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Summary
Background Total hip replacement (THR) is extremely common. Some prostheses fail, particularly in younger patients, 
and need to be revised, most commonly for loosening secondary to wear or dislocation. Surgeons have tried to address 
these problems by implanting large diameter metal-on-metal bearing surfaces. Our aim was to assess if metal-on-
metal bearing surfaces lead to increased implant survival compared with other bearing surfaces in stemmed THR 
and, additionally, if larger head sizes result in improved implant survival.

Methods We analysed the National Joint Registry of England and Wales for primary hip replacements (402 051, of 
which 31 171 were stemmed metal-on-metal) undertaken between 2003 and 2011. Our analysis was with a multivariable 
fl exible parametric survival model to estimate the covariate-adjusted cumulative incidence of revision adjusting for 
the competing risk of death.

Findings Metal-on-metal THR failed at high rates. Failure was related to head size, with larger heads failing earlier 
(3·2% cumulative incidence of revision [95% CI 2·5–4·1] for 28 mm and 5·1% [4·2–6·2] for 52 mm head at 5 years 
in men aged 60 years). 5 year revision rates in younger women were 6·1% (5·2–7·2) for 46 mm metal-on-metal 
compared with 1·6% (1·3–2·1) for 28 mm metal-on-polyethylene. By contrast, for ceramic-on-ceramic articulations 
larger head sizes were associated with improved survival (5 year revision rate of 3·3% [2·6–4·1] with 28 mm and 
2·0% [1·5–2·7] with 40 mm for men aged 60 years).

Interpretation Metal-on-metal stemmed articulations give poor implant survival compared with other options and 
should not be implanted. All patients with these bearings should be carefully monitored, particularly young women 
implanted with large diameter heads. Since large diameter ceramic-on-ceramic bearings seem to do well we support 
their continued use.

Funding National Joint Registry of England and Wales.

Introduction
Osteoarthritis is an increasingly prevalent disorder. 
Roughly 5% of people in France aged 70 years have 
symptomatic osteoarthritis of the hip,1 and, as populations 
age and become more obese, it is probable that the 
prevalence will increase further. Advanced hip osteo-
arthritis can be so successfully treated with total hip 
replacement (THR) that it has been described it as “the 
operation of the 20th century”.2 THR is now extremely 
common: about 270 000 replacements are done each year 
in the USA and this is projected to increase by 174% 
between 2005 and 2030.3 The National Joint Registry of 
England and Wales reported 68 907 primary operations 
in 2010.4

The long-term problem with THR is failure, resulting 
in revision surgery. In England and Wales, about 5% of 
THRs are revised within 7 years.4 However, this fi gure 
probably underestimates failure, because many hips with 
poor function and pain are not revised.5 In England and 
Wales, the mean age of a patient undergoing THR is 
67 years; however, 12% of patients are younger than 
55 years.4 Implant survival is particularly important in 
younger patients who have longer life expectancy and 

higher activity levels. The results in these patients are 
disappointing; the Finnish Arthroplasty Register reports 
15 year implant survival of only 60% in patients younger 
than 55 years.6

The leading cause of THR failure is aseptic loosening 
secondary to polyethylene wear.7 A second major cause of 
failure is dislocation aff ecting about 4% of THRs, most 
within 6 months.8 Surgeons and engineers have tried to 
address these problems by investigating alternative 
bearing surfaces that have lower wear and allow larger 
head sizes. This would decrease the risk of dislocation by 
increasing the primary arc of movement (the movement 
before the neck impinges and begins to lever out the 
head) and the jump distance (the distance the head needs 
to travel to dislocate, which equals the radius of the head). 
However, there are anatomical limitations to the size of 
implant and the largest sizes can only be implanted in 
people with large acetabula. Ceramic bearing surfaces 
have the advantage of very low wear, but are expensive 
and there have been reports of ceramic fracture9 and 
audible squeaking.10 Metal-on-metal bearing surfaces 
have been extensively assessed in simulator tests and 
noted to be highly resistant to wear even when used in 
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very large head sizes.11 In simulator tests, larger head 
sizes paradoxically give lower wear because the lubrication 
regime changes from less favourable boundary lubrication 
to more favourable mixed or fl uid-fi lm lubrication.12

Therefore, implantation of large diameter metal-on-
metal bearing surfaces on stemmed prostheses has 
become popular, because they should result in lower 
failure rates. However, there are several potential dangers 
of exposure to metals such as chrome and cobalt, 
including genotoxicity and direct damage to end organs 
such as kidneys.13 Furthermore, major problems have 
been reported with the ASR, a brand of metal-on-metal 
prosthesis, which seems to fail early.14

We aimed to use the National Joint Registry of England 
and Wales to assess if metal-on-metal bearing surfaces 
lead to increased implant survival compared with other 
bearing surfaces in stemmed THRs. Because larger head 
sizes should result in lower dislocation rates, our second 
hypothesis is that larger head sizes will result in improved 
implant survival.

Methods
Data source
We assessed data from the National Joint Registry of 
England and Wales—established in 2003 and the largest 
arthroplasty database in the world. It records all primary 
and revision hip and knee replacements done in England 
and Wales. By April, 2011, 1 082 465 procedures had been 
recorded.

Our analysis is based on 402 051 (82%) of 491 505 primary 
stemmed THR procedures between April, 2003, and 

September, 2011, recorded in the National Joint Registry, 
which include patient identifi ers that allow revisions to be 
linked to primary operations. These operations were done 
in 447 units under the care of 2578 consultant surgeons.

Procedures
Our analysis estimates all-cause revision rates. Our unit 
of analysis is implant (rather than patient) so we include 
2266 bilateral procedures. We estimated revision rates 
for stemmed metal-on-metal prostheses for diff erent 
head sizes. Furthermore, we have compared revision 
rates for three types of bearing surface: metal-on-metal, 
ceramic-on-ceramic, and metal-on-polyethylene. We 
compared various commonly used head sizes for the 
metal-on-metal and ceramic-on-ceramic groups, whereas 
the most commonly used head size of 28 mm has been 
chosen for the metal-on-polyethylene group (appendix). 
A confounding variable is the fi xation of the implant, 
which we have addressed by reporting the three bearings 
in uncemented implants. However, since metal-on-
polyethylene is so commonly used, we also show results 
for cemented and hybrid fi xation.

There were substantial diff erences between the bearing 
groups (appendix). To reduce the eff ects of confounding, 
we selected an analysis sample that represented typical 
patients. For all bearing groups, this sample was those 
patients with an American Society of Anesthesiologists 
grade of 1 or 2 at time of primary surgery and those 
whose surgery was undertaken for osteoarthritis only. 
Furthermore, we excluded ASR implants from our metal-
on-metal analysis because ASR revision rates are much 
higher than other brands and the ASR has now been 
withdrawn by the manufacturers.14

Furthermore, we used multivariable analysis to adjust 
for the age of patients and to measure the eff ect of 
head size. Separate models were estimated for men and 
women because of the very diff erent head-size profi le of 
each. We also specifi ed separate models for the diff erent 
bearing groups: metal-on-metal, ceramic-on-ceramic, 
and the three metal-on-polyethylene groups (uncemented, 
cemented, and hybrid fi xation).

Statistical analysis
Our multivariable models were fl exible parametric 
survival models15 that estimate the cumulative incidence 
of revision in the presence of the competing risk of 
death.16 Standard survival analysis treats death simply as 
censored information, but this overestimates revision 
rates, particularly in an elderly population.4 The appendix 
provides more details of these models. In all models, we 
selected head size and age as predictors of revision and 
age as a predictor of death for the competing risk. We 
allowed the eff ect of age to diff er for the main and 
competing risks. These models produce hazard ratios 
(HRs), which are a measure of relative risk (averaged 
over time). However, to illustrate the absolute eff ect of 
these factors, we have used the models to predict revision 
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Figure 1: Number of stemmed metal-on-metal implants by head size, National Joint Registry 2003–11
Data for 2003 and 2011 are estimated (9 months data extrapolated to 12 months). Because of lower compliance in 
the early days of the registry, data for 2003 and 2004 might underestimate the number of operations by about 35%.

See Online for appendix
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rates for a typical patient by estimating the covariate-
adjusted cumulative incidence function in the presence 
of competing risks (appendix).

We also assessed reasons for revision across all groups 
by dividing the number of revisions for each reason by 
the total person-time at risk of revision (per 1000 patient-
years). This is equivalent to a person-time incidence rate 
and we have estimated 95% CIs by assuming a Poisson 
distribution (appendix).

Role of the funding source
The sponsor of the study had no role in study design, 
data collection, data analysis, data interpretation, or 
writing of the report. The corresponding author had full 
access to all the data in the study and AWB had fi nal 
responsibility for the decision to submit for publication.

Results
Overall, about 8% of stemmed THR procedures recorded 
in the National Joint Registry of England and Wales 
involve a metal-on-metal prosthesis (n=31 171). Stemmed 
metal-on-metal procedures involve either a modular cup 
(a metal cup with a metal liner) or a large diameter 
monobloc cup (as used in hip resurfacing). In England 
and Wales, the use of stemmed metal-on-metal implants 
escalated strongly after 2004 to a peak of more than 
9000 operations in 2008, but then declined sharply 
(fi gure 1). The increase in stemmed metal-on-metal from 
2004 was almost entirely due to the use of larger heads.

Metal-on-metal procedures were evenly split between 
monobloc (14 930; 48%) and modular cups (16 241; 52%). 
Most modular cups (12 782; 79%) were 36 mm and 
another 2469 (15%) were 28 mm. From 2007, 617 larger 
modular cups (>36 mm) have also been used (4%). 
Monobloc cups were larger: 6526 (79%) of 8212 men had 
a cup size between 46 mm and 52 mm and 5626 (84%) of 
6708 women had a cup size in the range of 42–48 mm.

With an overall 5 year revision rate of 6·2% (95% CI 
5·8–6·6), metal-on-metal articulations failed more 
quickly than other types of bearing surface (fi gure 2).

The multivariable models for metal-on-metal articu-
lations confi rmed that head size was an independent 
predictor of revision for both men (HR 1·020, 95% CI 
1·004–1·037; p=0·013) and women (1·019, 1·001–1·038; 
p<0·0005) suggesting that larger head sizes were more 
likely to be revised. These HRs can be broadly 
interpreted as each 1 mm increase in head size being 
associated with a 2% increase in the hazard (the risk at 
a particular point in time) of revision. Age was a 
signifi cant predictor of revision for women (HR 0·981, 
95% CI 0·970–0·991; p<0·0005) suggesting that 
younger women were more likely to have their implants 
revised. In the appendix we provide our predicted 
revision rates from these models.

The risk of revision after implantation of stemmed 
metal-on-metal replacements was lower with smaller 
head sizes in both men and women (fi gure 3). For 

example, for a man aged 60 years, the 5 year revision rate 
with a 28 mm head was 3·2% compared with 5·1% for a 
52 mm head (appendix).
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Figure 3: Estimated cumulative incidence of revision by head size for metal-on-metal articulations
Data are for men (A) and women (B) aged 60 years.
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Metal-on-metal revision rates for women were higher 
than for men, even with the same head size (appendix). 
With a head size of 36 mm, women aged 60 years had a 
5 year revision rate of 5·1% compared with 3·7% for men 
aged 60 years. Age at time of primary operation aff ected 
revision rates for women: women aged 55 years with a 
28 mm head size had a 5 year revision rate of 4·8% 
compared with 3·6% for women aged 70 years. There 
was little diff erence by age for men.

Compared with other bearing surfaces, stemmed 
metal-on-metal implants with larger head sizes had 
higher failure rates in men (appendix). By contrast, a 
larger head size with a ceramic-on-ceramic bearing 
surface was associated with lower revision rates (3·3% 
for a 28 mm head at 5 years compared with 2·0% for a 
40 mm head for a man aged 60 years). Overall, the lowest 
revision rates for men aged 60 years were associated with 
a cemented 28 mm metal-on-polyethylene combination 
(1·8% at 5 years), although rates for hybrid and 
uncemented metal-on-polyethylene and larger head 
ceramic-on-ceramic implants were similar. The highest 
revision rates were associated with stemmed metal-on-
metal implants with the large monobloc cups (5·1% at 
5 years).

Women with stemmed metal-on-metal prostheses had 
poorer outcomes than with other surgical options 
(appendix). Revision rates for stemmed metal-on-metal 
implants in women were up to four-times higher 
than those of other bearing surfaces. For women aged 
60 years, the 5 year revision rate for a 46 mm metal-on-
metal prosthesis was 6·1% compared with 1·6% for a 
hybrid 28 mm metal-on-polyethylene articulation. In 
fi gure 4  we summarise selected results.

The most common reasons for revision of stemmed 
metal-on-metal procedures in both men and women 
were aseptic loosening and pain and these were 

signifi cantly higher in patients who received metal-on-
metal implants than for other surgical options (appendix). 
Revisions for dislocation in men with metal-on-metal 
replacements were slightly lower, showing some benefi t 
to larger head sizes in this regard. The categories for 
infection and other complications also show slightly 
higher incidences of revision for stemmed metal-on-
metal implants. It is probable that these relate to some 
cases of local adverse reaction to metal.

Discussion
Our hypothesis that large-diameter metal-on-metal 
stemmed prostheses would have good implant survival 
rates has been refuted by use of the largest arthroplasty 
database in the world. Stemmed metal-on-metal THR 
has poorer implant survival in the medium term than 
other bearing surfaces, and larger head sizes are 
associated with higher, rather than lower, revision rates. 
Implant survival is particularly poor in women. By 
contrast, ceramic-on-ceramic articulations have better 
implant survival with larger head sizes.

Unfortunately there are few randomised controlled 
trials on this subject17 and information on the relative 
merits of the many diff erent types of prostheses is 
largely dependent on observational data, principally 
derived from surgical registries (panel). Registries have 
limitations, particularly relating to the data collected, 
and most, including the National Joint Registry, have 
little information on patient-related outcomes such as 
pain and possible confounders such as patients’ activity 
levels. National Joint Registry data on body-mass index, 
another possible confounder, is incomplete but there is 
no reason to suspect that these possible confounders 
would diff er greatly between patients with metal and 
ceramic articu lations. Causality is diffi  cult to infer from 
observational data since patients are not randomly 
allocated between treatment groups. However, the high 
number of participants assessed in the National Joint 
Registry gives us confi dence in the reported outcomes, 
and the consistency of the data relating to revision rates 
and head sizes suggests a causal relation. Furthermore, 
registries have the advantage of reporting on the entire 
population receiving the treatment rather than a selected 
sample in a trial, thus reducing sampling bias; the large 
sample size and the diversity of surgeons, patients, and 
implants included means the results have good 
generalisability and external validity. It is possible that a 
combination of diff erences in the mixture of cases and 
confounding by indication mean the results cannot be 
generalised beyond the UK, but we believe this to be 
unlikely. Registry data from other countries confi rm that 
patient demographics and disease profi le are similar, as 
are the implants used.24 Our crucial new fi nding is that 
larger head sizes increase implant failure rates for metal-
on-metal prostheses, but reduce them for ceramic-on-
ceramic ones, and these two implant types are used in 
similar patients throughout the world.
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We have shown a diff erence in failure rates between 
bearing surfaces despite our decision to remove the worst 
performing prosthesis (the ASR) from our analysis. We 
removed this implant because it has been recalled, and 
thus is no longer of clinical relevance, and so that a single 
outlier did not distort our overall assessment. Some in 
the orthopaedic community perceive that failing metal-
on-metal prostheses is an implant-specifi c ASR 
characteristic. Our analysis clearly shows that it is not.

Although the use of metal-on-metal bearing surfaces 
has declined in England and Wales, the latest published 
data suggest they are still extensively used in the USA 
with 35% of hips having metal-on-metal bearings in 
2009.21 It is encouraging that surgeons in England and 
Wales have responded to poor outcomes by changing 
practice, suggesting that evidence-based medicine is 
practised by the orthopaedic community, but worldwide 
there remain many people who have metal-on-metal hip 
implants.

Our knowledge of tribology (the study of interacting 
surfaces in relative motion) suggests that larger diameter 
heads should increase the chance of fl uid-fi lm lubrication, 
thereby reducing wear, and should decrease dislocation 
rates. It thus makes sense that larger diameter ceramic 
heads produce better implant survival than smaller ones. 
There are several possible explanations for the surprising 
fi nding that large diameter metal heads fail earlier than 
smaller heads including failure to achieve optimum 
lubrication or trunion (the post that inserts into the 
head) wear14 resulting in metal debris leading to local 
soft-tissue reactions25 or early loosening due to increased 
transmitted torque from the larger head. There are other 
factors that need to be considered when implanting 
metal-on-metal bearing surfaces. Metals have been 
shown to be toxic to many organs including the lungs, 
kidneys, and brain13 and can disseminate throughout the 
body after THR.26 Furthermore, there is now strong 
evidence that cobalt and chrome are genotoxic27 and 
can signal across biological barriers at concentrations 
produced after THR.28

In conclusion, analysis of National Joint Registry 
data provides unequivocal evidence that metal-on-metal 
stemmed prostheses are associated with higher failure 
rates than other types, and that use of large head sizes, 
and use of these prostheses in younger women, is 
associated with a particularly high rate of early revision 
surgery. By contrast, ceramic-on-ceramic bearings do 
better with larger head sizes.

We therefore recommend that metal-on-metal bearing 
surfaces are not used in stemmed THRs. We recommend 
that all patients with metal-on-metal THR undergo at 
least annual review with both clinical and radiological 
examination for the duration of the longevity of the 
implant. It is particularly important that younger women 
and those with large implanted heads are reviewed 
regularly. In the UK, the Medicines and Healthcare 
products Regulatory Agency advises annual follow-up 

to at least 5 years.29 We fail to see any reason for less 
frequent follow-up after 5 years since exposure to metals 
continues and risk of revision does not decrease with 
time. We recommend that future research is focused on 
understanding the biological consequences of exposure 
to orthopaedic metals. And we recommend that larger 
head sizes are used with ceramic bearing surfaces where 
appropriate.
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Panel: Research in context

Systematic review
We searched the Cochrane Library, Medline, and Embase with 
no date restriction for studies that compared the implant 
survival of total hip replacement by bearing surface. Our 
search terms related to hip arthroplasty or replacement, 
metal-on-metal, and systematic review or appraisal. The 
quality of reviews was judged by two researchers with the 
Database of Abstracts of Reviews of Eff ects criteria. We 
identifi ed three relevant systematic reviews published in 
201117–19 and four recent appraisals.20–23 We also reviewed other 
national joint registries. The systematic reviews identifi ed 
more observational data than trials, and commented on the 
low quality of many of the studies. The most recent and 
comprehensive review summarised data from 3404 hips 
involved in comparative studies, and 830 000 operations 
from many diff erent registries.17 It concluded that there was 
limited evidence on the comparative eff ectiveness of the 
various hip-implant bearings. The other reviews concluded 
that although uncertainty remains, metal-on-metal hips 
might have a place in the management of the young active 
patient. The largest additional study reported data from 
36 423 hip replacements in the US Medicare data, but only 
had implant survival data for 2 years.21 There was a 
non-signifi cant trend towards poor survival of metal-on-
metal implants when compared with ceramic-on-ceramic 
hips, but no data on head size were available.

Interpretation
Our fi ndings substantially add to existing published work. The 
National Joint Registry of England and Wales has the biggest 
database on hip replacements in the world, allowing us to 
analyse more than 400 000 procedures up to 7 years after 
surgery, and avoiding problems that can arise from selection 
bias or loss to follow-up in other types of study. In addition to 
showing that all types of metal-on-metal prostheses are 
prone to early failure, analysis by head size has defi nitively 
shown that failure rates increase directly with head size.
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