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Abstract: Total hip replacement (THA) has been one of the most common and reliable surgical operations in 20th 
Century. The purpose of THA is to provide a joint that is without pain, stability, mobile and durable. Metal-on-metal 
total hip arthroplasty (MOM-THA) is similar to metal-on-polyethylene (MOP-THA) in function, but there are still some 
differences in tribology and biological interactions. We performed a meta-analysis to compare revision rate out-
comes of MOM-THA and MOP-THA. We performed a systematic review of English articles about MOM-THA and MOP-
THA from PubMed, Web of Science and Embase. In THA, MOM bearings compared with MOP bearings in revision 
rate based on relative risks (RR) using a random effect model or fixed effect model. Study was included in this review 
if it was: (1) study population is primary THA; (2) the comparison between MOM-THA and MOP-THA; (3) the clinical 
outcome include the revision rate; (4) with a follow-up duration of at least 1 years. 18 articles was included, six 
RCTs and twelve cohort study, with 135190 surgeries in the MOM-THA group and 375827 surgeries in the MOP-THA 
group. The MOP-THA group had a significant lower incidence of revision (RR: 1.22, 95% CI: 1.05-1.43, P: 0.001, I2: 
85.2%) compared with the MOM-THA group. In the subgroup analysis, there was no significant difference of revision 
rate between MOM-THA group and MOP-THA group in mixed head size (RR: 0.99, 95% CI: 0.60-1.63, P: 0.270, I2: 
22.7%); the prospective study (RR: 1.00, 95% CI: 0.87-1.15, P: 0.001, I2: 68.3%); the follow-up time ≤3 years (RR: 
1.30, 95% CI: 0.90-1.88, P: 0.001, I2: 81.7%); RCT study (RR: 2.01, 95% CI: 0.70-5.81, P: 0.756, I2: 0.0%). Com-
pared with MOP-THA group, the MOM-THA group has a little higher revision rate (RR: 1.22, 95% CI: 1.05-1.43, P: 
0.001, I2: 85.2%). There still need larger sample size, more center study to analysis the revision rate of MOM-THA 
and MOP-THA.
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Introduction

By 2030, the demand for primary total hip 
arthroplasties (THA) is estimated to grow by 
174% to 572000 in the United States [1]. Metal-
on-polyethylene (MOP) bearings have a long 
history of use in THA [2], but the major problem 
is periprosthetic osteolysis caused by wear 
debris released from the bearing surface [3]. In 
1995, the international congress of bone and 
joint surgeons prompted that metal-on-metal 
(MOM) bearing could be used in hip arthroplas-
ties. Compared with MOP, MOM still has signifi-
cantly different in tribology and biological inter-
actions. MOM articulations have the good 
results of hip resurfacing, low metal ion levels, 

better movement range, reduced dislocation 
rate and improved wear properties in the long-
term follow-up [4-8]. The rates of survival were 
reported from 92% to 100% at 5 years, 82% to 
100% at 10 years [9-11].

Revision of THA may cause by instability, oste-
olysis, loosening, wear, infection and so on [12]. 
The most common indications for MOM hip revi-
sion were adverse local tissue reaction, the 
acetabular component aseptic loosening, per-
sistent groin pain and infection. This meta-anal-
ysis aimed to evaluate the revision rate of 
MOM-THA and MOP-THA based on the results of 
published research.
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Materials and methods

Search strategy

We conducted a meta-analysis of all English 
articles identified from Pubmed (by the end of 
March 23, 2016), Web of Science (by the end of 
March 23, 2016), Embase (by the end of March 
23, 2016). The following key words in combina-
tion with Boolean operators: “Metal on Metal”, 
“MOM”, “metal-on-polyethylene”, “MOP”, “hip 
arthroplasty”, “Hip Replacement Arthroplasty”, 
and “Hip Prosthesis Implantation”. Related arti-
cles and reference lists were searched to avoid 
any omissions.

The entire search was performed independent-
ly by two authors; both of them were blinded to 
the basic information of publication such as the 
journal, author, institution, and data and so on. 
When has a disagreements, a third author was 
involved to save the problem.

Eligibility criteria and exclusion criteria

A study was included in the analysis if it was: (1) 
study population is primary THA; (2) the com-
pare between MOM-THA and MOP-THA; (3) the 
clinical outcome include the revision rate; (4) 

with a follow-up duration of at least 1 years. A 
study was excluded in the analysis if it was: (1) 
review, systematic review, meeting, report and 
others non-treatise study; (2) animal experi-
ments; (3) the single study of MOM-THA or 
MOP-THA; (4) the population without THA; (5) 
unable to retrieve data. Two authors indepen-
dently assessed the potentially eligible articles, 
a third author was involved when has any 
disagreements.

Data extraction

Two investigators independently extracted ba- 
sic data from the each articles including the fol-
lowing information: year of publication, authors, 
the country of population, the design of study, 
randomized, mean age, the percentage of ma- 
le, No. of patient (MOM/MOP), the years of fol-
low-up and so on. The two reviewers also reco- 
rded the outcome of revision rate in the MOM-
THA group and MOP-THA group. When finished 
the data extracted, a third investigator was 
involved to check.

Data analysis

All the meta-analyses were performed in the 
STATA software (version 10.0 StataCorp, Texas, 

Figure 1. Flow chart demonstrating 
trial inclusion criteria.
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Table 1. Characteristics of the eighteen included studies

Study Population The design of 
study Randomized The follow-

up time
Male  

(percentage)
Head size MOM-THA MOP-THA

MoM-THA MoP-THA Total Revision Total Revision
C.A. Engh (2014) Canada Prospective Y (RCT) 5 years 0.62 28 mm-36 mm 28 mm 68 5 37 1
Kevin L. Ong (2013) American Prospective NO 5.25 years 0.38 all all 55141 1897 165423 5310
Sandrine Colas (2015)  French Retrospective - 3 years 0.43 all all 4381 168 33983 993
Colin T. Penrose BS (2016) England Retrospective - 2 years 0.34 all all 377 74 510 118
Simon S. Jameson (2003) England Retrospective - 3 years 0.43 all all 9736 211 9242 113
Sammy A. Hanna (2012) England Prospective Y (RCT) 3 years 0.22 44 mm-54 mm 28 mm-32 mm 27 0 22 0
Wierd P. Zijlstra (2009) Netherlands Prospective Y (RCT) 5.6 years 0.21 28 MM 28 mm 102 3 98 1
Michael Jacobs (2004) American Prospective Y (RCT) 3.7 years 0.57 28 mm 28 mm 95 1 76 1
F. Cozzolino (2002) Italy Retrospective - 4 years 0.33 28 mm 28 mm 65 0 70 0
Kevin J. Bozic (2012) American Prospective - 4 years 0.38 all all 49646 1460 93929 2677
A. Malviya (2011) England Prospective Y (RCT) 4 years 0.42 38-54 mm 28 mm 48 2 48 2
Der-Chen T. Huang (2013) St Paul Retrospective NO 8.5 years 0.46 all all 1045 73 1257 29
Ingrid Milosev (2012) Slovenia Prospective NO 10.5 years 0.24 28 mm 28 mm 55 6 161 3
Rocco P. Pitto (2015) New Zealand Retrospective NO 7 years 0.47 all all 5910 48 53331 621
Matevž Topolovec (2014) Slovenia Retrospective NO 11.5 years 0.72 28 mm 28 mm 322 35 587 23
J. Mokka (2013) Finland Prospective NO 8 years 0.45 38 mm and above 38 mm and above 8059 202 16978 555
T.B. Hansen (2013) Denmark Retrospective NO 5 years - - - 78 20 40 8
Wierd P. Zijlstra (2013) Netherlands Prospective Y (RCT) 1 year - 48 mm 28 mm 35 3 35 0
Note: - : In this paper, the authors did not mention. RCT: randomized controlled trail.
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USA). We analyzed the revision rate by calculat-
ing relative risks (RR), along with 95% confi-
dence intervals (CI). Heterogeneity was asses- 
sed by chi-squared and I2 tests. For the meta-

analysis, fixed-effects model and random-eff- 
ects model were both considered. Choosing 
which effect model depend on the values of 
Heterogeneity statistics. When the P-value of < 

Table 2. Meta-analysis of the revision rate between MoM THA and MoP THA
Study RR Lower Limit Upper Limit P (RR) I2 P (Heterogeneity) P (Begg’s Test) P (Egger’s test)
Revision rate 1.236 1.050 1.455 0.011 85.2% 0.000 0.685 0.171

Table 3. Subgroup of Meta-analysis of the difference revision rate between MOM-THA and MOP-THA

Study Subgroup No. of 
study

No. of 
MOM

No. of 
MOP RR Lower 

Limit
Upper 
Limit P (RR) I2 P (Heterogeneity)

Randomized Yes 6 375 316 2.015 0.698 5.812 0.756 0.0% 0.195

No 12 134815 375511 1.224 1.036 1.445 0.000 89.8% 0.017

The design of study Prospective 10 113276 276807 0.998 0.868 1.148 0.001 68.3% 0.980

Retrospective 8 21914 99020 1.469 1.007 2.143 0.000 89.6% 0.046

Head size Mix 6 8315 17160 0.991 0.601 1.633 0.270 22.7% 0.972

All 7 126236 357675 1.193 1.012 1.406 0.000 90.2% 0.036

28 mm 5 639 992 3.142 1.927 5.123 0.584 0.0% 0.000

The follow-up time ≤3 years 5 14556 43792 1.300 0.897 1.885 0.001 81.7% 0.166

>3 years and ≤6 years 8 105243 259721 1.059 1.016 1.103 0.837 0.0% 0.007

>6 years 5 15391 72314 1.727 0.874 3.415 0.000 93.8% 0.116

Figure 2. Forest plot of the revision rate.
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0.01 and I2 < 30%, we selected fixed-effects 
model, on the contrary using random-effects 
model.

Results

Search results

423 articles retrieved by the search strategy, 
370 articles were excluded after the first and 
second screening based on titles or abstracts, 
and 52 articles need for full-text review. After 
full-text reading, 34 studies were excluded due 
to: epidemiological analysis (n=2), no primary 
THR patient (n=3), no relation THR revision rate 
(n=20), cannot retrieve raw data of revision rate 
(n=9). Eighteen studies were included in the 
qualitative synthesis, 135190 patients in the 
MOM-THR group, and 375827 patients in the 
MOP-THR group (Figure 1).

Study characteristics

The main characteristics of the eighteen includ-
ed studies were summarized in Table 1. Six [15-
20] were randomized controlled trials (RCT), 
seven [21-27] were not randomized trials, five 
[28-32] do no mention whether was random-
ized or not. Ten were prospective study, eight 
were retrospective study. All the studies pro-
vided the No. of patient (MoM/MoP) and the 
follow-up years (the shortest is 1 year, the lon-
gest is 11.5 years). Most studies (n=16) pro-
vided the percentage of male. The head size of 
THA in the eighteen studies was including all 
the size.

Revision rate

We chose the random-effects model to analy-
sis revision rate (I2=85.2%, P < 0.001). The res- 

Figure 3. Forest plot of subgroup analysis.
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ults show that the revision rate of MOM-THA 
was significant higher than MOP-THA (RR: 1.22, 
95% CI: 1.05-1.43, I2: 85.2%, P: 0.000) (Tables 
2, 3; Figure 2). In Figure 2, we can found that 
between the different studies, the RR and 95% 
CI of revision rate has big variances.

Subgroup analysis

In the subgroup analysis (Figures 3-6), there 
were no significant difference of revision rate 
between MOM-THA group and MOP-THA group 
in randomized study (RR: 2.01, 95% CI: 0.70-
5.81, I2: 0.0%, P: 0.756), prospective design 
study (RR: 1.00, 95% CI: 0.87-1.15, I2: 68.3%, 
P: 0.001), mix head size study (RR: 0.99, 95% 
CI: 0.60-1.63, I2: 22.7%, P: 0.270), the follow-
up time ≤3 years (RR: 1.30, 95% CI: 0.90-1.88, 
I2: 81.7%, P: 0.001), the follow-up time >6 years 
(RR: 1.73, 95% CI: 0.87-3.42, I2: 93.8%, P: 
0.000). In the subgroup analysis of no-random-
ized study (RR: 1.22, 95% CI: 1.05-1.45, I2: 

85.2%, P: 0.000), retrospective design study 
(RR: 1.47, 95% CI: 1.01-2.14, I2: 89.6%, P: 
0.000), all head size study (RR: 1.19, 95% CI: 
1.01-1.41, I2: 90.2%, P: 0.000), 28 mm head 
size study (RR: 3.14, 95% CI: 1.93-5.12, I2: 
0.0%, P: 0.584), the follow-up time >3 years 
and ≤6 years (RR: 1.06, 95% CI: 1.02-1.10, I2: 
0.0%, P: 0.837), pooled analysis shown revi-
sion rate of MOM-THA group is significant high-
er than MOP-THA group.

Discussion

This meta-analysis aimed to explore the vari-
ance of revision rate between MOM-THA group 
and MOP-THA group. The analysis result of 
eighteen involved studies shown that the revi-
sion rate of MOM-THA group was a little higher 
than MOP-THA group. In the subgroup analysis, 
we involved the study design, head size and 
follow-up time to explore the source of hetero-
geneity. From the forest plot of subgroup analy-

Figure 4. Forest plot of subgroup analysis.
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sis, we can know the different design of study 
(randomized or non, prospective or retrospec-
tive), the size of head (28 mm, all, mix) and the 
duration of follow-up are the source of hetero-
geneity in the revision rate of patients in the 
two groups.

We reviewed the previous meta-analyses, and 
compared the clinical outcomes of MOM-THA 
and MOP-THA. Pramod [33] B found that there 
was no statistically significant differences of 
the functional outcomes as measured by Harris 
hip scores and radiographic outcomes as mea-
sured by radiolucent lines between MOM and 
conventional THA; However, with the increase 
complication rate, the greater cost, and the 
potential for adverse medical consequences 
associated with MOM-THA, so authors encour-
age caution with the use of MOM bearing sur-
faces. Wander [34] indicated that the survival 

rate of MOM-THA is 90% at a follow-up of ten 
years, and 370 were revised (3.5%) of 10621 
hips with aseptic loosening as the most fre-
quent mode of failure, the long-term effective-
ness and safety analysis is needed. Xinhua Qu 
[35] shown that MOM-THA has no any clinical 
advantages compared with MOP-THA, the 
cobalt and chromium ion concentrations were 
elevated in MOM-THA, the total complication 
rate was no significant difference in the two 
groups, so MOM bearings in THA should be 
used with caution. Si Yin [36] made a network 
meta-analysis that indicated the similar per- 
formance in survivorship among ceramic-on-
ceramic, ceramic-on-conventional polyethyle- 
ne, ceramic-on-highly-cross linked polyethyl-
ene, metal-on-high-cross linked polyethylene, 
and that all have superiority compared with 
MOM and metal-on-conventional polyethylene. 
From the above meta-analyses, we found that 

Figure 5. Forest plot of subgroup analysis.
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MOM-THA has no significant clinical advantag-
es than MOP-THA.

In our study, the limitations are as follows: (1) 
only six RCTs were involved, the others twelve 
articles are not high qualities; (2) the differenc-
es in diagnosis and reporting outcomes; (3) the 
basically information of patients in different 
studies was inconsistent, and the previous dis-
eases were unavailable; (4) individual patient 
data can’t be get, the meta-analysis used po- 
oled data. For these reasons, we still need 
more detailed, comprehensive and high statis-
tical quality studies.

In conclusion, we found the revision rate was 
significant little higher in MOM-THA group, com-
pared with MOP-THA group. There still need 
larger sample size, multi-centers, high statisti-
cal quality, and long-term follow up studies, and 
we can explore the reasons of revision in the 
future study. However, patients should be cau-
tions when choose the MOM bearing surfaces.
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