ing a large multidisciplinary team. The management path-
way starts from the ambulance to the emergency room and 
will require input from radiology, anaesthetics, medical phy-
sicians, orthopaedic surgeons, and physiotherapy [1]. Most 
hip fractures are managed surgically either with arthroplasty 
or reduction and internal fixation, depending on the fracture 
configuration, age of patient, and associated comorbidities 
[5, 7, 14, 15]. Operative fixation of intracapsular fractures 
may be with cannulated cancellous hip screws or a sliding 
hip screws (SHS) [16]. There does not appear to be any con-
sensus on which is more effective.

We therefore conducted this systematic review and meta-
analysis to compare cancellous screws and SHS for treat-
ment of intracapsular femoral neck fractures.

Methods

We performed all steps of this systematic review in a strict 
accordance with the Cochrane Handbook of Systematic 
Reviews and Meta-analysis [17]. We also followed the 
preferred reporting items for systematic reviews and meta-
analyses (PRISMA statement guidelines) [18].

Literature search

We searched PubMed, Scopus, Web of Science, the 
Cochrane Central Register of controlled trials (CENTRAL), 
WHO International Clinical Trials Registry Platform, WHO 
GHL, and EBSCO to identify relevant studies. Dates were 
inclusive up to December 2017. There were no language 
restrictions. The following search queries were used inde-
pendently or in combination according to the medical subject 
headings (MESH) (“femoral neck fractures,” “intracapsular 
hip fractures,” “internal fixation, “arthroplasty,” “sliding hip 
screws,” and “cancellous screws”). We searched ClinicalTri-
als.gov to identify additional relevant studies. Furthermore, 
we hand-searched references of the most relevant articles.

Eligibility criteria

We included RCTs comparing SHS and multiple cancellous 
screws in skeletally mature patients with intracapsular femo-
ral neck fractures. We excluded observational studies, bio-
mechanical studies, non-human studies, studies from which 
data could not be reliably extracted, case reports, theses, and 
conference abstracts.

Study selection

Three authors independently applied the selection criteria. 
Eligibility screening was conducted in two steps: (a) titles 
and abstracts screening for matching the inclusion criteria 
and (b) full-text screening for eligibility to meta-analysis 
using standardized Excel spreadsheet. Disagreements or 
uncertainties were resolved by consensus with another 
reviewer.

Data extraction

Data extraction was carried out by two researchers, while a 
third researcher resolved any disputes between the two main 
researchers. The data collected were first author’s name, 
publication year, study design, number of participants in 
each group, mean age, gender, type of intervention, study 
period, follow-up period, and outcomes of interest.

Outcomes

We included studies including at least one of the following 
outcomes: (a) operative details including operative duration 
and intraoperative blood loss, (b) fracture fixation compli-
cations including nonunion, avascular necrosis, reoperation 
rate, implant failure, and infection, (c) hip function scores 
using Harris Hip Score (HHS), (d) medical outcomes includ-
ing pulmonary embolism, cardiovascular complications, and 
deep venous thrombosis, and (e) final outcome measures 
including hip pain and mortality rate at 3 months, 2 years, 
and 3 years postoperatively.

Risk of bias assessment

We used Cochrane risk of bias (ROB) assessment tool [17], 
described in chapter 8.5 of the Cochrane Handbook of Sys-
tematic Reviews of Interventions 5.1.0 [17]. The Cochrane 
ROB assessment tool is designed to detect five types of bias, 
including selection bias (sequence generation and allocation 
concealment), performance bias (blinding of participants 
and investigators), detection bias (blinding of outcome asses-
sors), attrition bias (incomplete outcome data), and reporting 
bias (selective outcome reporting). Each study was classified 
in each domain as low, high, or unclear risk of bias.

Data analysis

The analyses were performed using R software for windows 
(meta-package, version 4.9–0). For continuous outcomes, 
we calculated the mean difference (MD) and 95% confi-
dence intervals (CI) for each outcome. For dichotomous 
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outcomes, we calculated the risk ratio (RR) and 95% CI for 
each outcome. An alpha level < 0.05 was considered statisti-
cally significant. The range in some studies was converted to 
standard deviation in accordance with the protocol provided 
by Hozo et al. [19].

Assessment of Heterogeneity and publication bias

Heterogeneity was assessed by visual inspection of the forest 
plots and measured by Q statistic and I2 . Significant statisti-
cal heterogeneity was indicated by a Q statistic p value < 0.1 
or by I2 more than 50%. In case of significant heterogeneity, 
a random effect model was employed. Otherwise, the fixed 
effect model was used. Subgroup analysis and sensitivity 
analysis were used to resolve the heterogeneity.

Results

Search strategy results

Our search retrieved 452 unique citations. After removing 
observational studies, biomechanical studies, non-human 
studies, studies from which data could not be reliably 
extracted, case reports, theses, and conference abstracts, 
35 articles were retrieved and screened for eligibility to the 
meta-analysis. Of these, 25 articles were excluded because 
they included extracapsular fractures, used combined pro-
cedures, or compared different techniques and ten RCTs 
were included. The PRISMA flow diagram of study selec-
tion is shown in Fig. 1.

Fig. 1   Flow diagram of articles 
selection process



1386	 European Journal of Orthopaedic Surgery & Traumatology (2019) 29:1383–1393

1 3

Baseline characteristics

Ten RCTs [16, 20–28] involving a total of 1934 patients 
were included. Of these, 960 patients were received a SHS 
and 974 patients were treated with cancellous screws. The 
follow-up period ranged from 2 to 4 years. All articles were 
published in English from 1986 to 2017. A summary of the 
design and baseline characteristics of enrolled patients is 
presented in Table 1.

Risk of bias assessment

All the included RCTs reported that the enrolled patients 
were randomly allocated to different study groups, but only 
three studies reported how randomization was performed. 
One used a centralized computer system [20], another study 
used a sealed-envelope technique [27], and the third used a 
simple randomization method [16]. Three trials [20, 25, 27] 
kept unbroken blinding. All RCTs were at low risk of bias 
in terms of selective reporting. Nine trials were at low risk 
of bias in terms of incomplete outcome of the data. Three 
trials [20, 25, 27] described allocation concealment, while 
details of blinding of the surgeons, patients, and accessors 
were unclear in eight trials. Summary of quality assessment 
of RCTs is shown in Fig. 2.

Outcomes

Operative details

Operative duration in minutes  The pooled estimate of two 
studies [16, 22] showed no significant difference between 
the SHS and cancellous screws groups (MD = 24.11  min, 
95% CI [− 24.39, 72.61], p = 0.33, Fig. 3a). The two studies 
were heterogenous (I2 = 96%, p < 0.01); therefore, random 
effect model was conducted.

Intraoperative blood loss  The pooled estimate from three 
RCTs [16, 22, 24] showed that the SHS group was associated 
with significantly larger intraoperative blood loss than the 
cancellous screws group (MD = 110.01 ml, 95% CI [52.42, 
167.60], p = 0.00002, Fig.  3b). The pooled studies were 
heterogenous (I2 = 80%, p = 0.006). Heterogeneity was best 
resolved by excluding the study by Kuokkanen et  al. [22] 
(MD = 135.24 ml, 95% CI [112.36, 158.12], p < 0.000001, 
I2 = 0%, p = 0.59, Fig. 3c).

Fracture fixation complications

Nonunion  The pooled risk ratio showed no significant 
difference between the two compared groups in terms of 
nonunion (RR = 1.05, 95% CI [0.84, 1.33], p = 0.84). No 
significant heterogeneity was observed (I2 = 38%, p = 0.15 

Fig. 4a). Nonunion rate was reported by six RCTs [16, 20, 
21, 24–26].

Avascular necrosis  Data on avascular necrosis were reported 
by nine RCTs [16, 20–26, 28]. The pooled estimate did not 
favor either of the two compared groups (RR = 1.00, 95% CI 
[0.61, 1.64], p = 0.99, Fig. 4b).

Reoperation rate  The pooled estimate from nine RCTs [16, 
20–26, 28] did not favor either of the two compared groups 
in terms of reoperation rate (RR = 0.87, 95% CI [0.67, 1.12], 
p = 0.28). No significant heterogeneity was detected among 
these studies (I2 = 35%, p = 0.14, Fig. 4c).

Infection  The pooled estimate from five RCTs [16, 20, 21, 
24, 25] was comparable between the two compared groups 
in terms of postoperative infection (RR = 1.39, 95% CI 
[0.80, 2.40], p = 0.25). Pooled studies were homogenous 
(I2 = 0%, p = 0.68, Fig. 4d).

Fracture healing  The pooled risk ratio showed no signifi-
cant difference in fracture healing between the two com-
pared groups (RR = 0.83, 95% CI [0.53, 1.29], p = 0.40). 
The pooled three RCTs [21, 25, 26] were heterogenous 
(I2 = 71%, p = 0.03, Fig. 4e).

Hip function scores

The pooled mean difference from three RCTs [16, 20, 28] 
showed no significant difference in terms of postoperative 
hip function (MD = 0.47, 95% CI [− 14.89, 15.82], p = 0.95). 
Pooled studies were heterogenous (I2 = 93%, p < 0.1, Fig. 5).

Medical outcomes

The total effect estimate showed no significant difference 
between the two compared groups in terms of medical com-
plications (RR = 0.98, 95% CI [0.71, 1.34], p = 0.92, Fig. 6).

Hip pain

The pooled risk ratio from two RCTs [21, 26] did not favor 
either the SHS group or the cancellous screws group in 
terms of postoperative hip pain (RR = 0.77, 95% CI [0.57, 
1.05], p = 0.09). Pooled studies were homogenous (I2 = 0%, 
p = 0.34, Fig. 7).

Mortality

Seven RCTs [16, 20–22, 25–27] reported postoperative 
mortality at 3 months, 2 years, and 3 years. The total effect 
estimate showed that the two groups were consistent in 
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terms of postoperative mortality (RR = 1.03, 95% CI [0.71, 
1.51], p = 0.86, Fig. 8).

Subgroup analysis by the type of cancellous screws

Subgroup analysis by the type of cancellous screws was 
consistent with the results of the overall pooled estimate, 
except for fracture healing in which three Gouffon screws 
had higher risk than sliding hip screws (RR = 0.52, 95% 
CI [0.31, 0.87], Fig. 4e).
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Discussion

Our study results revealed no significant difference between 
SHS and cancellous screws in terms of operative time, post-
operative hip function, nonunion, avascular necrosis, reop-
eration rate, infection, fracture healing, hip pain, medical 
complications, and mortality rate. Only intraoperative blood 
loss was greater in the SHS patients.

Patients with intracapsular femoral neck fractures present 
frequently to the emergency department, yet despite this, the 
management approach can be controversial and can vary 
between centers and clinicians [29]. Most frequently these 
can be categorized into three procedures: total arthroplasty, 
hemiarthroplasty or open reduction, and internal fixation. 
Femoral neck fractures can be categorized according to Gar-
den’s classification into type I, II, III, IV or can be more 
simply into undisplaced (type I and II) or displaced (type 
III and IV).

There is strong evidence presented by multiple stud-
ies [30, 31] and recommended by the American Academy 
of Orthopedic Surgeons (AAOS) [32] that the less active 
older patients (especially above 80 years old) with dis-
placed femoral neck fractures should be treated with total 
hip arthroplasty or hemiarthroplasty as these provide the 

most reliable outcomes [33]. Internal fixation is often con-
sidered a better option for undisplaced fractures [32, 34] 
and may be indicated in displaced fractures for younger 
active adults. It is less invasive and more affordable, pro-
vides the possibility of maintaining the native femoral 
head and improving function, and delays the need for 
future arthroplasty [30, 34]. However, internal fixation 
does require a longer period of postoperative monitor-
ing for complications, such as avascular necrosis, with 
or without a period of protected weight bearing. Internal 
fixation can be achieved by SHS or cancellous screws, and 
determining which procedure is better depends on the rate 
of reoperation and the incidence of complications.

We included multiple outcomes to try to conclude 
which approach is more reliable. These outcomes were 
duration of surgery, intraoperative blood loss, nonunion, 
avascular necrosis, reoperation rate, infection, fracture 
healing, hip function scores, medical outcomes, hip pain, 
and mortality. Our meta-analysis demonstrated that can-
cellous screws were superior in terms of intraoperative 
blood loss, but there were no other significant differences. 
A previous systematic review confirmed our results that 
cancellous screws are associated with less blood loss [35].

Our findings were consistent with the current trend of 
using cancellous screws in management of undisplaced 
femoral neck fractures [36]. However, one of the limita-
tions of our study is the inability to isolate the results of 
displaced and undisplaced fractures due to lack of such 
segregation in the included studies. On the other hand, the 
FAITH study [20] managed to prove, with subgroup analy-
sis, that SHS group is superior to cancellous screws group 
in management of displaced fractures, basal fractures, and 
fractures in smokers thanks to a greater biomechanical 
stability of SHS.

A recently published meta-analysis compared SHS to 
cancellous screws [37] and established the same result of 
nonexistence of significant difference in the rate of postop-
erative complication in spite of the trend that claims cancel-
lous screws to have a higher complications rate, especially 
avascular necrosis [35]. We tried to overcome the limitations 
of that meta-analysis by inclusion of additional studies and 
exclusion of the Targon femoral neck system in management 
of femoral neck fractures to be more focused on SHS and 
cancellous screws.

Stockton et al. [38] described the failure patterns of 
femoral neck fracture fixation in patients aged 18–55 years 
and emphasized, in agreement of our study, that both SHS 
and multiple cannulated screws were similar in the post-
operative failure rate. However, SHS was associated more 
with screw cutout due to failure of the cancellous trabecu-
lae to resist the rotation of the femoral head around the 
lag screw [39]. While, multiple cancellous screws failed 
by varus collapse [38]. This in turn leads to the evolution 
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of new implants that overcome these failure patterns, such 
as the dynamic locking blade plate which was tried by 
Kalsbeek et al. [39]. The authors reported that this plate 
possesses the advantages of dynamic compression, angular 
and rotational stability, and low implant volume within the 
femoral head with only 13.2% postoperative failure rate.

Contrarily to our study, some authors recommended the 
use of arthroplasty starting from age of 55 years owing 
to the higher reoperation rate (27%) following internal 

fixation [40]. This is in agreement with Stockton et al. 
[41] who observed that one in three patients required a 
reoperation and one in seven patients was converted to 
total hip arthroplasty.

Limitations of the study

Absence of a unified method of reduction in included stud-
ies may affect the incidence of postoperative complica-
tions, particularly the rate of surgical site infection, which 
may be lower in closed reduction than in open reduction 
[42]. Other potential confounders to the outcomes of 
surgical intervention include inseparable age-groups, 
fracture levels, and difference in Pauwels’ classification. 
The lack of blinding of the included trials may also be a 
confounding factor. Tests for funnel plot asymmetry and 

Fig. 4   a Forest plot of risk ratio (RR) of nonunion with 95% confi-
dence interval, comparing between sliding hip screws (SHS) and can-
cellous screws. b Forest plot of risk ratio (RR) of avascular necrosis 
with 95% confidence interval, comparing between sliding hip screws 
(SHS) and cancellous screws. c Forest plot of risk ratio (RR) of reop-
eration rate with 95% confidence interval, comparing between sliding 
hip screws (SHS) and cancellous screws. d Forest Plot of risk ratio 
(RR) of infection with 95% confidence interval, comparing between 
sliding hip screws (SHS) and cancellous screws. e Forest Plot of risk 
ratio (RR) of fracture healing with 95% confidence interval, compar-
ing between sliding hip screws (SHS) and cancellous screws
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meta-regression could not be used as there are a small 
number of studies included in the meta-analysis.

Future directions

Screws are expedient in maintaining the fracture reduction, 
while the SHS can better resist the shear forces and varus 
collapse [43]. Therefore, new generations of implants that 
combine the biomechanical advantages of both modalities 
may be investigated. Additionally, future researches should 
focus on enhancing the vascularity of this critical area by the 
use of either pedicled or free vascularized grafts or encour-
aging the healing potential by the use of bone morphogenic 
proteins.

Conclusion

This review gives us better understanding of the available 
evidence regarding a commonly encountered orthopedic 
problem. The cancellous screws group had less intraopera-
tive blood loss than the SHS group. No difference could be 
detected between the two treatment modalities regarding 
the operative time, postoperative hip function, nonunion, 
avascular necrosis, reoperation rate, infection, fracture 
healing, hip pain, medical complications, and mortality 
rate.
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