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Early failure of metal-on-metal bearings in
hip resurfacing and large-diameter total hip

replacement

A CONSEQUENCE OF EXCESS WEAR

Early failure associated with adverse reactions to metal debris is an emerging problem after
hip resurfacing but the exact mechanism is unclear. We analysed our entire series of
660 metal-on-metal resurfacings (Articular Surface Replacement (ASR) and Birmingham Hip
Resurfacing (BHR)) and large-bearing ASR total hip replacements, to establish associations
with metal debris-related failures. Clinical and radiological outcomes, metal ion levels,
explant studies and lymphocyte transformation tests were performed. A total of 17 patients
(3.4%) were identified (all ASR bearings) with adverse reactions to metal debris, for which
revision was required. This group had significantly smaller components, significantly higher
acetabular component anteversion, and significantly higher whole concentrations of blood
and joint chromium and cobalt ions than asymptomatic patients did (all p < 0.001). Post-
revision lymphocyte transformation tests on this group showed no reactivity to chromium
or cobalt ions. Explants from these revisions had greater surface wear than retrievals for
uncomplicated fractures. The absence of adverse reactions to metal debris in patients with
well-positioned implants usually implies high component wear.

Surgeons must consider implant design, expected component size and acetabular
component positioning in order to reduce early failures when performing large-bearing
metal-on-metal hip resurfacing and replacement.

Although debris from metal-on-metal joint
replacements may cause local tissue
reaction.’? systemic effects have yet to be
demonstrated. In the 1970s there were
reports of large joint effusions and wide-
spread tissue destruction following total hip
replacement (THR) with McKee-Farrar
devices.? In 2005 Willert et al* described the
histological appearance of periprosthetic tis-
sues surrounding failed metal-on-metal joint
replacements and suggested a lymphocyte-
dominant delayed-type hypersensitivity reac-
tion, aseptic lymphocyte-dominated vasculi-
tis-associated lesion (ALVAL), as a potential
explanation. Because the clinical relevance
of this testing remains uncertain, this contin-
ues to be a concern for surgeons implanting
metal-on-metal devices, particularly when
combined with the unknown incidence of
such tissue reactions.

Pandit et al' used the term ‘pseudotumour’
to describe cystic and solid masses associated
with resurfacing devices. They estimated that
1% of patients who have a metal-on-metal
resurfacing develop a pseudotumour within
five years and speculated that the adverse
effects could be mediated by an allergic

response to ‘normal’ levels of metal debris, or
could be caused directly by toxic concentra-
tions of chromium (Cr) and cobalt (Co) gen-
erated from bearing surfaces experiencing
abnormal wear. It remains unclear whether
ALVAL is itself an integral factor in the mech-
anism of failure, or simply an associated
observation in the capsular tissues. Without
exception, the literature reports an increased
incidence of these problems in women.">>

We sought to establish the rate of failure sec-
ondary to adverse reactions to metal debris
(ARMD) in our patients, to identify relation-
ships between this mode of failure and the wear
rate of the prosthetic joint, and to provide a
potential explanation for the increased incidence
of this in women. There is currently no clear
consensus in the literature defining the boundar-
ies of the terms metallosis, ALVAL and pseudo-
tumour. Reports suggest that tissues examined
following revision surgery often exhibit a combi-
nation of the above pathologies.!>* For the pur-
poses of this paper we therefore use the acronym
‘ARMD’ as an umbrella term to describe joint
failures associated with pain, a large sterile effu-
sion of the hip and/or macroscopic necrosis/
metallosis.
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Table I. Patient demographics, component details and metal ion concentrations. All values are mean (range) unless marked with ‘§’, in which

case they are median values

39

ASR" BHR' ASR THRs*
Demographics
Number 418 155 87
Age in yrs (range) 56 (28to 77) 51 (32 to 67) 67 (2510 85)
% female 44 43 61
Post-operative time in mths (range) 35 (8to 57) 63 (57 to 85) 41 (10 to 57)
ASAT (range) 1.6 (1to 3) 1.39 (1to 2) 1.98 (1 to 3)
Femoral size in mm (range) 48.6 (39 to 59) 476 (38to 58) 472 (39to 57)
Inclination angle in degrees (range) 48.5 (31 to 70) 48.3 (3210 70) 48.8 (36 to 76)
Anteversion angle in degrees (range) 20.4 (3to 39) 19.9 (-5to 39) 19.4 (-9to 35)
Harris hip score (range) 94 (35 to 100) 97  (51to 100) 76 (29 to 100)
Outcome scores
Number of total ion results (bilateral patients) 138 (15) 90 (17) 19 (2)
Serum metal ion levels (range) Cr (ug/l)® 4.46 (0.6 to 115) 4.42 (1.8t0 77) 3.84 (1.6 to 33)
Co (ug/)® 2.82 (0.4 to 228) 1.96 (0.7t0 190)  4.27 (1.0 to 29)
Whole blood metal ion levels (range) Cr (ug/l)® 4.16 (1.5 1o 69.8) 4.19 (2.37 to 40) 3.71 (2.410 22)
Co (ug/l)® 2.74 (0.4 to 271) 1.80 (0.63t0 147)  3.26 (1.1to 32)
Adverse reactions to metal debris failure at a minimum of six 3.2 0.0 6.0

months (%)

* ASR, articular surface replacement

1 BHR, Birmingham hip resurfacing

¥ THR, total hip replacement

{JASA, American Society of Anaestheologists

Patients and Methods
The senior author (AVFN) used the Birmingham Hip
Resurfacing (BHR, Smith & Nephew, Warwick, United
Kingdom) implant from 2002 to April 2004, and the Artic-
ular Surface Replacement (ASR, DePuy International Ltd,
Leeds, United Kingdom) thereafter. All patients were
enrolled in a prospective study to monitor clinical, radio-
logical and functional results. The femoral component of
the ASR (ASR XL form), can also be used in combination
with a stem (Corail or SROM, DePuy International Ltd) to
articulate with the standard ASR resurfacing acetabular
component. The articulating surfaces of both systems are
therefore identical in terms of composition and manufac-
turing processes. For this reason we also considered
patients with ASR THRs in this study. We have already
described in full the differences in design of the ASR and
BHR acetabular components.®

By January 2009, 505 ASR devices had been implanted
(including 87 ASR THRs) and 155 BHRs prior to April
2004. Resurfacing procedures were carried out through a
posterior approach and THRs through a direct lateral
approach. The technique used for the resurfacing proce-
dure has also been described previously.” The majority of
resurfacings were performed in patients under 65, but older
men were included if they were considered biologically
younger. Patient demographics can be seen in Table I.
Patients were followed up at six weeks, three and six
months, and annually thereafter. Harris hip scores® (HHS)
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and University of California, Los Angeles (UCLA) activity
scores’ were recorded at one year for all patients.
Radiographic analysis. Weight-bearing, digital anteroposte-
rior (AP) pelvic radiographs were obtained post-operatively
and at subsequent visits. Assessment of acetabular compo-
nent position was carried out using Einzel-Bild-Roentgen-
Analyse software (University of Innsbruck, Innsbruck,
Austria)'®!! using all available radiographs in order to
improve accuracy.'? Radiographic measurements were per-
formed by two of the authors (DJL and SSJ), with mean
values used for analysis.!> The theoretical distance of the
articular contact patch to articular rim, which would be
present in the standing position, was calculated for all
patients using a method previously described.®

Metal ion analysis. Blood. From June 2007, Cr and Co ion
levels in whole blood and serum were routinely analysed
for each patient with a unilateral implant at a minimum of
12 months after surgery. Beyond this ‘running-in’ phase,
implants are thought to reach a relatively steady state of
wear.'*1® The sampling method has been described
previously.!® All samples were frozen and sent for blinded
trace element analysis to the Biochemistry Department at
the Royal Surrey County Hospital, Guildford, United
Kingdom. Samples were measured by inductively coupled
plasma mass spectrometry.

Joint fluid. During revision surgery, joint fluid was
sampled and analysed using the same technique and
equipment as in collecting blood specimens. Where the
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joint capsule was still intact, a cannula was inserted
through the soft tissue prior to incision and drainage of
the effusion.

Histopathological examination of tissues from revision pro-
cedures. Specimens were received in formalin from various
sites within the neocapsule. They were routinely processed,
embedded in paraffin and stained with haematoxylin and
eosin. Histological analysis was carried out at x2, x4, x10,
%25 and x40 magnification using a Nikon Eclipse 80i light
microscope (Nikon Instruments Europe BV, Amstelveen,
The Netherlands). A calibrated graticule was used for
measurements. The various layers of the neocapsule were
studied. Layer 1 consists of the surface membrane and was
graded as type 1 to 4.!7 Type 1 surfaces have an intact pseu-
dosynovial membrane. Type 2 surfaces show a loss of the
pseudosynovial membrane. Type 3 surfaces are associated
with fibrin deposition in addition to the loss of the surface
membrane, and in type 4 there is gross disruption of the
surface membrane with fibrin deposition and fissuring.
Layer 2 is the subsynovial layer, which usually contains the
inflammatory infiltrate. Layer 3 is the vascular layer, which
contains the perivascular lymphocyte cuffing. Layer 4 is the
deeper layers containing muscle fat and fibrous tissue. The
thickness of the histiocyte band containing particulate
matter in Layer 2 was measured using the graticule. The
presence of perivascular lymphocytic cuffing and its aver-
age thickness in layer 3 was also recorded.®!” Patients who
experience failure of their hip resurfacings secondary to a
fractured neck of femur have tissue samples sent for routine
analysis to exclude pathological causes. All tissue samples
from metal-on-metal revision surgery are now graded
histologically as described above.

Explant analysis. Since October 2007, explants retrieved at
revision surgery have undergone analysis using a Zeiss TSK
Rondcom60A (Carl Zeiss IMT Group, Minneapolis,
Minnesota) roundness measuring machine, which has a
resolution > 1 pm. Out-of-roundness (deviation in shape
from a perfect circle) measurements were taken from three
planes for each acetabular and femoral component. For
acetabular components these planes were 3 mm, 7 mm and
11 mm below the rim. For the femoral components these
planes were 3 mm, 7 mm and 11 mm from the ‘pole’ of the
head. Modern manufacturing of resurfacing hip prostheses
allows acetabular and femoral components to be produced
with an out-of-roundness < 5 um. Explanted components
with greater out-of-roundness values imply that either
material has been removed locally (wear) or the component
has been distorted.

Lymphocyte transformation tests. All patients who had
undergone surgery for failure of their metal-on-metal
prostheses secondary to ARMD were invited to attend a
clinic for metal allergy testing. Blood samples were
obtained for metal-lymphocyte transformation tests
assays (Rush University Medical Center, Chicago,
Ilinois).'® Along with the patients with failed joints,
asymptomatic patients with the highest blood metal ion

levels were also invited to attend to give samples. Because
of the cost and logistics of running such tests, this clinic
was conducted on a one-off basis and therefore only six
ARMD patients were able to attend on the relevant day.
The time interval between revision surgery and blood
sampling ranged from one day to 19 months.

Statistical analysis. This was carried out using SPSS version
16 (SPSS Inc., Chicago, Illinois). The Mann-Whitney U test
was used to identify significant differences between groups
with non-parametric data (Cr and Co concentrations;
comparison of ARMD joint orientations with controls) and
two sample #-tests were used to compare groups with
parametric data. The relationship of the blood and joint
fluid to metal ion concentrations was examined with Spear-
man’s rank correlation. Differences were deemed statisti-
cally significant if the p-value was < 0.05. Survival was
calculated using the Kaplan-Meier method and 95% confi-
dence intervals were calculated.

Results

Patients presenting with pain. A total of 16 patients pre-
sented with groin pain. All had an ASR iz situ. Of these,
14 were women. The symptoms and clinical findings were
similar, although six patients described deterioration soon
after the operation, and the rest had initially been satisfied
but developed pain between two and 25 months post-
operatively. Of this group, 13 patients have been revised
and the remaining three are awaiting revision. This repre-
sents a revision rate of 3.2% (35 months, 8 to 57) for our
ASR resurfacings and 6% (41 months 10 to 57) for our
ASR THREs as a result of ARMD. Pain was localised in the
groin and aggravated by straight leg raising, and a ‘clicking’
or ‘clunking’ sensation was often described. In each case the
WBC, ESR and CRP were normal.

Each patient underwent aspiration of the hip under
fluoroscopic guidance, yielding large volumes of yellow/
green fluid which was occasionally bloodstained. There
was no microbial growth in any of the samples. In one
patient, radiographs revealed radiolucent lines in three
acetabular zones and the joint was subsequently found to
be loose at revision. In the other patients the radiographs
showed no evidence of loosening.

In the first patient who underwent revision there was
gross swelling of the pseudocapsule and a large volume of
the fluid bathing the implant and tracking into the psoas
tendon. These findings have been published previously.”
Similar appearances were seen at the other 12 revision
operations, with varying degrees of tissue necrosis around
the implant. At one revision of an ASR resurfacing the
pressure of the hip fluid had created a fistula through the
abductor musculature. In was a further patient a pre-
operative ultrasound scan showed a mass consistent with
the description of a pseudotumour.! It was 11 cm x 3 cm
x 4 cm in size, cystic in nature, and found to communicate
with the hip joint. At revision an undisplaced fracture of
the femoral neck was also noted.
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Table Il. Femoral sizes, acetabular component orientation and metal ion concentrations of the patients with
adverse reactions to metal debris (ARMD) compared to the remainder of the articular surface replacement
(ASR) cohort. Mean values are given for size and angles, with median values given for metal ion concentra-

tions with ranges in parentheses

Femoral size (mm)

Inclination angle of acetabular component (°)
Anteversion angle of acetabular component (°)
Whole blood Cr (ug/l) (range)

Whole blood Co (ug/l) (range) 69

Serum Cr (ug/l) (range)
Serum Co (ug/l) (range)

A patient with a ‘late’ (46 months) fracture associated
with gross metallosis had been entirely satisfied at two
years post-operatively. He played football on a weekly
basis. Routine blood metal ion analysis prior to his frac-
ture had shown whole blood Cr and Co levels to be ele-
vated at 29 pg/l and 69 pg/l, respectively. As he was
asymptomatic, a decision was taken to simply observe
him, but unfortunately he began to develop acute pain
prior to a fracture being identified. A CT scan confirmed
a fracture in the presence of a well-placed femoral compo-
nent, which had been implanted without evidence of
notching. At revision, the periprosthetic tissues were
stained black, but there was no gross joint effusion. This
patient has been included as a failure secondary to
ARMD, making a total of 17 from this cause.

Joint orientations and metal ion concentrations. The mean
anteversion angles of the acetabular component and the

ARMD Asymptomatic ASRs  p-value
44.9 (41 to 51) 48.62 (41 to 59) <0.001
52.5 (42 to 70) 48.4 (25 to 68) 0.076
27.4 (18 to 39) 19.7 (-5 to 40) <0.001
29.3 (3.89t0 41.8) 3.89 (1.51 to 69.8) < 0.001
(7.82 to 99.1) 2.67 (0.38 to 271) <0.001
33.6 (3.84to 67.5) 4.23 (0.58 to 115) <0.001
29.7 (4.95 to 96.6) 2.67 (0.38 to 228) < 0.001
50000+
45000 +
S 40000+
=2
E) 35000+
©
& 30000+
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E 20000+
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joint sizes in the ARMD group were significantly different
from those in the remainder of the ASR cohort (Table II).
Blood metal ion concentrations in the ARMD group were
greatly increased, with the median blood Co ion level
20 times greater than in the asymptomatic group. Levels of
Cr and Co in the joint fluid were also significantly increased
in the ARMD group compared to those obtained from
patients undergoing revision for other reasons (Fig. 1).
Histopathology. Histopathological ~analysis of tissue
samples from ARMD patients consistently showed wide-
spread infiltration of histiocytes with areas of tissue
necrosis. In many cases the histiocytes were seen to contain
small unidentified black particles consistent with the
description of metal particulate debris.* Most viable tissue
samples exhibited areas with high numbers of lymphocytes
forming cuffs around vascular tissue to a greater or lesser
extent, and synovial ulceration was also frequently seen.
These characteristics are consistent with the description of
ALVAL.* The extent of histiocyte and lymphocytic infiltra-
tion was recorded for each patient, along with the circum-
ference of the observed lymphocytic cuffs. Examination
of capsular tissues obtained at revision surgery for an
uncomplicated fracture did not show lymphocytic cuffing
(Table III).

Explant analysis. The maximum out-of-roundness value for
each available explant can be seen in Table IV. The ARMD

VOL. 92-B, No. 1, JANUARY 2010

Fig. 1

Figure showing the comparison of metal ion concentrations
in the joint fluid in patients with adverse reactions to metal
debris and two controls (two Birmingham hip resurfacing
patients revised for severe neck narrowing and another aspi-
rated for suspicion of infection). The inferior, middle and
superior horizontal lines of the boxes represent the first
quartile, median and third quartiles. The ends of the ‘whis-
kers’ correspond to the limits of the data, beyond which val-
ues are considered anomalous. The mean is displayed with a
+, outliers with *, and upper and lower values with e,

explants showed high out-of-roundness values compared to
those obtained from explants retrieved for revision for an
uncomplicated fracture. Although they can be caused by
deformation secondary to the manufacturing and/or
implantation processes, the low maximum out-of-round-
ness values for the fracture explants strongly suggest that
an unexpectedly high rate of wear in vivo resulted in the
out-of-roundness of the ARMD explants. The out-of-
roundness traces of the acetabular components indicated
that wear occurred at the edge of the component. The
traces of the femoral components indicated a variety of
wear patterns. Some showed localised wear on the superior
surface, but others implied a more complex pattern, which
is the subject of continuing research.
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Table lll. Histology results and comparison with clinical data. The last three results are given as controls. Zero months indicate that the patient was

never free of pain post-operatively

Layer 1 Layer 2 Layer 3
Histiocyte
Allergies/ Onset of pain Onset of pain sheet Lymphocyte
Atopic postinitial surgery to revision Layer 1 surface  thickness cuff thick-
Case Gender condition (mths) (mths) membrane (mm) Lymphocytes ness (mm) Comments
1 F Codeine 0 19 Type 4 extensive 3 Absent 0.05t0 0.15
2 F Nil 3 33 Type 4 extensive 0.5 Marked 0.2t0 0.25 Lymphocytic cuffs have
occasional germinal centres
3 F Septrin 2 30 Type 3 and type 4 2 Moderate 0.05to 0.15 Biopsy from first revision
showed only necrosis
4 F Morphine 0 36 Type 3 and focal 1 Absent Absent > 200 ml of fluid at revision
type 4
5 F Elasto- 7 29 Type 4 massive NA" NA NA Necrosis only, no viable
plast tissue
6 F Penicillin 0 12 Type 3 and type 4 2 Moderate 0.1t0 0.15  The cuffs form a rosary
bead appearance
7 F Elasto- 6 12 Type 4 massive 1.5 Moderate 0.25t0 0.3  Extensive necrosis
plast
8 F Asthma, 25 2 Type 3 and type 4 2.5 Mild 0.2t0 0.35 By far the thickest cuffs
hayfever
9 F Tramadol, 0 8 Type 3 and type 4 3 Mild/moder- 0.05to 0.15 Metallic sheen seen grossly
suncream ate
10 F Asthma 0 17 Type 3 and type 4 0.9 to 2 Mild 0.15t0 0.2
1" M Sun cream 8 1 Type 4 massive 2.5 Moderate 0.15 Massive area of necrosis
12 F Nil 0 2 Type 4 massive NA NA NA Necrosis only
13 M Nil 35 3 Type 4 extensive 2 Mild 0.25t0 0.3 11 cm x 3cm x 4 cm pseudo-
tumour
14 M Nil 46" 1 Type 4 massive 3 Mild 0.05to 0.15
15 F Nil 48 2 No features of ALVAL,"
severe neck narrowing
16 M Nil No pain 0 No features of ALVAL, early
fracture
17 F Nil 52 2 Type 2 0.5 Absent 0.15t0 0.2  Sepsis

* NA, not applicable
tpatient sustained a fracture at 46 months
1t ALVAL, aseptic lymphocyte-dominated vasculitis-associated lesions

Metal-lymphocyte transformation tests. None of the ARMD
samples showed increased lymphocyte reactivity to Cr or Co
in vitro, or demonstrated an elevated incidence of metal
sensitivity above that of the general population (10% to
15%).!® Only one ARMD patient showed metal reactivity,
which was a mild response to aluminium, molybdenum and
nickel (Table V).

Discussion
In this series we have described a failure rate as a conse-
quence of ARMD of 3.2% in our ASR resurfacing group,
and 6.0% in the ASR THR group. This amounts to a failure
rate of 3.4% for all patients with ASR prostheses in this
study. These figures are likely to represent the ‘best case
scenario’. Based on our experience, which is consistent with
the reports in the literature,! metal debris-related complica-
tions may take several years to develop. The absence of
ARMD in the BHR group, despite patients being drawn
from the same geographical pool, suggests there is no genetic
predisposition to this condition.

We have previously shown that smaller ASR components
are particularly sensitive to position in terms of metal ion
release.’> Our results have been corroborated by another

centre.'”” We have now shown that ASR patients experienc-
ing joint failure as a consequence of ARMD have signifi-
cantly smaller, suboptimally orientated acetabular
components than do asymptomatic patients. Concentrations
of blood and joint metal ions in failed cases were signifi-
cantly increased compared to those in patients who were
pain free. Explant analysis of the available failed ARMD
joints confirmed greater wear than expected for the duration
in situ, as out-of-roundness values are a direct indication of
the wear depth on the different components. Maximum out-
of-roundness values of ARMD femoral components were
markedly elevated compared to those of explants retrieved
following fracture, including a femoral component that was
retrieved following a fracture two years post-operatively. We
conclude that an increase in the production of metal debris
increases the risk of adverse local tissue reactions. There are
reports of adverse immune responses leading to failure of
MoM joints where subsequent retrieval analysis showed
only minimal wear on the bearing surfaces.?’ The absence of
the condition in our study group with BHR implants or
larger/well-positioned ASRs suggests that these cases repre-
sent a minority group of sensitive patients who go on to
develop ARMD despite relatively low levels of metal debris.
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Table IV. Comparison of maximum out-of-roundness values for the analysed adverse reaction to metal debris failures with those
retrieved following fracture

Max out of roundness (head)

Max out of roundness
(acetabular component)

Implant* Time in situ (mths) Reasons for revision (uwm) (uwm)
ASR 28 Pain, effusion 313

ASR 18 Pain, effusion 17.7 14.8
ASR THR 36 Pain, effusion 38.8

ASR 8 Pain, effusion 91.8 64
ASR 27 Pain, effusion 38 28.8
ASR 35 Pain, pseudotumour 12.9

ASR 14 Pain, effusion 3.69 6.86
ASR 46 Late fracture 66.9

ASR 17 Pain, effusion 329 23.1
ASR 2 Fracture 1.8

ASR 8 Fracture 3.1

ASR 0 Fracture 2.5

ASR 2 Fracture 1.7

ASR 24 Fracture 2.7

ASR 6 Fracture 2

* ASR, articular surface replacement; THR, total hip replacement

Table V. Metal-lymphocyte transformation (LTT) results. Time indicates number of months after revision surgery when
blood samples were taken

ARMD" failures Cr Co Time LTT results’
19 No reactivity
34.9 96 12 No reactivity
64.8 217 12 No reactivity
7 Mild reactivity to A1, Mo, Ni
3.89 20.9 7 No reactivity
6.4 8.0 1 day No reactivity
Asymptomatic high ions 26 46.4 42 Mild reactivity to Ni
69.8 271 41 No reactivity
38 81 30 Mild reactivity to Ni, Fe
Asymptomatic low ions 2.89 1.04 38 Mild reactivity to Co, Cr, Ni. Moderate to
Mo
3.4 1.5 6 No reactivity

* ARMD, adverse reaction to metal debris;

1t A1, aluminium; Mo, molybdenum; N, nickel; Fe, iron

Levels of blood metal ions correlate well with articular
wear in retrieved components, and can therefore be used as
a surrogate marker iz vivo wear.”! We can use this informa-
tion to propose an explanation for the increased incidence
of ARMD in the ASR group. BHR acetabular components
provide a greater arc of cover than do ASR components.
For example, the coverage provided by the average female
BHR (size 52 mm) acetabular component in this series is
162°, with the equivalent ASR component (size 52 mm)
providing 151° of cover. Therefore, in components
matched for size and orientation, articular contact will take
place closer to the rim of an ASR acetabular component.
This ‘edge loading’ effect has been shown in numerous
retrieval studies to be strongly associated with increased
articular wear,>*? and this is consistent with the results of
our explant analyses. We have previously published work
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proposing that the location of the articular contact patch in
the standing position of the patient is crucial in the develop-
ment of high wear states.® The closer this patch lies to the rim
of the acetabular component the greater the chance of
increased blood metal ion levels. Figure 2 shows the calcu-
lated mean contact patch to rim distances for ASR and BHR
patients (men and women) in our series. The smaller the
mean contact patch to rim distance the greater the incidence
of ARMD. Women are exposed to higher concentrations of
metal ions owing to a combination of factors: increased
mean acetabular component inclination and anteversion,
and a reduced mean joint size (Table II). Anatomical studies
also show that the average female patient has a greater
degree of femoral anteversion, which could also lead to pos-
terior impingement and microseparation, a process impli-
cated in increased wear.?? It has been reported that high
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Scatter plot showing all metal ion results for all unilateral implants
in this study. Grey vertical lines represent the mean male (solid
line) and female (broken line) Birmingham hip resurfacing
patients’ calculated contact patch to rim distances. The black verti-
cal lines represent the equivalent articular surface replacement
resurfacing patients. Note that the articular surface replacement
total hip replacement contact patches for men and women are
omitted because of their almost identical values to the articular
surface replacement resurfacing male and female patient groups.

metal ion concentrations are associated with disturbing
amounts of tissue necrosis, even when the patient remains
asymptomatic.?!

Some individuals and populations (e.g. women) have a
greater predisposition to have or develop metal-associated
delayed-type metal hypersensitivity, possibly as a conse-
quence of prior metal sensitisation caused by jewellery?* or,
environmental exposure. Metallic ions purportedly become
bound to plasma proteins, and the resulting complexes may
stimulate an immune response.>>” Furthermore, this
reaction is metal specific, and the observed reactivity corre-
lates with serum levels of metal ions iz vivo.?® However, the
results we obtained from the lymphocyte transformation
test studies were not consistent with this idea. The lack of
lymphocyte reactivity to Cr and Co ions implies that if an
immune response is the pathogenic factor in the develop-
ment of an effusion, necrosis and pain, then it is likely to be
a localised response rather than a pre-existing or systemic
sensitivity. The fact that two of the patients with ARMD in
this series had bilateral implants but only unilateral symp-
toms lends support to this theory. However, localised
immune responses may act to sequester activated lympho-
cytes to the site of the joint inflammation and lead to fewer
available peripherally primed circulating lymphocytes for
lymphocyte transformation testing, and hence a non-
elevated systemic response in vitro.?’

The unsatisfactory outcome in the two patients described
in this series who were revised to metal-on-metal bearings,
appear to favour the existence of a localised persisting
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Fig. 3

Scatter plot showing joint fluid metal ion concentrations versus blood
metal ion concentrations. Spearman’s rank correlation = -0.599,
p =0.09. Included here are two results from one Birmingham hip
resurfacing patient revised for severe neck narrowing and another
aspirated for suspicion of infection.

immune response.” Newly published results*® have impli-
cated a mediated response to Co-Cr-Mo alloy particles as a
potentially important factor in reactions to metal debris.
This type of reactivity, which has been shown to be critical
to sensitivity responses to other non-metal antigens, would
fit with the appearance of the ARMD tissues, which show
heavy histiocyte infiltration. However, there is also accu-
mulating evidence to show that massive concentrations of
Cr and Co ions in the joint fluid could alone explain the
observed micro- and macroscopic tissue necrosis.>»3

The relationship between blood and joint concentrations
of metal ions is unexpected and warrants further investiga-
tion. In patients with the highest concentrations of joint
metal ions, Cr ions predominate, with a concentration
around four times that of Co. In the blood of the same
patients, the opposite is true, with Co concentrations two
to three times those of Cr (Fig. 3). Only when blood metal
ions are present in high concentrations do they reflect the
ratios of the metal alloy from which they are released
(Co:Cr 2.4:1). We acknowledge the small size of our data
set, but the results do appear to suggest that Cr is seques-
tered in and around the joint space, with Co apparently
more easily released into the circulation. Transmission elec-
tron microscope studies of metal particulate matter from
tissues retrieved at revision surgery for failed joints at other
centres, have shown that these particles are composed
almost entirely of Cr, mostly in the form of a product of
corrosion, chromium orthophosphate.’34

Early failure as a consequence of ARMD is probably
multifactorial. Modifiable factors such as the orientation of
the acetabular component and implant design conspire
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Fig. 4

Kaplan-Meier survival chart of the articular surface replacement (ASR)
failures secondary to adverse reactions to metal debris in the < 49 mm
femoral head group versus the > 49 mm heads. Broken lines represent
95% confidence intervals. The minimum follow-up for inclusion was six
months.
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Fig. 5

Kaplan-Meier survival chart of the articular surface replacement
patients with a calculated contact patch to rim distance > 10 mm
(black) versus < 10 mm (grey). Broken lines represent 95% confidence
intervals. Minimum follow-up for inclusion was six months.

with non-modifiable factors, including component size and
host tolerance/response, to determine the success or failure
of the resurfacing procedure. We have an unacceptably high
failure rate secondary to ARMD in patients with small ASR
bearings (Fig. 4). We have previously identified what we
believe to be the optimal orientation for the ASR acetabular

VOL. 92-B, No. 1, JANUARY 2010

component and highlighted the relatively small margins of
error involved when attempting to reduce blood metal ion
concentrations.'® This investigation has described the clin-
ical consequences of the resultant increase in articular wear
when these boundaries are exceeded (Fig. 5). Numerous
studies have shown that surgeons cannot consistently

achieve the desired acetabular component orientation,

34,35

and our own experience is consistent with the literature.
Surgeons must consider implant design, expected compo-
nent size and positioning of the acetabular implant in order
to reduce early failures when performing large-bearing
metal-on-metal hip resurfacing and THR.

Supplementary material

joint contact are available with the electronic version of this article on

E Appendices giving further information on proliferation assay and hip

our website at www.jbjs.org.uk

The author or one or more of the authors has received or will receive benefits
for personal or professional use from a commercial party related directly or
indirectly to the subject of this article. In addition, benefits have been made or
will be directed to a research fund, foundation, educational institute, or other
non-profit organisation with which one or more of the authors are associated.
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