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Abstract

Objective: Dynamic hip screw (DHS) and cannulated screws (CS) are widely used for femoral neck fractures.
However, there is no definite result as to which surgical method bring less complications. We performed this study
to compare the complication (mortality, non-union, avascular necrosis (AVN), and revision) of DHS and CS for the
treatment of femoral neck fractures patients.

Methods: We searched Pubmed, Ovid, Cochrane Central Register of Controlled Trials, and other relevant studies
related the comparison of DHS versus CS for femoral neck fractures from inception to Jan 7, 2020. The quality of
the included randomized controlled trials (RCTs) and retrospective studies were assessed using the Cochrane
Collaboration tool and Newcastle-Ottawa (NOS), respectively. The meta-analysis was performed by the RevMan 5.2
software.

Results: Nine RCTs and seven retrospective cohort studies were included for meta-analysis. CS was found to be
superior to DHS with respect to AVN rate (OR 1.47; 95% Cl 1.08-1.99; p = 0.01, P = 0%). There were no significant
between-group differences with respect to mortality, non-union, and revision (p > 0.05).

Conclusion: DHS and CS have similar complication including mortality, revision rate, and non-union, but CS has
superior to DHS on ANV. However, further studies are required to provide more robust evidence owing to some
limitations.
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Introduction neck fracture, it has been considered as “unresolved frac-
Femoral neck fractures are common fractures in the or-  ture” [3]. Previous studies reported that femoral neck
thopedics department, and incidence of femoral neck fractures are associated with complications such as avas-
fracture increased with the increase of population ages cular necrosis (AVN), non-union, implant failure/revi-
and traffic accidents. Previous study reported that for sion, and even death [4, 5].
young adult patients, the incidence of femoral neck frac- There are many options to treat femoral neck fracture.
tures amounted to 0.04%. However, the incidence for Previous studies reported that femoral neck fractures
older patients is increase to 0.28~0.64% [1, 2]. In the with following surgery are associated implant failure [6,
past, due to the limited treatment methods for femoral = 7]. Multiple cannulated screws (CS) and dynamic hip
screw (DHS) are widely used for non-displaced or young
patients. CS has better biomedical properties such as
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maintain the neck-shaft angle and anatomical reduc-
tion, which is helpful for fracture fixation [7]. Lee
et al. reported that DHS has a higher rate of overall
success when compared to the MCS group [9]. How-
ever, a recent study showed no significant difference
between two treatments on rates of revision surgery
and complications [10]. In addition, systematic review
or meta-analysis is also conducted in previous studies
[8, 11]. However, whether CS is superior to DHS was
not consistent. Moreover, some limitations exist in
previous studies: the sample size of the studies in-
cluded is small sample size with only RCTs included,
which could lead to selection bias. Publication bias is
not analyzed before.

In the current study, we performed a systematic review
and meta-analysis to compare the complication of DHS
and CS for femoral neck fracture. This study aimed to
provide an evidence for treatment of femoral neck frac-
tures for surgeon.

Materials and methods

Eligibility criteria and literature search

According to the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses statement (PRIS
MA) checklist and flow diagram [12], studies that
compared DHS and CS for femoral neck fractures
were searched in online databases such as Cochrane
Central Register of Controlled Trials, Pubmed, and
Ovid. Studies published from initial to Jan 7, 2020
were enrolled for inclusion. The following medical
subject heading (Mesh) was used for searching “fem-
oral neck fractures,” “femur,” “hip,” “dynamic,” “slid-
ing,” “cannulated,” “cancellous,” and “intracapsular.”
The search was limited to language of English. A
hand search was also performed to avoid missing
additional relevant trials by screening the reference
lists of all the selected articles.

The inclusion criteria for this meta-analysis were (1)
patients: adult patients diagnosed with femoral neck
fracture; (2) intervention: patients treated by DHS (or
CS); (3) comparison treatment: patients treated by CS
(or DHS); (4) outcomes: mortality, non-union, AVN, and
revision; 5) study design: RCTs, prospective, and retro-
spective were all included; the exclusion criteria were (1)
duplicate publications, meta-analysis, systematic reviews,
and case reports; (2) studies for whom full text was not
available; (3) pathological fractures; and (4) studies pre-
senting data that were incomplete and/or could not be
extracted were excluded.

Outcomes of interest, data extraction, and quality
assessment

The interest outcome for this meta-analysis was mortal-
ity, non-union, AVN, and revision rate. Two reviewers
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independently screened the titles and abstracts according
to the selection criteria, and any disagreements were dis-
cussed. The study design, country, age, gender, type of
implant, follow-up, and outcomes were independently
extracted by two reviewers. The quality of included
RCTs was assessed by Cochrane Collaboration recom-
mendations [13], and retrospective studies were assessed
by Newcastle-Ottawa (NOS) [14]. For RCTs, random se-
quence generation (selection bias), allocation conceal-
ment (selection bias), blinding of outcome assessment
(detection bias), incomplete outcome data (attrition
bias), selective reporting (reporting bias), and other
sources of bias were assessed. For retrospective studies,
a total of nine scores including the selection, compar-
ability, and outcome were assessed. When the score was
greater than 7 points, the quality of the retrospective
studies was considered high.

Statistical analysis

All data were analyzed using the Review Manager
software (Version 5.2, The Nordic Cochrane Centre,
The Cochrane Collaboration, 2012). The odd ratio
(OR) and 95% CI were calculated for dichotomous
outcomes. Fixed-effect models and random-effect
models were used when I* < 50% and > > 50%,
respectively. And when I* > 50%, the sensitivity
analysis or subgroup was conducted. Publication bias
was also conducted by Review Manager (version 5.2).
A P value of < .05 was considered statistically
significant.

Results

Characteristics and qualities of the studies included

A total of 319 studies were retrieved, and 240 studies
remained after duplication. After screening abstract full
text, sixteen studies (nine RCTs and seven retrospective
cohort studies) were included for meta-analysis, which
was shown in Fig. 1. There were 2657 hips analyzed in
the sixteen studies: 1337 hips for DHS and 1320 hips for
CS. The full text of sixteen studies was available, and the
basic characteristics of included studies were shown in
Table 1. There was a moderate risk bias for the RCTs:
four studies mentioned random sequence regeneration
[17, 18, 23, 27], six studies mentioned allocation con-
cealment [17, 18, 23-26], two studies used the blinding
of participants [17, 18], one study used observed blind-
ing [17], eight studies reported complete outcome [17,
18, 20, 21, 23, 24, 26, 27], and nine studies reported all
outcome date without reporting bias [17, 18, 20, 21, 23—
27]. For retrospective cohort studies, three studies had 9
scores [9, 10, 28], two studies had 8 scores [15, 19], and
two studies had 7 scores [16, 22]. The details were
shown in Fig. 2 and Table 2.
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Fig. 1 Flow diagram of the selection process of the studies included for the meta-analysis

Mortality

Mortality at the last follow-up was reported in six studies
[9, 10, 17, 23, 26, 27] including 1842 hips (947 for DHS
and 895 for CS). The follow-up period of included studies
varied from 12 to 36 months. With low heterogeneity (p =
024, P = 26%), fixed-effect model was conducted. The
mortality rate of DHS and CS methods was 17.3% and
16.5%, respectively, but there was no significant difference
between these two methods (Fig. 3).

Non-union

Thirteen studies [9, 10, 15, 17-19, 22—28] enrolled 2450
hips (1245 for DHS and 1205 for CS) which reported the
non-union rate. The follow-up period of included stud-
ies varied from 4 to 66 months. There results indicated
no significant differences between the DHS and CS
treatment (OR 1.10; 95% CI 0.81-1.48; p = 0.55). Lower

heterogeneity was found (I2 = 43%; p = 0.05), and fixed-
effect model was conducted (Fig. 4).

AVN

Eleven studies [9, 10, 15, 17, 19, 21-23, 26-28] in-
cluded AVN rate. The follow-up period of included
studies varied from 4 to 66 months. There was a little
heterogeneity across the included 11 studies (* =
39%; p = 0.09). Compared with CS, the DHS has no
benefit on the AVN (OR 1.33; 95% CI 0.99-1.79; p =
0.06) (Fig. 5a). In our meta-analysis, we found that a
study by Hoshino [19] is different from other in-
cluded studies. The hips included in DHS treatment
are more than three times to CS treatment, and only
15 hips were analyzed in the CS group, which would
lead to selection bias. After this study removed, a
sensitive meta-analysis was conducted. The result
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Fig. 2 Quality assessment of risk of bias in the studies included
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showed the heterogeneity decreased from 39 to 0%,
and the CS showed less AVN with significant differ-
ence compared with DHS treatment (OR 1.47; 95%
CI 1.08-1.99; p = 0.01, I* = 0%) (Fig. 5b).

Revision rate and publication bias

Fourteen studies [9, 10, 15-17, 19-27] including 2513
hips compared the revision rate between DHS and CS
treatments. The follow-up period of included studies
varied from 4 to 66 months. The revision rate of DHS and
CS was 15.15% and 15.25%, respectively. There was no
significant difference between DHS and CS (OR 0.99; 95%
CI 0.79-1.23; p = 091) when a fixed-model was used
(P = 39%) (Fig. 6). Revision rate enrolled most of included
sixteen studies, so publication was performed for revision
rate. We found that the triangle is basically symmetrical,
and no obvious publication bias existed (Fig. 7).

Discussion

Due to the anatomical and blood supply characteris-
tics of femoral neck and femoral head, the incidence
of complications and disability after femoral neck
fracture surgery are relatively high [29, 30]. Internal
fixation is less invasive and cheaper, could also pro-
tect femoral head, and delay the need for future
arthroplasty, so DHS or CS is commonly used for
femoral neck fractures in young patients and some
elderly patients [31]. However, there is no consensus
on the chosen between DHS and CS. In this study,
we performed a meta-analysis to compare the compli-
cations between DHS and CS for the treatment of
femoral neck fractures. Our results revealed that CS
is superior to DHS on AVN rate, but has similar per-
formance on mortality, non-union, and revision rate
when compared with DHS.

Compared with previous systematic reviews, our study
has some advantages. First, some latest studies [10, 15,
18] were not enrolled for analysis in previous study.
Compared with previous studies [8, 11, 32], our study
has a larger sample size, and sixteen trials in total were

Table 2 Risk of bias assessment using the Newcastle-Ottawa Scale for cohort studies included in a meta-analysis

Study Selection Comparability Outcome Total
Exposed Non-exposed Ascertainment Outcome The most Additional Assessment Length of Adequacy of score
cohort cohort of exposure  of interest important factor factor of outcome follow up follow up

Lee 2007 [9] * * * * * * * * * 9

Widhalm 2019 [10] % * * * * * * * * 9

Chen 2017 [24] * * * * * * * * * 9

Hoshino 2016 [25] % * * * * * * * 8

Bisaccia 2018 [26] % * * * * * * * 8

Stiasny 2008 [27] % * * * * * * 7

Tolga 2012 [28] * * * * * * * 7
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DHS cs
FAITH 2017 73 542 83 537 57.8%
Gupta 2016 0 40 1 45 1.1%
Lee 2007 3 46 2 48 1.5%
Sgrensen 1992 14 35 6 38 2.8%
Watson 2012 6 30 6 28 4.0%
Widhalm 2019 68 254 50 199 32.9%
Total (95% Cl) 947 895 100.0%
Total events 164 148
Heterogeneity: Chi* = 6.74, df = 5 (P = 0.24); I> = 26%
Test for overall effect: Z=0.10 (P = 0.92)

Fig. 3 Forest plot of odds ratio with confidence intervals for mortality
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enrolled, which provided more strong evidence for
surgeon. Second, the current study had RCTs and
retrospective trials with a longer follow-up duration
of 4-66 months. Third, the complications were di-
vided into mortality, re-invention or revision, non-
union, and AVN, which provided more guidance for
surgeons involved in these procedures unlike that in
the study by Zhang et al. [8]. In Zhang et al’s study,
AVN and non-union were combined and collectively
referred to as complications. However, AVN and non-
union are obviously different and critical adverse
events, and a subgroup and sensitive analysis is neces-
sary. In our sensitive analysis, we found that the inci-
dence of AVN rate is lower in CS treatments when
compared with those in DHS treatment.

Our findings were basically consistent with current
trends. For mortality, previous studies have reported
that the mortality rate of DHS/CS ranged from 0 to
40% [26, 27], and no significant difference between
those two treatment. We considered that the reason
for the larger range may be due to the difference in
sample size and follow-up time. In our study, the
mortality rate of DHS and CS was 17% and 16%,

respectively, which was consistent with previous con-
clusions [17]. For non-union, we found DHS and CS
have the same non-union rate (8.6% and 8%, respect-
ively), which was similar to previous studies [27, 28,
33]. However, we also have some different findings.
For the AVN, we found that the incidence of AVN in
the CS group (8.3%) was lower than that in the DHS
group (9.9%), although there was no statistical differ-
ence between them in previous RCTs or meta-
analysis [8, 23, 27]. In our meta-analysis, a study by
Hoshino et al. [19] reported that AVN rate for CS
was 33%, in which the incidence was much higher
than that reported by other studies, which may be re-
lated to the different surgeon. We conducted sensitive
analysis by excluded this study, and the AVN rate in
the CS group was significantly lower than that in the
DHS group with heterogeneity decreased from 39 to
0%. We consider that the main reason for this is the
advantage of expanded sample size, and two large
sample studies support our point of view [10, 17]. We
considered that the lower AVN rate in CS group was
related to less invasive, which protected the blood
supply as much as possible [6, 8]. In addition, the

DHS Cs

tudy or Subgrou Events Total Events Total Weight
Bisaccia 2018 3 42 4 75 3.2%
Chen 2017 0 42 2 44 2.9%
Christie 1988 22 61 13 66 9.7%
FAITH 2017 33 542 33 537 37.8%
Gupta 2016 5 40 8 45  8.0%
Hoshino 2016 9 47 4 15 6.0%
Lee 2007 0 40 2 44 2.9%
Madsen 1987 18 51 8 52 6.2%
Sharma 2018 0 27 2 29 2.9%
Serensen 1992 9 35 18 38 15.6%
Tolga 2012 3 33 1 33 1.1%
Watson 2012 0 30 2 28 3.1%
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Total (95% CI) 1244 1205 100.0%
Total events 107 97
Heterogeneity: Chi2 = 21.05, df = 12 (P = 0.05); 12 = 43%
Test for overall effect: Z = 0.60 (P = 0.55)

Fig. 4 Forest plot of odds ratio with confidence intervals for non-union

Odds Ratio Odds Ratio
M-H, Fixed, 95% CI M-H, Fixed, 95% CI

1.37 [0.29, 6.41] ]

0.20[0.01,4.29] ¢

2.30[1.03, 5.12] —

0.99 [0.60, 1.63] L

0.66 [0.20, 2.21]

0.65[0.17, 2.53] -1

021[001,451 |

3.00[1.16, 7.74] I

020[0.01,436) |

0.38[0.14, 1.04]

R
3.20[0.32, 32.48] —
017[0.01,378) T —

8.80[0.48, 160.02]

o
hd

1.10 [0.81, 1.48]




Li et al. Journal of Orthopaedic Surgery and Research

(2020) 15:352

Page 7 of 9

A

Study or Subgrou
Bisaccia 2018
Chen 2017
FAITH 2017
Gupta 2016
Hoshino 2016
Lee 2007
Siavashi 2015
Sgrensen 1992
Tolga 2012
Watson 2012
Widhalm 2019

Total (95% CI)
Total events

Bisaccia 2018
Chen 2017
FAITH 2017
Gupta 2016
Hoshino 2016
Lee 2007
Siavashi 2015
Sgrensen 1992
Tolga 2012
Watson 2012
Widhalm 2019

Total (95% CI)
Total events

\

DHS
Events Total
12 42
3 42
50 542
3 40
1 47
4 40
2 30
3 35
10 33
1 30
24 254
1135

113

112

254

1088

cs

Events Total Weight

20
4
28
3
5
4
3
7
6
0
10

90

3
5
4
3
7
6
0
10

85

75
44
537
45
15
44
28
38
33
28
199

1086

Heterogeneity: Chi* = 16.32, df = 10 (P = 0.09); I> = 39%
Test for overall effect: Z =1.90 (P = 0.06)

199

1071

Heterogeneity: Chi? = 7.06, df =9 (P = 0.63); 1= 0%
Test for overall effect: Z =2.48 (P =0.01)

13.4%
4.7%
33.3%
3.4%
9.7%
4.5%
3.8%
8.0%
5.4%
0.6%
13.2%

100.0%

6.0%
0.7%
14.6%

100.0%

Odds Ratio Odds Ratio
M-H, Fixed, 95% Cl M-H, Fixed, 95% ClI

1.10 [0.47, 2.55] -

0.77 [0.16, 3.66] —

1.85[1.14, 2.98] -

1.14[0.22, 5.97]
0.04[0.00,041] ¥
1.11[0.26, 4.77]
0.60 [0.09, 3.86]
0.42[0.10, 1.75]

JEE—

||]

1.96 [0.62, 6.21] i
2.90[0.11, 74.13] e e —
1.97[0.92, 4.23] —
1.33[0.99, 1.79] |0
001 0.1 1 10 100
DHS CS
Odds Ratio Odds Ratio
M-H, Fix i V,

1.10 [0.47, 2.55]
0.77[0.16, 3.66]
1.85 [1.14, 2.98]
1.14[0.22, 5.97]
0.04[0.00, 0.41]
1.11[0.26, 4.77]
0.60 [0.09, 3.86]
0.42[0.10, 1.75]

—_—

1.96 [0.62, 6.21] .
2.90 [0.11, 74.13] ——
1.97 [0.92, 4.23] ——
1.47 [1.08, 1.99] *
0.01 0.1 1 10 100
DHS CS

Fig. 5 Forest plot of odds ratio with confidence intervals for AVN. a meta-analysis of AVN. b sensitive analysis of AVN

incidence rate of AVN would be significantly different
and depend on displacement of the femoral neck at
the time of the injury, and the AVN in displaced
fracture was obvious higher than that in the non-
displaced fracture [15]. For another outcome, revision

was defined as any reason that required internal fix-

ation,

hemiarthroplasty,

or total hip replacement

(THA). Previous studies used reoperation rate for
analysis; however, reoperation includes various rea-
sons such as infection and other factors requiring
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.
reoperation. Our study used revision rate for meta- Conclusion

analysis, which is helpful to compare the incidence of
internal fixation and hemiarthroplasty/THA between
the two surgical methods in more detail. Mohamed
et al. [11] reported that the reoperation rate of DHS
and CS is equivalent, while Zhang et al. [8] thought
that the reoperation rate of DHS is lower than CS.
However, we found that a study [34] included by
Zhang et al. needed careful consideration because
Targon Femoral Neck and DHS are obviously
different.

Limitations were also existed in our study. First,
non-English language studies as well as studies that
could not obtain full text were not included in this
meta-analysis, which could lead to selection bias.
Second, previous study reported DHS and CS were
also different for displaced and non-displaced frac-
tures. The DHS has slight advantages for the man-
agement for displaced femoral neck fractures.
However, due to the lack of detailed information of
included study, we could not make subgroup ana-
lysis to compare the difference between the two
treatment methods for displaced/non-displaced frac-
tures. Third, the treatment methods of CS group
were not completely consistent, some are two can-
nulated screws and some are three cannulated
screws, which might have unpredictable bias. Forth,
the age and fracture type could affect the mortality
and development of AVN, respectively. However,
many studies included in this meta-analysis include
all ages and different fracture types (displaced and
non-displaced hips). In a word, further analysis is
required to provide stronger evidence for clinical
treatment.

DHS and CS have similar complication including mor-
tality, revision rate, and non-union, but CS has superior
to DHS on ANV. In future, more and more study
needed to provide strong evidence because of some limi-
tation existed in this study.

Abbreviations
DHS: Dynamic hip screw; CS: Cannulated screws; AVN: Avascular necrosis;
RCTs: Randomized controlled trials; Cl: Confidence interval; OR: Odds ratio
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