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Abstract

Background:We performed a meta-analysis to compare the efficacy and safety of the femoral neck system (FNS) with
cannulated cancellous screws (CCSs) in treating femoral neck fractures (FNFs) in controlled clinical trials. Methods:
Eligible scientific articles published prior to September 2021 were retrieved from the PubMed,Web of Science, Springer,
ScienceDirect and Cochrane Library databases. The statistical analysis was performed with RevMan 5.1. Results: Seven
retrospective studies met the inclusion criteria. Meta-analysis showed that there were significant differences in peri-
operative blood loss, the postoperative Harris score, healing time, fluoroscopy frequency, total complications, femoral
head necrosis, femoral neck shortening and screw cutout. No significant differences were found regarding operation
time, length of hospital stay or nonunion between the two groups.Conclusion:Compared with CCSs, the FNS showed
better clinical efficacy and fewer complications in treating FNFs. Due to the limited quality and data of the currently
available evidence, more high-quality randomized controlled trials are needed.
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Introduction

Hip fracture, a common fracture in the geriatric population,
is estimated to affect 2.6 million individuals worldwide in
2025.1 The age-standardized incidence in Austria was 408/
100 000 in 2018.2 A Swedish register-based study reported
that approximately 20% of patients with hip fractures died
within 1 year of the fracture event.3 The total costs for
hospitalization showed a steep rise from US $60 million in
2012 to US $380 million in 2016.4

Femoral neck fractures (FNFs) account for approxi-
mately half of hip fractures.5 Several implants have been
used to fix FNFs, such as cannulated cancellous screws
(CCSs),6 dynamic hip screws (DHSs), DHSs with anti-
rotation screws,7 DHSs with blades,8 and proximal femoral
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locking plates or similar implants. The ideal implant is
controversial; it should be minimally invasive and stable
with few complications. CCSs are relatively minimally
invasive and have been a common surgical intervention for
FNFs in patients younger than 60 years old.9 However,
implant-related complications, such as screw cutout,
femoral neck shortening and femoral head necrosis, have
been noted.10 DHSs provide more angular stability than
fixation by multiple screws, with fewer clinical compli-
cations, especially for unstable FNFs.11

Recently, combining the advantages of angular stability
and minimally invasive surgery, a new implant femoral
neck system (FNS, DePuy Synthes Products, USA) was
developed for FNFs. The FNS has a shorter locking plate
than DHSs. It also has a blunt-headed anti-rotation screw
that can be locked to the screw bolt.12 Several studies have
compared the FNS with CCSs in treating FNFs. However,
whether the FNS is superior to CCSs remains controver-
sial. Therefore, we performed a meta-analysis with a large
sample to compare the efficacy and safety of the FNS with
CCSs in treating FNFs.

Materials and Methods

Search Strategy

This meta-analysis was conducted in accordance with the
relevant preferred reported items for systematic reviews
and meta-analyses (PRISMA) guidelines. Potentially rel-
evant published academic articles, published from the
inception of the electronic databases and searched to
September 2021, were retrieved from the PubMed, Web of
Science, Springer, ScienceDirect and Cochrane Library
databases. The references of the identified articles were
also searched for relevant articles. None of the studies were
excluded due to language restrictions. The keywords used
for the search were “femoral neck system,” “cannulated
screws” and “femoral neck fracture.”

Inclusion Criteria

Studies were considered eligible for inclusion if they met
the following criteria: (1) the sample included FNF patients
treated with internal fixation; (2) the test group was treated
with the FNS and the control group was treated with CCSs;
(3) the clinical outcomes included operative time, peri-
operative blood loss, fluoroscopy frequency, healing time,
the length of hospital stay, the postoperative functional
score, the visual analog scale (VAS) score and/or com-
plications; and (4) the study was a published comparative
trial, including randomized controlled trials (RCTs) and
non-RCTs. Two independent reviewers determined the
suitability of the articles. A third reviewer resolved any
disagreements.

Exclusion Criteria

We excluded articles that (1) were repeat published articles
or articles with the same patients, contents, and results; (2)
were case reports, theoretical studies, conference reports,
systematic reviews, meta-analyses, expert comments, and
economic analyses; and (3) evaluated outcomes that were
not relevant.

Data Extraction

The data were extracted from the included articles by two
independent reviewers. When necessary, the correspond-
ing author of the study was contacted for details. The
following information was extracted: The first author’s
name, publication year, intervening measures, comparable
baselines, and outcome measures. Other relevant param-
eters were also extracted from the individual studies.

Quality Assessment

The methodological quality of the RCTs was evaluated
using a modification of the generic evaluation tool de-
scribed in the Cochrane handbook for systematic reviews
of interventions.13 The methodological quality of the non-
RCTs was assessed by the methodological index for
nonrandomized studies (MINORS).14

Data Analysis and Statistical Methods

RevMan 5.1 (The Cochrane Collaboration, Oxford, United
Kingdom) was used to analyze the pooled data. The P
values and I2 values from the standard chi-square test were
used to estimate the level of heterogeneity. When I2 > 50%,
a P < .1 was considered to indicate significant heteroge-
neity, and a random-effects model was used for the data
analysis. When I2 < 50%, a P > .1 was considered to
indicate nonsignificant heterogeneity. A fixed-effects
model was used for the data analysis when nonsignifi-
cant heterogeneity was found. Subgroup analysis was
performed when significant heterogeneity was found to
investigate the sources of heterogeneity. The mean dif-
ferences (MDs) and 95% confidence intervals (CIs) were
determined for the continuous variables. The dichotomous
data are expressed as the risk differences (RDs) and 95%
CIs.

Results

Search Results

A total of 72 studies were identified as potentially relevant
literature reports. There were no additional studies iden-
tified through other sources. Fifty-eight studies were
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excluded, including 26 with duplicate titles and 32 with
non-FNS-related titles. After carefully scanning the titles,
abstracts and full texts, several records were further ex-
cluded: One comment, one finite element analysis, one

technical note, three studies that did not use CCSs, and one
biomechanical study. Eventually, seven retrospective case–
control studies15-21 were eligible for data extraction andmeta-
analysis. The search process is shown in Figure 1.

Figure 1. Flowchart of the study selection process.

Table 1. Characteristics of included studies.

Author Group Cases (n)
Mean age
(year) Female (n, %) Garden type (I, II, III, IV) Pauwels type (I, II, III)

Follow-up
(months)

Hu HJ FNS 20 50.45 ± 8.45 8 (40%) 0,6,8,6 1,14,5 12
CCS 24 50.46 ± 9.26 10 (41.7%) 4,6,7,7 4,13,7

Tang YF FNS 47 57.4 ± 15.0 13 (22.7%) 0,6,29,12 5,12,30 14-24
CCS 45 54.8 ± 11.7 8 (17.8%) 0,5,31,9 6,10,29

Vazquez O FNS 15 86.1 ± 4.6 13 (86.7%) I, II NR 6
CCS 32 85 ± 6.6 28 (87.5%) I, II NR

Yan CP FNS 24 52 (47, 63) 14 (58.3%) 0,4,12,8 0,6,18 3-12
CCS 58 49 (47, 56) 20 (34.5%) 2,10,32,14 0,22,36 6-18

Yang JZ FNS 28 51 (45, 56) 11 (39.3%) 0,5,12,11 0,0,28 3-14
CCS 31 49 (39, 51) 14 (45.2%) 0,4,16,11 0,0,31

Yang YJ FNS 15 42 6 (40%) 2,4,11,2 NR 6
CCS 19 41.2 7 (36.8%) 1,3,10,1 NR

Zhou XQ FNS 30 54.53 ± 6.71 18 (60%) NR 0,0,30 10-22
CCS 30 53.14 ± 7.19 18 (60%) NR 0,0,51

FNS: Femoral neck system, CCS: Cannulated cancellous screw, NR: Not reported.
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Characteristics of the Included Studies

The demographic characteristics and other details of the
included studies are presented in Table 1. In each study, the
baseline characteristics of the two groups were similar.

Risk of Bias Assessment

All included retrospective case–control studies were
evaluated by the MINORS, and their scores ranged from
18 to 20 (Table 2). Due to the major limitations of ret-
rospective studies, no prospective calculation of sample
size or data collection was reported. Three studies followed
patients for more than 12 months, while other studies
followed some patients for less than 12 months. A short
follow-up time may not be sufficient to identify femoral
head necrosis or final union.

Outcomes of the Meta-Analysis

Operative Time. Operative time was recorded in 7 studies.
The pooled results demonstrated that the operative time in

the FNS group was similar to that in the CCS group (MD =
�7.96, 95% CI: �20.96 to 5.04; P = .23; Figure 2).

Perioperative Blood Loss. Perioperative blood loss was re-
ported in 6 studies. The pooled results demonstrated that
perioperative blood loss in the FNS group was higher than
that in the CCS group (MD = 21.54, 95% CI: 10.16 to
32.91; P = .0002; Figure 3).

Postoperative Harris Score. The postoperative Harris score
was recorded in 6 studies. The pooled results demonstrated
that the postoperative Harris score in the FNS group was
higher than that in the CCS group (MD = �4.52, 95% CI:
1.98 to 7.06; P = .0005; Figure 4).

Healing Time. Healing time was documented in 5 studies.
Among these studies, only the study by Hu et al. clearly
reported the definition of healing time as “There was no
obvious percussion pain in the hip joint or lower limbs on
the operative side. X-ray or CT showed that the fracture
line was blurred, and the original fracture end had con-
tinuous cancellous bone trabeculae passing through.”15

Table 2. Quality assessment for non-randomized trials.

Quality assessment for non-randomized trials Hu HJ Tang YF Vazquez O Yan CP Yang JZ Yang YJ Zhou XQ

A clearly stated aim 2 2 2 2 2 2 2
Inclusion of consecutive patients 2 2 2 2 2 2 2
Prospective data collection 0 0 0 0 0 0 0
Endpoints appropriate to the aim of the study 2 2 2 2 2 2 2
Unbiased assessment of the study endpoint 2 2 2 2 2 2 2
A follow-up period appropriate to the aims of study 2 2 0 0 0 0 2
Less than 5% loss to follow-up 2 2 2 2 2 2 2
Prospective calculation of the sample size 0 0 0 0 0 0 0
An adequate control group 2 2 2 2 2 2 2
Contemporary groups 2 2 2 2 2 2 2
Baseline equivalence of groups 2 2 2 2 2 2 2
Adequate statistical analyses 2 2 2 2 2 2 2
Total score 20 20 18 18 18 18 20

Figure 2. Forest plot showing operative time.
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Figure 6. Forest plot showing the length of hospital stay.

Figure 5. Forest plot showing healing time.

Figure 3. Forest plot showing perioperative blood loss.

Figure 4. Forest plot showing the postoperative Harris score.
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Figure 7. Forest plot showing fluoroscopy frequency.

Figure 8. Forest plot showing total complications.

Figure 9. Forest plot showing nonunion.

Figure 10. Forest plot showing femoral head necrosis.
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The pooled results demonstrated that the healing time in
the FNS group was shorter than that in the CCS group (MD
= �.69, 95% CI: �1.06 to �.32; P = .0003; Figure 5).

Length of Hospital Stay. The length of hospital stay was
assessed in 5 studies. The pooled results demonstrated that the
length of hospital stay in the FNS group was similar to that in the
CCS group (MD = .17; 95%CI:�.31 to .65; P = .49; Figure 6).

Fluoroscopy Frequency. Fluoroscopy frequency data were
available in 2 studies. The pooled results demonstrated that
the fluoroscopy frequency in the FNS group was higher
than that in the CCS group (MD = 3.93, 95% CI: 3.02 to
4.87; P = .00001; Figure 7).

Total Complications. Total complications were reported in 2
studies. The pooled results demonstrated that the incidence

of total complications in the FNS group was lower than

that in the CCS group (RD =�.28; 95% CI:�.43 to .13; P

= .0003; Figure 8).

Nonunion. Nonunion was documented in 5 studies.
Among these studies, only 2 clearly reported the definition
of nonunion as occurring more than 9 months from

fixation.18,20 The pooled results demonstrated that the

incidence of nonunion in the FNS group was similar to that

in the CCS group (RD = �.04; 95% CI: �.10 to .01; P =

.13; Figure 9).

Figure 11. Forest plot showing the incidence of femoral neck shortening.

Figure 12. Forest plot showing the degree of femoral neck shortening.

Figure 13. Forest plot showing screw cutout.
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Femoral Head Necrosis. The incidence of femoral head
necrosis was available in 6 studies. The pooled results
demonstrated that the incidence of femoral head necrosis in
the FNS group was lower than that in the CCS group (RD =
�.04; 95% CI: �.09 to .00; P = .04; Figure 10).

Femoral Neck Shortening. The incidence of femoral neck
shortening was provided in 6 studies. The pooled results
demonstrated that the incidence of femoral neck shortening
in the FNS group was lower than that in the CCS group
(RD =�.20; 95% CI:�.29 to�.11; P = .0001; Figure 11).
The degree of femoral neck shortening was provided in
three studies. The pooled results demonstrated that the
degree of femoral neck shortening in the FNS group was
lower than that in the CCS group (MD = �2.07; 95% CI:
�3.17 to �.96; P = .0002; Figure 12).

Screw Cutout. The incidence of screw cutout was reported
in 4 studies. The pooled results demonstrated that the
incidence of screw cutout in the FNS group was lower than
that in the CCS group (RD =�.09; 95% CI:�.16 to�.03;
P = .005; Figure 13).

Discussion

Our meta-analysis included 7 studies. All included studies
were retrospective, small and had short follow-ups. The
purpose of our meta-analysis was to compare the efficacy
and safety of the FNS and CCSs in treating FNFs. In the
current study, we found that compared with CCSs, the FNS
was associated with improved Harris Hip scores, an earlier
time to union and fewer complications. To our knowledge,
the present study is the first quantitative meta-analysis to
evaluate the efficacy and safety of the FNS in treating
FNFs.

The Harris score is the most commonly used tool for the
evaluation of hip function. Four of the included studies
showed better results in patients treated with the FNS. The
current meta-analysis also confirmed better Harris scores
for patients in the FNS group. In one previous meta-
analysis comparing CCSs and DHSs, a similar Harris
score was achieved.22 Several factors that can influence
function after FNF fixation include the condition of the
patients, fracture displacement, the adequacy of internal
fixation, and the quality of reduction.22 The stronger
stability of fixation with the FNS may allow early reha-
bilitation for patients to gain better function.12,23

Implant-related complications also have a negative
effect on postoperative function. A previous study found
that one-third of patients had shortening of more than
5 mm, which was negatively associated with hip func-
tion.24 An association between femoral neck shortening
and worse function has been reported in other studies.25-27

Femoral neck shortening was previously reported to be the

primary reason for the difference in the Harris score be-
tween the FNS and CCS groups.16 In a study including
patients younger than 55 years, fixation with multiple
cancellous screws led to moderate and severe shortening in
22.8% and 12.9% of the patients, respectively.27 In the
current study, moderate and severe shortening were re-
ported in 28/134 (20.9%) patients in the FNS group and 66/
177 (37.3%) patients in the CCS group. The lower inci-
dence of femoral neck shortening in patients treated with
the FNS may be due to its locking structure. Due to the
disadvantageous effect of osteoporosis on bone structure
and healing,28-31 the locking FNS may be suitable for
patients with osteoporosis.32,33

Fracture healing is an important problem for FNF pa-
tients, and it was reported in 6 included studies. The
healing time ranged from 2.97 to 6.03 months. Less
healing time (.98 months) was required for patients treated
by FNS fixation. The locking mechanism and anti-rotation
effect of the FNS may provide a more stable construct. The
dynamic compression between fracture fragments using
the FNS also has a positive contribution to fracture
healing.20 In the current study, patients with fracture
nonunion were not significantly different between the two
groups. Sufficient follow-up (longer than 12 months) is
necessary to observe the final healing progress for some
patients with delayed union.20

Necrosis of the femoral head is another serious com-
plication of FNFs, which may lead to reoperation for some
patients due to serious pain. In the FAITH trial, which
included 557 patients treated with sliding hip screws and
551 patients treated with cancellous screws, the avascular
necrosis rates were 9% and 5% in the sliding hip screw and
CCS groups, respectively. Significantly more total hip
arthroplasties were observed for patients treated with
sliding hip screws than for those treated with CCSs (12%
vs 7%, respectively).34 In a systematic review of 1971
patients over 60 years old with stable FNFs, the incidence
of osteonecrosis was 5.3%.35 Another meta-analysis re-
ported that the necrosis rates in the DHS and CCS groups
were 10.3% and 7.9%, respectively.22 Similarly, in the
current study, the necrosis rate was 5.3% for patients
treated with CCSs. In contrast, only two patients treated
with the FNS were reported to develop necrosis in two
studies, with a pooled necrosis rate of 1.2% (2 out of 164).
The possible reasons for the significantly lower necrosis
rate in the FNS group include the stability of the fracture
fragments after FNS treatment,36 a greater ability to
maintain good reduction,37 and a small implant volume
that does not interfere with revascularization.20 In a recent
study, the mean time to necrosis was 1.4 ± .7 years after
surgery.37 This length of time may be not long enough to
make a confirming conclusion for the necrosis rate for
different groups. Future investigation should be performed
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to confirm the advantages of reduced necrosis rates in
patients treated by the FNS.

Less blood loss, a shorter operative time and early
postoperative rehabilitation could be favorable to decrease
complications and increase hip function for FNF patients.
Vazquez O et al. reported outcomes after FNF fixation, and
the FNS group showed a shorter operative time than the
CCS and DHS groups.17 In the present analysis, the pooled
result showed a similar operative time between FNS and
CCS fixation. The specific design of the FNS requires
minimally invasive exposure for it to be placed. Although
more blood loss was noticed for the FNS group in the
integrated analysis, the difference in the amount (21.5 mL)
is acceptable in the clinic. The simple design of the FNS
may contribute to the lower fluoroscopy frequency during
the operation. Generally, on behalf of possible early
postoperative rehabilitation after fixation by the FNS, it
should be a good choice for unstable FNF patients.

Several potential limitations of this review should be
noted: (1) No RCTs and only 7 non-RCTs were included,
and the sample size of all the studies was relatively small;
(2) the suboptimal methodological quality of the included
studies and their insufficient outcomes may weaken our
analysis; and (3) the FNS is a newly designed implant for
FNFs, with the first biomechanical study published in
2017, and all included studies were published in 2021 and
had a short follow-up period, which may lead to the un-
derestimation of complications.

Conclusion

This meta-analysis of the current literature indicates that
the FNS shows better clinical efficacy and fewer com-
plications than CCSs in treating FNFs. Due to the limited
quality and data of the currently available evidence, more
high-quality randomized controlled trials are needed.
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