Ni et al.
Journal of Orthopaedics and Traumatology
https://doi.org/10.1186/510195-022-00629-8

(2022) 23:9

Journal of Orthopaedics
and Traumatology

SYSTEMATIC REVIEW Open Access

Are additional screws required for press-fit

=

Check for
updates

fixation of cementless acetabular cups?
A systematic review and meta-analysis

Shenghui Ni'?, Peng Luo', Lei Guo' ™"

and Tianlong Jiang'™"

Abstract

(HHS) and pain scores.

for cementless acetabular cups.
Level of evidence: Level lll.

Background: Press-fit cementless acetabular cup is widely used in total hip arthroplasty (THA). However, the use of
additional screws for the acetabular cup has been extensively debated. The purpose of this review is to compare the
stability, revision rate, wear rate, and clinical scores of cementless acetabular cups with and without screws in THA.

Materials and Methods: Comprehensive literature searches of the following databases were performed: Cochrane
Library, Pubmed, Web of Science, OVID, Elsevier ClinicalKey, Clinicaltrials.gov, and EMBASE. We searched for trials that
compared cementless acetabular cups with screws or without screws, and were published in the English language.

We evaluated the stability of the prosthesis by osteolysis and migration. The clinical scores included Harris hip scores

Results: Nineteen articles involving 4046 THAs met the inclusion criteria. Our analysis revealed that additional screws
did not increase the stability of acetabular cups, and there was no statistical significance between the groups with
and without screws in osteolysis and clinically relevant migration. Revision rates showed no significant difference
between the groups with and without screws. There was no difference in wear between the two groups. Our analysis
showed no difference in pain scores and HHS between groups.

Conclusion: Press-fit without screws could achieve sufficient acetabular cup stability. Acetabular cups without
screws showed no difference from acetabular cups with screws in many outcomes. Additional screws are not required
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Introduction

Total hip arthroplasty (THA) is an effective and com-
monly used treatment for various pathological hip con-
ditions. The cementless acetabular cup, which is fixed by
press-fit, is widely used in THAs [1]. Most cementless
acetabular cups have several screw holes for optional
screw fixation. Some surgeons have suggested that
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adding screws can increase the stability of the acetabu-
lar cup [2]. It has been found that granulomas can reach
around the screw through the screw hole, thus causing
osteolysis [1]. Another radiographic follow-up of the
acetabular components with screws revealed osteolysis
around the screws in 17% of cases [3]. These studies sug-
gested that osteolysis was closely related to screw holes
and screws. Additionally, fixation with screws was associ-
ated with a risk of increased surgical time [4, 5]. So far,
there is no definitive guide on whether to add screws on
the cementless acetabular cup, and the screw addition is
widely debated.
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In response to this controversial clinical issue, a meta-
analysis was conducted by Ni et al. in 2013 [6]. Their
study revealed no significant differences in osteolysis,
prosthesis loosening, or revision rates with or without
the addition of screws. This was the first evidence-based
study in this field and after being published, this matter
received wide attention from peers and more relevant
clinical studies were published [4, 7-11]. Nonetheless,
the aforementioned study had some limitations. For
example, it only included five articles and only three
high-quality randomized controlled trials (RCTs). Hence,
we have updated the previous meta-analysis by retrieving
more databases and adding the latest clinical studies. The
purpose of this review is to compare the stability, revision
rate, wear rate, and clinical scores of cementless acetabu-
lar cups with and without screws in THA.

Materials and methods

We conducted a systematic review according to the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses guidelines [12].

Searches

A comprehensive literature search was performed using
the Cochrane Library, Pubmed, Web of Science, OVID,
Elsevier ClinicalKey, Clinicaltrials.gov, and EMBASE
databases. The last search was run on 1 March 2021.
We used the following search strategy terms: (“total
hip arthroplasty’or “THA” or “total hip replacement”
or “THR”) and “screw” and (“press-fit” or “press fit” or
“cementless” or “uncemented” or “noncemented”) and
(“osteolysis” or “migration” or “translation” or “rota-
tion” or “revision” or “wear” or “Harris Hip score” or
“pain score”). We searched only for articles published in
English.

Study inclusion and exclusion criteria

We selected all RCTs or cohort studies comparing
the primary fixation of acetabular cups with or with-
out screws during THAs. The inclusion criteria were
as follows: (1) articles in English, (2) primary THA, (3)
cementless press-fit acetabular cup, and (4) RCTs or
cohort studies. The exclusion criteria were as follows: (1)
articles not in English, (2) revision THA, (3) cement ace-
tabular cup, (4) not clinical control studies, and (5) lack
of outcomes mentioned above.

Study quality assessment

The quality of each relevant RCT was assessed using the
Jadad scale [13], where studies scoring 3-5 were desig-
nated as having a low risk of bias, and 0-2 were desig-
nated as having a high risk of bias. Also, the quality of
cohort studies was assessed using the Newcastle-Ottawa
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scale (NOS) [14], where studies scoring 5-8 were des-
ignated as having low risk of bias, 3—4 as moderate, and
0-2 as high.

Data extraction strategy

Two authors independently identified and evaluated the
included studies. A third independent author resolved
any disagreements. The data from the included articles
were independently extracted by two authors, and differ-
ences were discussed with a third independent author.

Data synthesis and presentation

Data included the measured outcomes and general char-
acteristics of each study. For all eligible articles, the fol-
lowing data were extracted from original publications:
study design, year of publication, number of THAs, fol-
low—up time, operative approach, the material of ace-
tabular component, osteolysis, migration, translation,
rotation, revision, HHS, wear, and pain scores. Migra-
tion was defined as clinically relevant translation and
rotation [15]. Translation and rotation of the acetabular
component in each axis were measured using radios-
tereometric analysis (RSA). RSA is a three dimension
(3D) digital radiograph technology with high accuracy
[16]. The technique involves premarking the acetabular
bone and components with tantalum bead implantation,
taking x-ray radiographs from different angles during
each examination, and using RSA software to measure
and analyze the markers for each examination to calcu-
late the relative motion of the acetabular components [9,
11, 15-19]. Translations were analyzed as medial/lateral
translation (x-axis), proximal/distal translation (y-axis),
anterior/posterior translation (z-axis), and total trans-
lation (3d). Rotations were analyzed as transverse axis
rotation (x-axis), longitudinal axis rotation (y-axis), and
sagittal axis rotation (z-axis). If the data were not directly
reported, we estimated the mean and standard deviation
from the median, interquartile ranges, standard errors,
confidence intervals, ¢ values, and P values [20-22]. If
possible, we obtained the necessary data by contacting
the authors.

We initially followed the “ITT analysis using imputa-
tion” in accordance with the Cochrane handbook for
systematic reviews of interventions [20]. The statistical
analysis for dichotomized outcomes was performed using
the risk difference (RD) and 95% confidence interval (CI).
The Mantel-Haenszel method and random-effects model
were used to combine the RDs. We calculated the dichot-
omized outcomes using the available P values; a P<0.05
was considered statistically significant. The mean differ-
ence (MD) and 95% CI were used for the statistical analy-
sis of continuous variables. The inverse-variance method
and random-effects model were used to combine the
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MDs. When a P-value was reported as<0.05, the point
estimate of the MD was considered statistically signifi-
cant. The ? statistic was applied to estimate the heteroge-
neity between trials. A P-value<0.1 or I?>50% indicated
significant heterogeneity.

Publication bias has long been recognized as a prob-
lem. In this review, we used a “funnel plot” to investigate
the publication bias and identify signs of asymmetry.

We used the “available case analysis” in accordance
with the Cochrane handbook for systematic reviews of
interventions for sensitivity analysis [20]. We also per-
formed sensitivity analyses for dichotomized outcomes
using the risk ratio (RR) as an effective measure. Sub-
group analyses were also performed to separately con-
sider the randomized and nonrandomized studies. We
performed a subgroup analysis for wear rate based on
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bearing surfaces materials. We also carried out subgroup
analyses among studies involving translation and rotation
in different axis and involving HHS and pain scores at
different follow-up periods.

All the data collection, data extraction, and statistical
analyses were conducted using Review Manager Version
5.3 from the Cochrane Collaboration.

Results

Review statistics

A total of 5173 publications were initially identified
(Fig. 1). After a preliminary review, 3928 studies were
excluded because of overlapping records or obviously
irrelevant studies; 1209 articles were excluded because
they were case reports, reviews, were not human studies,
or were in a language other than English; and 17 articles
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were excluded because there was no comparison, the
improper acetabular cup was used, or there was no avail-
able data. Therefore, a total of 19 articles [4, 7-11, 15,
17-19, 23-31] with 21 studies comparing the cementless
press-fit acetabular cup with and without screws were
included.

Study characteristics and quality assessment

Out of the 19 included articles, 8 were RCTs and 11 were
cohort studies. The characteristics of the 19 included
articles are listed in Table 1. These studies had been
published between 2000 and 2020 and comprised 3969
THAs. Thirteen studies with 3130 THAs reported oste-
olysis, and the subgroup analysis was performed by study
design involving RCTs (295 THAs) and cohort stud-
ies (2835 THAs). Ten studies with 1579 THAs reported
migration, and the subgroup analysis was performed
by study design involving RCTs (157 THAs) and cohort
studies (1422 THAS). Six studies with 976 THAs reported
translation, and the subgroup analysis was performed
by different axis involving the x-axis (280 THAs), y-axis
(280 THAs), z-axis (280 THAs), and total translation/3d
(136 THAs). Four studies with 609 THAs reported rota-
tion, and the subgroup analysis was performed by dif-
ferent axis involving the x-axis (203 THAs), y-axis (203
THAS), and z-axis (203 THAs). Eleven studies with 3097
THAs reported revision, and the subgroup analysis was
performed by study design involving RCTs (188 THAs)
and cohort studies (2906 THAs). Four studies with 250
THAs reported pain scores, and the subgroup analysis
was performed by follow-up time involving > 10 years (34
THAsS), 5 years <and < 10 years (43 THAs), and <5 years
(173 THAs). Seven studies with 445 THAs reported
the Harris Hip score, and the subgroup analysis was
performed by follow-up time involving>10 years (34
THAsS), 5 years <and < 10 years (201 THAs), and <5 years
(210 THAs). The quality of each RCT and cohort study
was assessed by the Jadad scale and NOS, respectively.
The Jadad scores of the RCTs ranged from 2 to 6 with a
mean of 4.5, and the NOS scores of the cohort studies
ranged from 6 to 8 with a mean of 7.2 (Table 1).

Stability of acetabular cup

Our analysis revealed no differences in stability (osteoly-
sis, migration, translation, and rotation) of the acetabular
cup between groups. There were no significant differ-
ences in the rate of osteolysis between groups with and
without screws (95% CI: — 0.04 to 0.02; P=0.39; RD=—
0.01) (Fig. 2). The RD of migration was 0, and the differ-
ence was not statistically significant (95% CI: — 0.01 to
0.01; P=0.98) (Fig. 3). The MD of translation was — 0.05,
and the difference was not statistically significant (95%
CI: — 0.11 to 0.01; P=0.11) ( Table 2). Also, no difference
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was observed in rotation between groups with and with-
out screws; the MD of rotation was — 0.05 (95% CI: -0.11
to 0.01; P=0.11)(Table 2). Subgroup analysis for rotation
of acetabular cup showed that the rotation degree at the
x-axis (95% CIL: — 1.22 to — 0.15; P=0.01; MD=— 0.68)
and z-axis (95% CI: — 0.41 to — 0.03; P=0.02; MD=—
0.22) was greater in the group without screws, and there
was no difference between groups in the rotation degree
at the y-axis (95% CI: — 2.13 to 1.93; P=0.92; MD=—
0.10) (Table 2). There were also no conflicts between sub-
groups in osteolysis, migration, or translation (Table 2).

Revision rate of the acetabular cup

The analytic outcome of the revision used RD as effec-
tive measures, displaying that fixation with screw did not
decrease the rate of revision (Fig. 4). The RD of the revi-
sion rate was — 0.01 (95% CI: — 0.03 to 0.01; P=0.37).
There were no conflicts between subgroups in revision
(Fig. 4).

Wear of prosthesis

There were no significant differences in the rate of wear
between groups with and without screws (Fig. 5), the MD
of wear was — 0.00 (95% CI: — 0.01 to 0.01; P=0.76).
There were no conflicts between subgroups of different
bearing surfaces materials in wear (Fig. 5).

Pain score and Harris hip score

Our analysis revealed no differences in pain scores
between groups (95% CI: — 2.86 to 1.78; P=0.65;
MD=— 0.54) (Fig. 6), and there was no difference in
HHS between groups (95% CIL: — 4.73 and 1.43; P=0.29;
MD=— 1.65) (Fig. 7). There were no conflicts between
subgroups in pain scores and HHS (Figs. 6, 7).

Risk of bias across studies

Publication bias has long been recognized as a problem.
In this review, we investigated publication bias by the
funnel plots for the groups that included more than ten
studies (Fig. 8). There was some publication bias among
the included studies as well as inevitable clinical hetero-
geneity between the included studies. The differences
were found in relation to study type, operative approach,
acetabular component, and follow-up time.

Sensitivity analysis

We conducted a special subgroup analysis for RCTs
in the outcomes of osteolysis, migration, and revision,
and found no difference between RCTs subgroup analy-
sis and pooled analysis. There was one non-RCT in the
analysis of wear, and the comprehensive analysis result
did not change after this study was removed. There was
also only one non-RCT in the analysis of HHS, and the
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Table 1 Characteristics and quality of the included studies
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Author Study design ThAs (n) Follow-up Operative Bearing surfaces material Outcomes Jadad score NOS
(year) approach
Liner Head
Blakeney etal.  RCT 56 5 Posterior PE Cobalt-chrome  Osteolysis; 5 -
[23] migration;
revision
Gallenetal.[7] RCT 32 10 Posterior PE Cobalt-chrome  Osteolysis 5 -
Garcia-Cim- Cohort study 319 4.7 (3-8) Posterior Ceramic Ceramic Revision - 7
brelo et al. [24]
Garcia-Rey Cohort study 791 9.6 (5-15) Posterolateral Ceramic; Ceramic; Osteolysis; - 8
etal. [8] PE Metal migration;
revision
Howie et al. RCT 66 2 Posterior PE Cobalt-chrome  Osteolysis; 5 -
[17] translation;
Rotation; HHS
lorioetal [25]  Cohortstudy 775 2-10 NA PE NA Osteolysis; - 8
migration;
revision
Merican et al. Cohortstudy 115 2.8(1.3-4.3) Modified Metal Metal Migration; - 7
[26] anterior revision
Minten etal.[9] RCT 36 6.5 Posterolateral PE Ceramic Translation; 5 -
rotation; HHS
Natera et al. Cohort study 749 14.2 (8.9-16.7)  Anterior; lateral; Ceramic; Ceramic; Osteolysis; - 7
[10] anterolateral; PE Metal revision
posterolateral
Ottenetal. [11] RCT 34 14 Posterolateral PE Ceramic Osteolysis; 5 -
translation;
revision; HSS
Pakvis etal. [15] RCT 37 2 Posterolateral PE Ceramic Migration; 6 -
translation;
rotation; revi-
sion; HHS
Pepe et al. [4] Cohort study 30 1 Posterior Ceramic; Ceramic; Osteolysis; - 7
PE Cobalt-chrome  migration; revi-
sion; HHS
Rohrletal. [18] RCT 43 5 Posterior PE Cobalt- Osteolysis; 4 -
chrome; translation;
Ceramic HHS
Rothetal [27]  Cohortstudy 211 5 Transgluteal NA NA Migration - 7
surgical
Taniguchietal. Cohortstudy 209 7-10 Posterolateral ~ PE Cobalt-chrome  Osteolysis; - 8
[28] migration
Thanner et al. RCT 63 2 Modified PE Ceramic; Osteolysis; 2 -
[19] Hardinge Cobalt-chrome  migration;
translation;
rotation;
revision; pain
scores; HHS
Von Schewelov  Cohort study 154 6(0.5-12) Lateral PE Cobalt-chrome  Osteolysis - 7
etal [29]
Weber et al. Cohort study 127 10.6(6-13) NA PE Ceramic; Osteolysis; - 6
[30] Metal revision
Yalcinetal.[31] Cohortstudy 122 52 Posterolateral PE; Cobalt-chrome Migration; HHS - 7
(2.7-6.3) Cobalt-chrome

NA not available, PE polyethylene, HHS Harris hip scores

result did not change after this study was removed. All
the studies included in the outcomes of pain, transla-
tion, and rotation were RCTs. We made a sensitivity

analysis by using the “available case analysis” instead of
“ITT analysis using imputation” for all outcomes, and
the results are described in Table 3. When changing
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with screw  without screw Risk Difference Risk Difference
Study or Subgaroup Events Total Events Total Weight M-H. Random, 95% CI M-H, Random, 95% Cl
1.2.1 osteolysis: Randomised Controlled Trials
Blakeney etal. 2015 512 10 M 8% 0191012 049
Gallen etal. 2018 PR AN 0T% 0.040.30,0.38]
Howie et al. 2020 0 A 3003 h3% 0090018007 -
Ottenetal 2016 117 017 3% 006008 0.21] -1
Rihrl etal. 2004 Y, Ao 1% 0010026024
Thanner et al. 2000 0 a0 0 3 108% 0.00-0.08, 0.08] -
Suhtotal (95% CI) 120 175 220%  -0.01[-0.06, 0.05] 2
Total events 13 JX;
Heteropeneity: Tau*= 0.00 Chi*=5.38, df=5 (P=0.37) F=7%
Testforoverall effect 2=0.21 (P=0.83)
1.2.2 osteolysis: Cohort Study
Garcia-Rey 2017 1 158 0 B3 19.1% 0.01:001,00 ¥
lrio etal. 2010 8 a09 7 66 19.1% 0.01:001,009 i
Natera et al. 2017 B 368 7B 393 116%  -0.04 (010,001 ™
Pepeetal 2017 1 18 0 14 27% 0.06}0.10,0.23] -1
Taniguchi etal. 2018 0 140 0 69 18.0% 000:0.02, 007 ¥
von Scheweloy et al. 2004 B 4 16 3% -D2eR040-01] T ——
eber etal. 2000 T 1% 13 108 43%  -0.08[0.19 006 -1
Subtotal (95% CI) 1232 1603 78.0%  -0.02[-0.05,0.02] .
Total events 7l 141
Heterogeneity: Tau? = 0.00; Chi*= 48.06, df =6 (P < 0.00001); F= 88%
Testfor overall effect 2= 0.95 (P = 0.34)
Total (95% CI) 1352 1778 100.0%  -0.01[-0.04,0.02] ¢
Total events ik 164
Heterogeneiy. Tau = 0.00; Chi*= 4448, df= 12 (P < 0.0001), F= 3% PSRN S V.

Testfor overall effect 2= (.86 (P = 0.39)
Testfor suboraun diferences: Chir= 014, ¢f=1 P = 0710 P= 0%

with screw withaut screw

Fig. 2 Forest plot of combined and subgroup analysis for the osteolysis of acetabular cup

the analysis method, the results showed no change in
osteolysis, migration, rotation, revision, wear, pain
scores, or HHS after the sensitivity analysis. The pooled
analysis result of a translation by available case analysis
was different from that by ITT analysis using imputa-
tion, indicating that cups without screws showed more
translation (95% CI: — 0.13 to — 0.01; P=0.03; MD = —
0.07). Interestingly, there was no significant difference

in the subgroup analysis including x-axis (95% CI: —
0.12 to 0.02; P=0.13; MD=— 0.05), y-axis (95% CIL:
— 0.23 to 0.00; P=0.06; MD =— 0.11), z-axis (95% CI:
— 0.17 to 0.21; P=0.85; MD =0.02), and total transla-
tion (95% CI: — 0.23 to 0.20; P=0.87; MD =— 0.02).
We also conducted a sensitivity analysis by using rela-
tive effect measures (RR) instead of absolute measures
(RD) as an effective measure for osteolysis, migration,
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with screw without screw Risk Difference Risk Difference
Study or Subgroup Events Total Events  Total Weight M-H. Random, 95% Cl M-H. Random. 95% CI
1.3.1 migration: Randomised Controlled Trials
Blakeneyetal. 2014 0 12 0 44 0.2% 0.00 011, 011)] S
Pakvis etal. 2012 ] 18 4 19  01% -0.21 [0.41,-0.01]
Thanner et al. 2000 2 30 1 34 0.3% 0.04 -0.07,0.14] 1
Subtotal (95% CI) 60 97 0.6% -0.03 [-0.16, 0.09] R o
Total events 2 L}
Heterogeneity, Tau*= 001, ChiF=5.41, df=2(P=007), F=63%
Testfor overall effect Z=0.53 (P =0.59)
1.3.2 migration: Cohort Study
Garcia-Rey 2017 o 409 0 266 82.6% 0.00 [-0.01, 0.01] .
lorio et al. 2010 0 2 0 73 0.0% 0.00[-0.42,0.42]
herican et al. 2006 0 16 ] 14 0.2% 0.00F012,012] —
Pepe etal 2017 o 110 ] 101 8.4% 0.00 002,002 T
Roth et al. 2006 0 140 0 B9 5.8% 0.00 [-0.02,0.02] T
Taniguchi etal. 2018 0 47 0 7a 2.4% 0.00 [-0.03,0.03] 1T
Yalein etal. 2011 0 0 0 i} Mot estimable
Subtotal (95% CI) 824 598 99.4% 0.00 [-0.01, 0.01]
Total events 0 0
Heterogeneity; Tau®= 0.00; Chi*=0.00, df=5 (P =1.00), F=0%
Testfor overall effect Z=0.00{F =1.00)
Total (95% CI) 884 695 100.0% -0.00 [-0.01, 0.01]
Total events 2 L]
. 2 iR = - - S = I } } {
Heterogeneity: Tau®*= 000, Chi*=6.88, df= 8 (P =0.55), F= 0% s 025 b 095 05

Testfor overall effect: Z=0.02 (P = 0.58)
Testfor subaroun differences: Chi®=0.28. df=1 (P=0.59). F= 0%

Fig. 3 Forest plot of combined and subgroup analysis for the migration of acetabular cup

with screw  without screw

Table 2 The analysis of translation and rotation by ITT analysis using imputation

Outcomes and subgroup analysis Studies (n) THAs (n) Effective MD (95% CI) P-value Heterogeneity
measures
P®%) P,

Translation 21 976 MD —0.05(—=0.11,0.01) 0.1 53 0.002

X: Medial/lateral 6 280 MD —0.05(—=0.11,0.01) 0.11 0 0.50

Y: Proximal/distal 6 280 MD —0.11 (= 022,001) 0.07 62 0.02

Z: Anterior/posterior 6 280 MD 0.04 (— 0.15,0.23) 0.70 63 0.02
Total translation/3d 3 136 MD — 007 (= 0.23,0.20) 0.28 20 0.28
Rotation 12 609 MD —0.31(—0.83,0.21) 0.24 88 <0.00001

X: Transverse axis 4 203 MD — 068 (—1.22,—0.15) 0.01 57 0.07

Y: Longitudinal axis 4 203 MD —0.10(—2.13,1.93) 092 96 <0.00001

Z: Sagittal axis 4 203 MD —0.22(—041,—-0.03) 0.02 0 0.81
and revision (Table 4). There were no changes in the Discussion

osteolysis and migration results, while the revision
results changed. The pooled analysis showed that the
risk of revision was higher in the group without screws
(95% CI: 0.39-0.89; P=0.01; RR=0.59). A significant
difference in revision was observed in the subgroup of
cohort studies (95% CI: 0.40—0.94; P=0.02; RR=0.61),
but there was still no difference between groups in
the subgroup of RCTs (95% CIL: 0.03-2.01; P=0.19;
RR=0.25).

Total hip arthroplasty is commonly performed all over
the world [32]. Most acetabular prostheses have screw
holes reserved for adding screws. Some surgeons believe
that adding screws, even routinely, can increase the sta-
bility of the prosthesis [2, 33]. However, some surgeons
believe that satisfactory results can be achieved with-
out adding screws and that adding screws can lead to
some additional complications [4, 34]. Still, as there
are no definitive guidelines, it remains controversial
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withscrew  without screw Risk Difference Risk Difference
Study or Subgroup Events Total Events Total Weight M-H,Random,95% CI M-H, Random, 95% CI
1.1.1 revision; Randomised Controlled Trials
Blakeney atal. 2015 0 12 0 4 24% 000011, 0.11] 1
(tten et al. 2016 1 17 § 17 06% 018041, 0.08) —
Pakyis etal 2012 0 18 0 19 29% 000010010 -
Thannet etal. 2000 0 30 0 M 66% 0.00 -0.06, 0.06] T
Subtotal (95% C1) n 114 126%  -0.01]-0.06,0.04] . 2
Total events 1 4
Heterageneity, Tau?=0.00; Chi*= 364, df=3(P=0.30) F=18%
Testfor overall effect Z= 034 (P=0.74)
1.1.2 revision: Cohort Study
Garcia-Cimbrelo etal. 2008 1 9 214 167% 000002 003 T
Garcia-Rey 2017 0 155 0 636 224% 000001, 0.01] I
|nrio etal, 2010 480y § 266 198%  -0.01F0.02 001
Merican etal. 2006 0 4 0 73 18% 0.00-0.04,0.04] T
Natera etal. 2017 M6 46 393 104%  -0.05F0.08,-0.01) ™
Pepe etal 2017 0 16 0 14 0% 0.00F012,012 -1
iber etal. 2000 0 18 3108 42%  -003[F0.11,0.08) T
Subtotal (95% CI) 1191 1715 874%  -0.011-0.03,0.01] ¢
Total events k1] il
Heterogeneity. Tau?= 0.00; Chi*= 2020 df=6(P=0003) F=T70%
Testfor overall effect 7= 0.84 (P = 0.40)
Total (95% CI) 1268 1829 100.0%  -0.01[-0.03,0.01] L
Total events ki 59
Heterogenelty, Tau?= 0.00; Chit= 25,15, df= 10 (P = 0.008); F= 60% i * ! i
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Fig. 4 Forest plot of combined and subgroup analysis for the revision of acetabular cup

whether screws should be added. This review showed
that additional screws did not lead to clinically impor-
tant improvement in the stability of acetabular cups.
There was no difference in revision, HHS, or pain scores
between the groups with and without screws.

The stability of the acetabular cup is an important fac-
tor affecting the success of the surgery. Osteolysis is the
main cause of aseptic loosening of the acetabular pros-
thesis. There are many reasons for osteolysis, the most
important being particle disease [35]. Previous studies

have shown that wear particles could enter screw holes
and induce granulomas that are composed of many
macrophages laden with wear particles [1]. Cytokines
produced by particle-stimulated macrophages interfere
with the osseointegration and cause osteolysis [35, 36]. A
magnetic resonance imaging study has shown that obvi-
ous osteolysis occurred around acetabular screws [3].
However, some studies suggested that osteolysis is not
necessarily related to screws [23, 37]. In our study, eight
RCTs and seven cohort studies about osteolysis were
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included. After summary analysis, our results showed
that additional screw fixation did not increase the inci-
dence of osteolysis.

The initial stability of the cementless acetabular cup
mainly depends on the press-fit, while the later stabil-
ity mainly depends on the bone ingrowth. The addition
of screws is designed to enhance the stability of the ace-
tabular prosthesis. Most studies have suggested that the
addition of screws can increase the initial stability of the
acetabular cups [38]. Yet an in vitro study showed that
satisfactory stability could be achieved through simple
press-fit without screw use, and the addition of screws
was only needed when the bone condition was poor [39].
Our results showed that press-fit with additional screw
fixation did not reduce clinically relevant cup loosening
or migration. Moreover, our study showed no statistical
difference between cups with or without screw fixation

in translation and rotation. Subgroup analysis for rota-
tion of acetabular cup showed that the rotation degree
at the x-axis and z-axis was greater in the group without
screws, and there was no difference between groups in
the rotation degree at y-axis. Usually, the orientation of
screws was roughly the same as the y-axis and perpen-
dicular to the x-axis and z-axis. This may explain why the
screws limited the rotation of the cup in the x-axis and
z-axis better than the y-axis; further research is needed
to confirm this. The translation of cups was greater in
the non-screw group compared with the screw group in
our sensitivity analysis. Nevertheless, there was no differ-
ence in translation between the screw cups and the non-
screw cups in the subgroups of x-axis, y-axis, z-axis, and
total translation. Our sensitivity analysis still showed no
difference in rotation and clinically relevant migration
between the two groups.
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We analyzed the effect of fixation with and without
screws on the revision rate of the acetabular cup. When
we used RD as an effect measure, there was no significant
difference in acetabular revision between the groups with
and without screws. However, in our sensitivity analysis,
when RR was used as an effect measure, the subgroup
analysis conclusion of the RCTs was in conflict with that
of the cohort studies. The relative effect measures (RR)
were more consistent than absolute measures (RD) [20].
Our meta-analysis included some trials with zero events
in both treatment and control groups. Studies have
shown that RR and RD effect measures produce differ-
ent results in zero total event trials, and that the results of
RR are more conservative [40]. Subgroup results of RCTs
still showed no association between screws and revision

rate, while subgroup results of cohort studies showed
that additional screw fixation reduced revision rates. We
evaluated the included cohort studies and found that the
study bias was relatively large. One of the studies was a
multicenter study involving multiple acetabular cups,
multiple surgical approaches, and multiple surgeons,
which significantly influenced the conclusions of the
overall pooled analysis [10]. Therefore, the subgroup con-
clusion of the cohort studies in revision was less reliable
and should be taken with caution. The subgroup conclu-
sion of the RCTs was recommended.

Studies have shown that wear particles are impor-
tant in osteolysis [35, 41]. After particles are produced
by wear, macrophages are induced to migrate to local
site of particles. Then a variety of inflammatory factors
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are released from macrophages, causing osteoclast acti-
vation and osteoblast inhibition [35, 42]. It has been
suggested that changes in cup alignment after screw
fixation might affect the wear of acetabulum compo-
nents [43]. Our results showed that there was no dif-
ference in wear rate between the acetabular component
with and without screws. Previous studies have shown
that the wear of polyethylene liner was more serious
than ceramic liner, and the effect on osteolysis of poly-
ethylene particles was more serious than ceramic par-
ticles [35, 44, 45]. All the four studies included in the

wear analysis used polyethylene as liner [9, 11, 19, 28],
so the bias caused by different liners was excluded. The
femoral head materials used in the four studies are dif-
ferent, including ceramic and cobalt-chrome. There-
fore, we conducted a subgroup analysis for different
materials. In three studies [9, 11, 19], the groups with
and without screws used the same head materials, while
in one study, the groups with and without screws used
unequal femoral head materials. Our study confirmed
that there was no difference in wear rate between the
two groups when the liner and femoral head materials
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Table 3 The sensitivity analysis using the “available case analysis”
Outcomes Studies (n) THAs (n) Effective RD/MD (95% ClI) P-value Heterogeneity
measures
(%) P,
Osteolysis 13 3083 RD — 001 (= 0.04,0.02) 034 74 <0.00001
Migration 10 2392 RD 0.00 (— 0.00, 0.00) 0.98 0 0.73
Translation 845 MD —0.07 (= 0.13, — 0.01) 0.03 38 0.04
Rotation 480 MD —032(—082,0.19) 0.22 83 <0.00001
Revision 1 3067 RD —0.01 (- 0.02,0.01) 0.38 57 0.01
Wear 4 296 MD —0.00 (- 0.01,0.01) 0.73 0 0.69
Pain scores 5 224 MD — 051 (—2.88,1.86) 0.67 0 0.69
HHS 8 409 MD — 141 (—463,181) 0.39 0 0.98

were used in the same way, indicating that the presence
of screws had no effect on wear rate.

We also analyzed the HHS and pain score, which are
closely related to the postoperative life quality of patients.
Our results revealed no significant difference in pain

scores and HHS between the groups with and without
SCrews.

The use of screws to fix the cementless acetabular cup
during THA has been controversial and widely discussed.
Over recent years, a steady stream of research comparing



Ni et al. Journal of Orthopaedics and Traumatology (2022) 23:9

Table 4 The sensitivity analysis using RR as effective measures
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Outcomes and Studies (n) THAs (n) Effective RR (95% Cl) P-value Heterogeneity
subgroup analysis measures
2 (%) P,
Osteolysis 13 3130 RR 0.92(0.59, 1.43) 0.71 32 0.15
RCT 6 295 RR 1.30(0.72,2.34) 038 0 0.50
Cohort study 2835 RR 0.80 (042, 1.49) 047 41 0.13
Migration 10 2392 RR 0.57(0.03,11.17) 0.71 61 (AN
RCT 3 139 RR 0.57(0.03,11.17) 0.71 61 0.11
Cohort study 7 2253 RR NA NA NA NA
Revision M 3097 RR 0.59 (0.39,0.89) 0.01 0 0.90
RCT 4 188 RR 0.25(0.03,2.01) 0.19 NA NA
Cohort study 2906 RR 0.61(0.40,0.94) 0.02 0 094

the acetabular cup with and without screws has been
published. This systematic review includes the latest
studies comparing cementless acetabular cups with or
without screws in THA through a search of a variety of
databases, and provides sufficient evidence-based medi-
cal evidence.

The present study still has some limitations. The
first limitation is related to the publication bias of the
included studies. We only tested for publication bias of
four analyses by funnel plot and did not further test by
Egger’s or Begg’s test. Second, there is heterogeneity in
the included studies: the studies differed in relation to
study type, operative approach, acetabular component,
and follow-up time. Accordingly, subgroup analysis and
sensitivity analysis were performed to reduce heteroge-
neity and confirm the results.

Conclusion

This study shows that additional screw fixation does
not increase stability. Generally, press-fit can achieve
good acetabular cup stability and there is no need to
add screws. Our analysis showed no difference in oste-
olysis and clinically relevant migration of acetabular cups
between groups with and without screws. Moreover, our
pooled data showed no association between screws and
revision rate. There was no difference in wear between
the groups with and without screws. In addition, our
study revealed no differences in pain scores and HHS
between hips with and without screws use. Therefore,
these findings suggest that additional screws might not
be required for press-fit fixation of cementless acetabular
cups.
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