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ABSTRACT

INTRODUCTION High short-term failure rates have been reported for a variety of metal-on-metal (MoM) total hip replacements
(THRs) owing to adverse reactions to metal debris (ARMD). This has led to the withdrawal of certain poorly performing THRs.
This study analysed the outcomes of a MoM THR system.
METHODS Between 2004 and 2010, 578 uncemented MoM THRs (511 patients, mean age: 60.0 years) were implanted at
one specialist centre. The THR system used consisted of the Corail® stem, Pinnacle® cup, Ultamet® liner and Articul/eze® fem-
oral head (all DePuy, Leeds, UK). All patients were recalled for clinical review with imaging performed as necessary.
RESULTS The mean follow-up duration was 5.0 years (range: 1.0–9.1 years). Overall, 39 hips (6.7%) in 38 patients (all
36mm femoral head size) underwent revision at a mean time of 3.5 years (range: 0.01–8.3 years) from the index THR with 30
revisions (77%) performed in women. The cumulative eight-year survival rate for all THRs was 88.9% (95% confidence interval
[CI]: 78.5–93.4%), with no difference (p=0.053) between male (95.2%, 95% CI: 84.2–98.7%) and female patients (85.3%,
95% CI: 70.2–92.1%) at eight years. Seventeen revisions (44%) were performed for ARMD. There was no significant difference
in absolute postoperative Oxford hip scores between men and women (p=0.608). The mean acetabular inclination in unrevised
THRs was 44.0°. Forty-seven non-revised THRs (8.7%) had blood metal ion concentrations above recommended thresholds
(seven had periprosthetic effusions).
CONCLUSIONS Although this MoM THR system has not failed as dramatically as other similar designs, we recommend against
continued use and advise regular clinical surveillance to identify ARMD early.
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Total hip replacement (THR) is a successful procedure for
the long-term alleviation of pain and disability in patients
with hip arthritis.1 Aseptic loosening secondary to polyethy-
lene wear remains the most frequent cause of failure of
metal-on-polyethylene THR.2 Metal-on-metal (MoM) bear-
ings became popular for use in THR as they produce fewer
wear particles than traditional metal-on-polyethylene artic-
ulations.3 In addition, the use of large diameter MoM bear-
ings has been associated with lower wear and dislocation
rates than smaller diameter bearings.4,5 This led to a
worldwide increase in large diameter MoM THR usage
over the last decade.6,7

More recently, reports have shown that MoM hip bearings
can be associated with adverse reactions to metal debris
(ARMD) requiring revision surgery.8–10 Both joint registries
and independent reports have demonstrated high short-
term failure rates for a variety of MoM THR designs.7,11–13

Metal wear debris can be generated from the bearing sur-
face as well as the trunnion–head interface,11,12 with
increasing evidence that larger diameter femoral head sizes
are associated with significantly higher failure rates than

smaller MoM bearings.7,13 Poorly performing devices have
subsequently been withdrawn from clinical use, with recom-
mendations published on the surveillance and management
of patients with MoM hip bearings that remain in situ.14,15

This single centre study assessed the outcomes of a
MoM THR system implanted between 2004 and 2010. The
study aims were to report the medium-term outcomes with
this device in terms of implant survival, function, blood
metal ion and radiological analysis.

Methods

Between 2004 and 2010, data were collected prospectively
on all consecutive MoM THRs (n=578) implanted at one
specialist arthroplasty centre with the Corail® femoral stem
and the Pinnacle® acetabular component (both DePuy,
Leeds, UK). Since 2010, this MoM THR system has not
been implanted owing to reports of high failure rates with
similar implants and various device recalls.11,12,14,15 All
operations were performed in a laminar flow operating
theatre by ten surgeons with three surgeons performing the
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majority (n=459, 79.4%). Data on patient demographics, pri-
mary indication for THR and components implanted were
collected from the institution’s prospectively maintained
database (Table 1).

Implants

The Corail® femoral stem is a fully hydroxyapatite coated
titanium alloy stem designed for insertion without cement. It
is available in a range of sizes (6–20) with all but the small-
est sizes being available with either a collar or collarless
option. Three different options of neck geometry are avail-
able (standard, high offset and coxa vara) but the neck itself
is not modular. All stem options have a 12/14 taper on to
which, in this series, a 36mm or 28mm diameter cobalt chro-
mium alloy metal femoral head (Articul/eze®; DePuy) was
impacted. The Pinnacle® acetabular component is a hemi-
spheric, porous coated titanium shell that is inserted without
cement and can accommodate a polyethylene, ceramic or
metal liner. In this series, metal liners were used (Ultamet®;
DePuy). The acetabular component is available in a range of
diameters (38–66mm) and includes solid back, spiked solid
back, three-hole and multi-hole cup varieties.

Follow-up regimen

Patients underwent clinical review at six weeks, six
months and one year following surgery with invitations for

annual clinical review thereafter. All consultations included
clinical examination, anteroposterior pelvic radiography
and completion of the Oxford hip score (OHS) question-
naire.16 After the 2010 Medicines and Healthcare products
Regulatory Agency (MHRA) alert, which highlighted con-
cerns regarding ARMD associated with MoM hip replace-
ments,14 all patients with MoM THRs were recalled for
clinical review and blood metal ion sampling. Only patients
with high blood metal ion concentrations underwent further
hip imaging according to MHRA recommendations.15

Patients with high blood metal ion concentrations and peri-
prosthetic effusions on further imaging were considered to
have ARMD. ARMD was confirmed intraoperatively at revi-
sion and after histopathological analysis.

Data were collected on all revision THRs performed up
until 31 October 2013 with details obtained from other hospi-
tals if revisions were performed elsewhere. Data from the
National Joint Registry were also used to confirm no revi-
sions performed elsewhere were missed. All deaths were
recorded with an assessment made in each case using the
clinical notes and details held by the general practitioner as
to whether the death was related to the surgery and whether
the hip had been revised or remained in situ at the time of
death.

Blood metal ion sampling

Blood metal ion sampling was performed at a minimum
of one year following arthroplasty to avoid taking mea-
surements during the running-in phase.17 Whole blood
was obtained from each patient with cobalt and chromium
concentrations measured using inductively coupled plasma
mass spectrometry, as described previously.18 Blood metal
ions were considered raised if cobalt and/or chromium
concentrations were greater than 7µg/l, as per MHRA
recommendations.15

Functional outcome and radiological analysis

The OHS was used to assess postoperative pain and dis-
ability following THR.16 It was expressed as a percentage
(0% = healthy joint, 100% = worst possible joint), with
questionnaires considered valid if they met the minimum
inclusion criteria described previously.19,20 As the OHS is
frequently scored on a scale of 0 to 48 points (0 = worst
possible joint, 48 = healthy joint),21 these scores have also
been provided to assist comparison with other reports. Pre-
operative scores were also available for analysis.

All postoperative anteroposterior pelvic radiography was
consulted for signs of implant failure. Each radiograph was
analysed using previously described recommendations for
evidence of femoral22 or acetabular component loosen-
ing,23 acetabular component inclination,24 osteolysis and
femoral stem subsidence.25

Statistical analysis

All statistical analysis was performed using R statistical
software (R Foundation for Statistical Computing, Vienna,
Austria). Cumulative THR survival was determined using
the Kaplan–Meier method. The endpoint for survival analy-
sis was revision surgery, defined as removal or exchange

Table 1 Summary of the study cohort (578 hips)

Sex Female
Male

340 (58.8%)
238 (41.2%)

Age Mean (range) 60.0 yrs
(19.8–88.0 yrs)

Bilateral

procedures

Total patients
Single-stage
bilateral procedures

Two-stage
bilateral procedures

67 (134 hips)
1 (2 hips)

66 (132 hips)

Diagnosis Primary osteoarthritis
Developmental dysplasia
Avascular necrosis
Inflammatory arthritis
Neck of femur fracture
Slipped upper
femoral epiphysis

Other causes

533 (92.2%)
12 (2.1%)
10 (1.7%)
5 (0.9%)
5 (0.9%)
3 (0.5%)

10 (1.7%)

Follow-up

duration

Mean (range) 5.0 yrs
(1.0–9.1 yrs)

Surgical

approach

Posterior
Anterolateral

537 (92.9%)
41 (7.1%)

Grade of

surgeon

Consultant
Specialist registrar

559 (96.7%)
19 (3.3%)

Femoral

head size

28mm
36mm

14 (2.4%)
564 (97.6%)

Acetabular

component

size

Median (range) 52mm
(48–66mm)
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of any component implanted at the index arthroplasty.
Patients not undergoing revision surgery were censored
after their last contact with the hospital or after death. A
Cox proportional hazards model was used to compare dif-
ferences in THR survival for sex.26 Mood’s test was used to
compare OHSs between the sexes. The level of significance
was set at 95% (p<0.05) with confidence intervals (CIs)
also at the 95% level.

Results

Survival analysis

All patients were reviewed following the institution’s recall.
No patients were therefore lost to follow-up. The mean fol-
low-up time since the index THR was 5.0 years (range:
1.0–9.1 years) with 92% (529/578 THRs) having a mini-
mum follow-up duration of three years. There were 22
patient deaths (22 hips) during the follow-up period at a
mean of 2.7 years (range: 1.4–6.5 years) from the index
procedure. All deaths were unrelated to surgery.

During the follow-up period, 39 hips (6.7%) in 38
patients underwent revision surgery (Appendix 1 – avail-
able online) with all revisions performed at our institution.
All 39 hips revised had an initial femoral head size of
36mm. The mean time from index THR to revision arthro-
plasty was 3.5 years (range: 0.01–8.3 years) with 30 revi-
sions (77%) performed in women (Appendix 1).

The cumulative survival for all THRs (n=578) was 94.1%
(95% CI: 91.3–96.3%) at 5 years (257 hips at risk) and 88.9%
(95% CI: 78.5–93.4%) at 8 years (31 hips at risk) (Fig 1). The
cumulative survival for the 238 THRs implanted in men was
96.3% (95% CI: 92.4–99.1%) at 5 years (84 hips at risk) and
95.2% (95% CI: 84.2–98.7%) at 8 years (14 hips at risk) with
nine hips requiring revision. The cumulative survival for the

340 THRs implanted in women was 92.7% (95% CI:
89.0–95.7%) at 5 years (173 hips at risk) and 85.3% (95% CI:
70.2–92.1%) at 8 years (17 hips at risk) with 30 hips requiring
revision. Sex did not significantly affect implant survival
(p=0.053).

ARMD was the most common indication for revision sur-
gery, accounting for 44% of the revisions performed (17/39)
(Appendix 2 – available online). The mean acetabular incli-
nation prior to ARMD revision for the 17 cases was 45.0°
(range: 37.5–55.5°). Trunnion wear was observed macro-
scopically in six cases (35%) with four undergoing femoral
component revisions and the other two less severe cases
retaining their well fixed femoral stems (Appendix 2). All
cases of ARMD were revised to a non-MoM articulation with
no complications recorded at a mean of 0.8 years (range:
0.1–2.1 years) following revision surgery (Appendix 1).
Blood metal ions normalised following revision in all but
the five most recently performed ARMD revisions. The
mean acetabular inclination following ARMD revision was
45.7° (range: 40.4–51.6°). At the time of writing, none of the
surviving 539 MoM THRs were awaiting revision surgery.

Blood metal ion analysis

The median maximum blood metal ion concentrations
recorded were 2.06µg/l (interquartile range [IQR]: 0.83–
3.71µg/l) for cobalt and 1.25µg/l (IQR: 0.83–2.03µg/l) for
chromium. Excluding revisions (n=39), 36 patients with 47
MoM THRs (8.7% of the non-revised cohort) had blood
metal ion concentrations above 7µg/l (Figs 2 and 3). Fif-
teen hips had raised blood cobalt and chromium concen-
trations and thirty-two hips had raised blood cobalt
concentrations with normal chromium levels.

Of the 25 unilateral MoM THRs with raised blood metal
ion concentrations, 23 hips had normal hip ultrasonogra-
phy and/or magnetic resonance imaging (under annual
clinical follow-up) and 2 hips had periprosthetic fluid
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Figure 1 Kaplan–Meier survival curve for all 578 metal-on-metal
total hip replacements. Revision for any indication was used as the
endpoint for survival, with 39 hips revised in total. The shaded
area represents the upper and lower limits of the 95% confidence
intervals. The black line represents National Institute for Health
and Care Excellence recommendations for implant survival
(acceptable implant failure rate of up to 1% per year).
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Figure 2 Maximum blood cobalt concentration following
metal-on-metal total hip replacement
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collections of variable sizes (under more regular review). Of
the 11 cases (22 hips) with bilateral MoM THRs with raised
blood metal ion concentrations, 17 hips had normal hip ultra-
sonography and/or magnetic resonance imaging (under
annual clinical follow-up) and 5 hips had periprosthetic fluid
collections of variable sizes (under more regular review).

Functional outcome and radiological analysis

Preoperative and postoperative OHS data are summarised in
Table 2. There was no statistically significant difference in
absolute postoperative scores between the sexes (p=0.608).

Excluding cases with initial femoral stem subsidence,
there were no changes in femoral or acetabular component
position in hips not undergoing revision (n=539). All femoral
(n=19) and acetabular (n=3) radiolucent lines observed dur-
ing the follow-up period were non-progressive (Table 2).
There were no cases of femoral or acetabular osteolysis.

Discussion

This represents one of the largest single centre studies
reporting medium-term outcomes on any modern MoM
THR system.11,12,27 Furthermore, we are unaware of any
independent reports on outcomes for this particular THR
system.

Our findings demonstrated lower than expected implant
survival at eight years (88.9%). Although survival was not
significantly different between the sexes, it was below that
expected in published guidelines.28 The survival curve
appears to diverge from these guidelines at the 4-year point
(Fig 1), which is most likely due to 13 of 17 ARMD revisions
occurring after this time. However, good functional out-
comes were reported in non-revised patients, which are
comparable with those reported in young patients following
hip resurfacing.29–31 ARMD was the most common cause of
failure requiring revision surgery with this THR system. In
light of recent findings from registry data that confirm
stemmed MoM hip replacements have significantly higher
revision rates than non-MoM articulations,7,32 we would
advise against implantation of all MoM THRs in the future
with regular surveillance recommended for patients with
these bearings in situ.

Although ARMD was the most common indication for revi-
sion, it only accounted for 44% of all revisions performed.
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Figure 3 Maximum blood chromium concentration following
metal-on-metal total hip replacement

Table 2 Functional and radiological outcomes following 539 non-revised metal-on-metal total hip replacements

Functional outcome Median preoperative OHS (IQR)

Overall 66.7% (54.2–79.2%)
16/48 (10–22)

Female 70.8% (58.3–81.3%)
14/48 (9–20)

Male 62.5% (50.0–72.9%)
18/48 (13–24)

Median postoperative OHS (IQR)

Overall 6.3% (0–27.1%)
45/48 (35–48)

Female 6.8% (0–27.1%)
44.7/48 (35–48)

Male 6.3% (0–25.5%)
45/48 (36–48)

Radiological outcome Mean acetabular component inclination (range) 44.0° (21.1–58.3°)

Mean femoral stem subsidence (range) 1mm (0–7mm)

Femoral radiolucent lines (zones 1 and 7) 19 hips (3.5% of non-revised hips)

Acetabular radiolucent lines (zone 1) 3 hips (0.6% of non-revised hips)

OHS = Oxford hip score (provided as a percentage and on a scale of 0–48); IQR = interquartile range
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More traditional modes of THR failure (eg aseptic loosening,
dislocation and deep infection) were responsible for the
remaining revisions performed. In contrast, previous studies
reporting on MoM THRs observed that ARMD accounted for
nearly all the revisions performed (at least 82%).11,12 One
potential explanation for this discrepancy relates to implant
metallurgy, with studies demonstrating that subtle differences
in hip resurfacing design can have a significant impact on
failure rates.9,33

Another reason may relate to femoral head size. Recent
observations suggest that larger femoral head sizes are
associated with increasing failure rates in MoM THRs.7,34

Interestingly, despite also having a MoM articulation, the
opposite has been observed in hip resurfacing.20,35 It is
likely that a number of factors may contribute to these con-
trasting failure rates between hip resurfacing and THR
such as metallurgy, clearance, lubrication, head–neck ratio
and component orientation.5

However, the increasing failure rates with larger femo-
ral head sizes observed in MoM THRs might be due to
higher wear at the trunnion–head interface because of
increased mechanical stress on the trunnion with larger
heads,11,12 failure to achieve optimum lubrication and/or
early loosening as a result of increased transmitted torque
when using larger femoral heads.7 The femoral head sizes
implanted in this cohort (median: 36mm) were smaller
than those used in previous studies reporting higher failure
rates (range: 38–58mm).11,12 No 28mm femoral head used
in the present series has required revision.

The lower failure rates for ARMD observed in this study
compared with previous reports11,12 may also be related to
cases being performed by surgeons experienced in hip
resurfacing.20,31 The mean acetabular component inclina-
tion in this series (n=539) was acceptable at 44.0° with 10
of 17 ARMD revisions also having acceptable acetabular
component inclination.

It is important that MoM THR patients undergo regular
clinical surveillance as they may eventually develop
ARMD. In this cohort, 8.7% of non-revised hips had blood
metal ion concentrations above MHRA thresholds. The sub-
groups in which subsequent management remains unclear
are patients with: (1) high blood metal ion levels and nor-
mal imaging (n=40), and (2) raised metal ion levels (most
with bilateral MoM bearings) and periprosthetic fluid col-
lections of variable sizes (n=7). Repeat blood sampling and
hip imaging may assist in identifying ARMD.5,15 However,
the natural history of ARMD is not well understood.36,37

Decisions relating to revision surgery must therefore be
considered on a case-by-case basis. This should include
thorough discussion with the patient about the potential
risks of further surveillance as well as risks associated
with revision surgery.38,39 More detailed investigative and
treatment algorithms should be developed for patients with
suspected ARMD as new evidence becomes available
regarding its natural history.

In addition to the common findings of metallosis and
acetabular component malposition, a variety of other intra-
operative findings were observed in the 17 ARMD revisions
performed. These included effusions of variable sizes and

consistencies, granulomas, tissue necrosis and osteolysis.
This heterogeneity of findings in hips revised for ARMD
was also observed in an earlier report from this centre on
hip resurfacings40 as well as by other authors,8,41 and is
likely to be related to the complex and incompletely under-
stood pathogenesis of this condition. All revisions for
ARMD in the present series underwent bearing exchange
to non-MoM articulations with subsequent normal blood
metal ion concentrations and no complications reported at
short-term follow-up appointments. Nevertheless, given the
poor outcomes reported following revision arthroplasty for
ARMD,38,39 these patients will continue to undergo regular
follow-up reviews.

Study limitations

Our study has some recognised limitations. The follow-up
period may be considered relatively short. However, this
THR system was only implanted from 2004. It is conse-
quently not possible to determine long-term outcomes at
this stage. Other studies reporting on these devices have
similar follow-up periods.11,12 In addition, although all
patients were reviewed after the institution’s recall, 8%
had a follow-up duration of less than three years. This
reflects the logistical challenge of reviewing large numbers
of patients in clinic with over 4,000 MoM hips implanted at
this centre. Understandably, it has taken time to achieve
complete follow-up after the recall. As a result, at the time
of writing, some patients have not yet had their second
clinical review.

It was not possible to accurately measure anteversion of
the acetabular component from pelvic radiography. This
study also spans a time when subtle nuances of anteversion
and combined anteversion were not fully appreciated42

although they may have been responsible for some ARMD
failures. During the study, it was not routine practice to per-
form forensic explant analysis but it is recognised that this
would have enabled an assessment of component wear.

Conclusions

Medium-term results of this MoM THR system demon-
strated good functional outcomes in non-revised patients
with less dramatic failure rates than for similar devices11,12

although survival was still below that recommended in
published guidelines.28 Given the growing concerns with
stemmed MoM hip replacements (in particular, their
higher failure rates compared with non-MoM articulations
and with larger femoral head sizes),7,32,34 we recommend
against implantation of all MoM THRs in the future. It is
advised that patients with surviving MoM THRs are under
regular clinical surveillance so that ARMD can be identi-
fied and treated early.
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Appendix 1 Clinical details of the 39 revised metal-on-metal total hip replacements

Revision

number

Age /

sex

Time to

revision

Cup size Primary

indication

Revision

indication

Revision

bearing

Operative

time

Outcome

after revision

1 78 M 0.01 yrs 52mm OA Dislocation MoM 60 mins Died after 3.2 yrs

2 32 F 0.02 yrs 50mm DDH Dislocation MoM 67 mins 4.9 yrs no complications

3 56 F 0.69 yrs 52mm OA Recurrent dislocation MoP 40 mins 0.1 yrs re-revised for
dislocation (liner exchange)

4* 49 F 1.00 yrs 54mm OA Aseptic loosening
(femur)

OxP 185 mins 4.3 yrs no complications

5 59 F 1.05 yrs 52mm OA Stem subsidence
with LLD

MoM 109 mins 0.1 yrs re-revised for
periprosthetic stem fracture;
subsequent evacuation of
haematoma 2 wks later

6 58 F 1.25 yrs 54mm OA Aseptic loosening
(cup)

MoM 60 mins 0.2 yrs re-revision for aseptic
cup loosening

7*† 67 M 1.37 yrs 56mm OA Deep infection 1st stage‡ 103 mins 4.0 yrs no complications

8 78 M 1.69 yrs 54mm OA ARMD MoP 80 mins 2.1 yrs no complications

9* 66 M 1.81 yrs 60mm OA Aseptic loosening
(femur)

MoP 305 mins 2.2 yrs stem lucency but
not re-revised

10 71 F 1.86 yrs 52mm OA LLD MoM 97 mins 4.1 yrs re-revised for aseptic
femoral loosening

11* 70 F 1.96 yrs 52mm OA Deep infection MoP 124 mins 3.6 yrs no complications

12 46 F 1.97 yrs 50mm OA Unexplained pain CoP 60 mins 1.0 yrs no complications

13* 48 F 2.00 yrs 52mm AVN Deep infection MoM 90 mins 6.8 yrs no complications

14* 63 F 2.03 yrs 52mm OA Recurrent dislocation CoP 48 mins 3.3 yrs no complications

15 73 F 2.25 yrs 52mm OA LLD MoP 65 mins 3.6 yrs no complications

16 59 F 2.29 yrs 50mm SUFE ARMD CoP 81 mins 1.4 yrs no complications

17 63 F 2.97 yrs 52mm OA Aseptic loosening
(femur)

MoP 106 mins 2.3 yrs no complications

18* 63 F 3.53 yrs 50mm OA Periprosthetic stem
fracture

MoP 128 mins 1.1 yrs no complications

19 70 F 3.66 yrs 52mm OA ARMD CoP 60 mins 1.8 yrs no complications

20*† 68 M 3.66 yrs 58mm OA Deep infection 1st stage‡ 114 mins 3.1 yrs no complications

21 58 F 3.69 yrs 50mm OA ARMD CoP 66 mins 1.5 yrs no complications

22* 68 F 4.01 yrs 52mm DDH Deep infection 1st stage‡ 81 mins 1.4 yrs no complications

23 69 M 4.06 yrs 54mm OA Aseptic loosening
(femur)

MoP 259 mins 0.9 yrs no complications

24* 60 F 4.08 yrs 52mm OA Aseptic loosening
(femur)

MoP 117 mins 4.1 yrs no complications

25 67 F 4.20 yrs 52mm OA ARMD CoP 81 mins 1.3 yrs no complications

26 73 F 4.22 yrs 52mm OA ARMD MoP 183 mins 1.0 yrs lucency around
acetabular component but
not revised

27 60 F 4.24 yrs 52mm OA ARMD CoP 92 mins 0.9 yrs no complications

28* 61 F 4.43 yrs 52mm OA ARMD CoP 90 mins 0.6 yrs no complications

29* 62 M 4.51 yrs 58mm OA ARMD CoP 103 mins 0.7 yrs no complications

30* 72 F 4.83 yrs 52mm OA Aseptic loosening
(cup)

MoP 106 mins 0.5 yrs no complications

(Continued)
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Appendix 1 Clinical details of the 39 revised metal-on-metal total hip replacements (Continued)

31 70 M 5.01 yrs 54mm AVN ARMD CoP 62 mins 0.3 yrs no complications

32* 72 F 5.23 yrs 54mm OA ARMD OxP 118 mins 1.4 yrs no complications

33 65 F 5.32 yrs 52mm OA Aseptic loosening
(femur)

MoP 127 mins 1.5 yrs no complications

34* 69 F 5.84 yrs 52mm OA ARMD CoP 46 mins 0.5 yrs no complications

35* 69 F 6.06 yrs 52mm OA ARMD CoP 65 mins 0.2 yrs no complications

36* 63 F 6.28 yrs 54mm OA ARMD CoP 85 mins 0.1 yrs no complications

37* 67 F 7.33 yrs 52mm OA ARMD CoP 110 mins 0.2 yrs no complications

38* 46 M 8.13 yrs 56mm OA ARMD MoP 206 mins 0.1 yrs no complications

39 78 F 8.26 yrs 52mm OA ARMD CoP 75 mins 0.1 yrs no complications

ARMD = adverse reaction to metal debris; AVN = avascular necrosis; CoP = ceramic-on-polyethylene; DDH = developmental dysplasia of the
hip; F = female; LLD = leg length discrepancy; M = male; MoM = metal-on-metal; MoP = metal-on-polyethylene; OA = osteoarthritis;
OxP = Oxinium-on-polyethylene; SUFE = slipped upper femoral epiphysis
*Bilateral MoM bearing (total hip replacement or hip resurfacing)
† Revision 7 and 20 was the same patient requiring bilateral MoM revision hip arthroplasty.
‡All first stage revisions performed for deep infection underwent successful second stage revision total hip arthroplasty using a MoP bearing.

Appendix 2 Details of the 17 patients undergoing revision for adverse reaction to metal debris. Revision numbers correspond to
those in Appendix 1

Revision

number

Initial cup

inclination

Blood metal ion

levels before

revision

Imaging Revision performed ARMD intraoperative

findings

Histopathology

8 49.0° Not performed Ultrasonography + CT
large
joint effusion

Head, cup and liner Milky effusion; granu-
lomatous infiltration;
cup over anteverted

ARMD

16 55.5° Co 1,093nmol/l
Cr 699nmol/l

Ultrasonography normal Head, cup and liner Metallosis; cup with
excessive inclination
and anteversion

ARMD with
prominent perivas-
cular lymphocytic
infiltrate

19 39.7° Not performed Ultrasonography small
effusion
X-ray proximal femoral
osteolysis

Head and liner Milky effusion; granu-
lomatous infiltration;
cup over anteverted

ALVAL

21 39.9° Co 165nmol/l
Cr 129nmol/l

Ultrasonography
effusion

Head and liner Necrotic tissue in tro-
chanteric bursa; free
light brown watery fluid

ALVAL

25 42.4° Co 30nmol/l
Cr 25nmol/l

Ultrasonography
effusion

Head and liner Thickened trochanteric
bursa with fluid con-
tent; thickened capsule
with watery effusion

ARMD with lym-
phocytic infiltrate

26 40.1° Co 146nmol/l
Cr 54nmol/l

X-ray acetabular
osteolysis with
medial migration of
socket
MRI two large effusions

Stemmed acetabular
component and long
femoral stem

Abductor detachment;
pelvic discontinuity;
significant osteolysis of
femur

ARMD

27 49.6° Co 93nmol/l
Cr 20nmol/l

Ultrasonography
effusion

Head, cup and liner 15ml black stained
fluid; metallosis; cup
open and in 30° of
anteversion

ARMD

(Continued)
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Appendix 2 Details of the 17 patients undergoing revision for adverse reaction to metal debris. Revision numbers correspond to
those in Appendix 1 (Continued)

28* 37.5° Co 443nmol/l
Cr 313nmol/l

Ultrasonography +
MRI small effusion

Head and liner Metallosis of abductors
and trochanteric bursa

ARMD

29* 45.5° Co 12nmol/l
Cr 27nmol/l

Ultrasonography
effusion

Stem, head and liner Extensive inflammatory
haemorrhagic tissues;
proximal femoral osteol-
ysis exposing upper 3/4
of stem; osteolysis
around cup

ARMD

31 45.7° Co 65nmol/l
Cr 11nmol/l

CT and MRI moderate
effusion

Head and liner 100ml thick white fluid /
metal debris; hip dislo-
cating easily; anterior
scar tissue

ARMD

32* 44.5° Co 31nmol/l
Cr 23nmol/l

Ultrasonography normal Stem, head, cup and
liner

Metallosis; neutral cup;
well fixed but proud
stem

ARMD

34* 38.5° Co 174nmol/l
Cr 25nmol/l

MRI effusions Head and liner Mild effusion; necrotic
tissue in capsule;
trunnion corrosion

ARMD

35* 43.2° Co 151nmol/l
Cr 44nmol/l

Ultrasonography +
MRI small effusion

Head and liner 20ml black stained
metal debris fluid;
trunnion stained black

ARMD

36* 46.3° Co 147nmol/l
Cr 184nmol/l

Ultrasonography +
MRI moderate effusion

Head and liner Breakdown of previous
repair with black/grey
fluid communicating
with joint; metallosis

ARMD

37* 46.6° Co 263nmol/l
Cr 194nmol/l

Ultrasonography normal Head and liner Metallosis; well fixed
components

ARMD

38* 51.7° Co 1,061nmol/l
Cr 716nmol/l

X-ray femoral osteolysis
Ultrasonography large
effusion

Long modular femoral
stem and cup

Large green/brown fluid
collection; extensive
metallosis; cup open
and anteverted

ARMD

39 49.3° Co 232nmol/l
Cr 155nmol/l

MRI normal Head and liner Metallosis ARMD

ALVAL = aseptic lymphocytic vasculitis associated lesion; ARMD = adverse reaction to metal debris; Co = cobalt; Cr = chromium;
CT = computed tomography; MRI = magnetic resonance imaging
*Bilateral metal-on-metal bearing (total hip replacement or hip resurfacing)
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