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ABSTRACT

This study aimed to compare the efficacy of cannulated screw combined with medial femoral plate and simple cannulated screw for
Pauwels type Ill femoral neck fracture. In May 2022, relavent clinical trial articles were searched in seven online databases. After litera-
ture screening, quality evaluation, and data extraction according to the specific inclusion and exclusion criteria, the differences in thera-
peutic efficacy, complications, and intraoperative outcomes were compared between the two groups. A total of nine articles were finally
included in the meta-analysis. The qualities of the nine articles were medium. Although the results showed that cannulated screw
combined with medial femoral plate prolonged the operation time and increased blood loss (p <0.05), it demonstrated better fracture
reduction and Harris score, shorter healing time and less internal fixation failure than in the simple cannulated screw in the treatment of
Pauwels type Il fracture (p <0.05). The sensitivity analysis, Egger’s test, and trial sequential analysis (TSA) showed that the combina-
tion results were stable and reliable. This demonstrated that compared to that with the simple cannulated screw, the cannulated screw
combined with medial femoral plate had better efficacy and less complication.
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INTRODUCTION

Femoral neckfracture (FNF) often occursinelderly patients with
osteoporosis and is the most common type of hip fracture.”* The
incidence of FNFsin young peopleis relatively low and is mainly
caused by high-energy injuries, such as traffic accidents and
high fall injuries.™* Reduction and fixation is the basic principle
of the therapy for such fractures, and the most common treat-
ment is an internal fixation with closed reduction cannulated
screws.*® Numerous studies have demonstrated that equilat-
eral triangular structures formed between screws effectively
provide betterbiomechanical stability.*’

Pauwels classification, introduced in 1935, evaluates the angle
between the horizontal line and fracture line to assess the
shearing stress and compressive force.®
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The more generalthe angleis, the greater the shear force atthe
fracture end, which is extremely unstable. Pauwels angle of
more than 50° is classified into the Pauwels type Il FNF. At
present, one of the most common treatments for Pauwels Il FNF
is three cannulated compression screws for internal fixation.®
However, postoperative complications following this treatment
caneasily occur, suchasbone non-unionand head necrosis.*®

Recently, the treatment of Pauwels Il FNF using cannulated
screw combined with medial femoral plate (CSCMFP) is devel-
oping as a new surgical method.” Several studies have
compared the efficacy of CSCMFP and simple cannulated screw
(SCS)forthetreatmentofPauwels|lIFNF.*****Shenetal.demon-
strated that the CSCMFP was more effective than SCS in the
treatment of Pauwels Ill FNF.* The authors also emphasised
that the incidence of postoperative complications like screw
loss, head necrosis, hip varus, and femoral neck shortening in
CSCMFP was significantly lower. These results are consistent
with the findings in most randomised controlled trial (RCT)
studies.””* In contrast, Qin et al. reported that the incidence of
bone non-union and head necrosis in the two groups was not
significantly different.* These findings necessitate the urgent
need to explore whether CSCMFP treatment has an advantage
over SCSfixation.
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Meta-analyses provide a general, effective understanding of
many inconsistent studies.”’” A meta-analysis conducted by Su
et al. also demonstrated a more effective outcome for CSCMFP
inthe treatment of Pauwels Il FNF compared to SCS,* providing
a general understanding and selective tendency for clinical
therapy of Pauwels Il FNF. However, the meta-analysis was
performed in January 2020 and only contained literature
published up to December 2019. Additionally, although retro-
spective cohort studies and RCTs were included in this meta-a-
nalysis, the number of studies included in the meta-analysis
was still small, resulting in poor reliability and stability of the
conclusion. Thus, to better understand the differential efficacy
of CSCMFP and SCS, this meta-analysis of nine publications (572
cases) was conducted that compared the efficacy of the two
treatmentsforpatients with Pauwels II FNF.

METHODOLOGY

Allprocedures were performed following the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses guidelines.”

A protocol-driven systematic search for publications was
performed in the PubMed, Embase, Cochrane Library, Web of
Science, Wanfang data, China National Knowledge Infrastruc-
ture (CNKI), China Science and Technology Journal database
(CQVIP). The search terms included femoral fracture, plate,
screw, and randomised controlled trial. Database-specific
controlled vocabulary terms and free-text terms were combined
for the search, and keywords of the same and different cate-
gorieswerecombined with“OR"” and “AND" respectively. Inaddi-
tion, the retrieval formula was adjusted according to the charac-
teristics ofthe database.

Each database was searched from inception to 22 May, 2022. To
obtain more references for the meta-analysis, manual retrieval
ofthe paperversion ofthe literature was conducted for screening
therelevantreviewsandincludedreferences.

The inclusion criteria for the studies were: Adults patients with
Pauwels 1l FNF; the experimental group was treated with
CSCMFP, while the control group was only treated with SCS;
study design being an RCT; one or more of the following
outcomes were reported: efficacy (excellent rate of fracture
reduction, fracture healing time, and postoperative Harris
score), complications (femoral head necrosis, non-union,
internal fixationfailure, and wound Infection), and intraoperative
ending (operation time and blood loss). The exclusion criteria for
the studies were: Non-original articles like reviews, conference
abstracts, and comments; non-RCT studies; and for repeated
publication or the same data used in multiple articles, the one
withthe mostcompleteresearchinformationwas chosen.

To ensure the scientific integrity and rigor of the research, two
investigators independently screened the references following
the above protocol. Data extraction was accomplished indepen-
dently according to the pre-designed table fortheincluded refer-
ences. Detailed information on the included references was
obtained, including the name of thefirstauthor, publicationyear,

the country inwhich the study was conducted, basic characteris-
tics of the candidates (diagnostic criteria, sample size, gender,
and age), intervention program, follow-up time, and outcomes.
The Cochrane Collaboration's tool for assessing risk was utilised
to estimate the methodological quality of all chosen studies.” In
the case of disagreement in the process of literature data extrac-
tion and quality evaluation, a consensus was reached after a
groupdiscussionwithathird author.

Assessment of the differences in continuous variables was
performed using weighted mean difference (WMD) 95% confi-
dence interval (Cl). Evaluation of the differences in categorisa-
tion variables was performed using the Risk Ratio (RR) and 95%
Cl. Heterogeneity among the studies was determined using
Cochran’s Q test and I” statistics.”* Values of p <0.05 or I’ >50%
was determined as significant heterogeneity and the random
effects model was constructed for meta-analysis; p =0.05 and I’
=50% was determined as non-significant heterogeneity and
fixed effect model was adopted for meta-analysis; p <0.05 indi-
cated significant differences in therapy efficacy, complications,
andintraoperative outcomes between CSCMFPand SCS.

In addition, sensitivity analyses removing one research ata time
were performed to explore the effects of each single study on the
combined results. Egger’s test was used to understand whether
there was significant publication bias among the studies.”” When
asignificantpublicationbiaswasfound, the stability ofthe meta--
analysis results was evaluated using the trim and fill method.”
Statistical analyses were performed using the RevMan 5.3 and
Stata12.0software.

Trial sequential analysis (TSA) was finished through TSA soft-
ware version 0.9 Beta (Copenhagen Trial Unit, Copenhagen,
Denmark),** evaluating whether there were sufficient sample
sizes to confirm differences in outcomes, complications, etc.
betweenthetwogroups.

RESULTS

A total of 1096 articles were screened through systematic
searches (Figure 1). After the removal of duplicates, 784
remaining articles were further screened to yield 15 articles by
reading the title and abstract. Five non-RTC studies and one
review article were further excluded. In addition, the manual
search failed to find studies that could be included in the anal-
ysis.Finally, ninearticleswerechosenandincludedinthe meta--
analysis'9,12»16,25-27

The basicinformation of the nine publicationsis listed in Table I.
All the nine studies were conducted in China, and the publica-
tion years were from 2018 to 2021. The sample sizes ranged
from 26 to 96, with a total of 572 cases (286 experimental
samples and 286 control samples). Qin et al. reported the
number of males and females in terms of all the participants,*®
while the other eight studies reported the number of males and
femalesin the intervention and control groups, respectively. Of
the total patients in the included studies, 380 were males and
192 werefemales.
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Table I: Characteristics of the nine included studies.

Study Definition of Pauwels Time from fracture Groups Age, years n, M/F Site, L/R Cause, Follow-up,
1 to surgery, hours TA/HFITI months
Ding, WX 2018 Pauwels angle =70° NR Intervention 63 (37-69) 12, 8/4 NR NR 12
Control 63 (37-69) 14, 8/6 NR NR
Gao, C] 2020 Pauwels angle >50° NR Intervention 41.32 £12.28 25, 20/5 10/15 16/6/3 12
Control 43.03 +12.10 30, 22/8 17/13 15/10/5
Li, P 2018 NR NR Intervention 45.56 + 8.24 31, 16/15 NR NR 3
Control 43.32 £ 8.87 31,19/12 NR NR
Liu, HW 2020 Pauwels angle >50° NR Intervention 47.26 = 8.54 40, 23/17 15/25 14/26 NR
Control 47.90 + 7.84 40, 21/19 17/23 12/28
Qin, YP 2018 Pauwels angle >50° 46.87 £ 17.33 Intervention 35.50 + 8.68 30, 41/19# 27/33 23/19/18 15 (12-18)
Control 35.50 + 8.68 30
Shen, ZQ 2021 Pauwels angle >50° 74.4 £19.2 Intervention 449 +7.8 29, 19/10 11/18 NR 30.6 (24-56)
69.6 = 24.0 Control 448 +8.8 29, 20/9 10/19 NR
Xu, YK 2018 Pauwels angle >50° 37.73 £ 8.27 Intervention 50.4 +10.6 25, 19/6 NR 21/11/13 12
Control 49.9 +18.7 20, 15/5 NR
Yang, B 2019 Pauwels angle >50° 40.53 + 8.95 Intervention 37.86 £9.12 49, 35/14 21/28 23/9/17 12
39.12 £9.30 Control 38.05 + 8.47 47, 32/15 22/25 22/10/15
Zhou, YF 2021 Pauwels angle >50° 39.21 +6.15 Intervention 38.12 + 8.46 45, 32/13 NR 21/10/14 6
39.05 +5.98 Control 38.05 +8.35 45, 30/15 NR 23/7/15

Treatment referred to cannulated screws combined with medial femoral plate and control referred to simple cannulated screws. F, female; M, male; L, left; R, right; TA, traffic accident; HFI, high falling injury; Tl, tumbling
injury; NR, not reported. #, number of male/female of all participants.

Table Il: Outcomes of the sensitivity analysis and test of publication bias.

. Sensitivity analysis Egger’s test
Outcomes No. of studies RRs/WMDs (95% CI) p-value
Excellent rate 6 1.22 (112, 1.32) to 1.24 (1.13, 1.36) # 0.096
Healing time 6 -1.30 (~1.83, =0.76) to =1.02 (~1.38, =0.67) 0.077
Harris score, 1 month 2 0.93 (-0.04, 1.90) to 5.17 (3.52, 8.82) NA
Harris score, 3 months 3 1.55 (=0.02, 3.11) to 8.66 (—=5.06, 22.39) 0.520
Harris score, 6 months 6 4.13 (1.46, 6.79) to 6.77 (2.25, 11.30) 0.386
Harris score, 12 months 5 6.18 (3.80, 8.57) t0 9.21 (5.51, 12.90) 0.281
Femoral head necrosis 6 0.46 (0.19, 1.10) to 0.65 (0.26, 1.65) # 0.141
Non-union 7 0.48 (0.20, 1.15) to 0.57 (0.26, 1.27) # 0.004
Internal fixation failure 6 0.10 (0.03, 0.36) to 0.15 (0.05, 0.41) # 0.006
Operation time 8 26.06 (15.28, 36.84) to 31.78 (21.09, 42.48) 0.510
Blood loss 8 50.19 (28.65, 71.73) to 77.45 (54.48, 100.42) 0.072
NA, not available; #, effect size was RRs.
P One article did not report the diagnostic criteria for Pauwels
Records identified through database searching (n = 1096) Il FNF, one reported the diagnostic criteria as Pauwels angle
§ PubMed (n=373), Embase (n=221), Web of Science (n=214), the =70°, and the other seven reported the criteria as all Pauwels
E Cochrane library (n=77), CNKI (n=67), Wanfang (n=92), CQVIP (n=52) - ! 2627 ; ) )
& angle >50°."""" Among the nine articles, five reported the
8 time from fracture to surgery,’****** five reported the site of
the fracture,’”™® and six reported the cause of fracture;
— Records after duplicates removed 12131162 the differences between the two groups (CSCMFP
— =784 . .

(n ) and SCS) in terms of these features were not statistically
w0 significant. The average follow-up time of each included study
c
£ was from 3 to 30.6 months.

[ A4
5
@ Records screened ,|  Recordsexcluded The results of the methodological quality evaluation of the -
title/abstract (n = 784) (n=769) . . .
L nine studies are chosen. As the allocation concealment,
. outcome measurement information were absent in the
included studies. The researchers and subjects were blinded,
z ) and the bias focused mainly on allocation concealment,
3 Full-text articles assessed F”';:;tr:::f)'::&x:'g‘)’ed performance bias, and detection bias. In addition, five RCTs
=] f°r(e“gill;‘;ity > 5 ot RCTs; did not report the specific random grouping methods;
n= ) .
1 reviews. 912181328 tharefore, the evaluation of random sequence gener-
ation was termed unclear risk. In general, the bias grade of
) the included studies was uncertain, and the methodological
- v quality was medium.
§ Studies included in . .
3 quantitative synthesis The comparison outcomes of CSCMFP and SCS treatments in
(me‘fn"a:”;)'ys's’ terms of excellent rate of reduction, healing time, and post-
L operative Harris scores are shown in Figure 2A-C. Six litera-

Figure 1: The process and results of literature screening. CNKI, China

National Knowledge Infrastructure.

ture studies reported the differences in excellent rate of frac-
ture reduction in CSCMFP and SCS.
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A Excellent rate of reduction

Experimental  Control Risk Ratio Risk Ratio
Study or Subgroup _ Events Total Events Total Weight IV, Fixed, 95% Cl V. Fixed, 95% CI
1.1.1 Garden classification
Gao, CJ 2020 24 25 25 30 200% 1.15[096,138] i
Qin, YP 2018 20 30 24 30 17.6% 1.21[1.00,146] =
Shen, ZQ 2021 20 20 23 29 17.0% 126[1.03152] ——
Yang, B 2019 46 49 36 47 212% 123[1.03,146] ——
Zhou, YF 2021 42 45 34 45 19.0% 1.24[1.03,148] ——
Subtotal (95% CI) 178 181 947% 1.21[1.12,1.32] *
Total events 170 142
Heterogeneity: Chi? = 0.49, df = 4 (P = 0.97); 2= 0%
Test for overall effect: Z = 4.62 (P < 0.00001)
1.1.2 Haidukewych score
Ding, WX 2018 2 12 10 14 53% 1.37(0.97,1.95 Iy
Sustnlal (95% Cl) 12 14 53% 1.37 [[0.97, 1.95]] g
Total events 12 10
Heterogeneity: Not applicable
Test for overall effect: Z = 1.78 (P = 0.07)
Total (95% CI) 190 195 1000% 1.22[1.13,1.32] *
Total events 182 152
Heterogeneity: Chi? = 0.95, df = 5 (P = 0.97); = 0% 0 0 b 5 B

Test for overall effect: Z = 4.91 (P < 0.00001)

Favours [control] Favours [experimental]
Test for subgroup differences: Chi? = 0.46, df = 1 (P = 0.50), I = 0%

B Healing time

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean  SD Total Mean SD Total Weight IV, Random,95% Cl 1V, Random, 95% CI
Gao, CJ 2020 437 0.56 25 503 0.74 30 17.8% -0.66 [-1.00, -0.32] -
Liu, HW 2020 411 107 40 535 1.28 40 155% -1.24[-1.76,-0.72] I
Qin, YP 2018 433 0.88 30 548 1.31 30 14.9% -1.15[-1.71,-0.59] -
Xu, YK 2018 402 069 25 584 073 20 16.9% -1.82[-2.24,-1.40] -
Yang, B 2019 405 121 49 573 146 47 152% -1.68[-2.22,-1.14] -
Zhou, YF 2021 3.06 0.38 45 374 04 45 19.6% -0.68 [-0.84, -0.52] -
Total (95% Cl) 214 212 100.0%  -1.18 [-1.60, -0.75] >
Heterogeneity: Tau? = 0.23; Chi? = 38.04, df = 5 (P < 0.00001); I = 87% - 4
Test for overal effect: Z = 5.45 (P < 0.00001) Favours [experimental] Favours [control]
C Postoperative Harris score

Experimental Control Mean Difference Mean Difference
Study or Subgroup _Mean _ SD Total Mean D_Total Weight IV, Random, 95% Cl 1V, Random, 95% CI
1.3.1 1 month
Gao, CJ 2020 716 1.78 25 7067 1.88 30 51.3% 0.93 [-0.04, 1.90] o
Li, P 2018 49.73 338 31 4456 3.23 31 487% 5.17 [3.52, 6.82] o
Subtotal (95% Cl) 56 61 100.0% 3.00 [-1.16, 7.15] >
Heterogeneity: Tau? = 8.51; Chi? = 18.93, df = 1 (P < 0.0001); I = 95%
Test for overall effect: Z = 1.41 (P = 0.16)
1.3.2 3 months
Gao, CJ 2020 766 3.1 25 7483 369 30 345% 1.77 [-0.02, 3.56] =
Li, P 2018 98.63 7.85 31 8285 7.76 31 323% 15.78[11.89, 19.67] -
Yang, B 2019 72.32 849 49 7148 7.54 47 332% 0.84 [-2.37, 4.05] b
Subtotal (95% CI) 108 100.0%  5.99 [-1.88, 13.86] -
Heterogeneity: Tau? = 45.94; Chi? = 44.58, df = 2 (P < 0.00001); I* = 96%
Test for overall effect: Z = 1.49 (P = 0.14)
1.3.3 6 months
Gao, CJ 2020 80.08 1.93 25 7897 1.88 30 17.3% 1.11[0.10, 2.12] r
Qin, YP 2018 88.37 3.21 30 8247 6.63 30 16.3% 5.90 [3.26, 8.54] il
Shen, ZQ 2021 833 6.2 29 77 82 29 153% 6.30 [2.56, 10.04] -
Xu, YK 2018 80.84 244 25 79.31 2.93 20 17.0% 1.53[-0.07,3.13] il
Yang, B 2019 83.72 4.15 49 77.01 3.93 47 17.0% 6.71[5.09, 8.33] bl
Zhou, YF 2021 84.21 4.09 45 70.85 3.95 45 17.0% 13.36[11.70, 15.02] -
Subtotal (95% CI) 201 100.0% 5.79 [1.64, 9.95] L 4
Heterogeneity: Tau? = 25.67; Chi* = 174.69, df = 5 (P < 0.00001); I = 97%
Test for overall effect: Z = 2.74 (P = 0.006)
1.3.4 12 months
Gao, CJ 2020 92.04 372 25 8817 3.36 30 21.9% 3.87[1.98, 5.76] -
Liu, HW 2020 85.03 1.34 40 7245 2.65 40 226% 12.58[11.66, 13.50] »
Shen, ZQ 2021 868 6.8 29 787 96 29 188% 8.10[3.82, 12.38] -
Xu, YK 2018 89.72 119 25 8221 107 20 151% 7.51[0.90, 14.12] =
Yang, B 2019 9042 631 49 8315 526 47 215% 7.27 [4.95,9.59] -
Subtotal (95% CI) 168 166 100.0% 7.92 [3.50, 12.33] L 4
Heterogeneity: Tau? = 22.19; Chi* = 76.25, df = 4 (P < 0.00001); I* = 95%
Test for overall effect: Z = 3.52 (P = 0.0004)

-50

-25 25

Favours [control] Favours [experimental]
Figure 2: Forest plots comparing the therapy efficacy between cannu-
lated screw combined with medial femoral plate and simple cannu-
lated screw treatment. (A) The results of excellent rate of reduction;
(B) The results of healing time; (C) The results of postoperative
Harris score. Experimental group represent the cannulated screw
combined with medial femoral plate treatment, and the control group
represent the simple cannulated screw (the same as below).

The evaluation criteria for five studies were the Garden classifi-
cation <2,"*'** and one was Haidukewych scores <2.”° The
generated results indicated that there was no significant
heterogeneity among the six studies (Figure 2A, I’ = 0%, p =
0.97). Fixed effects model showed that CSCMFP had a better
excellent rate than SCS (Figure 2A, RR = 1.22; 95% CI: 1.13,
1.32; p <0.001).

Six literature studies reported the difference in healing time
between the two treatments.”********® The results of hetero-
geneity test were I’ = 87% and p <0.001. The random effects
model suggested that CSCMFP required a lower healing time
than with SCS (Figure 2B; WMD = -1.18; 95% CI: —-1.60,
—-0.75; p <0.001).

Experimental  Control Risk Ratio Risk Ratio
Study or Subgroup _ Events _Total Events Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
1.4.1 Femoral head necrosis
Gao, CJ 2020 1 25 230 112% 0.60[0.06,6.24] I
Li, P 2018 0 31 [ Not estimable
Liu, HW 2020 1 40 2 40 111% 050[0.05,5.30] S
Qin, YP 2018 1 30 130 83% 1.00[0.07,15.26] 1
Shen, ZQ 2021 2 29 8 29 288% 0.25[0.06,1.08] |
Yang, B 2019 2 49 3 47 203% 064[0.11,3.66] 1
Zhou, YF 2021 2 45 3 45 203% 0.67[0.12,3.80] — 1T
Subtotal (95% CI) 249 252 100.0% 0.49[0.23,1.08] -
Total events 9 19
Heterogeneity: Chi? = 1.32, df = 5 (P = 0.93); I*= 0%
Test for overall effect: Z = 1.77 (P = 0.08)
1.4.2 Non-union
Gao, CJ 2020 0o 25 3 30 71% 0.17[001,3.15] -
Li, P 2018 0 31 131 60% 033[0.01,7.88] I
Liu, HW 2020 2 4 3 40 199% 0.67[0.12,3.7§] T
Qin, YP 2018 0o 30 3 30 70% 0.14[001,265 —
Shen, ZQ 2021 2 29 3 29 204% 0.67[0.12,3.70] T
Yang, B 2019 2 49 3 47 197% 0.64[0.11,3.66] —
Zhou, YF 2021 2 45 3 45 198% 0.67[0.12,3.80] — 1T
Subtotal (95% CI) 249 252 100.0% 0.52[0.24,1.12] -
Total events 8 19
Heterogeneity: Chi* = 1.68, df = 6 (P = 0.95); I = 0%
Test for overall effect: Z = 1.67 (P = 0.10)
1.4.3 Internal fixation failure
Gao, CJ 2020 0o 25 6 30 115% 009[001,185 — |
Liu, HW 2020 0 40 3 40 107% 0.14[001,268] — |
Qin, YP 2018 0 30 5 30 11.3% 0.09[0.01,157] —
Shen, ZQ 2021 2 29 9 20 441% 0.22[0.05,0.94] —
Yang, B 2019 0 49 5 47 112% 009[000,154] — |
Zhou, YF 2021 0o 45 5 45 11.2% 009[001,160] — T [
Subtotal (95% CI) 218 221 100.0% 0.14[0.05,0.37] -
Total events 2 33
Heterogeneity: Chi* = 0.76, df = 5 (P = 0.98); I = 0%
Test for overall effect: Z = 4.00 (P < 0.0001)

0.005 01 200

Favours [experimental] ! Favours [ggntrc\]
Figure 3: Forest plots comparing the complications between cannu-
lated screw combined with medial femoral plate and simple cannu-
lated screw treatments.

Experimental Control Mean Difference Mean Difference
Study or Subgroup  Mean  SD Total Mean  SD Total Weight IV. Random, 95% CI IV. Random, 95% CI
1.5.1 Operation time
Ding, WX 2018 10137 975 12 57 624 14 121% 44.37(37.96,50.78] il
Gao, CJ 2020 11076 585 25 6873 491 30 126% 42.03[39.14,44.9] -
Liu, HW 2020 9055 274 40 7413 159 40 127% 16.42[15.44,17.40] "
Qin, YP 2018 73 783 30 465 811 30 125% 2650 [22.47,30.53] =
Shen, ZQ 2021 984 33 20 575 22 29 127% 40.90([39.46,42.34]
Xu, YK 2018 6579 1301 25 6287 876 20 121%  2.92[-346,930] —
Yang, B 2019 7146 867 49 4513 922 47 126% 26.33[22.75,29.91) =
Zhou, YF 2021 715 864 45 451 865 45 126% 26.40[22.83,29.97] -
Subtotal (95% CI) 255 255 100.0% 28.28 [18.15, 38.41]
Heterogeneity: Tau? = 209.54; Chi = 973.63, df = 7 (P < 0.00001); I = 9%
Test for overall effect: Z = 5.47 (P < 0.00001)
1.5.2 Blood loss
Gao, CJ 2020 11092 104 25 6947 515 30 14.4% 41.45(37.08,4582] -
Liu, HW 2020 8634 574 40 7066 482 40 145% 1568 (1336, 18.00] -
Qin, YP 2018 1505 282 30 598 101 30 14.0% 90.70[79.98, 101.42] -
Shen, ZQ 2021 9122 64 29 412 74 29 144% 50.02[46.46,5358] -
Xu, YK 2018 7901 189 25 8262 17.27 20 14.0%  -3.61[-14.20,6.98] -
Yang, B 2019 14024 1743 49 6159 1405 47 14.3% 78.65[72.33,84.97) -
Zhou, YF 2021 14023 1685 45 6162 1347 45 143% 78.61[72.31,84.91] -
Subtotal (95% CI) 243 241 100.0% 50.19 [28.65, 71.73] -
Heterogeneity: Tau? = 832.72; Chi? = 863.64, df = 6 (P < 0.00001); I = 99%
Test for overall effect: Z = 4.57 (P < 0.00001)

-100 -50 50 100
Favours [experimental] - Favours [control]

Figure 4. Forest plots comparing the intraoperative ending between
cannulated screw combined with medial femoral plate and simple
cannulated screw treatments.

The results of the analysis of differential postoperative Harris
score were divided into Harris score in 1, 3, 6, and 12
months (Figure 2C). Significant heterogeneity existed in the
four postoperative evaluation time (1> >50%, p <0.05). The
random effects model showed that no significant differences
existed in the Harris score between the two treatments in
postoperative 1 month (WMD = 3.00; 95% CI: —=1.16, 7.15; p
= 0.16) and post 3 months (WMD = 5.99; 95% CI: -1.88,
13.86; p = 0.14). However, CSCMFP showed a higher Harris
score in the postoperative 6 months (WMD = 5.79; 95% Cl:
1.64, 9.95; p = 0.006) and 12 months (WMD = 7.92; 95% ClI:
3.50, 12.33; p <0.001).

The comparison of three types of complications, including
head necrosis, non-union, and internal fixation failure,
between CSCMFP and SCS treatment are shown in Figure 3.
The three complications exhibited non-significant hetero-
geneity (1> <50%, p >0.05). Fixed effects model showed no
significant differences between the two groups in femoral
head necrosis (RR = 0.49; 95% Cl: 0.23, 1.08; p = 0.08) and
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non-union (RR = 0.52; 95% CI: 0.24, 1.12; p = 0.10).
Regarding internal fixation failure, fixation failure occurred
more easily with CSCMFP (RR = 0.14; 95% CI: 0.05, 0.37; p
<0.001).

The comparison of operation time and blood loss between
CSCMFP and SCS treatment are shown in Figure 4. The two
symptoms showed significant heterogeneity (> >50%, p
<0.05). Random effects model implied that CSCMFP required
more operation time (WMD = 28.28; 95% Cl: 18.15, 38.41; p
<0.001) and caused more blood loss (WMD = 50.19; 95% ClI:
28.65, 71.73; p <0.001) in the operative process than in
SCS.

Sensitivity analyses showed that all indices included in the
study were stable, except the Harris score in postoperative 1
month (Table 11). Omitting any one study, the results (except
Harris score in postoperative 1 month) were still accurate.
However, only two studies were included in Harris score at
postoperative 1 month, and the instability of the results may
be due to the differences between the two included studies.
Moreover, Egger’s test could not be carried out in the two
studies. In addition, Egger’s test showed that non-union (p =
0.004) and internal fixation failure (p= 0.006) exhibited
significant publication bias. Analyses for other indices indi-
cated no significant publication bias. Trim and fill method
was used for non-union internal fixation failure; however, the
program did not fill in the fictitious negative results to
enhance the symmetry of the funnel plot, and the meta-anal-
ysis results did not change, indicating that the publication
bias of these two indices may have been caused by small
sample bias.

The results of TSA of the therapeutic efficacy, complications,
and intraoperative outcomes are shown in figures. The
sample size for excellent rate exceeded the expected
sample size (n = 158), and Z was >1.96, indicating that the
combined results were significant, and there was sufficient
evidence to demonstrate the high reliability of the combined
results. In addition, healing time, internal fixation failure
(Figure S3C), and operation time had similar results.

The sample sizes of Harris score after 1/3/6 months, femoral
head necrosis (Figure S3A), and non-union did not meet the
expectations. This indicates that more studies are needed to
verify the possibility of significant differences in these
indices between the two treatments. The sample size of
Harris score and blood loss at 12 months after surgery did
not meet the expectations, while the Z-curve crossed the
trial sequential monitoring boundary, indicating that there
was sufficient evidence that the combined results are highly
reliable.

DISCUSSION

Pauwels classifies FNF into three types based on the direction
of the femoral neck fracture line. Among the three types, the
angle between fracture line and horizontal line is maximum in

the Pauwels Ill FNF and is extremely unstable. The most
common treatment is internal fixation with three cannulated
compression screws.’ However, postoperative complications
following this treatment can easily occur.”® Recently, CSCMFP
was developed as a new surgical method for the treatment of
Pauwels Ill FNF."* The CSCMFP is fixed based on the tradi-
tional SCS and the medial femoral plate is placed on the inner
part of the femoral neck. This surgical method maintains the
anti-rotation ability of the internal fixated screw, and further
prevents the shear force caused by the fracture end.*
CSCMFP has been demonstrated to have increased efficacy
and decreased postoperative complications.>”™ To compare
the efficacy of CSCMFP and SCS for the treatment of patients
with Pauwels Ill FNF, we performed a meta-analysis by
searching previous publications and explored the general
results of all included studies. A total of nine literature studies
were included in the combination analysis. The results demon-
strated that CSCMFP effectively increased the excellent rate,
Harries score (6/12 month), operation time, and blood loss, as
well as decreased the healing time and internal fixation
failure. These results were consistent with the most of
previous single RCT studies.’*****

Regarding the main outcome index, compared to the SCS
internal fixation, the CSCMFP treatment required more opera-
tion time and increased blood loss. These results may be
attributed to the relative complexity of internal fixation of
the medial plate;” thus, the prolonged operation time and
increased blood loss.”® Moreover, CSCMFP effectively
increased the excellent rate and Harris score (6/12 months)
and decreased the healing time and internal fixation failure.
Supporting cannulated screw with a steel plate in the
femoral medial, increases the contact area, strengthens
biomechanical stability, prevents internal fixation loosening,
reduces the stress at the fracture end,” protects blood flow
around the femoral head, and promotes the healing of frac-
ture; thus, promotes the fracture excellent rate of reduction,
improves the function of the hip joint, and shortens patient
recovery time.*

In this study, the advantages of the CSCMFP over SCS were
demonstrated in treating Pauwels Ill FNF, such as increasing
the excellent rate and postoperative Harris score and
decreasing the healing time and internal fixation failure. All
the included studies were RCTs and possessed a small metho-
dological heterogeneity. The sensitivity analyses suggested
that the combined results of most outcome indices were
adequately stable, and there was no significant publication
bias. Although there was a small sample bias in non-union
and internal fixation failure, sensitivity analysis suggested
that the meta-analysis results were still stable. Moreover, TSA
further showed that significant differences occurred in
outcome indices between the two treatments, except the
postoperative 6-month Harris score. TSA analysis also
suggested that there was sufficient evidence for the high relia-
bility of the combined results.
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Nevertheless, the study has several limitations. First, for cont-
inuous variables, the heterogeneity of the outcomes (such
as operative time, blood loss, and Harris score) may be
attributed to the experience of surgeons, patients' self-eval-
uation of postoperative pain and gait, etc. Second, the
quality of methods used in the chosen studies was poor, and
the control of selection, performance, and detection biases
was not strictly carried out according to RCT standards.
Third, all the nine included studies were conducted in China,
and the extrapolation of the meta-analysis results was poor.
High-quality RCT should be performed in other regions to
evaluate the advantages and disadvantages of CSCMFP in
the treatment of patients with Pauwels Ill FNF and whether
it has the same effect in other ethnic groups. Finally, the
Pauwels classification varied among the different literature
included in the meta-analysis (Pauwels angle =70° or
>50°). Nevertheless, this study demonstrated significant
advantages of CSCMFP in the treatment of Pauwels Il FNF
and equally provided a general knowledge of the priority of
CSCMFP because the criteria of angle >70° was included in
the angle >50°.

CONCLUSION

Cannulated screws combined with medial femoral plates
have a better prognosis and fewer adverse reactions than
with cannulated screws alone for treating patients with
Pauwels Il femoral neck fracture. Therefore, it is suggested
that cannulated screws combined with medial femoral
plates may be a better choice for patients with Pauwels IlI
femoral neck fracture.
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