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• This paper discusses the existing literature in the field of metal-on-metal (MoM) hip resurfacing arthroplasty 
(HRA), the background (why was it developed), the past (what was the evidence leading to its rise and fall 
in clinical use), the present situation (why a potential resurgence), and the future directions for potential 
improvements. 

• All literature relevant to MoM HRA was reviewed and summarized to provide a comprehensive summary. 
Furthermore, a detailed literature search was performed on PubMeD, MEDLINE, and Google Scholar to identify 
all clinical studies reporting a minimum 10 years of outcomes for modern MoM HRA devices from February 
2018 to February 2023. 

• In addition, joint registry data over the same time period, available in the public domain, was examined to 
extract related information on MoM HRA. 

• Metal ions are present in almost all types of hip replacement; on the whole, however, the risk of revision for 
resurfacing due to metal-related pathologies is very low, but higher than in other types of bearings. 

• There are studies that show that some brands of MoM resurfacing prostheses have achieved excellent clinical 
outcomes in long-term follow-up studies and are still in use although less commonly than in early 2000s. 

• Use of alternative bearing surfaces has demonstrated excellent results in the short-term and a very critical 
long-term follow-up of these cases still will help establish their place in the hip arthroplasty world. 

• HRA deserves a permanent place in the armamentarium of orthopedic surgeons and in the hand of 
experienced surgeons.
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Introduction
Total hip arthroplasty (THA) is one of the most 
successful surgeries performed today and has been 
described as the ‘operation of the century’ (1, 2). 
However, THA can impose significant limitations on 

returning to high functional activity, and the hip 
prostheses are subject to wear, especially when used in 
young and active patients (3). In addition, changes in 
offset and leg length discrepancy are not uncommon 
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post-THA, and these can be associated with pain, limp, 
patient dissatisfaction, and litigation (4). Hip resurfacing 
arthroplasty (HRA) is an attractive alternative to 
standard stemmed THA. HRA are metal-on-metal (MoM) 
articulations, and various in vitro assessments have 
confirmed a low wear rate with the use of MoM-bearing 
couple. In addition to the advantage of low volumetric 
wear, HRA has several other potential benefits over 
THA, including more closely mimicking natural anatomy 
and restoration of native hip biomechanics, lower 
dislocation rates, reduced incidence of limb length 
discrepancy, preservation of proximal femoral bone 
stock, easier revision surgery (5, 6), and a higher rate 
of return to full activity, including sports (7, 8). These 
perceived advantages led to a huge surge in the usage 
of MoM HRA from  2000 to 2010, with the vast majority 
of leading manufacturers introducing a HRA design 
for clinical use. In 2008, Pandit et  al. (9) reported a 
series of pseudotumors associated with MoM HRAs, 
with similar reports being published by other research 
groups over the coming years (10). Various researchers 
reported that some MoM HRA implants and THAs with 
MoM articulations have unacceptably high failure rates 
(11, 12). The MHRA product recall and guidance on 
MoM hip surveillance contributed to a lowering of the 
threshold for revising MoM hips, thus exacerbating the 
issue of higher-than-expected revision rates. Although 
not uniform across various brands, the image of MoM 
HRA as a viable alternative to conventional THA was 
tarnished. Over the next few years, almost all HRA 
devices were withdrawn from the market due to safety 
concerns and markedly reduced usage. Currently, only 
two MoM HRA designs are in routine clinical use in the 
UK, Europe, and Australia (Adept and BHR). When HRA 
is used for the correct indication and with an implant 
with a proven track record, the long-term results of HRA 
have been excellent, which has rekindled the interest of 
the public and surgeons in HRA.

This review article will provide the reader with an up-to-
date synopsis of the relevant history (the past), the 
current status (the present), and contemplate what the 
future holds (the future) for HRA.

The past

In 1923, Smith-Petersen implanted glass between the 
acetabulum and the femoral head, creating the first HRA. 
However, the prosthesis failed quickly due to material 
wear and cracking (13). The first prosthetic device to 
combine the use of two congruent components bonded 
to the native femoral head and the acetabular cavity 
appeared in the early 1970s (14). From the 1970s to the 
1980s, HRA, consisting of a metal femoral head with a 
polyethylene acetabulum, became popular. However, the 
early failure rate was very high due to various causes, 
including femoral neck fracture, femoral prosthesis 
loosening, dislocation, acetabular prosthesis wear, 
fracture, loosening, and severe osteolysis. Building on 

the knowledge of failed implant designs and a careful 
examination of large head metal-on-metal McKee 
Farrar components (some of which had good long-term 
survival), McMinn and Wagner independently developed 
the second generation of MoM HRAs in the early 1990s, 
and brought the hip resurfacing into its modern era (15, 
16). Between 2004 and 2006, HRAs accounted for 46% 
of hip replacements in patients less than 55 years of 
age in the UK (17) and 29% in Australia (18). However, 
two key issues led to the loss of popularity of MoM 
HRAs: early femoral neck fractures and adverse reaction 
to metal debris (ARMD) also known as pseudotumors.

Femoral neck fractures
Shimmin et  al. (19) followed up 3497 patients who 
underwent HRA for an average of 4 years. Among them, 
50 patients had sustained a fracture of the femoral neck 
(#NOF), with an incidence about twice as high in female 
patients (1.91%) compared to male patients (0.98%). It 
often occurred in the early postoperative period, with 
an average time of 15.4 weeks. The key to prevent 
#NOF is a meticulous surgical technique, optimal 
patient selection, and correct placement of femoral 
prosthesis. The exact etiology for #NOF is debated, but 
broadly speaking, it is either due to interrupted blood 
supply to the femoral head at the time of surgery (20, 
21) or mechanical reasons (22, 23). The main mechanical 
causes of femoral neck fracture include poor position 
of the femoral prosthesis, neck notching, excessive 
penetration of cement into the bone, incomplete 
coverage of the femoral head by the prosthesis, multiple 
large cystic areas of the femoral head, lack of good 
bone support, and postoperative trauma (24). Beaulé 
et  al. suggested that maintaining the neck-shaft angle 
of the femoral prosthesis at 135−140° may be best to 
minimize the risk of #NOF (25). Patient factors such 
as postmenopausal osteoporosis and the small size of 
femoral head could also contribute (19).

Adverse reaction to metallic debris
In 2008, the Oxford Group reported a new finding in 
patients who had undergone MoM HRA: swelling and 
masses around the resurfaced joint, which they termed 
‘pseudotumor’ (9). In 2011, Langton et  al. (10) also 
reported on a multi-center study of ARMD following 
HRA. They reported 4226 hips using three implants 
(the ASR; the BHR; and the Conserve Plus) with a 
follow-up of 10–142 months. Survival analysis showed 
a failure rate in the patients with ASR of 9.8% at 5 
years, compared with <1% at 5 years for the Conserve 
Plus and 1.5% at 10 years for the BHR. Subsequently, 
researchers conducted a series of in-depth studies on 
ARMD following MoM HRA (10, 26, 27, 28, 29, 30, 31, 
32, 33). These studies noted that in majority of cases, 
high metal ion levels, suggestive of high wear, were 
responsible for developing ARMD.



EFORT Open Reviews (2024) 9 751–761
https://doi.org/10.1530/EOR-23-0099

Hip

HRAs are not all the same, and the differences 
in design characteristics of various implants are 
important in determining in vivo wear rates (Table 1). 
The well-documented early failure and subsequent 
withdrawal of the ASR implant is the most striking 
example. Compared to the ADEPT and the BHR, the 
articular coverage angle and the radial clearance of the 
components of the ASR were reduced, often leading to 
raised metal ion levels, ARMD, compounding the risk 
of edge wear, and remarkably higher early failure rates 
(34, 35). In addition, other factors that have been shown 
to significantly affect metal ion concentrations are 
femoral component diameter (26, 31, 32, 33), acetabular 
orientation (26, 27, 31, 32, 33), and the head–neck ratio 
(26, 29). Although it is still not completely clear why 
metal ions or particles cause periprosthetic problems, 
including soft-tissue masses and osteolysis, the 
increased level of metal ions in joint fluid and peripheral 
blood arising from a MoM articulation can cause local 
or systemic adverse biological reactions. The biological 
reactions of different individuals to metal ions appear 
to be inconsistent in clinical practice. In some sensitive 
patients, symptomatic soft tissue mass, osteolysis, and 
other adverse results may occur with normal metal ion 
levels. However, until now the exact etio-pathogenesis 
and associated biological mechanism of ARMD has 
not been clearly defined. As to whether the long-term 
exposure to excessive metal ions will promote a delayed 
pseudotumor development, further clinical follow-up 
and further research are still needed.

The present
In recent years, HRA has seen a resurgence, particularly 
when treating active and young male patients who wish 
to maintain high activity levels. Surgeons agree that the 
three key factors for a successful HRA are: (1) careful 
patient selection; (2) surgical skill and experience; 
and (3) optimal implant design, with restricting the 
use of large size femoral heads and accurate implant 
positioning (36). In this section, we discuss the literature 
reporting a minimum of 10 years outcomes for modern 
MoM HRA devices that are currently in use (Table 2).

Long-term clinical outcomes and Implant-
specific HRA survivorship
There are five MoM HR designs that have outcomes 
reported at a minimum of 10 years (37, 38, 39, 40, 41, 
42, 43, 44, 45, 46, 47, 48, 49, 50): the ADEPT (MatOrtho, 
UK; 2004 onward), the Birmingham Hip Resurfacing 
(BHR; Smith & Nephew, Warwick, UK), the ReCap 
(Biomet, Warsaw, USA), the Conserve Plus (Wright 
Medical, Arlington, Tennessee, USA), and the ASR 
(DePuy Orthopaedics Inc., Indiana, USA).

The BHR is the most widely used HRA, with various 
studies reporting 90% (or better) 10-year implant 
survival (38, 39, 41, 42, 43, 45, 46, 48, 49, 50). Even after  Ta
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20 years of follow-up, the survival rate of the 
prosthesis was maintained at 89% (41). The ADEPT 
has also achieved good clinical results at a minimum 
of 10 years’ follow-up (37). Mancino et  al. (37) 
reported a 91.7% overall survivorship for ADEPT 
HRA at 10 years and 100% survivorship if aseptic 
loosening or ARMD are considered revision indication. 
Amstuz et  al. (44) reported on the first 400 Conserve 
Plus HRAs implanted between November 1996 and 
November 2000. A total of 60 hips in 55 patients 
were revised. Using revision for any indication as the 
endpoint, the Kaplan–Meier survivorship was 83.5% 
at 20 years. There were no cases of metal sensitivity 
associated with revision surgery. Kiran et  al. (47) 
reported the results of the ReCap hip resurfacing in a 
consecutive single surgeon’s series. The survivorship 
of the cohort at minimum 10 years was 97.22% (95% 
CI: 94.14–99.01%). Weegen et  al. (40) reported that 
the ReCap implant survival was 85.9% at 14.5 years 
(95% CI: 81.9–90.6%). However, the ASR performed 
predictably poorly, with 26 out of 119 implants 
having been revised, giving a 78.2% 10-year survival 
rate (45).

The 10-year survival rate after HRA shows significant 
variation. For example, Hunter et al. (49) and Samuel 
et  al. (38) separately reported on the retrospective 
analysis of BHR patients by a non-designer single 
surgeon with a minimum of 10 years of follow-up. 
Hunter et  al. (49) reported a survival rate of 97% in 
males and 80% in females at 10 years. The majority 
of failures had a head size of 46 mm or less (64%), 
but this was not found to be statistically significant. 
Samuel et  al. (38) also reported that gender had 
a statistically significant relationship with survival 
rate (males: 99.0%, (95% CI: 97.8–100%); females: 
90.9% (95% CI: 84.2–96.4%); P < 0.001). Jonas et  al. 
(48) demonstrated superior activity levels and better 
patient-reported outcomes in those patients who 
underwent HRA compared to THA. At an average 
clinical follow-up of 18 years in both groups, median 
University of California, Los Angeles, activity score 
and Oxford Hip Score were significantly higher in the 
HRA group.

The 2022 Australian Orthopaedic Association National 
Joint Replacement Registry (AOANJRR) annual report 
indicates that the implant survival rates for BHR are 
93.5% at 10 years, 90.5% at 15 years, and 88.1% at 
20 years, while for ADEPT, the rates are 94.6% at 
10 years and 92.6% at 15 years (51). From the UK 
National Joint Registry 2022 annual report data, the 
cumulative revision (95% CI) for BHR are 7.26% at 10 
years, 10.26% at 15 years, and for ADEPT, they are 
7.73% at 10 years, and 10.56% at 15 years (52).

Other than ADEPT and BHR, no other MoM HRAs 
are in routine clinical use at present. The current 
manufacturers of ADEPT and BHR recommend a 
target demographic for the BHR, which includes 
male patients younger than 65 years and has St
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restricted the available head sizes. For ADEPT, head 
sizes are available between 46 and 58 mm. For these 
head sizes, the cumulative revision rates for ADEPT are 
4.5% at 10 years (UK National Joint Registry 2021 data). 
BHR manufacturers recommend a femoral head size 
of ≥50 mm. ADEPT has 13A ODEP rating and BHR has 
15A* ODEP rating (53), demonstrating their suitability 
for continued clinical use. In addition, when used as 
intended, metal ion levels consistently remain within 
the guidelines (MDA 2017/18), thereby confirming their 
safety (54).

Patient selection and surgeon experience
Several investigations have highlighted the importance 
of patient selection in HRA (6, 36, 55, 56, 57), with the 
use of HRA to be limited to those with pre-operative 
diagnosis of osteoarthritis, male sex, larger femoral 
head size, and age less than 60 years. Female sex alone 
may be not a direct cause of HRA failure. Amstutz et al. 
(44) demonstrated that female sex was not a risk factor 
after adjustment for hip dysplasia and there was only 
one femoral failure in their case-cohort operated over 
20 years ago. Uemura et  al. also reported good clinical 
results at 10- and 15-year follow-ups in Asian countries 
where there is a high prevalence of osteonecrosis, DDH, 
and females with small femoral head sizes. They argued 
that sex, femoral component size, and type of hip 
disease were not predictors of implant survivorship (50).
Based upon the evidence of a lower rate of 
complications and revision in men following HRA (38, 
39, 40, 41, 49), most manufacturers recommend the 
use of MoM HRA to be restricted to young and active 
men with pre-operative diagnosis of osteoarthritis. This 
should be borne in mind when joint registry data is 
examined. The 2022 AOANJRR report indicates that HRA 
for osteoarthritis has a lower rate of revision compared 
to developmental dysplasia from 6 months up to 5 
years. There is a higher rate of revision for osteonecrosis 
compared to osteoarthritis. Females have a higher rate 
of revision compared to males. Males aged ≥ 65 years 
have a higher rate of revision compared to males aged 
55–64 years for the first 6 months only, and for the 
first 1 year compared to males aged < 55 years (51). 
Typically, the data includes revision rates across the 
entire cohort of HRA without taking into consideration 
indication for surgery, surgeon experience, implant 
sizes, and threshold for revision surgery. Single 
center/single surgeon series can overcome these 
issues but often have limitations related to sample 
size and the extent to which these results could be 
generalized. Stoney et  al. (58) tried to overcome some 
of the limitations of joint registry data by comparing 
the difference in cumulative percent revision, reasons 
for revision, and types of revision for procedures 
reported to the Australian Orthopaedic Association 
National Joint Replacement Registry (AOANJRR) using 
the BHR prosthesis (femoral-head size > 50 mm) and 
three conventional THA prostheses identified as having 

the lowest 10-year cumulative percent revision in the 
currently recommended BHR target population. There 
were 4790 BHR procedures and 2696 conventional 
THA procedures in the study group. The mean (±s.d.) 
age for BHR procedures was 52 ± 7.8 years and 
56 ± 7.1 years for conventional THA procedures. The 
maximum follow-up was 18.7 years for both groups 
with a mean follow-up of 11.9 years for the BHR and 
9.3 years for the conventional THA group. Revision 
rates were determined using Kaplan–Meier estimates 
of survivorship to describe the time to the first revision, 
with censoring at the time of death or closure of the 
database at the time of analysis. The BHR prosthesis 
had a statistically higher rate of all-cause revision at 17 
years than the selected conventional THA prostheses 
(HR: 2.77 (95% CI: 1.78–4.32]; P < 0.001). The revision 
diagnoses differed between the groups, with the BHR 
demonstrating a higher revision rate for loosening after 
2 years than the conventional THA prostheses (HR: 
4.64 (95% CI: 1.66–12.97); P = 0.003), as well as a higher 
fracture rate during the entire period (HR: 2.57 (95% CI: 
1.24–5.33); P = 0.01). There was a lower revision rate for 
infection for the BHR compared with the THA group in 
the first 5 years, with no difference between the two 
groups after this time. Although a better approach, 
this study still has some significant limitations, such 
as varied surgeon experience, subjective reasoning for 
revision surgery, using implant survival as an endpoint 
rather than patient satisfaction/activity levels, and not 
able to include data on risk of dislocation, a relatively 
common complication for THA as compared to HRA.

Risk of developing symptomatic ARMD in 
the second decade post HRA
The complications and causes for revisions found in 
the different literatures of recent 5 years have been 
extracted from the articles and are listed in Table 2. 
Aseptic component loosening and ARMD remain the 
main complications and causes of revision of MoM HRA 
(37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50). 
Sørensen et  al. (59) believed that although the revision 
rate for MoM bearings may be decreased by better 
prostheses design, surgery performed only by high-
volume surgeons, and careful selection of the right 
prostheses types for the patients, the metal debris will 
still be a major cause of failure. In 2021, Hastie et  al. 
(42) reported the rate of ARMD in HRAs at a minimum 
13-year follow-up. They reported 34% of cases to 
have ARMD on cross-sectional imaging. However, the 
majority of these hips with MRI-detected ARMD were 
asymptomatic, and they are unlikely to require revision 
or cause progressive soft tissue damage. Actually, metal 
ions are present in almost all types of joint replacement, 
especially with TKA. Lukas et al. (60) concluded that the 
increase in metal ion release after knee arthroplasty is 
as high as after hip resurfacing at the 1 year follow-up. 
The authors suggested that monitoring this parameter 
probably should not be recommended in cases of good 
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clinical outcomes. Weegen et  al. (40) indicated that the 
new development of pseudotumors after more than 10 
years is unlikely.

The future

HRA clearly has a place in the surgical armamentarium 
in the management of symptomatic hip arthritis in 
young and active adults. Two implants (Adept and BHR) 
will continue to be used and are likely to become more 
common. Both designs have a proven track record 
with minimal risk of developing ARMD if implanted 
optimally for the correct indication. Some authors have 
reported slightly better survivorship with cementless 
femoral component resurfacing. In a large series of 
more than 1000 uncemented Biomet, Gross and Liu (61) 
found excellent survivorship with cementless femoral 
components. Moreover, when they compared cemented 
femoral components (740 cases) and cementless 
devices (1300 cases), they noticed better survivorship 
in the cementless group (99 vs 98% at 2 years). Also, 
experience with the Conserve Plus cementless device 
confirmed this conclusion. In a series of 94 cementless 
Conserve Plus implants in 90 patients, with a short 
follow-up of 13.1 months (5), cementless ‘fit and fill’ 
femoral-side fixation should be considered for future 
resurfacing device production.
At present, the arthroplasty community is focused 
on controlling surgical factors, such as improving 
prosthesis position through the use of computer-
assisted navigation and robots (62, 63). Improving the 
prosthesis position will help minimize the risk of edge 
loading and secondary impingement. However, patients 
display varying tolerances to metallic debris. The 
problem of sometimes, although rare, very aggressive 
pseudotumors with an enormous loss of musculature 
is somewhat underestimated in patients with metal 
hypersensitivity. In these rare cases, the outcome of 
revisions are very disappointing, especially considering 
that many patients with MoM resurfacing are young. 
In 2022, Langton et  al.(64) published a paper about 
‘the influence of HLA genotype on the development of 
metal hypersensitivity following joint replacement’. They 
used a computer algorithm to predict allergic responses 
to metal debris based on a patient’s genes, age, and 
gender. The algorithm was performed with sufficient 
accuracy in clinical practice to guide patient and implant 
selection preoperatively. It seems to be useful and 
points us in a new direction for improvement.
The current generation of HRA components has 
MoM-bearing surface, which have the potential to 
create metal debris or allergic reaction to the metal 
debris in some patients. It is therefore desirable to 
eliminate the generation of metal debris altogether. 
The choice of HRA materials will be decided by either 
the preference for a hard-on-hard (ceramic on ceramic) 
or hard-on-soft (ceramic or metal on highly cross-
linked polyethylene) articulation. It is also possible to 

change the bearing surface from Co–Cr to Titanium or 
Oxinium (oxidized zirconium) (5). In 2019, Treacy et  al. 
(65) reported preliminary clinical results with metal-
on-highly cross-linked polyethylene (XLPE) HRA. This 
observational study of 88 consecutive HRAs performed 
in 84 patients from 2015 to 2018 suggests that metal-
on-XLPE HRA is successful in the short term without any 
actual or impending revision or reoperation. In 2022, 
Lin et  al. (66) reported preliminary clinical results with 
novel ceramic-on-ceramic hip resurfacing in Australia. 
This observational study included 209 patients treated 
between September 2018 and April 2021. The results 
in this study suggest that ceramic-on-ceramic HRA is 
successful in the short term (1 to 2-year follow-up), with 
no early radiological or clinical complications related to 
the prosthesis. However, these results are preliminary, 
with only a 1–2 year follow-up, and merely indicate 
future development directions. If a new hip resurfacing 
implant design needs to be widely used, it should to be 
highly scrutinized by surgeons, regulatory agencies, and 
patients alike with longer-term follow-up.

Conclusion
Recent literature has confirmed that patients with 
certain types of MoM (BHR and ADEPT) HRA are no 
more likely to require early revision than those with 
conventional THA. Data does not show an increasing 
rate of further surgery at the 20-year mark. These metal-
on-metal hip resurfacing prostheses have achieved 
excellent clinical outcomes in long-term follow-up 
studies. The reason why other types of MoM implants 
have higher failure rates are, however, not completely 
understood. Although patient selection and surgeon 
experience remain important, modest expansion of the 
patient population, such as including female patients or 
patients those with small femoral head sizes, also results 
in good clinical outcomes, but more data are needed 
(50). HRA today probably deserves a permanent place in 
the armamentarium of orthopedic surgeons, but critical 
patient selection and follow-up are mandatory. Surgeons 
should also be very experienced with the technique. 
Although the overall revision rate of metal-on-metal 
hip resurfacing is very low, ARMD remains one of the 
major causes of prosthetic failure and deserves our 
attention. The development of the the next generation 
hip resurfacing implants, especially with alternative 
bearing materials (e.g. ceramic-on-ceramic), is showing 
promising short-term results, and the coming years may 
see a resurgence in the usage of HRA.
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