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Abstract

Background: Femoral neck fractures have a higher incidence in older people with poor prognosis, inducing serious
social problems. Common treatment methods include total hip arthroplasty, bipolar hemiarthroplasty, double-screw
fixation, multiple-screw fixation, and dynamic hip system.

Methods: We searched through four electronic databases, including PubMed, Web of Science, Cochrane Library,
and Embase databases, for articles regarding femoral neck fractures, bone screw, and hip prosthesis published up

to February 11, 2020. All included articles were used for quality evaluation and data extraction. Extracted data were
expressed as odds ratios or weighted mean differences, with 95% confidence intervals. We conducted a network
meta-analysis for Harris hip score, complications, 1-year mortality rate, reoperation rate, intraoperative blood loss, and
duration of operation using STATA version 16.0 software.

Results: Twenty-two randomized controlled trials and nine cohort studies included in this study involved 3861
patients. Total hip arthroplasty significantly improved the postoperative function of patients with femoral neck frac-
tures. The surface under the cumulative ranking curve value of the Harris hip score for more than 1 year after total hip
arthroplasty was 98.2.

Conclusions: This meta-analysis indicated no significant difference in mortality among different treatment groups.
Total hip arthroplasty can provide satisfactory outcomes in hip joint function, and double-screw fixation results in the
lowest intraoperative risk. In general, total hip arthroplasty results in a lower incidence of adverse events and is espe-
cially recommended for patients with femoral neck fractures. This article has been retrospectively registered on the
International Platform of Registered Systematic Review and Meta-analysis Protocols (INPLASY) on November 27, 2020.
Registration number: INPLASY2020110123.
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Introduction

Femoral neck fractures occur below the femoral head and
above the base of the femoral neck due to direct or indi-
rect violent force. These fractures generally occur in older
adults. Severe complications include femoral head necro-
sis and fracture nonunion, which seriously affect daily
living and health. With an aging population worldwide,
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Increasing concern has been focused on improving
patient postoperative survival rate and quality of life
after femoral neck fractures. Indeed, special considera-
tion must be given to improving patient hip function,
postoperative complications, and reoperation rate when
choosing a treatment method for femoral neck fractures.
Such methods commonly include bipolar hemiarthro-
plasty (BHA), total hip arthroplasty (THA), and internal
fixation.

Internal fixation is a widely used method worldwide.
Numerous studies have demonstrated that internal fixa-
tion results in a higher complication rate and surgical
failure rate 3, 4]. Some studies have pointed out that the
internal fixation failure rate or reoperation rate in elderly
patients is 7-30%. [5]. However, compared with arthro-
plasty, internal fixation has the advantages of less blood
loss, shorter operation time, and lower implant cost.
For elderly patients, lower bleeding volume and shorter
operation time mean lower intraoperative risk. In recent
years, with the development of material science, many
scholars have found the potential value of internal fixa-
tion. [6]. Some work has confirmed the reliability of inter-
nal fixation with special materials for fracture fixation [7,
8].Compared with internal fixation, arthroplasty (BHA
or THA) effectively reduces the incidence of postopera-
tive complications and reoperation rates. Today, unipolar
arthroplasty is generally deprecated as it causes severe
damage to the acetabulum. Therefore, we included only
publications regarding bipolar hemiarthroplasty (BHA)
in this analysis. Contrasted with THA, BHA has the
advantages of a shorter operation time, less blood loss,
fewer technical requirements, less economic burden,
and lower dislocation rate [4, 6]. Some studies assert that
BHA is preferred for older patients with low activity lev-
els or cognitive impairment. However, for patients with
high activity levels, BHA has a high risk of complications
related to posterior acetabular erosion and reoperation
[7, 8]. An artificial hip joint consists of an artificial acetab-
ulum and an artificial femoral head. Patients undergoing
THA tend to achieve better hip function, less acetabular
erosion, and a lower revision rate [12]. Generally, THA
is recommended for older patients with acetabular dis-
ease [13]. THA has potential limitations in highly active
patients. An increase in the wear of the prosthetic head
and pads may lead to aseptic loosening, and revision sur-
gery is required accordingly, leading to an increase in the
reoperation rate. Therefore, for patients with a healthy
acetabulum, BHA is preferred because of reduced surgi-
cal trauma and lower surgical cost.

Numerous meta-analyses and systematic reviews have
reported pairwise comparisons between THA and HA,
between internal fixation and HA, and between types
of internal fixations. However, there is limited evidence
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from available meta-analyses. Traditional meta-analysis
methods cannot thoroughly compare all treatment strat-
egies described in the existing studies. Therefore, the
emerging network meta-analysis method is considered
for use in this meta-analysis [12, 13]. Jonathan et al. [12]
revealed that arthroplasty (THA and HA) has the lowest
revision rate among THA, HA, screw fixation, steel plate
fixation, and treatments for unthreaded cervical osteo-
synthesis. In this study, the surgical revision rate was the
only outcome indicator. Zhang et al. [13] conducted a
Bayesian network meta-analysis to rank five surgical pro-
cedures in terms of reoperation, mortality, dislocation,
and infection. However, we considered various outcome
indicators in this meta-analysis, except for surgical pro-
cedures involved in different internal fixations.

We conducted a network meta-analysis of all relevant
random evidence and considered several prognostic
indicators such as Harris hip score (HHS), complication
rate, 1-year mortality rate, reoperation rate, intraopera-
tive blood loss, and operation duration. We also fully dis-
cussed and ranked the existing treatment methods for
femoral neck fractures, including THA, BHA, double-
screw internal fixation, multiple-screw internal fixation,
and DHS (dynamic hip screws). Therefore, this study pre-
sents comprehensive recommendations for the clinical
treatment of femoral neck fractures.

Materials and methods

Search strategy

This study was conducted according to the Preferred
Reporting Items for Systematic Reviews and Meta-Anal-
yses (PRISMA) statement and AMSTAR (Assessing the
Methodological Quality of Systematic Reviews) guide-
lines.Please see PRISMA checklist in Additional file 1.
We searched four databases, including PubMed, Embase,
Web of Science, and Cochrane Library, for relevant
articles published through February 11, 2020 using the
search terms “femoral neck fracture,” “bone screw;” “bone
nail, and “bone plate,” “hip prosthesis,” “THA,” and “hip
replacement” Paper retrieval was performed in PubMed
applying the following string: (((((((((((((((((((((((Arthro-
plasty, Replacement, Hip[Title/Abstract] OR (("arthro-
plasty, replacement”[MeSH Terms] OR ("arthroplasty"[All
Fields] AND 'replacement"[All Fields]) OR "replace-
ment arthroplasty”[All Fields] OR ("arthroplasties"[All
Fields] AND "replacement”[All Fields]) OR "arthroplast-
ies, replacement"[All Fields]) AND Hip[Title/Abstract]))
OR (("arthroplasty"[MeSH Terms] OR "arthroplasty"[All
Fields]) AND Hip Replacement[Title/Abstract])) OR
Hip Prosthesis Implantation[Title/Abstract]) OR Hip
Prosthesis Implantations[Title/Abstract]) OR (("embryo
implantation"[MeSH Terms] OR ("embryo"[All
Fields] AND ‘"implantation"[All Fields]) OR "embryo
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implantation"[All  Fields] OR  '"implantation"[All
Fields]) AND Hip Prosthesis|[Title/Abstract])) OR
(Implantations[All Fields] AND Hip Prosthesis[Title/
Abstract])) OR (("prosthesis implantation”"[MeSH Terms]
OR ("prosthesis"[All Fields] AND "implantation"[All
Fields]) OR ‘'prosthesis implantation"[All Fields])
AND Hip[Title/Abstract])) OR (("prosthesis
implantation"'[MeSH  Terms] OR ("prosthesis"[All
Fields] AND ‘"implantation"[All Fields]) OR "pros-
thesis implantation"[All Fields] OR ("prosthesis"[All
Fields] AND "implantations"[All Fields]) OR "prosthesis
implantations"[All Fields]) AND Hip[Title/Abstract]))
OR Hip Replacement Arthroplasty[Title/Abstract])
OR (("arthroplasty, replacement"[MeSH Terms] OR
("arthroplasty"[All ~ Fields] AND ‘"replacement"[All
Fields]) OR '"replacement arthroplasty"[All Fields] OR
("replacement”[All  Fields] AND ‘"arthroplasties"[All
Fields]) OR "replacement arthroplasties"[All Fields]) AND
Hip[Title/Abstract])) OR (("replantation”[MeSH Terms]
OR ‘'replantation"[All Fields] OR "replacement"[All
Fields]) AND Arthroplasty, Hip[Title/Abstract])) OR
(("arthroplasty"[MeSH Terms] OR ‘"arthroplasty"[All
Fields] OR ‘arthroplasties"[All Fields]) AND Hip
Replacement[Title/Abstract])) OR Hip Replacement
Arthroplasties[Title/Abstract])  OR  (("arthroplasty,
replacement, hip"[MeSH Terms] OR ("arthroplasty"[All
Fields] AND ‘"replacement"[All Fields] AND "hip"[All
Fields]) OR "hip replacement arthroplasty"[All Fields] OR
("hip"[All Fields] AND "replacement"[All Fields]) OR "hip
replacement”[All Fields]) AND Total[Title/Abstract]))
OR (("replantation"[MeSH Terms] OR "replantation"[All
Fields] OR ‘'replacement"[All Fields]) AND Total
Hip[Title/Abstract])) OR (("arthroplasty, replacement,
hip"[MeSH Terms] OR ("arthroplasty"[All Fields] AND
"replacement"[All Fields] AND "hip"[All Fields]) OR
"hip replacement arthroplasty'[All Fields] OR ("hip"[All
Fields] AND ‘"replacements"[All Fields]) OR "hip
replacements"[All Fields]) AND Total[Title/Abstract]))
OR (("replantation"[MeSH Terms] OR "replantation"[All
Fields] OR ‘'replacements'[All Fields]) AND Total
Hip|[Title/Abstract])) OR Total Hip Replacements[Title/
Abstract])) OR  Total Hip  Replacement[Title/
Abstract]) OR  ((((((Hip Prosthesis[Title/ Abstract]
OR Hip Prostheses[Title/Abstract]) OR (("prosthe-
ses and implants"[MeSH Terms] OR ("prostheses"[All
Fields] AND ‘'implants"[All Fields]) OR ‘"prosthe-
ses and implants"[All Fields] OR "prostheses"[All
Fields]) AND Hip[Title/Abstract])) OR (("prosthe-
ses and implants"[MeSH Terms] OR ("prostheses"[All
Fields] AND "implants"[All Fields]) OR "prostheses and
implants"[All Fields] OR "prosthesis"[All Fields]) AND
Hip[Title/Abstract])) OR Femoral Head Prosthesis[Title/
Abstract]) OR Femoral Head Prostheses[Title/Abstract])
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OR (("prostheses and implants"[MeSH Terms] OR
("prostheses"[All Fields] AND "implants"[All Fields]) OR
"prostheses and implants"[All Fields] OR "prostheses"[All
Fields]) AND Femoral Head[Title/Abstract])) OR (("pros-
theses and implants"[MeSH Terms] OR ("prostheses"[All
Fields] AND '"implants"[All Fields]) OR "prostheses
and implants"[All Fields] OR "prosthesis"[All Fields])
AND Femoral Head[Title/Abstract]))) OR (((Bone
Plates[Title/Abstract] OR Bone Plate[Title/Abstract])
OR (("bone plates"[MeSH Terms] OR ("bone"[All Fields]
AND "plates"[All Fields]) OR "bone plates"[All Fields]
OR "plate"[All Fields]) AND Bone[Title/Abstract])) OR
(Plates[All Fields] AND Bone[Title/Abstract]))) OR
(((((((Bone Nails[Title/Abstract] OR (("bone nails"[MeSH
Terms] OR ("bone"[All Fields] AND "nails"[All Fields])
OR "bone nails"[All Fields] OR "pins'[All Fields])
AND Bone[Title/Abstract])) OR (Pin[All Fields] AND
Bone[Title/ Abstract])) OR Bone Pin[Title/Abstract]) OR
Bone Pins[Title/Abstract]) OR (("nails"[MeSH Terms]
OR '"nails"[All Fields]) AND Bone[Title/Abstract]))
OR (("nails"[MeSH Terms] OR "nails"[All Fields] OR
"nail"[All Fields]) AND Bone[Title/Abstract])) OR Bone
Nail[Title/Abstract])) OR (((Bone Screws[Title/Abstract]
OR Bone Screw|Title/Abstract]) OR (Screw,[All Fields]
AND Bone[Title/Abstract])) OR (Screws[All Fields]
AND Bone|[Title/Abstract]))) AND (((Femoral Neck
Fracture[Title/Abstract] OR Femur Neck Fracture[Title/
Abstract]) OR Femoral Neck Fractures|Title/Abstract])
OR Femur Neck Fractures[Title/ Abstract]). Additionally,
all included articles were independently assessed by three
researchers by reading the full text. Any disagreement
was resolved by the fourth researcher.

Inclusion and exclusion criteria

The inclusion criteria were as follows: (1) middle-aged
and elderly patients with femoral neck fractures of Gar-
den types I to IV; (2) at least one of five surgical methods
described (THA, BHA, double-screw internal fixation,
multiple-screw internal fixation, DHS); (3) at least one of
six outcome indicators described (HHS score, complica-
tions, mortality within one year, reoperations, intraoper-
ative blood loss, and duration of surgery); (4) randomized
controlled trials or cohort studies; (5) written in the Eng-
lish language.

The exclusion criteria were as follows: (1) basic stud-
ies about biomechanics and autopsy; (2) femoral neck
fracture (age<60 years); (3) patients with pathological
femoral neck fractures; (4) non-surgical interventions; (4)
valid data could not be extracted or converted; (5) case—
control, paired analysis, conference abstracts, systematic
reviews, and meta-analysis studies.
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Outcome measures
This study included the prognostic indicators of patients
with femoral neck fractures as outcome measures.

HHS

HHS is a widely used method to evaluate hip joint func-
tion. In this study, HHS was used to assess the arthro-
plasty effect in four aspects: pain, function, deformity,
and mobility. A higher score indicated a better hip joint
function.

Surgical complications

Postoperative complications associated with femoral
neck fractures commonly include fixation failure, non-
union, osteonecrosis, infection, and nerve paralysis. The
incidence of postoperative complications is a powerful
indicator for evaluating the effect of surgery.

Reoperation

Because of artificial joint wear, screw dislocation, or seri-
ous complications, reoperation may be required in some
patients with femoral neck fractures. Reoperation indi-
cates a failure of the initial operation and is an important
indicator of the quality of the operation.

Mortality
The mortality was calculated by counting the number of
deaths within 12 months after surgery.

Blood loss

Intraoperative blood loss (mL) was statistically counted.
Generally, the intraoperative blood loss is proportional to
the risk of death.

Operation time
Operation time (min) was statistically counted. Gener-
ally, the operation time is proportional to the risk of sur-
gical failure.

Additionally, related factors such as surgical approach,
prosthesis model, and demographic data were recorded
for further discussion.

Data extraction and management

Three researchers independently extracted data from
all the included studies according to a standard data
extraction format. Any disagreement was resolved by
discussion with another researcher. In some cases, the
standard deviation (SD) was not available. Attempts
were made to contact corresponding authors in such
cases, but no response was available. Thus, for these
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cases, we estimated the range or median, or used the
method described in the Cochrane Intervention Man-
ual Systematic Evaluation Manual to convert data and
estimate the SD from the confidence interval (CI) [16].

Statistical analysis

For the comparison of therapeutic efficacy, binary data
and continuous data were expressed as odds ratio or
weighted mean difference, with a 95% CI. Heterogene-
ity was defined as the variability of research results. The
significance level was set at P=0.1. Where there was
heterogeneity, a random-effects model was used; other-
wise, a fixed-effects model was used.

Additionally, we used inconsistency factors to test
the consistency of the closed loop and used the node-
splitting method to evaluate the local inconsistency.
In the “Results” section, the ranking probability of
each intervention was expressed through a cumulative
probability ranking graph, where the surface under the
cumulative ranking curve (SUCRA) value was an index
to summarize the cumulative ranking probability cor-
responding to the area under the curve of the proba-
bility graph, which is between 0 and 1. Higher values
indicate greater therapeutic efficacy. All intervention
measures were ranked based on the SUCRA value or
the area under the curve, and the intervention meas-
ures were ranked. The 95% CI estimates and hypothesis
test results of each variable are listed in the forest plots.
RevMan 5.3 software was used to evaluate the publica-
tion bias of the included studies. In STATA version 16.0
Microsoft Windows software, we conducted a compre-
hensive network meta-analysis using the statistical soft-
ware package Network and statistical package mvmeta.

Results

Search results

A flowchart of the study selection in the present meta-
analysis is shown in Fig. 1. The reasons for exclud-
ing trials or publications were documented. A total
of 12,766 potential related studies were identified and
screened for retrieval (Fig. 1). Finally, among 31 stud-
ies (67 arms), 3861 treated patients with femoral neck
fractures were included in this meta-analysis. The
main characteristics of the included trials are listed in
Table 1. Figure 2 shows the network model comparing
THA, BHA, double-screw internal fixation, multiple-
screw internal fixation, and DHS surgical methods for
repairing femoral neck fractures. (The thickness of the
lines represents the number of studies; the blue spots
represent the number of patients).
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PRISMA 2009 Flow Diagram
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Fig. 1 Flowchart of study selection

Primary results of the network meta-analysis

HHS score within six months after surgery

Estimates of the therapeutic efficacy by HHS score are
shown in Fig. 3a. In general, the HHS value of THA
within six months was higher than that of other groups,

but most comparison results did not reach statistical
significance. Based on SUCRA method, the six-month
HHS values for all surgical interventions, ranked from
high to low, were as follows: THA, BHA, double-screw
fixation, multiple-screw fixation, and dynamic hip
screw (Table 2).



Cui et al. Journal of Orthopaedic Surgery and Research

Table 1 Characteristics of selected trials

(2022) 17:127

Page 6 of 13

Study Comparison No. of patients Age (years) Female Intervention or approach Follow-up Lostto
(months) follow-up

Johansson [18] 2 Screws THA 50/50 84/84 34/40 Two parallel and percutane- 180 NR
ously inserted screws/Dorso-
lateral approach

Iftikhar [19] 2 Screws THA 50/50 65.16/65.04 26/34 Two cannulated screws/Poste- 18 NR
rolateral approach

Chammout [20] 2 Screws THA 57/43 79/78 41/38 Two cannulated screws/Poste- 204 23
rolateral approach

Tidermark [21] 2 Screws THA 53/49 81.4/79.2 42/40 two cannulated screws/Modi- 48 5
fied Hardinge approach THR

Lindstrom [22] 2 Screws THA 50/50 84.0/84.2 38/40 Two parallel and percutane- 12 34
ously inserted screws/Dorso-
lateral approach

Neaiider [23] 2 Screws  THA 11/9 86/77 10/5 Two parallel Olmed screws/ 18 NR
Posterolateral approach

Cao [24] MScrews THA 128/157 76.8/75.9 69/84 Three hollow compression 60 9
screws/Posterior approach

Kang [25] MScrews  BHA 60/179 74.3/753 21/50 Three to four 6.5 mm can- 36.8 NR
nulated screws/Posterolateral
approach

Kang [25] MScrews BHA 81/62 73.1/77.2 27/18 Three to four 6.5 mm can- 36.8 NR
nulated screws/Posterolateral
approach

Frihagen [26] 2 Screws  BHA 112/110 83.2/82.5 84/78 Two parallel cannulated 24 17
screws/Lateral approach

Dolatowski [27] 2 Screws BHA 111/108 83.2/83.1 84/73 Two partially threaded, 24 NR
cancellous, cannulated screws
of 8.0-mm diameter/Direct
lateral approach or posterior
approach

Soreide [28] 2 Screws BHA 51/53 77.9/78.3 38/43 Two von Bahr screws/Poste- 12 NR
rolateral modified Osborne
approach

Roden [29] 2 Screws BHA 53/47 81/81 34/37 Bahr screws/Lateral approach 60 NR

Lu [30] MScrews BHA 41/37 85.85/86.24 29/29 Three 6.5 mm cannulated 38.68 3
screws/Modified Hardinge
approach

Vugt 1993[31]  DHS BHA 21/22 75.3/76.0 11/14 DHS/Anterolateral approach 36 7

Keating [32] MScrews BHA THA 69/69/69 74.3/75.0/75.2 51/54/52 Cannulated hip screws or a 24 NR
sliding hip screw/Lateral or
posterior approach/Lateral or
posterior approach

Watson [33] MScrews DHS 23/26 76.7/77.9 24/25 Three partially threaded 24 34
cannulated 6.5-mm titanium
cancellous screws/Two-hole
DHS

Lee [34] MScrews DHS 27/36 72.8/74.6 15/13 Three 6.5-mm (AO) cannu- 12 12
lated screws/DHS

Jettoo [35] MScrews DHS 34870/18014  78/80 25,634/13343  Multiple screws/DHS 48 NR

Madsen [38] MScrews  DHS 51/52 74/75 41/37 Multiple cannulated screws/ 24 0
DHS

Lagerby [39] 2 Screws  MScrews 138/130 81/80 93/86 Two Uppsala screws/Three 12 0
Richards screws

Boukebous [40] THA BHA 98/101 78.8/83.3 70/73 Posterolateral approach 242 NR

Mariconda [41]  THA BHA 60/60 75.8/78.8 49/48 Posterolateral or direct 12 0
lateral approach/Direct lateral
approach

Lin [42] THA BHA 115/96 64.1/67.9 58/52 NA 894 NR
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Study Comparison No. of patients Age (years) Female Intervention or approach Follow-up Lostto
(months) follow-up
Baker [43] THA BHA 40/41 74.2/75.83 32/32 Transgluteal lateral approach 36 NR
Kim [44] THA BHA 84/84 73.1/729 58/57 Posterolateral approach 219 0
Shukla [45] THA BHA 22/25 65.36/68.3 14/16 Standard Moore’s (southern) 24 NR
posterior approach
Cho [46] THA BHA 80/89 75.5/77.6 66/73 Modified Hardinge approach 36 NR
Sonaje [47] THA BHA 21/21 66.4/65.3 13/14 Lateral decubitus position 24 2
approach
Blomfeldt [48]  THA BHA 60/60 80.7/80.5 54/47 Modified Hardinge approach/ 12 0
Modified Hardinge approach
Cadossi [49] THA BHA 47/49 84.2/82.3 34/28 Straight lateral approach 36 64
Cans [50] THA BHA 16/22 82/77 NA posterolateral approach/Lat-  25.2 8
eral approach
BHA BHA, double-screw fixation, multiple-screw fixation,
and dynamic hip screw (Table 2).
HHS score over 1 year after surgery
DHS As demonstrated in Fig. 3c, the HHS value of THA
over 1 year after surgery was higher than that of other
groups. The>1-year HHS values for all the surgical
interventions ranked from high to low were as follows:
P THA, BHA, double-screw fixation, multiple-screw fixa-
tion, and DHS (Table 2). There were potential incon-
sistencies in the loop of BHA, multiple-screw fixation,
and THA (P=0.013) resulting from a large difference
in the follow-up times described in the included studies
MScrews (Fig. 4¢).
THA Secondary results of the network meta-analysis
Fig. 2 Direct comparisons in the network model. The thickness of Main results of complications
the lines represents the number of studies; The size of the spots Figure 3d indicates the estimated impact of different
represent the r)umber of patients (BHA = bipolar hemiarthroplasty; interventions on Complications. There were some sig-
DHS = dynamic hip screw; THA = total hip arthroplasty)

The Z test was performed to test the inconsistency.
No loop indicated the possibility of inconsistency
(Fig. 4a).

HHS score within 1 year after surgery
Figure 3b demonstrates the estimated impact of differ-
ent interventions on HHS within one year. The HHS
value of THA within one year after surgery was higher
than that of other groups, but the results of most com-
parisons were not significantly different, and no loop
indicated the possibility of inconsistency (Fig. 4b).

The one-year HHS values for all the surgical interven-
tions ranked from high to low were as follows: THA,

nificant differences in complications associated with
all the five surgical interventions for femoral neck frac-
tures. Based on these results, the complication rates
ranked from low to high were as follows: THA, BHA,
double-screw fixation, DHS, and multiple-screw fixa-
tion (Table 2). The inconsistency in the closed loop was
evaluated with the inconsistency factors (Fig. 4d), and
no loop showed inconsistency. In particular, consider-
ing all cases in the included literature, the incidence of
complications after three kinds of internal fixation was
about 25.4%.

Main results of reoperation rate

There were some significant differences in the reopera-
tion rate after five surgical procedures for femoral neck
fractures (Fig. 3e). The rate of reoperation ranked from
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Treatment Effect Mean with 95%CI Treatment Effect Mean with 95%CI Treatment Effect Mean with 95%CI
BHA vs 2Screws . 4.35(-0.79,9.49) BHA vs 2Screws e 3.11(-3.209.42) BHA vs 2Screws —— 1.45 (4.12,7.03)
DHS vs 2Screws ————T—— -3.50 (-24.27,17.27) DHS vs 2Screws ————— -9.61(-23.04,3.83) DHS vs 2Screws ——————1—— -9.46 (-28.96,10.03)

MScrews vs 2Screws — -1.00 (-11.59,9.58) MScrews vs 2Screws —— -3.86 (-14.12,6.40) MScrews vs 2Screws —— -1.96 (-11.79,7.86)
THA vs 2Screws —— 8.56 (4.18,12.94) THA vs 2Screws: — 8.79(3.11,14.47) THA vs 2Screws —— 7.49 (2.54,12.43)
DHS vs BHA ——————+—— -7.85 (-27.97,12.27) DHS vs BHA —————| 1271 (-25.42,-0.01) DHS vs BHA —————4——— -10.92 (-20.93,8.10)
MScrews vs BHA ——t -5.35 (-14.60,3.90) MScrews vs BHA ——t -6.97 (-16.17,2.23) MScrews vs BHA —— -3.42(-12.26,5.42)
THA vs BHA —— 4.21(-1.13,9.55) THAvs BHA —— 5.68(-0.74,12.10) THAvs BHA —— 6.04 (1.92,10.16)
MScrews vs DHS — 2.50 (-15.37,20.37) MScrews vs DHS - 5.75(-2.86,14.36) MScrews vs DHS —_—— 7.50 (-9.33,24.33)
THA vs DHS —t—————— 12.06(-8.76,32.88) THAvs DHS —————— 18.40 (5.20,31.60) THAvs DHS H———— 16.95(-2.47,36.37)
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Fig. 3 Final results of the network meta-analysis
Table 2 Treatment measures ranked by SUCRA method
Treatment HHS (within HHS (1 year) HHS (above 1 Complications Reoperation Operative time Blood loss
half a year) year)
25crews 31.2 463 45.0 36.5 129 99.7 86.6

BHA
DHS
MScrews
THA

66.7
28.2
296
94.3

69.7

50
30.2
954

585
133
350
98.2

82.0
254
14.0
92.1

84.5
47.0
154
90.3

31.2
544
64.6

0.1

289
67.1
659

1.6

low to high was as follows: THA, BHA, DHS, multiple-
screw fixation, and double-screw fixation (Table 2). The
inconsistency factor was used to evaluate the inconsist-
ency in the closed loop, and no loop indicated the pos-
sibility of inconsistency (Fig. 4e).

Main results of deaths

Overall, there was no significant difference between
groups (Fig. 3f), so the mortality of different interven-
tions could not be ranked. The inconsistency factor was
used to evaluate the inconsistency in the closed loop, and
there was no loop, indicating the possibility of inconsist-

ency (Fig. 4f).
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Fig. 4 Inconsistency in the closed loops

Main results of operation time

Figure 3g demonstrates the estimated impact of different
interventions on the operation time. The operation time
from short to long, as ranked by the SUCRA method,
was as follows: double-screw fixation, multiple-screw
fixation, DHS, BHA, and THA (Table 2). The inconsist-
ency factor was used to evaluate the inconsistency in
the closed loop, and no loop indicated the possibility of
inconsistency (Fig. 4g).

Main results of intraoperative blood loss

Figure 3h shows the estimated impact of different inter-
ventions on intraoperative blood loss. The intraopera-
tive blood loss ranked via the SUCRA method from low
to high was as follows: double-screw fixation, DHS,
multiple-screw fixation, BHA, and THA (Table 2). The
inconsistency in the closed loop was evaluated using the
inconsistency factors (Fig. 4h).

Discussion

The choice of treatment methods for femoral neck
fractures remains controversial. Here, we conducted
a network meta-analysis of current relevant litera-
ture and considered as many outcome indicators as

possible to discuss and sort the existing treatments for
femoral neck fractures from all aspects, giving compre-
hensive recommendations to provide a basis for clinical
decision-making.

For relatively healthy elderly patients with femoral
neck fractures, the postoperative hip joint function is
related to the quality of daily life after surgery, which is
an important consideration in choosing proper surgical
procedures. HHS is a commonly used index to evaluate
the postoperative function of patients with femoral neck
fractures. Postoperative HHS has been statistically signif-
icant in many meta-analyses [3, 4, 11]. In a study by Gao
et al. [51], the HHS of patients undergoing joint replace-
ment was generally higher than that of patients treated
with internal fixations, which is consistent with the meta-
analysis of Burgers et al. [52]. However, their studies
only made a short follow-up comparison, which was not
comprehensive. However, there was no significant dif-
ference between HHS scores after joint replacement and
internal fixation under long-term follow-up [52].In this
study, the three intervals for the follow-up examinations
were short-term (within six months), mid-term (within
1 year), and long-term (more than 1 year). There was no
significant difference in HHS between THA and other
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surgical procedures in the short-term follow-up exami-
nation, except for double-screw fixation. In the mid-term
follow-up examination, the HHS score of BHA group was
not significantly better than that of other internal fixation
methods. In a comparison of internal fixation methods,
Watson showed that multiple-screw fixation was sig-
nificantly better upon a 1-year follow-up examination
because the screw fixation was less invasive, the size of
three small screw heads around the greater trochanter
was smaller, and a larger dynamic hip system could cause
fascia lata stimulation. In this paper, the results showed
that there was no significant difference between dou-
ble screw, multi-screw and DHS in HHS.A prospective
study by Blomfeldt et al. [53] comparing HA and THA
indicated a better functional outcome in THA during a
1-year follow-up examination. In the present study, we
found no significant differences in THA and BHA at the
short- and mid-term follow-up examinations, but THA
was significantly better than BHA in the long-term fol-
low-up examination.

Common complications of joint replacement surgery
include periprosthetic fractures, aseptic loosening, and
hip dislocation. Nonunion and ischemic osteonecro-
sis are two common complications of internal fixations.
A meta-analysis [54] showed no statistical difference
in deep infection and subsequent ipsilateral fractures
between joint replacement and internal fixation at mid-
and long-term follow-up examinations. In general, the
incidence of postoperative complications of internal fix-
ation is higher than that of arthroplasty, which is about
25.4%. Parker and Blundell [55] conducted a meta-anal-
ysis of randomized trials comparing different internal
fixation methods for femoral neck fractures and did not
find significant differences between different implants.
Additionally, arthroplasty is usually associated with the
risk of long-term complications, such as periprosthetic
fractures and aseptic loosening [22]. Boukebous[40]
demonstrated that THA, in contrast to BHA, is more
suitable for weaker patients suffering from femoral neck
fractures because of a lower incidence of postoperative
complications, and this is consistent with the conclu-
sion of our study. Jettoo et al. [35], in their retrospective
study, reported that the avascular necrosis rate after slid-
ing screw plate fixation was 3.2 times higher than that
after multiple cancellous bone screw fixation. However,
our study indicated that the overall postoperative compli-
cation rate of DHS was less than that of two-screw fixa-
tion, and there was no significant difference among other
internal fixations.

Chammout et al. [58-60] supported the conclusion
that internal fixations cause a greater reoperation rate.
In the meta-analysis by Jin Jiang et al. [52], the percent-
ages of patients undergoing reoperation during the
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mid- and long-term follow-up examinations were 6.5%
(62/865) and 14.3% (69/483) in the joint replacement
group, and 39.8% (336/844) and 43.8% (234/534) in the
internal fixation group, respectively. Similar results were
observed in our meta-analysis. Wang et al. [61] showed
that, compared with THA, HA resulted in more reop-
erations, especially during long-term follow-up, attrib-
uted to acetabular erosion that generally occurred in the
patient population in the fourth year after surgery. The
present study indicated no significant difference in the
rate of reoperation between BHA and THA, and BHA
was significantly better than other surgical procedures.
This indicates that BHA has similar potential to THA in
reducing the risk of reoperation. Parker [55] conducted
a meta-analysis that compared various internal fixation
methods in 1998. They found that, compared with the
reoperation rate, the complication rate is more suitable as
an outcome indicator for comparisons between internal
fixation methods. These results are consistent with those
of our study, wherein no significant difference was found
in the rate of reoperation between double screws, multi-
ple screws, and DHS.

Blomfeldt et al. [62, 63] found that during THA,
intraoperative blood loss and operation time were sig-
nificantly increased compared with other surgical proce-
dures. The present meta-analysis also indicated that the
three types of internal fixations took less operation time
and resulted in less blood loss than BHA and THA. How-
ever, Liodakis et al. [64] believed that more blood loss
(100-150 mL) during THA did not increase the rate of
general complications or mortality. Studies [65] have also
shown that patients are more concerned about the risk of
postoperative complications than the risk of intraopera-
tive bleeding.

Bhandari et al. [66] demonstrated that, compared with
artificial joint replacement, internal fixation had a signifi-
cantly higher risk of death during the short-term follow-
up. In our network meta-analysis, we found no difference
in the long-term mortality of THA, HA, double-screw
fixation, multiple-screw fixation, and DHS.

This study has some potential limitations. We did
not discuss confounding factors involving surgi-
cal approaches and implant materials that may influ-
ence different results. As previously reported, surgical
approaches for hip arthroplasty usually include direct
anterior (Smith-Peterson), anterolateral (Watson-Jones),
lateral (Hardinge), posterior (Moore), or posterolateral
approaches [38, 61-64]. For internal fixation, the choice
of internal fixation devices, the initial displacement, the
degree of reduction, and the position of the internal fixa-
tion are of great significance to the healing of fractures.
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Conclusion

Generally, THA has a good performance for postopera-
tive hip function, complication rate, and revision rate,
but it has a longer operation time and results in a greater
loss of blood during surgery. Therefore, patients should
choose an appropriate surgical procedure based on their
conditions to increase the chance of longer life and a
higher quality of life.
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