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ABSTRACT
Objective: To determine whether elevated blood
cobalt (Co) concentrations are associated with early
failure of metal-on-metal (MoM) hip resurfacings
secondary to adverse reaction to metal debris (ARMD).
Design: Cohort study.
Setting: Single centre orthopaedic unit.
Participants: Following the identification of
complications potentially related to metal wear debris,
a blood metal ion screening programme was instigated
at our unit in 2007 for all patients with Articular
Surface Replacement (ASR) and Birmingham MoM hip
resurfacings. Patients were followed annually unless
symptoms presented earlier. Symptomatic patients
were investigated with ultrasound scan and joint
aspiration. The clinical course of all 278 patients with
‘no pain’ or ‘slight/occasional’ pain and a Harris Hip
Score greater than or equal to 95 at the time of
venesection were documented. A retrospective analysis
was subsequently conducted using mixed effect
modelling to investigate the temporal pattern of blood
Co levels in the patients and survival analysis to
investigate the potential role of case demographics and
blood Co levels as risk factors for subsequent failure
secondary to ARMD.
Results: Blood Co concentration was a positive and
significant risk factor (z=8.44, p=2×10–16) for joint
failure, as was the device, where the Birmingham Hip
Resurfacing posed a significantly reduced risk for
revision by 89% (z=−3.445, p=0.00005 (95% CI on
risk 62 to 97)). Analysis using Cox-proportional
hazards models indicated that men had a 66% lower
risk of joint failure than women (z=−2.29419,
p=0.0218, (95% CI on risk reduction 23 to 89)).
Conclusions: The results suggest that elevated blood
metal ion concentrations are associated with early
failure of MoM devices secondary to adverse reactions
to metal debris. Co concentrations greater than 20 µg/l
are frequently associated with metal staining of tissues
and the development of osteolysis. Development of
soft tissue damage appears to be more complex with
females and patients with ASR devices seemingly more
at risk when exposed to equivalent doses of metal
debris.

ARTICLE SUMMARY
Article focus
▪ Current Food and Drug Administration guidance
for the management of patients with MoM hips
states that ‘the utility of routine screening of
asymptomatic patients using blood metal ion
testing has not been established.’
▪ This study sought to document the clinical
course of asymptomatic patients with elevated
blood cobalt (Co) concentrations.

Key messages
▪ Elevated blood Co concentrations were associated with an increased probability of early joint
failure secondary to the development of an
adverse local tissue response.
▪ Male patients with low Co concentrations had a
very low incidence of adverse tissue reactions
and rationalisation of resources with regard to
follow-up and repeat blood samples in this
group may be considered.

Strengths and limitations of this study
▪ This study is the first to describe the clinical
course of patients following their initial blood
metal ion results. It includes three times the
number of subjects as the research on which the
current Medicines and Healthcare products
Regulatory Agency (MHRA) guidance is based.
▪ The time at which blood samples were taken
postoperatively was not standardised.

BACKGROUND
Modern metal-on-metal (MoM) hip resurfacing was developed in order to address the
relatively poor survival of conventional prostheses in young, active male patients.1 Several
clinical studies have now shown extremely
encouraging survivorship, negligible dislocation rates and excellent functional outcome
scores in this patient group.2 3 All materials
used in hip arthroplasty, however, have their
disadvantages. With MoM prostheses, it is the
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release of cobalt (Co) and chromium (Cr) metal debris
from the components.4 Adverse reactions to metal debris
(ARMD) have captured a lot of media attention recently
but ﬂuid collections and soft tissue damage were noted in
the presence of increased hip joint ﬂuid Co concentrations as early as 1975.5 These complications were documented in a report involving patients who had received
one of the so-called ‘ﬁrst generation’ MoM hips, the
Mckee. Thirty-ﬁve years on, we showed a signiﬁcant
increase in the wear rates of explanted fourth generation
MoM hip components which had failed secondary to
ARMD compared with control specimens.6 These ﬁndings
were substantiated by Glyn-Jones et al7 in their studies on
pseudotumour development.
Blood and serum Cr and Co concentrations are
reliable indicators of wear rates in hip resurfacing
arthroplasty.8 9 The relationship between metal ion concentrations and the development of soft tissue necrosis
and osteolysis is not straightforward, however. We have
previously examined the extent of local tissue damage in
relation to blood and hip joint ﬂuid ion concentrations
and compared them with the wear rates of the corresponding retrieved components.10 While no patient was
found to have developed a signiﬁcant soft tissue reaction
with a well-functioning bearing surface, in patients who
did experience ARMD-related failure, the extent of soft
tissue damage did not appear to be dose related to
metal debris exposure. The overall results suggested that
the observed soft tissue necrosis was the result of the
development of a negative immune cascade which
varied between patients.10
It is quite likely that patients exposed to increased
metal debris may show temporary ‘tolerance’ to the
stimulus and a certain time period must elapse or a
threshold exposure be reached before an immune
response is established and symptoms develop. Several
publications include descriptions of patients who were
initially pain-free but went on to develop pain a number
of years later.6 11 Furthermore, the increased metal ion
levels in asymptomatic patients may be associated with
underlying pathology, including osteolysis.10 12 It is well
recognised that osteolysis can be silent, often only manifesting in the form of radiographic changes or pain secondary to a loosening of components.
These observations challenge recent Medicines and
Healthcare products Regulatory Agency (MHRA) guidance, which does not recommend that patients with
MoM hip resurfacing arthroplasties should undergo
routine blood metal ion testing in the absence of symptoms ‘unless the patient cohort is of concern’. It states
that a Cr or Co level greater than 7 µg/l ‘indicates the
potential for soft tissue reaction.’13 But this guidance
was primarily based on a cross-sectional study which
compared patients with failed MoM hips to control
patients with ‘well-functioning’ MoM hips.14 This study
included asymptomatic patients with elevated blood
metal ion levels in the ‘well-functioning’ control group.
In fact, several patients assigned to the ‘well-functioning’
2

hip group had blood Co concentrations in excess of
5 µg/l and one was in excess of 50 µg/l. These patients
then acted as the control group to determine whether
blood metal ion testing was legitimate to identify problems in clinical practice. The postoperative time at
which samples were taken was not controlled for, and nor
was an attempt made to compensate for time as a confounding factor. Blood metal ion testing provides the
surgeon with a clinical assessment of the performance of
the prosthetic joint.8 9 We believe that the performance
of the joint in a tribological sense should be included in
the consideration of ‘well-functioning controls’ and some
consideration should be given to the effect of exposure
to high concentrations of metal debris over time.
To date, no studies thus far have documented the clinical course of asymptomatic patients with elevated blood
metal ion concentrations. The aim of this piece of work
was to address this deﬁciency.
PATIENTS AND METHODS
The senior author (AVFN) is a lower limb arthroplasty
surgeon with extensive experience in MoM hip
resurfacing arthroplasty. AVFN originally used the
Birmingham Hip Resurfacing ((BHR), Smith and
Nephew, Warwick, UK) from 2002, but in April 2004 he
began to use the Articular Surface Replacement (ASR,
Depuy, Leeds, UK) exclusively. Our previously published
work has described in detail the clinical and radiological
outcomes of these ASR and BHR patient cohorts as well
as identifying the variables leading to excessive metal
ion release into the blood.6 In 2007, after we had
observed a number of unusual tissue reactions in
patients implanted with the ASR device at our centre, a
clinical review and blood metal ion screening programme was started for all patients with MoM resurfacing hips under AVFN’s care. During these review
appointments, Harris Hip and UCLA activity scores are
documented. Patients are currently reviewed at a
maximum of 12 months between appointments and
blood tests are repeated.
This paper documents the clinical course of all
patients who gave a blood sample between 2007 and
2010 who had no or ‘slight’ pain, no radiological abnormalities and a Harris Hip Score15 greater than or equal
to 95 at the time of venesection. All patients therefore
underwent a clinical review at a minimum of 2-year postvenesection. As blood metal ion testing and close
follow-up of MoM hip patients have been routine at our
centre since 2007, no ethical approval was required for
this retrospective audit.
Revision surgery for ARMD
We have described ARMD in detail in our previous
work.10 16 The diagnosis is made on the combination of
clinical history, ﬁndings at revision and histological analysis of tissue retrieved at revision surgery. Reactions to
metal debris are typically characterised by a combination
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Table 1 Patient demographics

Number of patients
Number of BHR hips
Time from op to venesection
Number of ASR hips
Time from op to venesection
Mean age at primary (range)
Number of female hips (%)
Number (%) of hips revised for
ARMD within 9 years of surgery

<1 (low wear)

1–2 (low/
expected wear)

2–5
(equivocal)

5–10 (increased >10 (excessive
wear)
wear)

57
4
49 (44–52)
53
30 (4–67)
55 (28–78)
15 (26.3)
0

95
29
52 (44–68)
66
28 (7–62)
55 (28–73)
29 (30.5)
1 (1.1)

76
12
52 (42–68)
64
33 (12–73)
57 (39–78)
26 (33.8)
4 (5.3)

25
2
55 (52–58)
23
30 (12–67)
59 (45–69)
15 (62.5)
5 (20.0)

46
6
54 (42–68)
39
34 (12–70)
54 (35–68)
18 (43.9)
30 (65.2)

The patients have been subdivided according to the classifications described in table 2.
ARMD, adverse reaction to metal debris; ASR, Articular Surface Replacement; BHR, Birmingham Hip Resurfacing.

of revision ﬁndings which include: soft tissue lesions,
which can be catastrophic and involve local neurovascular structures; the presence of abnormal (sterile) ﬂuid,
which can be copious and pus-like in nature; acetabular
and/or femoral osteolysis associated with macroscopic
deposition of metal (metallosis). At revision surgery the
macroscopic appearance of the tissues was scored by the
attending surgeon using a simple grading system10: 0, no
soft tissue necrosis; 1, small, localised areas of (mild)
tissue necrosis; 2, widespread (moderate) tissue necrosis,
stability of the implant not obviously compromised and
3, widespread (severe) tissue necrosis with compromised
stability of the implant. The tissues retrieved at revision
also underwent a semiquantitative analysis by one consultant histopathologist with extensive experience in this
area. For this paper, the cellular response was categorised as ‘histiocytic’, ‘lymphocytic/aseptic lymphocyte
dominated vasculitis associated lesion (ALVAL)’ dominant or ‘mixed’ as described in our previous work.10 In
order to categorise patients and provide context to the
ﬁndings at revision, we divided the patients into subgroups according to the results of our work examining
the relationship between wear rates of explanted prostheses and pre-revision blood metal ion analysis.8 These
subdivisions are described in tables 1 and 2.
Data analysis
Event analysis of hip failure
A statistical model was created to examine the relationship between a patient’s initial recorded blood Co concentration and the risk of the development of joint
failure secondary to an adverse reaction to metal debris
(ARMD). For the purposes of the prosthetic survival
analysis, the endpoints were: the last documented clinical review; the patient undergoing revision surgery
prior to March 2012 for any reason other than ARMD;
or patient death. Individuals were censored if they had
undergone revision surgery for ARMD. Speciﬁc inclusion/exclusion criteria are shown in table 3.
We used Cox-proportional hazards models to investigate risk factors for failure secondary to ARMD following

the hip resurfacing procedure. The Cox model assumes
that there is an underlying unspeciﬁed baseline hazard
that stays constant through time, that is, inﬂuenced by
covariates that mitigate or enhance the risk of an event.
Our hypothesis was that the size17 and type of the
device,18 patient age,19 sex19 and blood Co levels were
associated with an enhanced risk of hip failure. The Cox
model assumes that the hazard of the event remains
ﬁxed through time, that is, the effect of the individual
covariates remains the same and proportional. We investigated non-proportionality in our models by plotting
the Schoenfeld residuals and by correlating the residuals
for each model with time for each covariate with a twosided χ2 test. All models were ﬁtted following the methodolody of Therneau and Grambsch.20 We then used the
best-ﬁtting model to predict the most likely individual
survival curves of MoM devices for men and women at
three levels of blood Co (2, 5 and 10 μg/l), to illustrate
the association between revision and blood Co.

Table 2 Subdivisions according to cobalt (Co)
concentrations
Cobalt
range (µg/l)
<1

1–2

2–5

5–10

>10

Optimally functioning joints. Co
concentrations in the range of normal
physiological values
‘Normal/expected wear’ and the majority
of published studies involving
well-functioning hip resurfacing devices
report median Co levels in this range31 32
‘Equivocal wear’. The significance of Co
concentrations in this range are not
currently well understood
‘Increased wear’. A Co concentration
≥5 µg/l is highly sensitive and specific for
increased wear of explanted components8
‘Excessive wear’. In a healthy individual,
Co concentrations >10 µg/l signify
unequivocally high rates of wear8
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Table 3 Inclusion/exclusion criteria for the two parts of the study
Patient inclusion criteria

Exclusion criteria

Event analysis of hip failure
ASR or BHR implanted by AVFN
Blood Co concentration recorded post hip resurfacing
Clinical review at a minimum of 2-year postblood test
Normal basic renal function test at the time of Co blood test (urea and
creatinine)
Harris hip score ≥95
Mixed effects modelling of trends in blood Co
All patients in the study who had given repeat blood samples from 2007–2012
with MoM hip resurfacings remaining in situ

No other MoM hip replacements
(no patients were excluded for renal
function abnormalities)

Patients found to have developed abnormal
renal function tests

ASR, Articular Surface Replacement; BHR, Birmingham Hip Resurfacing; Co, cobalt; MoM, metal-on-metal.

Mixed effects modelling of trends in blood Co
In order to examine the legitimacy of using the single
initial blood Co result in the survival analysis, all available repeated Co results from single patients were
collected (table 3). As blood samples were taken at different times postoperatively as repeated measures, a generalised linear mixed effect model (GLMM) was used to
investigate the extent to which blood Co levels changed
in relation to the time since the original hip replacement operation, with patient age and sex, the device
used and bearing diameter of the implant as explanatory variables. Our hypothesis was that blood Co levels
would increase with time since the operation, would
differ between males and females and be independent
of patient age. We hypothesised that the size of the
implant would also impact on the levels of Co because
smaller implants are known to wear (and hence release
Co) more readily than larger ones.17 We adopted a progressive model building strategy following Pinheiro and
Bates,21 ﬁrst assessing the impact of all variables without
the inclusion of random effects and then extending to
include random effects and an autoregressive correlation structures as appropriate to allow for any autocorrelation in the response.

all sampling points. The distribution appeared to be
multimodal in both sexes (ﬁgure 1). Log transformed
levels of blood Co in patients were not related to time
since surgery (t=0.3291 p=0.7423); the type of device
used (t=−1.225, p=0.2220), patient age (t=−0.1351,
p=0.8926) or the size of the device used (t=−0.3084,
p=0.7480) in the full model analysing trends through
time. There was a suggestion that male sex was associated
with reduced Co concentrations; patient sex (−1.967,
p=0.0502). Simpliﬁcation to a model with sex as the only
explanatory variable suggested that there was some evidence that men had lower blood Co level than women
(t=−2.240, p=0.0259) of analysis of log-transformed blood
Co levels. The SD of the random effect for patient factors
was 73% of the unexplained variation in the model, indicating that there was a large component of unmeasured
variation attributable to the patient. Inclusion of an autoregressive correlation structure in the model gave a

RESULTS
There were a total of 299 resurfacings in 278 patients.
Of these, there were 246 ASRs and 53 BHR prostheses.
Patient demographics can be seen in table 1. The mean
(range) postoperative follow-up of the patients was
70 months (12–118). The mean (range) follow-up postvenesection was 36 months (2–63). Two patients died in
the study period of unrelated causes.
Mixed effect modelling of trends in blood Co
In total, 205 patients gave repeat samples at a mean
(range) of 27.3 months (6–52) following the initial test.
Fifty-seven of these patients gave a third sample at a
mean (range) of 10.6 months (6–21) following the
second test. Blood Co concentrations were skewed to the
right with a few patients having very high blood levels at
4

Figure 1 Violin plot showing distribution blood cobalt
concentrations in men and women.
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marginally better model than one in which it was not
included (L.ratio=3.737, p=0.0532).
As the measured Co concentration was not signiﬁcantly
related to time from surgery to blood, it was assumed to
be legitimate to conduct survival analysis using the ﬁrst
sample for the patients with time from surgery to most
recent follow-up/death/revision used in the analysis.
Revision cases
At the time of the writing, 41 joints had been revised
(36 ASRs and 5 BHRs). All but one of these prostheses
(an ASR revised secondary to avascular necrosis in a
male patient) were revised secondary to ARMD. Only 25
of the ARMD prostheses were revised in female patients
and 15 in male patients. Table 4 includes the modes of
presentation of these patients.
Event analysis of hip replacement failure
As only two patients died during the course of the study,
the impacts of competing risks were assumed to be
negligible. Analysis of hip resurfacing failure using
Cox-proportional hazards models indicated that men had
a 66% lower risk of joint failure than women (z=
−2.29419, p=0.0218, (95% CI on risk reduction
23 to 89)). Inclusion of time since blood sample as a variable showed that it was not an important risk factor for
failure (t=−1.454, p=0.1459). The level of blood Co (as a
log transformed variable) was a positive and signiﬁcant
risk factor (z=8.44, p=2 × 10−16), as was the device, where
the BHR posed a signiﬁcantly reduced risk for revision by
89% (z=−3.445, p=0.00005, (95% CI on risk 62 to 97)).
An analysis of the Schoenfeld residuals for the model
with only the signiﬁcant variables model showed that the
assumption of proportionality of hazard for this model

were met (log(Co+1), χ2=8.72, p=0.350; sex, χ2=3.139,
p=0.077 and device, χ2=1.591, p=0.207). Risk of failure
was highest for females ﬁtted with ASR and a high blood
Co level, with the risk of avoiding failure dropping to zero
after 10 years, suggesting that hip failure would be inevitable for a person with this set of characteristics. In contrast, failure was least likely for males ﬁtted with the BHR
device with low levels of blood Co for which the risk of
failure was of the order of 5% over 10 years.
Predicted survival
We used the outputs from the best-ﬁt Cox models identiﬁed in the event analysis to generate predicted survival
curves for individual patients with certain characteristics.
We then used the curves to predict the probability of
avoiding revision at 5 and 7 years with associated CIs
generated from the regression equations. Predicted survival curves of the replacement for men and women
with blood Co concentrations of 2, 5 and 10 μg/l
(ﬁgures 2–4 and table 5) illustrate the increased risk if
the case was a woman, ﬁtted with an ASR device and
had elevated blood concentrations of Co. As an
example, a woman with an ASR and 10 μg/l of Co in
her blood has a 57.3% chance of avoiding revision by 7
year post primary replacement, while a man has a risk of
78.2%. Equivalent probabilities for BHR women and
men with the same Co levels at 7 years are 94.2% and
97.4%, respectively. These indicate the increased risk of
revision with ASR and high levels of Co.
DISCUSSION
This paper examines the association between elevated
blood metal ion concentrations and early failure of hip
resurfacing devices due to local ARMD in asymptomatic

Table 4 Details of the revision cases in the study

Signs and symptoms
Group 1 (n=21)
Increasing pain and moderate
large fluid effusion
Group 2 (n=11)
Pain with small fluid effusion
Group 3 (n=4)
Acute pain with femoral
collapse
Group 4 (n=4)
Minor discomfort and grossly
elevated ions with mass (n=1)
grinding sensation (n=1),
gross femoral neck thinning
(n=1), squeaking (n=1)
Avascular necrosis (non
ARMD) (n=1)

Percentage of ALVAL or
mixed response
(percentage of
Median (range)
lymphoid neogenesis)
(blood Co) (µg/l)

Male:
female

Moderate/severe
soft tissue
destruction (%)

5:16

47

81

71 (43)

17.8 (4.60–109.7)

5:6

18

55

18 (0)

23.3 (1.37–147)

3:1

0

100

25 (0)

49.8 (12.0–271.0)

3:1

50

75

50 (50)

81.8 (11.6–164)

1:0

0

0

Osteolysis
(%)

Histiocytic

1.90

ARMD, adverse reaction to metal debris; ALVAL, aseptic lymphocyte dominated vasculitis associated lesion; Co, cobalt.
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Figure 2 Predicted survival curves for hip replacements for two male and two female hypothetical individuals with different levels of
blood cobalt at 2 and 5 µg/l. Device is the Birmingham Hip Resurfacing. Time period is in months. Survival curves shown with 95% CI.

patients. It provides the ﬁrst evidence that blood metal
ion tests can be used as a clinical indicator of the risk of
early joint failure in asymptomatic patients.
The main weakness of the paper was the lack of standardisation of the time at which blood samples were
taken postoperatively. This was because the work was
carried out not as a piece of research but rather one of
clinical need as more and more problems began to
emerge with the ASR device. To analyse the effect of this
variation in time from primary surgery to sampling, a
GLMM was constructed. We were able to do this because
a large number of patients had undergone repeat sampling at a mean of 2 years. No signiﬁcant temporal variation was seen, with the implication being that, on

average, very low levels tended to stay low and elevated
levels remained high.
No preoperative blood samples were taken, although
we do not accept that this was a signiﬁcant limitation.
A recent unpublished study involving 3042 healthy
volunteers at the nearby regional blood transfusion
centre showed that the median (ﬁrst and third quartiles) blood concentration of Co was 0.5 µg/l (0.4 to
0.6). Only 0.46% of the concentrations were found to be
above 1.5 µg/l and in only one sample (0.03%) was the
Co concentration above 2 µg/l.
The results of the current study suggest that elevated
blood Co levels are a matter of concern, even in asymptomatic patients. Female patients appear to be at greater

Figure 3 Predicted survival
curves for hip replacements for
two male and two female
hypothetical individuals with
different levels of blood cobalt of
2 and 5 µg/l. Device is the
Articular Surface Replacement.
Time period is in months. Survival
curves shown with 95% CI.

6

Langton DJ, Sidaginamale RP, Joyce TJ, et al. BMJ Open 2013;3:e001541. doi:10.1136/bmjopen-2012-001541

Downloaded from bmjopen.bmj.com on March 14, 2013 - Published by group.bmj.com

Elevated metal ion concentrations in asymptomatic patients with hip resurfacings

Figure 4 Predicted survival curves for hip replacements for two male and two female hypothetical individuals with blood cobalt
concentrations of 10 µg/l. Device is the Birmingham Hip Resurfacing (top two plots) and Articular Surface Replacement (bottom
two plots). Time period is in months. Survival curves shown with 95% CI.

risk of joint failure than male patients with equivalent
Co concentrations, particularly at lower levels. This
might indicate an increased propensity of female

Figure 5 The incidence of osteolysis and/or moderate/severe
soft tissue destruction at revision surgery. Patients have been
grouped according to their preoperative blood result.

patients to mount an adverse immune response. The
pathological spectrum of ARMD has been described in
detail in our previous work.16 One of the histological
hallmarks of this response is ALVAL.22 In this condition,
lymphocytes form thick cuffs around blood vessels. In its
most advanced stage, lymphoid neogenesis is observed,
and blood vessels can become hyalinised and obliterated.16 Tissue specimens from joint capsules affected by
rheumatoid arthritis share some histological similarities
with ALVAL tissue retrieved from patients with failed
MoM joints.23 It is accepted that the incidence of a
number of immune conditions such as rheumatoid
disease is higher in women.24 It does not seem unreasonable, therefore, to suggest that women are predisposed to the development of ALVAL especially when
one considers that, invariably, reports of local pathologies associated with MoM prostheses include a disproportionate number of female patients.6 11 19 We have
previously, perhaps erroneously, attributed this observation entirely to the fact that smaller diameter resurfacings (used more in females) generally wear at a greater
rate than equivalent larger joints.11 17
There also appears to be a difference in the failure
rates of the ASR and BHR joints at equivalent blood Co
concentrations. An explanation for this unexpected
ﬁnding may be that wear debris released from the ASR
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Table 5 Predicted probabilities of risk of avoiding revision for patients with different blood Co concentrations 5 and 7 years
after initial intervention
Cobalt (µg/l)

Males
Probability

Probability of avoiding ARMD at 5 years
BHR
2
99.7
5
99.5
10
99.1
ASR
2
99.7
5
99.5
10
87.8
Probability of avoiding ARMD at 7 years
BHR
2
99.2
5
98.4
10
97.4
ASR
2
99.2
5
98.4
10
78.2

Lower CI

Upper CI

Females
Probability

Lower CI

Upper CI

99.3
98.8
97.9

100
100
100

99.4
98.9
98.1

98.6
97.5
95.7

100
100
100

99.3
98.4
92.4

100
100
97

99.4
99.0
83.7

98.6
97.6
75.8

100
100
91.6

98.1
96.5
94.1

100
100
100

98.2
96.7
94.2

96
92.6
87.5

100
100
100

98.1
96.5
67.0

100
100
91.5

98.2
96.7
57.3

96.0
92.6
38.8

100
100
75.8

ARMD, adverse reaction to metal debris; ASR, Articular Surface Replacement; BHR, Birmingham Hip Resurfacing.

bearing surface can more readily stimulate an immune
cascade. It is well documented that wear volume and
particle morphology can determine the resulting periprosthetic immune response.25–27 Indeed, it was for this
very reason that MoM joints were introduced. It was
thought that the overall reduction in volumetric wear
rate and the smaller size of particles liberated from
MoM prostheses would avoid the initiation of macrophage (histiocyte)-driven osteolysis caused by polyethylene debris.28 Leslie et al29 presented evidence that there
is a signiﬁcant difference in the morphology of ASR and
BHR particles, with the median size of ASR particles
being approximately half the size of BHR particles. If
this is true, it would mean that ASR joints wearing at the
same volumetric rate as a BHR joint expose the patient
to a far greater number of particles.
When patients are exposed to very high levels of Co
(>10 µg/l), the risk of development of osteolysis greatly
increases in both ASR and BHR patients. The periprosthetic tissues of patients with Co concentrations in this
category were riddled with macroscopically visible metal
wear particles.16 Histological analysis, without exception,
showed heavy inﬁltration of macrophages (histiocytes).16
This macrophage dominated response (similar to the
response to polyethylene wear particles) is consistent
with hip simulator data which have shown that particles
released under harsh wear testing are much larger
than those released under ideal wear conditions.30
Unfortunately, in this series of patients, only in those
with advanced bony defects which required grafting
were there any obvious changes on plain radiographs.
This is quite likely due to the fact that opaque metal8

laden debris is often deposited in the bony defects. We
are now performing CT in patients with extremely elevated blood metal ion concentrations in order to better
assess bony integrity and aid prerevision planning.
In summary, blood metal ion concentrations are a
useful clinical tool, particularly in asymptomatic patients.
They can be used as an indicator of the risk of the development of ARMD. Ion concentrations, if low, can be
reassuring to both patients and surgeons and can also

Figure 6 Operative findings of a 55-year-old patient from
another country. He had minimal discomfort but was not
satisfied with his surgeon’s opinion that ‘there was nothing to
be concerned about’. His preoperative blood cobalt
concentration was 217 µg/l. Note the gross metal staining of
the tissues (metallosis) and abnormal fluid. There was
extensive acetabular and femoral osteolysis.
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