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Abstract

Background: Total hip arthroplasty (THA) has changed significantly since its inception, with various bearing surfaces affecting
clinical outcomes. This systematic review aimed to assess the functional results of various bearing surfaces in total hip arthroplasty
using validated scoring systems.

Methods: This systematic review was carried out in accordance with PRISMA guidelines, and the protocol was registered in
PROSPERO under CRD42025634591. Studies were included based on predefined criteria for population, intervention type, and
reported clinical outcomes. Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC), Harris Hip Score (HHS), and
SF-12 were analyzed closely.

Results: 18 clinical trials with a mean follow-up of 100.69 months were included. MoM implants showed superior HHS, WOMAC,
and SF-12 scores compared to CoC, CoP, and MoP (P<0.001), suggesting better quality of life and improved functional outcomes.
CoM showed slightly better WOMAC scores over MoM, but the difference was not statistically significant. The most common reason
for revision was dislocation (36 cases), while osteolysis was the most common complication (43 cases).

Conclusion: MoM implants demonstrated better quality of life and functional outcomes, but their use has declined due to safety
concerns. Other implants may reduce complications related to metal ion release. These findings help surgeons choose THA implants
by weighing benefits against long-term risks. Further research is necessary to refine implant selection criteria and long-term
performance.
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Introduction

Since the very first usage of hip prosthesis by Wiles in
1938, total hip arthroplasty (THA) has become the most
successful surgery of the 20" century (1, 2). This con-
structive surgery is now indicated for a wide range of pa-
thologies. Compared with the past, patients undergoing
THA are now more demanding. They always desire better
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outcomes from their surgery to such an extent that even
some young patients may want to participate in recrea-
tional or sports activities after THA (3, 4). Looking at the
numbers, the latest articles suggest a prevalence of 0.83%
for THA in the United States population, and THA is car-
ried out 1.5 million times in a year worldwide. The out-

1What is “already known” in this topic:
Metal-on-metal (MoM) bearing surfaces in total hip
arthroplasty (THA) have previously shown favorable
functional outcomes but have fallen out of favor due to
complications such as metal ion release and adverse local
tissue reactions (ARMD).

— What this article adds:

Despite demonstrating superior functional scores, this review
confirms that the long-term risks associated with MoM
implants outweigh their benefits. The findings reinforce
current trends in avoiding MoM use and guide clinicians in
selecting safer, effective alternatives.
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standing numbers mentioned before come with common
clinical complications, although the complication rates are
low (5, 6).

Although numerous studies have compared different
bearing surfaces in THA, there is no clear general agree-
ment on which material yields the best long-term func-
tional outcomes and patient satisfaction. Moreover, many
previous studies have not simultaneously compared all
five major types of articulations in a unified analysis. Var-
ious approaches, implants, and procedures have come up
as a result of high demand and prevalence. One variation
between different implants is their bearing surfaces. As
implants are made of a cup and the head component, two
bearing surfaces are present. The combination of these
surfaces determines different traits and clinical outcomes
for each type. Some of the commonly used bearing sur-
faces are ceramic-on-ceramic (CoC), ceramic-on-
polyethylene (CoP), ceramic-on-metal (CoM), metal-on-
polyethylene (MoP), and metal-on-metal (MoM) (2). Sev-
eral factors can cause THA to fail and dictate a revision
surgery, such as friction and particle debris freed from the
surfaces into the joint space, which can cause aseptic
loosening (7, 8). The freed debris can also mandate bio-
logical reactions. These inflammatory reactions involve
cytokines, macrophages, and lymphocytes based on the
material of debris (9). MoP bearings are the conventional
implant for the application. The Achilles of MoP is its
aseptic loosening due to wear particles. To confront this,
newer materials and bearings have been developed (10).
MoM bearings are associated with a low risk of osteolysis;
however, adverse local soft tissue reactions remain a con-
cern.

Additionally, they may lead to elevated metal ion con-
centrations in the blood (9, 11-13). In comparison with
conventional implants, CoC decreases the risks of revision
surgery, radiolucent line, osteolysis, aseptic loosening,
and dislocation (14). Compared to MoM bearings, CoC
bearings exhibit a lower incidence of osteolysis and infre-
quent local tissue adverse reactions. The downside is that
CoC implants are associated with a higher occurrence of
bearing-related noise collated with MoP and MoM (9, 12,
14). CoM was designed to overcome the squeaking sound
and risk of component fracture attributed to CoC and to
overcome the high wear rate and metal ion release of
MoM implants (15). Another ceramic-entailing implant,
CoP, has better results in terms of squeaking sound and
total implant fracture, in comparison with CoC (16).

This review aims to shed light on the clinical outcomes
of different implants and bearings. Alongside the massive
research that has investigated the structure or failure fac-
tors of each implant surface type, this study can bring out
information about the final clinical outcomes of THA im-
plant bearing surfaces and help surgeons complete their
decision-making process with no blind spots left. This
systematic review is designed to answer the following
question: Among patients undergoing primary total hip
arthroplasty (P), how do different bearing surfaces (I), in
the absence of a direct comparator (C), affect functional
and patient-reported outcomes and complication rates (O).
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Methods

The study employed systematic review methods as out-
lined in the Cochrane Handbook (17). We conducted this
study in accordance with PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) guide-
lines (18), and the study protocol was registered at PROS-
PERO (International Prospective Register of Systematic
Reviews) under the code of CRD42025634591. This study
was free from IRB (institutional review board) approval as
no individual data was directly obtained.

Search strategy

The independent researchers searched five online data-
bases: PubMed, Scopus, Web of Science, Google scholar
and ScienceDirect using the following keywords: (surface
material) AND (("Hip prosthesis"[Mesh]) OR ("Arthro-
plasty, Replacement, Hip"[Mesh]) OR ("Femoral Head
Prosthesis"[Mesh]) OR ("Hip Arthroplasty"[Mesh]) OR
("Total hip replace*"[Title/Abstract]) OR ("Total hip ar-
throplas*"[Title/Abstract]) OR ("Hip arthro-
plas*"[Title/Abstract]) OR ("Hip re-
place*"[Title/Abstract])) AND (outcome) AND ((“ceram-
ic-on-ceramic”) OR (“metal-on-metal”’) OR (“metal-on-
polyethylene”) OR (“ceramic-on-polyethylene™)) from
April 5, 1985, to January 10, 2025 with no filters applied.
No time or language restrictions were applied. The extent
of this study follows the PICO templates (P = patients
undergoing total hip arthroplasty, I = total hip arthroplas-
ty, C = No comparator required, O = functional outcomes,
patient-reported outcomes, revision, and complications).
Grey literature sources (ClinicalTrials.gov and WHO IC-
TRP) returned 691 records in total, none of which
matched the predefined inclusion criteria. Although
Google Scholar and ScienceDirect were included in the
initial search strategy, they did not yield any unique or
eligible records based on the predefined inclusion criteria;
thus, their results were not reported separately in the
PRISMA flow diagram.

Eligibility criteria and study selection

Studies with the following criteria were included: (1)
both prospective and retrospective clinical trials; (2) pa-
tients undergoing primary THA; (3) studies that scruti-
nized outcomes of primary THA. On the other hand, the
exclusion criteria were: (1) any studies other than clinical
trials; (2) studies that included only revision cases; (3)
studies that did not report the desired outcomes. The stud-
ies without reporting before and after scores of the out-
come were excluded from the analysis using a complete
case analysis approach.

After retrieving initial results and eliminating dupli-
cates, three independent reviewers (BF, ASh, IG) began to
screen studies using the inclusion criteria pertaining to the
title and abstract of the articles. Any disputes were re-
solved by the fourth reviewer (S.A.). Afterward, these
reviewers managed a secondary screening of the full texts,
with any following conflicts being coordinated.

Data extraction
Data, including patients’ demographics, clinical find-
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ings (such as arthroplasty surface type, revision, reason
for revision, etc.), and functional outcomes such as
(WOMAC, HHS, VAS pre and post operation) were ex-
tracted using an Excel spreadsheet by three independent
reviewers (ASh, BF, IG). At last, the extracted data was
cleaned, and all the disagreements were resolved by a sin-
gle reviewer (ShA).

Quality assessment

To evaluate the risk of bias and the relevance of includ-
ed studies, the Risk of Bias 2 (RoB 2) tool developed by
the Cochrane Collaboration was used to evaluate bias
through five domains and provide an overall risk of bias
assessment. Each domain was scored ‘high risk of bias’,
‘some concerns’, or ‘low risk of bias’ accordingly.

Statistical analysis

The generalized linear mixed model (GLMM) approach
was used for multiple treatments comparison meta-
analysis as a kind of meta-regression (19). Accordingly,
the treatment group was considered as a factor variable,
change in HHS, SF-12, and WOMAC scores (after minus
before) was considered as the outcome variable, the sam-

ple size was considered as a variable for frequency
weights, and the study label was regarded as a random
intercept for multilevel mixed-effects modeling. Intraclass
correlation coefficient (ICC) was used as a post-estimation
of the mixed model to investigate the heterogeneity of the
studies. -mixed- command was used in Stata 17 software
(Stata Corp. LLC, TX, US). The effect size was reported
as an unstandardized beta coefficient with a 95% confi-
dence interval (CI). Publication bias was not investigated
as it was not possible to draw a funnel plot due to different
treatments. Sensitivity analysis was not applicable.

Results

Study selection

Our search in five different databases and trial registries
retrieved 11,605 results. Of this number, 4,278 results
were duplicated and removed. Finally, 7327 results were
screened for title and abstract. Out of these, 7309 were
excluded, and finally, 18 studies were selected for data
extraction and analysis. All the details of the screening
process are shown in Figure 1.

[ Identification of studies via databases and registers

Records identified from:
PubMed (n=3155)
Scopus (n=4028) screening:
Web of science (n=3731)

v

Identification

WHO ICTRP (n=155)

Records removed before

Duplicate records removed
ClinicalTrials.gov (n=536) (n=4278)

— :

Records screened
(n =7327) (n =7309)

Records excluded

l

Reports sought for retrieval

Reports not retrieved

§ Studies included in review
2 (n=18)

g (n=18) " (n=0)
g
5 :

Reports assessed for eligibility

(n=18) >

Reports excluded:
Reason a (n =0)
—

reported separately in the flow diagram.

Note: Google Scholar and ScienceDirect were searched but yielded no eligible records for inclusion; therefore, they are not

Grey literature sources yielded 691 records in total, but all excluded during screening.

Figure 1. PRISMA flow chart of the study
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Study characteristics

Our 18 included articles were all clinical trials. The
mean age of the studies’ populations (two studies did not
report mean age) was 58.21 years. We found 100.69
months of follow-up among studies on average (Table 1).
Four studies compared CoP and CoC, and three of them
compared MoP and MoM. MoM vs MoM, CoM vs MoM,
and MoP vs CoC were each compared in 2 studies. CoC
vs CoC, MoP vs CoM, and MoM vs MoP vs CoP were
each investigated in one study. MoP and CoC were each
studied in comparison with another modality of treatment
in two separate studies (Table 2A and Table 2B). Consid-
ering the arthroplasty technique, 10 studies used the
uncemented method; three studies used the cemented
method, one study used both, and four studies did not re-
port whether they applied the cemented or uncemented
method. Overall, four studies did not report any details
about revision surgery among their patients, but all the
other studies had at least one case of revision. Dislocation
was the most common cause of revision, with 36 cases.
Osteolysis was the most common complication, with 43
cases. Six studies did not present data about complica-

Table 1. Demographic data of the patients included in RCTs

tions.

Of the 18 studies we included, six studies had a low risk
of bias, eight had a moderate risk of bias, and one had a
high risk of bias. The randomization process domain con-
tained the largest proportion of studies assessed as having
a moderate risk of bias. Bias due to Missing Outcome
Data was the only domain with a study reporting a high
risk. Further details of the risk of bias assessment are man-
ifested in Figure 2.

Reported outcomes

The results of multilevel mixed effects models are
shown (Table 3). Accordingly, MoM was considered as a
reference treatment for comparisons. Hence, the other
groups of treatment showed a significantly lower HHS
and SF-12 (P<0.001) (Table 4). Heterogeneity was ob-
served for all three outcomes (ICC >50%) (Table 3).

The mean preoperative HHS was 48.00 (range 39.00 —
58.30), and the mean postoperative HHS was 91.30 (range
81.90 — 96.00). MoM implants were better than CoC, Cop,
and MoP implants in increasing HHS (P<0.001).

The mean WOMAC score was 58.70 (range 39.50 —

author Subgroup number Sample size (M:F) Mean age (SD) Mean Follow-up (SD)  Year Country
Ando (20) 1 85(19:66) 65.4(8.6) 24 2015 Japan
Ando (20) 2 75(19:56) 66.2(9) 24 2015 Japan
Atrey (21) 1 32(NM) NM 120(NM) 2017 Canada
Atrey (21) 2 36(NM) NM 120(NM) 2017 Canada
Atrey (21) 3 34(NM) NM 120(NM) 2017 Canada
Atrey (22) 1 28(NM) 42.8(6.9) 198(29.4) 2017 Canada
Atrey (22) 2 29(NM) 41.5(8.9) 201.6(24) 2017 Canada
Beaupre (23) 1 48(26:22) 51.3(6.9) NM 2016 Canada
Beaupre (23) 2 44(24:22) 53.6(6.5) NM 2016 Canada
Bjorgul (24) \ 123(39:84) 63.3(8) 55.2(NM) 2013 Norway
Bjorgul (24) ¥ 127(39:88) 62.8 (12.1) 55.2(NM) 2013 Norway
Bjorgul (24) v 124(51:73) 63.9(10.8) 55.2(NM) 2013 Norway
Borgwardt (25) \ 76(35:41) 66.4(11.2) 120(NM) 2016 Denmark
Borgwardt (25) Y 72(30:42) 68.2(10.9) 120(NM) 2016 Denmark
Borgwardt (25) v 75(26:49) 69.8(10.2) 120(NM) 2016 Denmark
Borgwardt (25) ¢ 76(19:57) 69.1(10.6) 120(NM) 2016 Denmark
D’ Antonio (26) 1 100(65:35) 53(11.4) 60.7(25.6) 2005 USA
D’ Antonio (26) 2 100(63:37) 54(10.7) 59.6(36.7) 2005 USA
D’Antonio (26) 3 100(61:39) 55(10.4) 58.6(32.7) 2005 USA
Higgins (27) 1 110(69:41) 65.2(NM) 104.4(6.4) 2019 Finland
Higgins (27) 2 101(64:37) 65.2(NM) 104.4(6.8) 2019 Finland
Higuchi (28)* 1 85(21:64) 55.2(NM) 108(27) 2016 Japan
Higuchi (28)* 2 147(31:116) 54.2(NM) 87.6(27) 2016 Japan
Jacobs (29) 1 95(46:49) 53.3(18-75) 46.8(7.8) 2004 USA
Jacobs (29) 2 76(51:25) 55.7(31-75) 42(7.8) 2004 USA
Kim (30) 1 133(84.49) 53(7) 205(9) 2020 Korea
Kim (30) 2 133(84:49) 53(7) 205(9) 2020 Korea
Kostretzis (31) 1 24(14:10) 50(7.1) 168(7.8) 2021 Canada
Kostretzis (31) 2 24(15:9) 50(7.8) 168(7.8) 2021 Canada
Lombardi (32) 1 64(35:29) 57(10.7) 73(20.5) 2010 USA
Lombardi (32) 2 45(24:21) 60(11.0) 72(16.7) 2010 USA
MacDonald (33) 1 22(NM) NM 38.4(5.1) 2003 Canada
MacDonald (33) 2 18(NM) NM 38.4(5.1) 2003 Canada
Nikolaou (34) 1 36(18:18) 52.6(11.0) 60(NM) 2012 Canada
Nikolaou (34) 2 34(17:17) 52(11.2) 60(NM) 2012 Canada
Schouten (35) 1 36(18:18) 62(8.2) 60(NM) 2017 New Zealand
Schouten (35) 2 31(21:10) 64(8.0) 60(NM) 2017 New Zealand
Vendittoli (36) 1 69(38:31) 56.8(10.7) 252(16.8) 2021 Canada
Vendittoli (36) 2 71(30:41) 54.9(12.5) 252(16.8) 2021 Canada
Zijlstra (37) 1 NM(NM) 79(NM) 120(NM) 2010 Netherland
Zijlstra (37) 2 NMANM) 79(NM) 120(NM) 2010 Netherland
Each row in the table shows a group (control/intervention) in the study, NM= not mentioned, all studies are prospective randomized controlled trials, *observational
study.
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Table 24. Study characteristics of the included articles

Author Arthroplasty surface Cemented/ Reason for arthroplasty Type of material
type uncemented
Ando (20) MoM Uncemented OA (82.5%), ON Magnum (CoCrMo)
(13.9%), PD (1.1%),
TOA (1.1%), SCF
(1.1%)
n=_86
MoM Uncemented  OA (92.3%), ON (7.6%) Conventional (CoCrMo) inserts within modular Ti alloy
n=78
Atrey (21) MoP Uncemented OA (59.3%), AVN CoCr femoral head with an XLPE
(15.6%), DDH (6.2%),
PTA (3.1%), RA (3.1%),
Other (12.5%)
n=32
MoP Uncemented OA (63.8%), AVN CoCr femoral head with an UHMWPE
(16.6%), DDH (5.5%),
RA (2.7%), Other
(11.1%)
n=36
CoC Uncemented OA (73.5%), AVN CoC bearing
(8.8%), DDH (2.9%),
PTA (2.9%), RA (2.9%),
Other (8.8%)
n=34
Atrey (22) CoP NM OA (34.4%), AVN NM
(10.3%), SUFE (3.4%),
DDH (27.5%), TA
(17.2%), PD (6.8%)
n=29
CoC NM OA (51.7%), AVN M
(10.3%), SUFE (3.4%),
DDH (17.2%), TA
(13.7%), 1A (3.4%)
n=29
Beaupre CoC Uncemented NM HA-coated shell and Alumina Bearing Couple ceramic
(23) insert and CCt head
CoP Cemented NM A Crossfire® insert and a CCt head
Bjorgul (24) MoM Cemented NM WPAC with a 28 mm diameter Metasul insert
MoP Cemented NM WPAC with Protasul CoCrMo alloy
CoP Cemented NM WPAC with ceramic (Sulox Alumina)
Borgwardt CoP (ZoP (zirconia on Cemented NM Tetragonal zirconia, Liner of polyethylene-coated TAV
(25) polyethylene))
MoM Cemented NM CoCrMo
MoP Cemented NM Tetragonal zirconia, Liner of polyethylene coated TAV
and of hemispherical outer shape (Asian Hip System)
CoC (AoA) Cemented NM Cup insert composed of alumina ceramic paired with poly-
ethylene backing, within a porous coated shell made of
wrought TAV alloy
D'Antonio CoC NM OA (84%), PTA (1%), Porous-coated shell
(26) AVN (12%), DV (2%),
SUFE (1%)
n=100
CoC NM OA (79%), PTA (4%), Arc-deposited hydroxyapatite
AVN (17%), DV (1%)
n=100
MoP NM OA (77%), PTA (6%), CoonP
AVN (16%), FFF (1%)
n=100
Higgins (27) CoM Uncemented NM CoCr
MoM Uncemented NM Co
Higuchi CoC Uncemented OA (77.6%), AVN Without MBTS
(28) (21.1%), PTA (1.1%)
n=285
CoC Uncemented OA (82.9%), AVN MBTS

(16.3%), PTA (0.6%)
n=147

98.00) preoperatively and 53.44 (range 11.00 — 94.00)
postoperatively. Again, MoM implants were better than
CoC, CoP, and MoP implants in increasing WOMAC
score (P<0.001). CoM implants showed better results in

comparison with MoM implants; however, the observed
difference did not reach statistical significance (P=0.304).

The mean score of SF-12 was 30.91 (range 28.50 —
32.80) and 43.9 (range 5.50 — 53.50) preoperatively and
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Table 2A. Continued

Author Arthroplasty surface Cemented/ Reason for arthroplasty Type of material
type uncemented
Jacobs (29) MoM Uncemented OA (61.0%), PTA NM
(8.4%), AVN (20.0%),
DDH (6.3%), Ninf D
(4.2%)
n=95
MoP Uncemented OA (71.0%), PTA P (moderately cross-linked GUR 1050)
(3.9%), AVN (21.0%)
DDH (3.9%)
n=176
Kim (30) CoC Uncemented NM Al
CoP Uncemented NM A, XLPE
Kostretzis MoM Uncemented OA (79%), PA (4%), Durom acetabular cup (hip resurfacing)
31 DDH (9%), ON (4%),
RA (4%)
n=24
MoM Uncemented OA (80%), PA (4%), Durom acetabular cup (Large diameter head)
DDH (4%), ON (8%),
PSA (4%)
n=24
Lombardi CoC NM OA (86%), AVN (9%), Modular femoral heads of alumina matrix composite (Bi-
(32) LCP (2%), PTA (2%), olox1 delta) articulating on pure alumina ceramic liners (65
SCFE (1%) - trial group) — for both groups each cup was Porous Plas-
n=64 ma Sprayed (PPS1) titanium shells - femoral head size (28-
mm and 32-mm)
ZoP NM OA (84%), Zirconia ceramic modular heads articulating on highly
AVN (9%), crosslinked polyethylene liners (45 - control group)
DDH (7%)
n=44
MacDonald MoM NM NM NM
(33) MoP NM NM NM
Nikolaou MoP Uncemented  OA (64%), AVN (17%), 28 mm diameter CoCr head with UHMWPE liner (36 hips
34 DDH (5%), RA (3%), - CoP)
Other (11%)
n=36
CoC Uncemented OA (73%) AVN (9%) 28 mm diameter C head and C acetabular liner (34 - CoC)
DDH (3%) PTA (3%)
RA (3%) Other (9%)
n=34
Schouten CoM Uncemented NM Corail AMT cementless, collarless femoral stems - Pinna-
(3%5) cle acetabular shells - Ultramet Co-Cr-Mo alloy liners -
either femoral head made of Z toughened AC or Co-Cr-Mo
- head size was 36 mm in all but two patients (28 mm)
MoM Uncemented NM Corail AMT cementless, collarless femoral stems - Pinna-
cle acetabular shells - Ultramet Co-Cr-Mo alloy liners -
either femoral head made of Z toughened AC or Co-Cr-Mo
- head size was 36 mm in all but two patients (28 mm)
Vendittoli MoP Uncemented NM P with a 28 mm stainless steel femoral head for MoP-
36) & Cemented cemented femoral implant with Ti alloy and uncemented
acetabular implant made of Ti
CoC Uncemented NM A with A femoral head of 32 mm in CoC- cemented femo-
& Cemented ral implant with Ti alloy and an uncemented acetabular
implant made of Ti
Zijlstra (37) MoP Cemented NM NM
MoM Cemented NM NM

ZoP = zirconia on polyethylene / MoM = metal on metal / MoP = metal on polyethylene / CoP = ceramic on polyethylene / CoC = ceramic on ceramic / CoM = ceram-
ic on metal / AoA = alumina on alumina; U = uncemented / C = cemented / U & C = uncemented and cemented; OA = osteoarthritis / ON = osteonecrosis / PD =
perthes disease (LCP = Legg-Calve’-Perthes) / TOA = traumatic osteoarthritis / SCF = subcapital fracture / AVN = Avascular necrosis / DDH = development dysplasia
of hip / PTA = Post-traumatic arthritis / PSA = Post-septic arthritis / RA = Rheumatoid arthritis / SUFE = Slipped upper femoral epiphysis / SCFE = slipped capital
femoral epiphysis / TA = Traumatic arthropathy / IA = Inflammatory arthritis / DV = diastrophic variant / FFF = failed fracture fixation /Ninf D = Noninflammatory
diagnoses / PA = Protrusio acetabuli; XLPE = highly cross-linked polyethylene / UHMWPE = ultra-high molecular weight polyethylene / CCt = Ceramic C-taper /
WPAC = Weber polyethylene acetabular component / TAV = titanium-aluminium-vanadium / Co = cobalt / Cr = chromium / Mo = molibden / P = plyethylene /
MBTS = metal-backed titanium sleeve / A = alumina / Z = zirconia / C = ceramic / Ti = titanium; Co = cobalt / Cr = Chromium; NM = not mentioned / NA = not

applicable

postoperatively, respectively. MoM implants were better ~ 4).
than CoC and MoP implants in increasing SF-12 scores

[ DOI: 10.47176/mjiri.39.111]

(P<0.001). VAS scores were not reported in 16 studies.
One study reported postoperative VAS scores only
(VAS=7.7). One study reported preoperative and postop-
erative VAS scores as 3.95 and 0.75, respectively (Table

Discussion

Total hip arthroplasty, also known as hip joint replace-
ment surgery, is a reconstructive procedure designed to
enhance the treatment of hip joint disorders that have not
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Table 2B. Revision outcomes and complications of the included articles

Author Arthroplasty High metal Revision Reason for revision Time to Complication
surface type ion level? (Yes /No) revision
Type of ion? (month
mean)
Ando (20) MoM yes (Co and NM NM NM No
Cr)
MoM yes (Co and NM NM NM Dislocation (1),
Cr)
Atrey (21) MoP NM Yes (1) Periprosthetic fracture (1) 4 NM
MoP NM Yes (1) Infection (1) 18 Osteolysis
CoC NA No No No NM
Atrey (22) CoP NA Yes (5) Polyethylene wear (4), Osteolysis 192 Osteolysis (12)
1)
CoC NA Yes (4) Head fracture (1), Instability (1), NM Osteolysis (6)
Infection (1), Trunnionosis (1)
Beaupre (23) CoC NA Yes (3) Injurious falls (3) NM No
CoP NA Yes (5) Dislocation (4), Recurrent instabil- NM No
ity (1)
Bjorgul (24) MoM NM Yes (8) Infection (4), Loosening (4) 29.1 NM
MoP NM Yes (3) Infection (1), Dislocation (1), Pain 22.8 NM
CoP NA Yes (1) Infection (1) 33.6 NM
Borgwardt (25) CoP (ZoP NA Yes (10) Dislocation (5), Loose stem in NM Osteolysis", Disloca-
(zirconia on cement mantle (3), Loose acetabular tion (12)
polyethylene)) shell (1), Loosening (1)
MoM NM Yes (3) Dislocation (1), Loose stem in NM Osteolysis*, Dislo-
cement mantle (1), Infection (1) cation (1)
MoP NM Yes (4) Dislocation (1), Loose stem in NM Osteolysis*, Dislo-
cement mantle (3) cation (4)
CoC (AoA) NA Yes (19) Dislocation (8), Loose stem in NM Osteolysis*, Dislo-
cement mantle (3), Loose acetabular cation (16)
shell (1), Cup insert loose or broken
(6), RCF (1)
D'Antonio (26) CoC NA Yes (2) Femoral fracture (1), Loosening (1) NM NM
CoC NA Yes (4) Loosening (1). Sepsis (2), Disloca- NM NM
tion (1)
MoP NM Yes (8) Leg-length discrepancy (1), Deep NM NM
joint Infection (1), Osteolysis (1),
Femoral fracture (1), Dislocation
(€]
Higgins (27) CoM no Yes (1) ARMD (1) NM NM
MoM Yes (Co 3.8 Yes (11) ARMD (7), Dislocation (2), NM NM
mg/L Cr:1 Periprosthetic fracture (1), Leg-
mg/L after length discrepancy (1)
5y)
Higuchi (28) CoC NA Yes (3) Loosening (1), Ceramic liner frac- NM Ceramic liner frac-
ture (1), Infection (1) ture (1), Squeaking
1)
CoC NA Yes (1) Osteolysis (1) NM Squeaking (1)
Jacobs (29) MoM NM Yes (1) Traumatic (1) NM Dislocation (1),
Trochanteric bursitis
(12), Wound prob-
lem (2)
MoP NM Yes (19) Dislocation (6), Infection (4), Pa- NM Trochanteric bursitis
tient request (1), leg-length discrep- 3)
ancy (2) ARMD (12), Loosening (4)
Kim (30) CoC NA NM NM NM Squeaking (8), Ace-

tabular fracture (3),
Clicking sound (32)

responded well to traditional medical interventions. This
surgical approach involves replacing the damaged hip
joint with an artificial prosthesis, notably improving clini-
cal outcomes and quality of life (38). A study by Smith et
al. showed that despite the improved functional outcomes
associated with hip resurfacing, THA offers greater im-
plant survival (39). Choudhary et al. reported that THA is
an effective treatment for post-traumatic hip arthritis, alt-
hough factors such as patient characteristics, surgical

methods, and implant choice influence the overall results
(40). Our study evaluated the clinical outcomes of differ-
ent implants and bearing surfaces in THA, revealing that
the MoM-bearing surface provides better quality of life
and functional outcomes, even though MoM is no longer
an acceptable option due to high rates of adverse reactions
(41). MoM-bearing surfaces have been widely used since
the beginning of the 21st century, but nowadays, rates
have decreased because of concerns about failure rates
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Table 2B. Continued

Author Arthroplasty High metal Revision Reason for revision Time to Complication
surface type ion level? (Yes / No) revision
Type of ion? (month
mean)
CoP NA NM NM M NM
Kostretzis (31) MoM yes (Co (1.7 Yes (2) Loosening (2) NM No
ng/L), Cr
(1.4 ug/L))
MoM yes (Co (3.8 Yes (5) ARMD (4), Deep joint infection (1) NM Infection (1),
ng/L), Cr ARMD (4)
(1.9 ug/L))
Lombardi (32) CoC NA Yes (3) Migration (1), Traumatic fracture NM NM
(1), Recurrent instability (1)
ZoP NA Yes (3) Instability (1) NM NM
Dislocation (2)
MacDonald (33) MoM NM NM NM NM NM
MoP NM NM NM NM NM
Nikolaou (34) MoP NM NM NM NM NM
CoC NA NM NM NM Squeaking (3)
Schouten (35) CoM yes (Co Yes (2) Infection (1) Loosening (1) NM NM
(1.16 pg/1
(041 to
14.67)), Cr
(1.05 pg/1
(0.16 to
12.58)))
MoM yes (Co Yes (1) Pain (1) NM NM
(2.93pg/1
(0.35 to
30.29)), Cr
(1.85 pg/1
(0.36 to
17.00)))
Vendittoli (36) MoP NM Yes (17) Fracture (1), Loosening (16) 154.8 Dislocation (3)
CoC NA Yes (7) Traumatic (1), Loosening (1), Deep 138.0 NM
joint infection (5)
Zijlstra (37) MoP yes (Co and Yes (1) Loosening (1) NM ALVAL (1) No
Cr) / higher pseudotumors
MoM in MoM vs Yes (3) Loosening (3)
MoP

ZoP = zirconia on polyethylene / MoM = metal on metal / MoP = metal on polyethylene / CoP = ceramic on polyethylene / CoC = ceramic on ceramic / CoM = ceramic
on metal / AoA = alumina on alumina; ARMD = adverse reaction to metal debris / ALVAL = aseptic lymphocytic vasculitis-associated lesions / RCF = Removal of
cement fragments; Co = cobalt / Cr = Chromium; NM = not mentioned / NA = not applicable

* Osteolysis was reported in the original study, but the number of cases was not specified.

and adverse reactions. ARMD is one of the main concerns
with MoM-bearing surfaces (41). Another complication
related to the MoM-bearing surface is metal ion release,
which limits the use of this bearing surface (42).

A study by S6derman et al. demonstrated strong validity
and reliability for HHS, WOMAC, and SF-12. Clinical
outcomes of THA can be assessed by these key metrics
(43). A maximum of 100 points for the HHS can be
achieved, encompassing the following domains: function,
pain, motion, and deformity. Function and pain, the two
main factors, are assigned the most weight (47 and 44
points). The HHS under 70 points is regarded as a poor
outcome (43). Since Bellamy et al. (1988) presented the
WOMAC index, it has been tested and validated in vari-
ous countries and languages (44, 45). WOMAC index is a
self-reported, disease-specific health measure developed
to evaluate patients with hip or knee osteoarthritis treated
surgically or through nonsurgical methods (46). A lower
score on the WOMAC index indicates better outcomes
with less stiffness, pain, and better physical function (45).
The SF-12 (Short Form-12) is a condensed form of the
SF-36 health survey commonly used for the evaluation of
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health-related quality of life (47).

Among the orthopaedic interventions, THA is one of the
most successful procedures performed today (48). For
individuals experiencing hip pain due to different condi-
tions, THA offers pain relief, functional restoration, and
improved quality of life (49). Pain relief from osteoarthri-
tis of the hip. This is especially true for patients who have
not responded to nonoperative management options (50).
Every THA includes two bearing surfaces (51). Surgeons
now have different options when selecting the bearing
surface for THA. The primary materials for acetabular
liners are polyethylene, either in its conventional ultra-
high molecular weight polyethylene (UHMWPE) form or
cross-linked (XLPE), ceramics, or metal. Each one of
these materials has its own advantages and drawbacks (52,
53).

The most widely selected pairing in THA is a ceramic
femoral head with an acetabular liner of highly cross-
linked polyethylene (54). Studies showed that highly
cross-linked polyethylene has better wear performance
than conventional high-density polyethylene (55, 56). Fur-
thermore, a study by Hopper Jr et al. demonstrated better
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Figure 2. Risk of bias assesment

longevity of highly cross-linked polyethylene compared
with conventional high-density polyethylene (57). Re-
search by Molli et al. found that metal-on improved poly-
ethylene bearings had a lower revision rate than MoM-
bearings (58). Another key advantage of this type of bear-
ing over the MoM bearings is that cobalt and chromium
ion levels are significantly lower in MoP bearings (59). A
study by Clarke et al. revealed that CoP-bearings offer an
advantage of a 50% wear reduction compared to MoP-
bearings (60). Meanwhile, a later study by Bergvinsson et
al. reported that over the period of 5 years of follow-up,

= Some concems

.Luw

both ceramic and metal femoral heads showed similar
polyethylene wear when used with modern highly cross-
linked polyethylene (61).

Another bearing surface used in THA is CoC. Although
these bearing surfaces have demonstrated reduced wear
compared to standard MoP, some potential complications
have restricted their widespread use (62, 63). CoC-bearing
surfaces have shown rare occurrences of several breakages
and smaller defects like chips and cracks, especially
among patients with higher body mass index (BMI) and
patients with smaller head sizes (64). Squeaking is another
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Table 2. Multilevel mixed effects model for multiple treatments comparison meta-analysis

Outcome Treatment Beta coefficient (95% CI) P Variance Variance ICC
value (constant) (residual)
HHS 1 Reference 38.260 9.158 0.807
3 -2.323 (-3.082,-1.563) <0.001
4 -2.491 (-3.242,-1.739) <0.001
5 -1.776 (-2.505, -1.047) <0.001
Constant 45.030
SF-12 1 Reference 356.851 0.013 0.999
3 -36.384 (-36.470, -36.298) <0.001
5 -40.000 (-40.070, -39.930) <0.001
Constant 46.917
WOMAC 1 Reference 1642.181 5.818 0.996
2 43.905 (-39.829, 127.638) 0.304
3 -4.237 (-6.075, -2.398) <0.001
4 -2.433 (-4.520, -0.347) 0.022
5 2.195 (0.693, 3.697) 0.004
Constant -2.205

Table 3. Reported VAS, HHS, and WOMAC scores across studies

Author VAS VAS HHS pre op HHS post op WOMAC pre op WOMAC post op
pre op post op
Ando (20) NM NM 55.0 90.0 NM NM
NM NM 55.0 90.0 NM NM
Atrey (21) NM NM 49.1 91.1 59.0 12.0
NM NM 49.0 81.9 56.5 21.7
NM NM 45.6 86.3 59.5 12.7
Atrey (22) NM NM 48.8+£19.9 88.7+10.5 NM NM
NM NM 503+13.7 94.6+5.5 NM NM
Beaupre (23) NM NM NM NM 471 833
NM NM NM NM 472 86.9
Bjorgul (24) NM NM NM 91.1+13.2 NM NM
NM NM NM 93.8+8.8 NM NM
NM NM NM 93.6 £8.7 NM NM
Borgwardt NM NM 39.0 94.7 NM NM
(25) NM NM 475 97.7 NM NM
NM NM 53.0 93.6 NM NM
NM NM 479 90.3 NM NM
D'Antonio NM NM NM 97.0 NM NM
(26) NM NM NM 96.4 NM NM
NM NM NM 97.0 NM NM
Higgins (27) NM NM NM 94.0+10.3 NM pain 0.6 + 1.6, stiffness 0.7 +
1.2, ADL3.5+5.7
NM NM NM 93.9+9.7 NM pain 0.7 + 1.8, stiffness 0.7 +
1.3, ADL43+7.6
Higuchi (28) NM NM 57.3+8.9 89.1 NM NM
NM NM 583+1.5 89.1 NM NM
Jacobs (29) NM NM 42.0 95.4 NM NM
NM NM 43.0 96.1 NM NM
Kim (30) NM 7.8+ 39.0 94.0 NM NM
22
NM 7.6+ 41.0 93.0 NM NM
2.4
Kostretzis (31) NM NM NM NM NM 85.0
NM NM NM NM NM 94.0
Lombardi (32) NM NM 51.0 (range, 6 — 90.0 (range, 50-100) NM NM
68)
NM NM 48.0 (range, 6-69) 92.0 (range, 49-100) NM /nm
MacDonald NM NM 46.5 91.6 NM NM
(33) NM NM 46.6 92.0 NM NM
Nikolaou (34) NM NM 47.1 (range, 22 - 87.9 (range, 61 - 98) Pain (47.57 (range, 15 to 75)), Pain (91.65 (range, 35 to
63) stiffness (38.60 (range, 12.50 to 75)), 100)), stiffness (87.04 (range,

function (42.82 (range, 20.6 to 86.8))  37.5 to 100)), function (83.05
(range, 44.1 to 100))
NM NM 45.7 (range, 23 - 91.0 (range, 61 - 100) Pain (42.73 (range, 10 to 75)), Pain (86.17 (range, 55 to
90) stiffness (41.13 (range, 12.5 to 75)), 100)), stiffness (86.88 (range,
function (40.86 (range, 5.9 to 75)) 50 to 100)), function (range,
89.03 (35.3 to 100))

Schouten (35) 4.0 0.5 NM NM 39.5 81.2
3.9 1.0 NM NM 43.0 82.1
Vendittoli (36) NM NM NM NM 67.3 19.4
NM NM NM NM 67.3 11.0
Zijlstra (37) NM NM 46.0 87.0 NM NM
NM NM 48.0 90.0 NM NM

NM = not mentioned

complication attributed to hard-on-hard bearing surfaces  demonstrated outstanding differences in SF-12. There was
and more commonly occurs in CoC-bearings (65). a significant improvement in SF-12 scores for MoM com-
In this study, employing a precise analysis method, we  pared with CoC, and MoP, indicating significantly higher
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overall health-related quality of life (66). These findings
are aligned with Hersnaes et al., who also found superior
SF-12 outcomes for MoM, with improvements attributed
to decreased implant wear and enhanced biomechanical
stability (67).

In this work, MoM scored slightly higher in the HHS
than other bearing surfaces. Despite the ceiling effects of
the HHS, this small difference can also indicate slightly
better hip function and less pain (43, 68). A study by Mal-
donado et al. showed that Ceiling effects tend to be more
prevalent in younger, more physically active patients (69).
In this study, WOMAC scores unveiled that MoM yielded
better results than CoC, CoP, and MoP, but intriguingly,
CoM showed better WOMAC scores than MoM. Alt-
hough the latter difference was not statistically significant,
CoM’s better performance could be attributed to its lower
risk of metal ion release and wear, which leads to fewer
complications and less inflammation, as reported in stud-
ies including Saracco et al. and Yi et al. (70, 71).
Additionally, recent research by Umar et al. indicates that
MoM implants suggest better functional outcomes and
good survival rates in younger patients (72). MoM
implants are less brittle than ceramic components, which
reduces the probability of implant failure due to fractures
(73).

In the paper, MoM seems to be a good option for
younger patients, individuals with active lifestyles seeking
long-lasting hip arthroplasty options that provide en-
hanced durability and joint stability as they are associated
with higher sf-12, WOMAC, and HHS scores, but due to
high rates of adverse reactions, it is no longer an accepta-
ble option (41, 74, 75). On the other hand, CoM implants
may be a good choice for patients at high risk of adverse
effects from metal ion release as they can decrease the
likelihood of adverse reactions to metal debris, especially
in THA (71, 76). Ultimately, this can contribute to allevi-
ating pain, enhancing mobility, and improving overall
quality of life over an extended period (72, 77). For pa-
tients concerned about the long-term health impacts of
metal ion release, CoP and MoP implants may offer a
more suitable alternative (78).

The study’s approach was designed to uphold external
and internal validity standards. To avoid the possibility of
selection bias, Scopus, PubMed, and Web of Science were
deeply analyzed for related studies. Our study had some
limitations that need to be considered. The HHS, as men-
tioned above, has a maximum of 100 points, and a 2.5
difference in the HHS may seem less significant. The sec-
ond is the ceiling effects of the Harris Hip Score, which
means it does not adequately represent the extent of im-
provement or remaining concerns, particularly in younger
and more active patients (69). Further research is required
to evaluate whether these slight differences in the HHS are
sufficient to make observable changes in the pain and
function of patients. More studies should focus on whether
CoM implants are more suitable for patients than MoM
implants, based on their WOMAC scores.

Conclusion
This study highlighted the comparative clinical out-

comes of different bearing surfaces in THA, particularly
emphasizing the advantages of MoM implants regarding
functional outcomes and quality of life as measured by
HHS, WOMAUC, and SF-12 scores. Despite the fact that
MoM is no longer an option for THA due to high rates of
adverse reactions, the data revealed that MoM implants
outperformed CoC, CoP, and MoP implants in enhancing
hip function and reducing pain, with statistically signifi-
cant improvement across all measures (P<0.001). Consid-
ering all the metrics, MoM implants showed promising
effects on improving functional outcomes and better quali-
ty of life.

Authors’ Contributions

Amirhosein Sabaghian: Conceptualization, Methodolo-
gy, Supervision, Investigation, Formal analysis Amirho-
sein Shahbazi: Conceptualization, Methodology, Investi-
gation, Writing - Original Draft Bahram Fadaei Dowlat:
Conceptualization,  Validation, Investigation Iman
Ghasemi: Conceptualization, Formal analysis, Software,
Validation Yasin Ahmadi: Formal analysis, Resources
Shayan Amiri: Conceptualization, Data Curation, Writing
- Review & Editing, Supervision, Project administration,
Funding acquisition.

Ethical Considerations

This systematic review and meta-analysis was per-
formed in accordance with the Declaration of Helsinki. As
it used only previously published data, no human or ani-
mal subjects were directly involved, and institutional re-
view board approval or informed consent was not re-
quired. The protocol was registered in PROSPERO
(CRD42025634591).

Acknowledgment

We thank Iran and Ilam Universities of Medical Scienc-
es for support, and our colleagues for guidance. We also
appreciate the valuable feedback from reviewers and edi-
torial staff.

Conflict of Interests
The authors declare that they have no competing interests.

References

1. Learmonth ID, Young C, Rorabeck C. The operation of the
century: total hip replacement. Lancet. 2007;370(9597):1508-19.

2. Lachiewicz PF, Kleeman LT, Seyler T. Bearing Surfaces for
Total Hip Arthroplasty. J Am Acad Orthop Surg. 2018;26(2):45-
57.

3. Peters RM, Van Steenbergen LN, Stevens M, Rijk PC,
Bulstra SK, Zijlstra WP. The effect of bearing type on the
outcome of total hip arthroplasty. Acta Orthop. 2018;89(2):163-
9.

4. Pivec R, Johnson AJ, Mears SC, Mont MA. Hip
arthroplasty. Lancet. 2012;380(9855):1768-77.

5. Maradit Kremers H, Larson DR, Crowson CS, Kremers WK,
Washington RE, Steiner CA, et al. Prevalence of Total Hip and
Knee Replacement in the United States. J Bone Jt Surg.
2015;97(17):1386-97.

6. Cahir JG, Toms AP, Marshall TJ, Wimhurst J, Nolan J. CT
and MRI of hip arthroplasty. Clin Radiol. 2007;62(12):1163-71;
discussion 72-3.

http://mjiri.ilums.ac.ir 11
Med J Islam Repub Iran. 2025 (25 Aug); 39:111.



http://dx.doi.org/10.47176/mjiri.39.111
https://mjiri.iums.ac.ir/article-1-9720-en.html

[ Downloaded from mjiri.iums.ac.ir on 2025-10-12 ]

[ DOI: 10.47176/mjiri.39.111]

Different Outcomes of Total Hip Arthroplasty

7. Tailor H, Patel S, Patel RV, Haddad FS. Bearing couples in
total hip arthroplasty. Br J Hosp Med (Lond). 2010;71(8):446-
50.

8. Kumar N, Arora GN, Datta B. Bearing surfaces in hip
replacement - Evolution and likely future. Med J Armed Forces
India. 2014;70(4):371-6.

9. Rajpura A, Kendoff D, Board TN. The current state of
bearing surfaces in total hip replacement. Bone Jt J. 2014;96-
B(2):147-56.

10. Topolovec M, Cér A, Milosev I. Metal-on-metal vs. metal-
on-polyethylene total hip arthroplasty tribological evaluation of
retrieved components and periprosthetic tissue. J Mech Behav
Biomed Mater. 2014;34:243-52.

11. Lanting BA, Teeter MG, Howard JL, MacDonald SJ, Van
Citters DW.  Metal-on-Metal ~ Compared  With  Metal-on-
Polyethylene: The Effect on Trun nion Corrosion in Total Hip
Arthroplasty. J Arthroplasty. 2014;32(8):2574-9.

12. Movassaghi K, Patel A, Miller I, Levine BR. An Atypical
Adverse Local Tissue Reaction After Ceramic-on-Ceramic
Primary Total Hip Arthroplasty. Arthroplast Today. 2022;14:71-
5.

13. Hartmann A, Hannemann F, Liitzner J, Seidler A, Drexler
H, Giinther K-P, et al. Metal ion concentrations in body fluids
after implantation of hip repl acements with metal-on-metal
bearing--systematic review of clinical an d epidemiological
studies. PLoS One. 2013;8(8):¢70359.

14. Hu D, Tie K, Yang X, Tan Y, Alaidaros M, Chen L.
Comparison  of  ceramic-on-ceramic  to  metal-on-polyethylene
bearing surf aces in total hip arthroplasty: a meta-analysis of
randomized controll ed trials. J Orthop Surg Res. 2015;10:22.

15. Chang J-D. Future bearing surfaces in total hip
arthroplasty. Clin Orthop Surg. 2014;6(1):110-6.

16. Hu D, Yang X, Tan Y, Alaidaros M, Chen L. Ceramic-on-
ceramic versus ceramic-on-polyethylene bearing surfaces in total
hip arthroplasty. Orthopedics. 2015;38(4):e331-8.

17. Front Matter. Cochrane Handbook for Systematic Reviews
of Interventions. 2008. p. i-xxi.

18. Page MIJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann
TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated
guideline for reporting systematic reviews. BMJ. 2021;372:n71.

19. Tu YK. Use of generalized linear mixed models for
network meta-analysis. Med. Decis. Mak. 2014;34(7):911-8.

20. Ando W, Yamamoto K, Atsumi T, Tamaoki S, Oinuma K,
Shiratsuchi H, et al. Comparison between component designs
with different femoral head size in metal-on-metal total hip
arthroplasty;  multicenter ~ randomized  prospective  study. J
Orthop. 2015;12(4):228-36.

21. Atrey A, Ward S, Khoshbin A, Hussain N, Bogoch E,
Schemitsch E, et al. Ten-year follow-up study of three alternative
bearing surfaces used in total hip arthroplasty in young patients:
a prospective randomised controlled trial. Bone Jt J.
2017;99(12):1590-5.

22. Atrey A, Wolfstadt JI, Hussain N, Khoshbin A, Ward S,
Shahid M, et al. The ideal total hip replacement bearing surface
in the young patient: a prospective randomized trial comparing
alumina ceramic-on-ceramic with ceramic-on-conventional
polyethylene: 15-year follow-up. J Arthroplasty.
2018;33(6):1752-6.

23. Beaupre LA, Manolescu A, Johnston D. A randomized trial
of  ceramic-on-ceramic  bearing  versus  ceramic-on-crossfire-
polyethylene  bearing in total hip arthroplasty: five-year
outcomes. J Arthroplasty. 2013;28(3):485-9.

24. Bjorgul K, Novicoff W, Andersen S, Ahlund O, Bunes A,
Wiig M, et al. High rate of revision and a high incidence of
radiolucent lines around Metasul metal-on-metal total hip
replacements: results from a randomised controlled trial of three
bearings after seven years. Bone Jt J. 2013;95(7):881-6.

25. Borgwardt A, Zerahn B, Fabricius SD, Bertelsen TH,
Daugaard H, Ribel-Madsen S. A randomised, controlled clinical
study on total hip arthroplasty using 4 different bearings: results
after 10 years. HIP Int. 2017;27(1):96-103.

26. Morrey B. Alumina Ceramic Bearings for Total Hip
Arthroplasty: Five-Year Results of a Prospective Randomized
Study D'Antonio J, Capello W, Manley M, et al (Greater
Pittsburgh  Orthopaedics Assoc, Moon Township, Pa; Indiana

12 http://mjiri.iums.ac.ir
Med J Islam Repub Iran. 2025 (25 Aug); 39:111.

Univ, Indianapolis; Clinical Measurement Corp, Ridgewood, NIJ;
et al) Clin Orthop Relat. Res 436: 164-171, 2005. Year Book of
Orthopedics. 2006;2006:126-7.

27. Higgins JE, Conn KS, Britton JM, Pesola M, Manninen M,
Stranks GJ. Early results of our international, multicenter,
multisurgeon, double-blinded, prospective, randomized,
controlled trial comparing metal-on-metal with ceramic-on-metal
in total hip arthroplasty. J Arthroplasty. 2020;35(1):193-7. e2.

28. Higuchi Y, Hasegawa Y, Komatsu D, Seki T, Ishiguro N.
Survivorship between 2 different ceramic-on-ceramic total hip
arthroplasty with or without a metal-backed titanium sleeve
bearing: a 5-to 14-year follow-up study. J Arthroplasty.
2017;32(1):155-60.

29. Jacobs M, Gorab R, Mattingly D, Trick L, Southworth C.
Three-to six-year results with the Ultima metal-on-metal hip
articulation for primary total hip arthroplasty. J Arthroplasty.
2004;19(7):48-53.

30. Kim YH, Park JW. Eighteen-year follow-up study of 2
alternative bearing surfaces used in total hip arthroplasty in the
same young patients. J Arthroplasty. 2020;35(3):824-30.

31. Kostretzis L, Lavigne M, Kiss M-O, Shahin M, Barry J,
Vendittoli P-A. Despite higher revision rate, MoM large-head
THA offers better clinical scores than HR: 14-year results from a
randomized  controlled trial involving 48  patients. BMC
Musculoskelet Disord. 2021;22:1-10.

32. Lombardi AV, Berend KR, Seng BE, Clarke IC, Adams JB.
Delta ceramic-on-alumina ceramic articulation in primary THA:
prospective, randomized FDA-IDE study and retrieval analysis.
Clin Orthop Relat Res®. 2010;468:367-74.

33. MacDonald S, McCalden R, Chess D, Bourne R, Rorabeck
C, Cleland D, et al. Metal-on-metal versus polyethylene in hip
arthroplasty: a randomized clinical trial. Clin Orthop Relat Res
®. 2003;406(1):282-96.

34. Nikolaou V, Edwards M, Bogoch E, Schemitsch E,
Waddell J. A prospective randomised controlled trial comparing
three alternative  bearing surfaces in primary total hip
replacement. J Bone Joint Surg Br. Volume. 2012;94(4):459-65.

35. Schouten R, Malone A, Frampton C, Tiffen C, Hooper G.
Five-year follow-up of a prospective randomised trial comparing
ceramic-on-metal and metal-on-metal bearing surfaces in total
hip arthroplasty. Bone Jt J. 2017;99(10):1298-303.

36. Vendittoli PA, Shahin M, Riviere C, Barry J, Lavoie P,
Duval N. Ceramic-on-ceramic total hip arthroplasty is superior to
metal-on-conventional  polyethylene at 20-year follow-up: A
randomised  clinical  trial.  Orthop  Traumatol  Surg Res.
2021;107(1):102744.

37. Zijlstra WP, van Raay JJ, Bulstra SK, Deutman R. No
superiority ~ of  cemented  metal-on-metal over  metal-on-
polyethylene THA in a randomized controlled trial at 10-year
follow-up. Orthopedics. 2010;33(3):154-61.

38. Siopack JS, Jergesen HE. Total hip arthroplasty. West J
Med. 1995;162(3):243.

39. Smith TO, Nichols R, Donell ST, Hing CB. The clinical
and radiological outcomes of hip resurfacing versus total hip
arthroplasty: a meta-analysis and systematic review. Acta orthop.
2010;81(6):684-95.

40. Choudhary A, Pisulkar G, Taywade S, Awasthi AA,
Salwan A. A Comprehensive Review of Total Hip Arthroplasty
Outcomes in  Post-traumatic ~ Hip  Arthritis:  Insights and
Perspectives. Cureus. 2024;16(3).

41. Davis TP.  Metal-on-metal  hip  arthroplasty: a
comprehensive  review of the current literature.  Cureus.
2023;15(11).

42. Savarino L, Granchi D, Ciapetti G, Cenni E, Greco M,
Rotini R, et al. lon release in stable hip arthroplasties using
metal-on-metal articulating surfaces: A  comparison between
short-and medium-term results. J Biomed Mater Res. A.
2003;66(3):450-6.

43. Soderman P, Malchau H. Is the Harris hip score system
useful to study the outcome of total hip replacement? Clin
Orthop Relat Res ®. 2001;384:189-97.

44. Salehi R, Valizadeh L, Negahban H, Karimi M, Goharpey
S, Shahali S. The Western Ontario and McMaster Universities
Osteoarthritis, Lequesne Algofunctional index, Arthritis Impact
Measurement Scale-short form, and Visual Analogue Scale in


http://dx.doi.org/10.47176/mjiri.39.111
https://mjiri.iums.ac.ir/article-1-9720-en.html

[ Downloaded from mjiri.iums.ac.ir on 2025-10-12 ]

[ DOI: 10.47176/mjiri.39.111]

A. Sabaghian, et al.

patients with knee osteoarthritis: responsiveness and minimal
clinically important differences. Disabil Rehabil.
2023;45(13):2185-91.

45. Ebrahimzadeh MH, Makhmalbaf H, Birjandinejad A,
Keshtan FG, Hoseini HA, Mazloumi SM. The Western Ontario
and McMaster Universities Osteoarthritis Index (WOMAC) in
Persian Speaking Patients with Knee Osteoarthritis. Arch Bone Jt
Surg. 2014;2(1):57-62.

46. Bellamy N, Wells G, Campbell J. Relationship between
severity and clinical importance of symptoms in osteoarthritis.
Clin Rheumatol. 1991;10:138-43.

47. Huo T, Guo Y, Shenkman E, Muller K. Assessing the
reliability of the short form 12 (SF-12) health survey in adults
with mental health conditions: a report from the wellness
incentive and navigation (WIN) study. Health Qual Life
Outcomes. 2018;16(1):34.

48. Learmonth ID, Young C, Rorabeck C. The operation of the
century: total hip replacement. Lancet. 2007;370(9597):1508-19.

49. Varacallo M, Luo TD, Johanson NA. Total hip arthroplasty
techniques. 2018.

50. Levine ME, Nace J, Kapadia BV, Issa K, Banerjee S,
Cherian JJ, et al. Treatment of primary hip osteoarthritis for the
primary care physician and the indications for total hip
arthroplasty. J Long-Term Eff Med Implant. 2013;23(4).

51. Hosseinzadeh HRS, Eajazi A, Shahi AS. The bearing
surfaces in total hip arthroplasty—options, material characteristics
and selection. Recent advances in arthroplasty. 2012:163-209.

52. Zagra L, Gallazzi E. Bearing surfaces in primary total hip
arthroplasty. EFORT Open Rev. 2018;3(5):217-24.

53. Moore KD, Beck PR, Petersen DW, Cuckler JM, Lemons
JE, Eberhardt AW. Early failure of a cross-linked polyethylene
acetabular liner: a case report. J Bone Joint Surg Am.
2008;90(11):2499-504.

54. Lachiewicz PF, Kleeman LT, Seyler T. Bearing surfaces
for total hip arthroplasty. J Am Acad Orthop Surg.
2018;26(2):45-57.

55. McKellop H, Shen Fw, Lu B, Campbell P, Salovey R.
Development of an extremely wear-resistant ultra high molecular
weight polythylene for total hip replacements. J Orthop Res.
1999;17(2):157-67.

56. McKellop H, Shen FW, DiMaio W, Lancaster JG. Wear of
gamma-crosslinked  polyethylene acetabular cups against
roughened femoral balls. Clin Orthop Relat Res®. 1999;369:73-
82.

57. Hopper Jr RH, Ho H, Sritulanondha S, Williams AC, Engh
Jr CA. Otto Aufranc Award: crosslinking reduces THA wear,
osteolysis, and revision rates at 15-year followup compared with
noncrosslinked  polyethylene.  Clin ~ Orthop  Relat  Res®.
2018;476(2):279-90.

58. Molli RG, Lombardi Jr AV, Berend KR, Adams JB, Sneller
MA. Metal-on-metal Vs metal-on-improved ~ polyethylene
bearings in total hip arthroplasty. J Arthroplasty. 2011;26(6):8-
13.

59. Engh C, MacDonald S, Sritulanondha S, Korczak A,
Naudie D, Engh C. Metal ion levels after metal-on-metal total
hip arthroplasty: a five-year, prospective randomized trial. Bone
Joint Surg Am. 2014;96(6):448-55.

60. Clarke IC, Gustafson A. Clinical and hip simulator
comparisons of ceramic-on-polyethylene and metal-on-
polyethylene  wear. Clin  Orthop Relat Res (1976-2007).
2000;379:34-40.

61. Bergvinsson H, Sundberg M, Flivik G. Polyethylene wear
with ceramic and metal femoral heads at 5 years: a randomized
controlled trial with radiostereometric analysis. J Arthroplasty.
2020;35(12):3769-76.

62. Fisher J, Jin Z, Tipper J, Stone M, Ingham E. Presidential
guest lecture: Tribology of alternative bearings. Clin Orthop
Relat Res (1976-2007). 2006;453:25-34.

63. Kim RH, Dennis DA, Carothers JT. Metal-on-metal total
hip arthroplasty. J Arthroplasty . 2008;23(7):44-6. el.

64. Howard D, Wall PD, Fernandez MA, Parsons H, Howard
P. Ceramic-on-ceramic bearing fractures in total hip arthroplasty:
an analysis of data from the National Joint Registry. Bone Jt J.
2017;99(8):1012-9.

65. Skinner J, Haddad F. Ceramics in total hip arthroplasty: a

bearing solution? Bone Jt J. 2017;99(8):993-5.

66. Boyle MJ, Singleton N, Frampton CM, Muir D. Functional
response to total hip arthroplasty in patients with hip dysplasia.
ANZ J Surg. 2013;83(7-8):554-8.

67. Hersnaes PN, Gromov K, Otte KS, Gebuhr PH, Troelsen A.
Harris Hip Score and SF-36 following metal-on-metal total hip
arthroplasty and hip resurfacing - a randomized controlled trial
with  5-years  follow wup including 75 patients. BMC
Musculoskelet Disord. 2021;22(1):781.

68. Wamper KE, Sierevelt IN, Poolman RW, Bhandari M,
Haverkamp D. The Harris hip score: do ceiling effects limit its
usefulness in orthopedics? A systematic review. Acta orthop.
2010;81(6):703-7.

69. Maldonado DR, Kyin C, Shapira J, Rosinsky PJ, Meghpara
MB, Ankem HK, et al. Defining the maximum outcome
improvement of the modified Harris Hip Score, the Nonarthritic
Hip Score, the visual analog scale for pain, and the International
Hip Outcome Tool-12 in the arthroscopic management for
femoroacetabular ~ impingement syndrome and labral tear.
Arthroscopy: J Arthrosc Relat Surg. 2021;37(5):1477-85.

70. Saracco M, Logroscino G, Maccauro G, Fidanza A,
Goderecci R, Falez F, et al. Long-term study using of short stems
with ceramic-on-metal bearing in hip replacement. Eur J Public
Health. 2023;33(Supplement_2):ckad160. 1299.

71. Yi Z, Bo Z, Bin S, Jing Y, Zongke Z, Fuxing P. Clinical
results and metal ion levels after ceramic-on-metal total hip
arthroplasty: a mean 50-month prospective single-center study. J
Arthroplasty. 2016;31(2):438-41.

72. Umar M, Jahangir N, Malik Q, Kershaw S, Barnes K,
Morapudi S. Long-term results of metal on metal total hip
arthroplasty in  younger  patients  (<55yrs). J  Orthop.
2018;15(2):586-90.

73. Traina F, De Fine M, Di Martino A, Faldini C. Fracture of
ceramic bearing surfaces following total hip replacement: a
systematic review. Biomed Res Int. 2013;2013(1):157247.

74. Pérez-Moro OS, Fernandez-Cuadros ME, Neira-Borrajo I,
Aranda-Izquierdo E, Albaladejo-Florin MJ, Llopis-Mir6 R. Short
and mid-term outcomes and functional results in metal-on-metal
hip resurfacing arthroplasty at 5 years follow-up: the Spanish
experience. BMC Musculoskelet Disord. 2019;20:1-10.

75. Mancino F, Finsterwald MA, Jones CW, Prosser GH, Yates
PJ. Metal-on-Metal Hips: Ten-Year Clinical and Radiographic
Outcomes of the ADEPT Metal-on-Metal Hip Resurfacing and
Modular Total Hip Arthroplasty. J Clin Med. 2023;12(3):889.

76. Williams S, Al-Hajjar M, Isaac GH, Fisher J. Comparison
of ceramic-on-metal and metal-on-metal hip prostheses under
adverse conditions. J Biomed Mater Res B. 2013;101(5):770-5.

77. Delaunay CP, Bonnomet F, Clavert P, Laffargue P, Migaud
H. THA wusing metal-on-metal articulation in active patients
younger than 50 years. Clin Orthop Relat Res. 2008;466(2):340-
6.

78. Wyles CC, Paradise CR, Masters TL, Patel R, van Wijnen
AJ, Abdel MP, et al. Cobalt and chromium ion release in metal-
on-polyethylene and ceramic-on-polyethylene THA: a simulator
study ~with  cellular and  microbiological  correlations. T
Arthroplasty. 2020;35(4):1123-9.

http://mjiri.iums.ac.ir
13

Med J Islam Repub Iran. 2025 (25 Aug); 39:111.


http://dx.doi.org/10.47176/mjiri.39.111
https://mjiri.iums.ac.ir/article-1-9720-en.html
http://www.tcpdf.org

