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Introduction
A decade ago, the current generation of hip 
resurfacing arthroplasty (HRA) seemed destined 
to fail again, as the earlier generation had.1 
Some metal-on-metal (MoM) designs were 
associated with adverse reactions to metal 
debris and a high risk of revision surgery.2 HRA 
has now returned to the headlines as high- 
profile athletes have undergone resurfacing 
with safe implants,3 with some returning rapidly 
to the pinnacle of their sport,4 including high-
impact activities.5 Yet, total hip replacement 
(THR) remains the mainstay of management for 
end-stage hip arthrosis, and outcomes are gen-
erally excellent: THR has a low rate of revision6 
and high patient satisfaction.7 Is the current 
generation of HRA really a worthwhile alterna-
tive to THR? We evaluate the current evidence 
for performing HRA and review the guidelines 
for monitoring patients with MoM implants.

History and current usage of hip 
resurfacing
Hip resurfacing was introduced in several forms 
and materials in the early to middle parts of last 
century: Hey Groves’ ivory femoral peg, Smith-
Petersen’s mould arthroplasty (initially of made of 
glass and later of Vitallium), and Wiles’ bolt-on 
stainless steel femoral component were the first 
iterations. With the benefit of hindsight, these 

implants had obvious flaws, either in design, 
materials, inconsistent manufacturing, poor fixa-
tion, or a combination of these factors. Another 
round of devices, in UK, Europe, and the USA 
failed in the 1970s for the same reasons, includ-
ing Charnley’s polytetrafluoroethylene (Teflon) 
and Freeman’s metal-on-polyethylene double 
cup implants. Two implants were introduced  
in the late 1990s which are still in clinical use: 
Derek McMinn introduced the Birmingham Hip 
Resurfacing (BHR, Smith & Nephew, Tennessee, 
USA) (Figure 1) – a modification of the McMinn 
hip (Midland Medical Technology, UK) – while 
Harlan Amstutz introduced the Conserve Plus 
(Wright Medical Technology, Tennessee, USA).

These devices couple a cementless mono-
bloc acetabular component with a cemented 
stemmed femoral component. These were soon 
followed by a slew of lookalike MoM implants, 
including the widely used and ill-fated Articular 
Surface Replacement (ASR, DePuy (Johnson & 
Johnson), New Jersey, USA) whose registry ten-
year revision rate is as high as 45%8 (Figure 2).

The ASR was recalled in 2010 because of early 
failure secondary to poor design: compared to 
the BHR, the ASR acetabular component is more 
sub-hemispherical (e.g. for a 50 mm head, BHR 
arc is 162° vs ASR 151°), and there is a smaller 
radial clearance between the femoral and acetab-
ular components (BHR > 100 µm vs. ASR < 75 µm). 

Therefore, the articular contact patch is closer  
to the rim of an ASR acetabular component,9 
leading to edge loading and runaway wear,10  
a complication that is not unique to HRA.  
This effect is exaggerated in smaller sizes – the 
wear scar reaches the rim even when put in  
at 45° of inclination. The USA Food and Drug 
Administration (FDA) and the UK Medicines  
and Healthcare products Regulatory Agency 
(MHRA) highlighted that any large MoM bear-
ing resurfacing or total hip arthroplasty is at 
risk,8,11 and particularly those implanted in 
steep inclination.10 While this risk caused the 
withdrawal of most HRA implants, high-volume 
HRA surgeons using the BHR or Conserve Plus 
report 96 to 99% survivorship at ten years,12–17 
easily meeting the National Institute of Health 
and Care Excellence (NICE) revision threshold 
of 0.5% for each year.18

Indications
Surgeons who perform hip resurfacing typically 
reserve it for younger patients with good femo-
ral head bone stock and high functional goals, 
such as sport or manual labour. By preserving 
the femoral neck, HRA is a more conservative 
surgery than THR. In the event of failure – most 
commonly due to metal-related pathology, but 
also secondary to loosening and femoral neck 
fracture – a femoral stem is inserted. On the 
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acetabular side, surgeons may insert a bipolar 
head of the right external dimension, avoiding 
having to remove the well-fixed cup with stress 
shielding behind it.19 Recent data suggests that 
primary THR is expected to last 25 years in 58% 
of patients,6 though the introduction of highly-
crosslinked polyethylene in the late 1990s20 is 
likely to improve on this further. Revision THR is 
associated with significantly greater morbidity 
and inferior function.21 NICE therefore consid-
ers HRA a suitable choice for patients who are 
likely to live longer than THR is likely to last,18 as 
they are likely to require another operation. HRA 
is also indicated for hip arthrosis in the presence 
of pre-existing metalwork in the femoral medul-
lary canal which precludes a metaphyseal stem 
(Figure 3).22

Biomechanics and function
Hip arthroplasty in general seeks to restore hip 
joint function. With HRA, this can be intuitively 
achieved by maintaining the shape and struc-
ture of the femoral head and neck. Length and 
offset are thus more reliably restored, compared 
to THR,23 with a more anatomical pattern of 
femoral loading.24 Proximal femoral stress 
shielding is reduced with maintenance of bone 
mineral density.23,25 By more closely restoring 
the femoral head size, HRA restores capsular 
biomechanics and jump-distance,26 and in reg-
istries HRA is associated with a two- to four-
times reduced risk of early dislocation when 
compared to THR.8

Gait analysis is considered one of the gold 
standard functional tests after arthroplasty. 
Patients with HRA have a gait which is almost 
indistinguishable from that of age-matched 
patients without hip disease.27 Compared to 
patients with THR, HRA confers a more normal 
gait28 and a higher top walking speed.29,30 In 
those with a HRA in one limb and THR in the 
other, the HRA limb accepts more weight and 
pushes off with greater force than the other 
side.31 In a randomized clinical trial, HRA repro-
duced a symmetric gait at higher speeds, while 
patients with THR loaded their healthy hip 
excessively, sparing the leg with the replaced 
hip.32 Importantly, however, HRA does not con-
fer an advantage over THR for standing bal-
ance30,33,34 or gait symmetry at comfortable 
walking speeds.30,35

In the scientific literature, case series of 
patients after HRA are reported as returning to 
high impact activities,36 including extreme tri-
athlons5, though the majority will take up low-
impact sports.37 For THR, there is a general 
consensus between British and American sur-
geons38,39 – the majority allow intermediate-
impact sports such as cycling, but few support 
return to high-impact sports such as jogging. 
There are few direct comparisons of return to 
sport between patients with HRA and THR. 
Meta-analysis of studies using the UCLA hip 
score40 shows that patients who have under-
gone hip resurfacing are more likely to return to 
a high level of activity compared to THR,23 

though randomized studies which used Oxford 
Hip Scores or Harris Hip Scores have been una-
ble to detect a difference41 as both procedures 
score so highly due to well-established ceiling 
effects.

Indications for hip resurfacing 
and risk factors for failure
For all patients and including withdrawn 
implants, the ten-year cumulative revision rate 
of HRA is 8-11% which is inferior to THR 
(4-7%).8,42 There is uncertainty around whether 
the difference in revision rates between THR 
and HRA are due to failure of the resurfacing 
implants or because: 1) it is likely that people 
who undergo HRA are more active, which 
reduces the longevity of their implants,18 and 2) 
surgeons’ threshold for converting a sympto-
matic HRA to THR may be lower than revising a 
primary THR to revision THR.

Adverse reactions to metal debris (ARMD) 
generated from the MoM HRA bearing  
surface include effusions, local soft tissue 
destruction and osteolysis with subsequent 
aseptic loosening, and non-infected and non-
malignant soft tissue masses – which have 
been termed pseudotumours.43 ARMD is the 
most common indication for converting HRA 
to THR, followed by aseptic loosening and 
femoral neck fracture.42.

Analysis of registry data has identified certain 
HRA implants at high risk of failure: while the 
BHR, Conserve Plus and Adept (MatOrtho) 
implants have ten-year revision rates between 
5-8%; the ASRs is 26-40%.8,42 Patient-related, 
independent risk factors for revision are small 
femoral component size, developmental dys-
plasia of the hip (DDH), and decreased bone 
mineral density.44 HRA is generally contraindi-
cated in females because they are more likely to 
be smaller and have DDH, thus increasing the 
risk of edge-loading. This causes run away wear 
of the MoM bearing and is associated with 
ARMD.45 Females are also more likely to develop 
osteoporosis, resulting in femoral neck fracture 
around the resurfacing implant.46 Large bone 
defects, secondary to osteonecrosis or cysts, are 
considered relative contraindications.

Fig. 1.  Smith & Nephew Birmingham Hip  

Resurfacing (BHR) device.

Fig. 2.  DePuy Articular Surface Replacement 

(ASR) device.
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Improved patient selection dramatically 
reduces the risk of revision: registry data shows 
that males with osteoarthritis and large femoral 
heads (> 50mm) undergoing HRA have a ten-
year revision rate of 5%.42 When adjusted for 
age and sex, the risk of revision for femoral com-
ponents with head size less than 44 mm was 
more than five-times greater than for femoral 
components larger than 55 mm. It is difficult to 
define the most appropriate age for HRA. 
Although the risk of revision is highest in those 
aged over 65 years, in the six months immedi-
ately after surgery (due to fracture), it is this 
group of older patients who have the lowest 
rate of revision after six months (most likely due 
to their lower activity levels).42

Surgical technical factors have also been 
shown to have an impact on outcome: notching 
or lengthening of the femoral neck, leaving 
exposed cancellous bone, and varus placement 
of the femoral component increase the likeli-
hood of femoral neck fracture;44 placement of 
the acetabular component in over 50°-55° incli-
nation is associated with high levels of serum 
metal ions and resultant pseudotumours.47 
Therefore, HRA has a long learning curve – 
experienced hip surgeons may require over 100 
cases before they reliably achieve accurate com-
ponent position,48 though this may be reduced 
with computer navigation.49,50 In the Finnish 
arthroplasty registry, hospitals performing fewer 
than 100 resurfacings each year were associated 
with higher HRA failure rates.51 In response, the 

French Department of Health only authorizes 
fellowship-trained surgeons performing over 50 
HRA each year in specialist centres to perform 
resurfacing.52 Since this change in 2013, the 
five-year revision rate in France is 1%.53

Monitoring metal hip resurfacing 
for adverse reactions to metal 
debris
At least 14 MoM hip resurfacings designs have 
been recalled by their manufacturers since 2010 
due to high rates of early failure. Flawed acetab-
ular cup design resulted in too low a clearance 
between the femoral and acetabular compo-
nents, which limited lubrication and increased 
wear. This clearance was worse in smaller cup 
sizes – typically used in female patients. The 
cups were also shallower than a hemisphere, so 
edge-loading could occur even when the cup 
was positioned at 45° inclination.10 Any large 
MoM bearing is susceptible to ARMD, but these 
implant designs were at particularly high risk.

There has been concern that cobalt and 
chromium ions may also have systemic effects, 
but population-based studies have demon-
strated that there is no increased risk of cardio-
toxicity54 or cancer.55,56 On the contrary, studies 
using data from the UK Office of National 
Statistics57 and the UK National Joint Registry58 
have shown that substantially more patients are 
alive ten years after hip resurfacing, when com-
pared to age- sex- and health-matched patients 
undergoing cemented or uncemented THR. The 

mechanism explaining how HRA delivers survival 
benefit is multifactorial. Matched patients with 
HRA have a lower risk of periprosthetic infection 
and lower probability of developing cancer in 
their lifetime.57 When compared to cemented 
THR, HRA patients have fewer thromboembolic 
events.57,58 Improved survival may also be 
related to changes in lifestyle after arthroplasty23 
or a selection bias which prevailed, despite 
adjusting for known confounders.

There is a limited evidence base and no inter-
national consensus to guide surgeons in the sur-
veillance of MoM HRA and the optimal timing for 
surgical intervention,59 so current practice is 
determined by nationally-led expert opinion and 
on an individual case basis ideally discussed in a 
specialist centre’s multidisciplinary team.60

In the UK, the MHRA recommends that all 
‘high risk’ HRA patients – females, males with 
femoral implant diameter < 48mm, and all 
patients with the ASR device – are reviewed 
annually, and that they provide an Oxford Hip 
Score assessment, and cobalt and chromium 
blood levels.61 Plain radiography can identify 
features associated with ARMD (acetabular com-
ponent high inclination and anteversion below 
5°, femoral neck osteolysis, lucencies at the 
implant-bone interfaces)62 and risk of femoral 
neck fracture (varus femoral component posi-
tion, lengthened femoral neck),44 but is gener-
ally insensitive to detect periprosthetic masses. 
Metal Artefact Reduction Sequence (MARS) MRI 
or ultrasound is indicated in all symptomatic 
patients, as well as those with abnormal radio-
graphs, deteriorating Oxford Hip Scores, or ris-
ing blood metal levels. Blood metal ions < 2 µg/L 
are considered normal in unilateral MoM HRA. 
However, there is no consensus on a single 
threshold for risk of ARMD.63 Asymptomatic 
high-risk patients with normal imaging and 
metal blood levels below 2 µg/L should be mon-
itored, while symptomatic patients with large, 
solid, invasive, or destructive pseudotumours 
require early revision. The MHRA recommends 
less frequent surveillance in low risk patients: 
males with femoral implant diameter >48mm, 
and especially those with BHR or Adept implants 
(Figure 4).61

Revision of hip resurfacing
There is significant heterogeneity in presenta-
tion of ARMD,64 and surgery ranges from revi-
sion of the femoral component alone (to a stem 
with a dual-mobility bearing) or removal of both 
components and conversion to conventional 
primary THR.19,65 Uncemented revision implants 

Fig. 3.  Radiographs of patient with femoral intramedullary nailing performed for malunion of a fracture 

to. the femoral diaphysis, who has undergone hip resurfacing for hip arthrosis.
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with augments, cages, and/or grafting may be 
required in the setting of acetabular bone loss59 
while dual-mobility heads or constrained ace-
tabular liners may be useful when there is exten-
sive soft tissue destruction.66 Clinical function 
and re-revision rates after revision HRA for ARMD 
are no different to surgery indicated for other 
reasons such as fracture or infection.67

The next generation of hip 
resurfacing implants
The risk of ARMD from MoM bearings has 
prompted the development of alternative mate-
rials for hip resurfacing. Previous efforts at 
metal-on-polyethylene HRA have failed due to 
volumetric wear,68 but hip resurfacing using cur-
rent generation highly cross-linked polyethylene 
(XLPE) with a cemented metal femoral implant 
has been recently shown to deliver excellent 
function and 3% revision at eight years’ follow-
up.69 Three clinical trials of other novel hip resur-
facing implants have commenced in the last 
two years: two ceramic-on-ceramic unce-
mented HRA70,71 and a metal-on-polyethylene 
hybrid HRA.72

Conclusion
Hip resurfacing preserves much of the femoral 
head and neck and restores femoral head size. It 
has some advantages over hip replacement: 
enhanced stability, a more normal gait, greater 
possibility for participation in high demand activ-
ities, lower mortality, and easier femoral revision. 
Resurfacing is limited by technical difficulty. 
Femoral neck fracture and adverse reactions to 
metal debris are particular complications and 
more common in smaller patients. However, 
both implant and patient survival and function 
are superior when performed on suitable patients 
by experienced surgeons using safe implants. 
Recognising this risk and benefit profile – and the 
excellent performance and longevity of modern 
total hip replacement – resurfacing should be 
discussed as an option for younger and more 
active patients with end-stage hip arthrosis.

References
1. C ohen D. Medical Devices. Out of joint: the story of the ASR. 

BMJ. 2011;342.

2.  Langton DJ, Joyce TJ, Jameson SS, et al. Adverse reaction 

to metal debris following hip resurfacing: the influence of compo-

nent type, orientation and volumetric wear. J Bone Joint Surg [Br]. 

2011;93(2):164-171.

3. N o authors listed. Andy Murray: Former British number one 

has resurfacing surgery on hip. 2019; https://www.bbc.co.uk/sport/

tennis/46916064. (Last accessed 16 December 2019.)

4. N o authors listed. Winning tennis titles again, Bob Bryan is 

inspiring athletes with hip injuries. 2019; https://www.nytimes.

com/2019/04/02/sports/bob-bryan-hip-surgery.html. (date last 

accessed 16 December 2019.)

5.  Girard J, Lons A, Pommepuy T, Isida R, Benad K, Putman 
S. High-impact sport after hip resurfacing: the Ironman triathlon. 

Orthop Traumatol Surg Res. 2017;103(5):675-678.

6. E vans JT, Evans JP, Walker RW, Blom AW, Whitehouse 
MR, Sayers A. How long does a hip replacement last? A sys-

tematic review and meta-analysis of case series and national 

registry reports with more than 15 years of follow-up. Lancet. 

2019;393(10172):647-654.

7. N HS Digital UK. Provisional Patient Reported Outcome 

Measures (PROMs) for hip and knee replacement procedures in 

England – April 2017 to March 2018. 2018; https://digital.nhs.uk/

data-and-information/publications/statistical/patient-reported-

outcome-measures-proms/april-2017-to-march-2018-august-

release. (Date last accessed 16 December 2019.)

8. N o authors listed. National Joint Registry for England W, 

Northern Ireland and the Isle of Man, 15th Annual Report: Surgical 

data to 31 December 2017. 2018; www.njrreports.org.uk2018. (Date 

last accessed 16 December 2019.)

9.  Underwood RJ, Zografos A, Sayles RS, Hart A, Cann P. 
Edge loading in metal-on-metal hips: low clearance is a new risk 

factor. Proc Inst Mech Eng H. 2012;226(3):217-226.

10.  Jeffers JR, Roques A, Taylor A, Tuke MA. The problem with 

large diameter metal-on-metal acetabular cup inclination. Bull 

NYU Hosp Jt Dis. 2009;67(2):189-192.

11.  Langton DJ, Sidaginamale RP, Avery P, et al. 
Retrospective cohort study of the performance of the Pinnacle 

metal on metal (MoM) total hip replacement: a single-centre inves-

tigation in combination with the findings of a national retrieval 

centre. BMJ Open. 2016;6(4):e007847.

12.  Amstutz HC, Le Duff MJ. The mean ten-year results of 

metal-on-metal hybrid hip resurfacing arthroplasty. Bone Joint J. 

2018;100-B(11):1424-1433.

13.  Matharu GS, McBryde CW, Pynsent WB, Pynsent PB, 
Treacy RB. The outcome of the Birmingham Hip Resurfacing in 

patients aged < 50 years up to 14 years post-operatively. Bone Joint 

J. 2013;95-B(9):1172-1177.

14.  Mehra A, Berryman F, Matharu GS, Pynsent PB, 
Isbister ES. Birmingham Hip Resurfacing: a single surgeon series 

reported at a minimum of 10 years follow-up. J Arthroplasty. 

2015;30(7):1160-1166.

15.  Pailhe R, Matharu GS, Sharma A, Pynsent PB, Treacy 
RB. Survival and functional outcome of the Birmingham Hip 

Resurfacing system in patients aged 65 and older at up to ten years 

of follow-up. Int Orthop. 2014;38(6):1139-1145.

16.  McMinn DJW, Daniel J, Ziaee H, Pradhan C. Results of 

the Birmingham Hip Resurfacing dysplasia component in severe 

acetabular insufficiency: a six- to 9.6-year follow-up. J Bone Joint 

Surg [Br] 2008;90(6):715-723.

17.  Uemura K, Takao M, Hamada H, Sakai T, Ohzono 
K, Sugano N. Long-term results of Birmingham hip 

resurfacing arthroplasty in Asian patients. J Artif Organs. 

2018;21(1):117-123.

18. N o authors listed. Total hip replacement and resurfacing 

arthroplasty for end-stage arthritis of the hip: Technology appraisal 

guidance. [TA304] UK National Institute for Health and Care 

Excellence; 2014. https://www.nice.org.uk/guidance/ta304. (Date 

last accessed 16 December 2019.)

19.  Blevins JL, Shen TS, Morgenstern R, DeNova TA, Su 
EP. Conversion of hip resurfacing with retention of monoblock 

acetabular shell using dual-mobility components. J Arthroplasty. 

2019;34(9):2037-2044.

20.  McKellop H, Shen FW, Lu B, Campbell P, Salovey R. 
Development of an extremely wear-resistant ultra high molecu-

lar weight polyethylene for total hip replacements. J Orthop Res. 

1999;17(2):157-167.

21.  Adelani MA, Crook K, Barrack RL, Maloney WJ, Clohisy JC. 
What is the prognosis of revision total hip arthroplasty in patients 

55 years and younger? Clin Orthop Relat Res. 2014;472(5):1518-1525.

22.  Pritchett JW. Hip resurfacing in patients with severe 

osteoarthritis and blocked medullary canal. Hip Int. May 

2018:1120700018778537.

23.  Hellman MD, Ford MC, Barrack RL. Is there evidence to 

support an indication for surface replacement arthroplasty?: a sys-

tematic review. Bone Joint J. 2019;101-B(1_Supple_A):32-40.

24.  Kishida Y, Sugano N, Nishii T, Miki H, Yamaguchi K, 
Yoshikawa H. Preservation of the bone mineral density of the 

femur after surface replacement of the hip. J Bone Joint Surg [Br]. 

2004;86(2):185-189.

25.  Gerhardt DMJM, Hannink G, Rijnders T, van Susante 
JLC. Increase in physical activity after resurfacing hip arthroplasty 

is associated with calcar and acetabular bone mineral density 

changes. Hip Int. 2017;27(2):140-146.

26.  Logishetty K, van Arkel RJ, Ng KCG, Muirhead-Allwood 
SK, Cobb JP, Jeffers JRT. Hip capsule biomechanics after arthro-

plasty: the effect of implant, approach, and surgical repair. Bone 

Joint J. 2019;101-B(4):426-434.

27.  Wiik AV, Lambkin R, Cobb JP. Gait after Birmingham Hip 

Resurfacing: an age-matched controlled prospective study. Bone 

Joint J. 2019;101-B(11):1423-1430.

28.  Aqil A, Drabu R, Bergmann JH, et al. The gait of patients 

with one resurfacing and one replacement hip: a single blinded 

controlled study. Int Orthop. 2013;37(5):795-801.

29.  Mont MA, Seyler TM, Ragland PS, Starr R, Erhart J, 
Bhave A. Gait analysis of patients with resurfacing hip arthroplasty 

compared with hip osteoarthritis and standard total hip arthro-

plasty. J Arthroplasty. 2007;22(1):100-108.

30.  Lavigne M, Therrien M, Nantel J, Roy A, Prince F, 
Vendittoli PA. The John Charnley Award: The functional 

outcome of hip resurfacing and large-head THA is the same: 

a randomized, double-blind study. Clin Orthop Relat Res. 

2010;468(2):326-336.

31.  Aqil A, Drabu R, Bergmann JH, et al. The gait of patients 

with one resurfacing and one replacement hip: a single blinded 

controlled study. Int Orthop. 2013;37(5):795-801.

32.  Gerhardt DMJM, Mors TGT, Hannink G, Van Susante JLC. 
Resurfacing hip arthroplasty better preserves a normal gait pattern 

at increasing walking speeds compared to total hip arthroplasty. 

Acta Orthop. 2019;90(3):231-236.



9

Bone & Joint360 | volume 9 | issue 1 | february 2020

33.  Larkin B, Nyazee H, Motley J, Nunley RM, Clohisy JC, 
Barrack RL. Hip resurfacing does not improve propriocep-

tion compared with THA. Clin Orthop Relat Res. 2014;472(2): 

555-561.

34. S zymanski C, Thouvarecq R, Dujardin F, Migaud H, 
Maynou C, Girard J. Functional performance after hip resurfac-

ing or total hip replacement: a comparative assessment with non-

operated subjects. Orthop Traumatol Surg Res. 2012;98(1):1-7.

35.  Petersen MK, Andersen NT, Mogensen P, Voight M, 
Søballe K. Gait analysis after total hip replacement with hip resur-

facing implant or Mallory-head Exeter prosthesis: a randomised 

controlled trial. Int Orthop. 2011;35(5):667-674.

36.  Girard J, Miletic B, Deny A, Migaud H, Fouilleron N. Can 

patients return to high-impact physical activities after hip resurfac-

ing? A prospective study. Int Orthop. 2013;37(6):1019-1024.

37.  Banerjee M, Bouillon B, Banerjee C, et al. Sports activity 

after total hip resurfacing. Am J Sports Med. 2010;38(6):1229-1236.

38.  Bradley BM, Moul SJ, Doyle FJ, Wilson MJ. Return to 

Sporting activity after total hip arthroplasty: a survey of members 

of the British Hip Society. J Arthroplasty. 2017;32(3):898-902.

39.  Klein GR, Levine BR, Hozack WJ, et al. Return to athletic 

activity after total hip arthroplasty. Consensus guidelines based 

on a survey of the Hip Society and American Association of Hip and 

Knee Surgeons. J Arthroplasty. 2007;22(2):171-175.

40. N aal FD, Impellizzeri FM, Leunig M. Which is the best 

activity rating scale for patients undergoing total joint arthro-

plasty? Clin Orthop Relat Res. 2009;467(4):958-965.

41. C osta ML, Achten J, Foguet P, Parsons NR, Team YAHA; 
Young Adult Hip Arthroplasty team. Comparison of hip func-

tion and quality of life of total hip arthroplasty and resurfacing 

arthroplasty in the treatment of young patients with arthritis of the 

hip joint at 5 years. BMJ Open. 2018;8(3):e018849.

42. N o authors listed. Australian Orthopaedic Association 

National Joint Replacement Registry. Hip, Knee & Shoulder 

ArthroplastyAnnual Report. 2018; https://aoanjrr.sahmri.com. 

(Date last accessed 16 December 2019.)

43.  Pandit H, Glyn-Jones S, McLardy-Smith P, et al. 
Pseudotumours associated with metal-on-metal hip resurfacings. 

J Bone Joint Surg [Br]. 2008;90(7):847-851

44.  Beaulé PE, Dorey FJ, Le Duff MJ, Gruen T, Amstutz HC. 
Risk factors affecting outcome of metal-on-metal surface arthro-

plasty of the hip. Clin Orthop Relat Res. 2004;(418):87-93.

45.  Yoon JP, Le Duff MJ, Johnson AJ, Takamura KM, 
Ebramzadeh E, Amstutz HC. Contact patch to rim distance 

predicts metal ion levels in hip resurfacing. Clin Orthop Relat Res. 

2013;471(5):1615-1621.

46. S himmin AJ, Back D. Femoral neck fractures following 

Birmingham hip resurfacing: a national review of 50 cases. J Bone 

Joint Surg [Br]. 2005;87(4):463-464.

47.  Grammatopoulos G, Pandit H, Glyn-Jones S, et al. 
Optimal acetabular orientation for hip resurfacing. J Bone Joint Surg 

[Br]. 2010;92(8):1072-1078.

48. N unley RM, Zhu J, Brooks PJ, et al. The learning curve for 

adopting hip resurfacing among hip specialists. Clin Orthop Relat 

Res. 2010;468(2):382-391.

49. C obb JP, Kannan V, Brust K, Thevendran G. Navigation 

reduces the learning curve in resurfacing total hip arthroplasty. Clin 

Orthop Relat Res. 2007;463(463):90-97.

50.  Liu H, Li L, Gao W, Wang M, Ni C. Computer naviga-

tion vs conventional mechanical jig technique in hip resurfacing 

arthroplasty: a meta-analysis based on 7 studies. J Arthroplasty. 

2013;28(1):98-102.e1.

51. S eppänen M, Mäkelä K, Virolainen P, Remes V, 
Pulkkinen P, Eskelinen A. Hip resurfacing arthroplasty: short-

term survivorship of 4,401 hips from the Finnish Arthroplasty 

Register. Acta Orthop. 2012;83(3):207-213.

52. N o authors listed. Prothese totale de hanche de resurfa-

cage, Commission Nationale D'Evaluation Des Dispositifs Medicaux 

Et Des Technologies De Sante, 2013; https://www.has-sante.fr/

upload/docs/application/pdf/2013-08/cnedimts_compte-rendu_

du_23_04_2013.pdf. (Date last accessed 16 December 2019.)

53.  Girard J, Lons A, Ramdane N, Putman S. Hip resur-

facing before 50 years of age: A prospective study of 979 hips 

with a mean follow-up of 5.1years. Orthop Traumatol Surg Res. 

2018;104(3):295-299.

54. S abah SA, Moon JC, Jenkins-Jones S, et al. The risk of car-

diac failure following metal-on-metal hip arthroplasty. Bone Joint 

J. 2018;100-B(1):20-27.

55. E kman E, Laaksonen I, Eskelinen A, Pulkkinen P, 
Pukkala E, Mäkelä K. Midterm risk of cancer with metal-on-

metal hip replacements not increased in a Finnish population. Acta 

Orthop. 2018;89(5):575-579.

56.  Hunt LP, Blom AW, Matharu GS, Porter ML, Whitehouse 
MR. The risk of developing cancer following metal-on-metal hip 

replacement compared with non metal-on-metal hip bearings: 

Findings from a prospective national registry “The National Joint 

Registry of England, Wales, Northern Ireland and the Isle of Man”. 

PLoS One. 2018;13(9):e0204356.

57.  Kendal AR, Prieto-Alhambra D, Arden NK, Carr A, Judge A. 
Mortality rates at 10 years after metal-on-metal hip resurfacing com-

pared with total hip replacement in England: retrospective cohort 

analysis of hospital episode statistics. BMJ. 2013;347(nov27 1):f6549.

58.  McMinn DJW, Snell KIE, Daniel J, Treacy RBC, Pynsent 
PB, Riley RD. Mortality and implant revision rates of hip arthro-

plasty in patients with osteoarthritis: registry based cohort study. 

Bmj-Brit Med J. Jun 2012;344.

59.  Matharu GS, Eskelinen A, Judge A, Pandit HG, Murray 
DW. Revision surgery of metal-on-metal hip arthroplasties for 

adverse reactions to metal debris. Acta Orthop. 2018;89(3):278-288.

60.  Berber R, Skinner J, Board T, et al; ISCCoMH. International 

metal-on-metal multidisciplinary teams: do we manage patients 

with metal-on-metal hip arthroplasty in the same way? An analysis 

from the International Specialist Centre Collaboration on MOM Hips 

(ISCCoMH). Bone Joint J. 2016;98-B(2):179-186.

61.  Medicines & Healthcare products Regulatory Agency 
(MHRA). Medical device alert: All metal-on-metal (MoM) hip 

replacements. MDA/2012/036. MHRA;2012.

62.  Matharu GS, Pandit HG, Murray DW. Poor survivor-

ship and frequent complications at a median of 10 years after 

metal-on-metal hip resurfacing revision. Clin Orthop Relat Res. 

2017;475(2):304-314.

63.  Matharu GS, Judge A, Eskelinen A, Murray DW, Pandit 
HG. What is appropriate surveillance for metal-on-metal hip 

arthroplasty patients? Acta Orthop. 2018;89(1):29-39.

64.  Grammatopoulos G, Pandit H, Kamali A, et al. The corre-

lation of wear with histological features after failed hip resurfacing 

arthroplasty. J Bone Joint Surg [Am]. 2013;95(12):e81, 1-10.

65.  Desloges W, Catelas I, Nishiwaki T, Kim PR, Beaulé PE. 
Do revised hip resurfacing arthroplasties lead to outcomes compa-

rable to those of primary and revised total hip arthroplasties? Clin 

Orthop Relat Res. 2012;470(11):3134-3141.

66.  Lainiala O, Reito A, Elo P, Pajamäki J, Puolakka T, 
Eskelinen A. Revision of metal-on-metal hip prostheses results 

in marked reduction of blood cobalt and chromium ion concentra-

tions. Clin Orthop Relat Res. 2015;473(7):2305-2313.

67.  Matharu GS, Judge A, Pandit HG, Murray DW. Which 

factors influence the rate of failure following metal-on-metal 

hip arthroplasty revision surgery performed for adverse reactions 

to metal debris? an analysis from the National Joint Registry for 

England and Wales. Bone Joint J. 2017;99-B(8):1020-1027.

68.  Malviya A, Lobaz S, Holland J. Mechanism of failure eleven 

years following a Buechel Pappas hip resurfacing. Acta Orthop Belg. 

2007;73(6):791-794.

69.  Pritchett JW. Hip resurfacing with a highly cross-linked poly-

ethylene acetabular liner and a titanium nitride-coated femoral 

component. Hip Int. 2018;28(4):422-428.

70. C obb JP, Halewood C, Wozencroft R, Logishetty K, Jeffers 
JR, Clarke S. H1 Anatomic Ceramic Hip Resurfacing: Results of a 20 

Patient Safety Study. Paper presented at: International Society of 

Technology in Arthroplasty Annual Meeting 2018; London, UK.

71.  De Smet K. New Materials for Hip Resurfacing: Why Choose 

Ceramic? Paper presented at: International Society of Technology 

in Arthroplasty Annual Meeting 2018; London, UK.

72.  Treacy RBC, Holland JP, Daniel J, Ziaee H, McMinn 
DJW. Preliminary report of clinical experience with metal-on-

highly-crosslinked-polyethylene hip resurfacing. Bone Joint Res. 

2019;8(10):443-450.

© 2020 The British Editorial Society of Bone & Joint Surgery. DOI: 10.1302/2048-0105.91.360742


