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Metal-on-metal total hip replacement has been targeted at younger patients with 
anticipated long-term survival, but the effect of the production of metal ions is a concern 
because of their possible toxicity to cells. We have reviewed the results of the use of the 
Ultima hybrid metal-on-metal total hip replacement, with a cemented polished tapered 
femoral component with a 28 mm diameter and a cobalt-chrome (CoCr) modular head, 
articulating with a 28 mm CoCr acetabular bearing surface secured in a titanium alloy 
uncemented shell.

Between 1997 and 2004, 545 patients with 652 affected hips underwent replacement 
using this system. Up to 31 January 2008, 90 (13.8%) hips in 82 patients had been revised. 
Pain was the sole reason for revision in 44 hips (48.9%) of which 35 had normal plain 
radiographs. Peri-prosthetic fractures occurred in 17 hips (18.9%) with early dislocation in 
three (3.3%) and late dislocation in 16 (17.8%). Infection was found in nine hips (10.0%).

At operation, a range of changes was noted including cavities containing cloudy fluid 
under pressure, necrotic soft tissues with avulsed tendons and denuded osteonecrotic 
upper femora. Corrosion was frequently observed on the retrieved cemented part of the 
femoral component. Typically, the peri-operative findings confirmed those found on pre-
operative metal artefact reduction sequence MRI and histological examination showed 
severe necrosis.

Metal artefact reduction sequence MRI proved to be useful when investigating these 
patients with pain in the absence of adverse plain radiological features.

Some early designs of total hip replacement
(THR) included metal-on-metal (MoM)
bearings1 but the variability in the tolerance at
that time during manufacture caused high rates
of failure. However, when early failure did not
occur the implants outlasted the contemporary
Charnley metal-on-polyethylene design2-4

because the wear rates were considerably less.5

Low wear rates and minimal soft-tissue
necrosis have been observed after 30 years for
the McKee-Farrar MoM THR6 and a custom-
made prosthesis,7 demonstrating that a MoM
bearing can achieve long survival. Subse-
quently they have been re-introduced in THR8

as a result of improved understanding of the
bearing tribology,9 manufacturing processes
and the quest for increased longevity of
implants. The use of this type of implant has
been targeted at younger patients. However,
the production of metal debris and corrosion
has been a concern since metal ions may have a
toxic effect on cells. There is evidence that an
immunological reaction may ensue with the
theoretical risk of an oncogenic response.10

The production of metal ions may depend
on a number of factors. Wear between the
bearing surfaces has been reduced by improved
design and manufacturing.11 However,
increased production of metal ions is reported
to be associated with excessive inclination of
the actetabular component,12-16 the use of
incompatible metals,17 excess movement at the
cement-stem interface in the presence of poor
positioning of the stem18 and impingement.19

Whether production of metal ions is directly
proportional to use of the implant is open to
debate.20-22 Their production may provoke a
hypersensitivity reaction, resulting in an
immune response.23-29

When a metal-on-polyethylene THR fails
there is, typically, visible evidence of loosening
on plain radiographs, most notably radio-
lucent lines.30 These are due, in part, to the
biological response to wear debris which leads
to an increase in osteoclastic activity and resul-
tant re-absorption of bone.31,32 A recent study
has shown failure in a MoM THR when the
plain radiographs appeared to be normal, but
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metal artefact suppression MR scans detected gross abnor-
malities.33 

We report a series of patients with a MoM bearing and a
conventional design of femoral stem who underwent revi-
sion for a variety of reasons including pain, but who had
normal radiographs.

Patients and Methods
Between February 1997 and August 2004, 545 patients
with 652 affected hips underwent hybrid THR with a
MoM cobalt-chromium (Co-Cr) alloy bearing. Of these,
434 hips were treated in a public hospital (Norfolk and
Norwich University Hospital) and 218 in a private hospital
(Spire Hospital, Norwich).

There were 302 males and 243 females with a mean age
of 57 years (15 to 81). Of these, 366 (67.1%) had a uni-
lateral MoM THR with an unaffected contralateral hip and
107 (19.6%) had bilateral MoM THRs. A further
75 (13.8%) had a MoM THR on one side, and a non-MoM
implant on the other. Additionally, seven patients (1.3%)
had the MoM implant as a revision from a failed non-MoM
primary THR.

The diagnosis was primary osteoarthritis (OA) in 487
patients (89.3%) and in 58 (10.6%) secondary OA from
developmental dysplasia of the hip in 18, avascular necrosis
in ten, post-traumatic OA in ten, slipped upper femoral epi-
physis or Perthes’ disease in seven and Paget’s disease in
one. A total of 12 patients (1%) had an inflammatory
arthropathy, ankylosing spondylitis in eight and rheuma-
toid arthritis in four.

The first 20 patients were recruited as part of an
ethically-approved multicentre clinical investigation into
the safety and efficacy of a new MoM THR which was
managed and funded by Johnson and Johnson Professional,
New Milton, United Kingdom, now DePuy International
Ltd, Leeds, United Kingdom. The purpose was to demon-
strate conformance of the device with the essential require-
ments of the Council of European Communities directive
on medical devices 93/42/EEC,34 and was approved by the
United Kingdom regulatory agency. The use of different
femoral components was allowed in the various centres,
but in our study all patients had the same femoral compo-
nent. The inclusion criteria were the same as for standard
primary THR using a cementless acetabular component
and a cemented femoral component, namely pain, defor-
mity and loss of function which was not responsive to med-
ical treatment. The exclusion criteria were revision THR,
rheumatoid arthritis, previous sepsis of the hip, previous
inclusion of the contralateral hip in the study, recent use of
high-dosage corticosteroids, recent therapeutic radiation,
metabolic disorders of calcified tissue, Charcot arthropa-
thy, unsuitability for cementless fixation of the acetabular
component, the requirement of a segmental acetabular
bone graft including protrusio, previous evidence of sensi-
tivity to Co-Cr or titanium alloy (Ti-6A1-4V), inability to
attend post-operative follow-up visits and psychosocial

factors which might limit rehabilitation. The clinical and
radiological data were gathered prospectively pre-opera-
tively and at review at six weeks, six months and then
annually.

On completion of the initial investigation on our
20 patients (and a further 30 recruited from elsewhere), the
relevant Conformité Europeene (CE) marking was
obtained by the manufacturer and the patients were
recruited as part of a post-market clinical follow-up study.
The same inclusion criteria were followed, but the presence
of inflammatory arthropathy, contralateral hip replacement
and inability to attend follow-up were no longer applied as
exclusion criteria. Outpatient review followed the routine
department protocol in the public hospital. This consisted
of a clinical and radiological review at six weeks after oper-
ation and then at yearly intervals. Patients treated in private
hospitals were followed up under the supervision and pro-
tocol of the individual surgeon (JFN, JKT).
The implant. The Ultima hip replacement system (DePuy
International Ltd) was used in all the patients. The acetab-
ular component was uncemented of wrought Ti-6A1-4V
porous-coated outer shell with three holes for supplemen-
tary Ti-6A1-4V screw fixation. There were 11 sizes of shell
from 48 mm to 68 mm in increments of 2 mm. An acetab-
ular insert manufacturered from high-carbon Co-Cr
molybdenum alloy (CoCrMo) with a 28 mm diameter
hemispherical articular surface was secured in the shell by a
taper arrangement. A 10° augmented insert was available if
required. The modular femoral head was 28 mm in diame-
ter and made of low carbon CoCrMo alloy, with a diame-
tral clearance of 0.030 mm to 0.075 mm to allow polar
bearing. The stem was a standard cemented Ultima TPS
collarless, double-tapered, polished stem made from
CoCrMo alloy (Fig. 1).

The femoral component was cemented with either plain
Simplex, Simplex P (Howmedica International, Limerick,

Fig. 1 

Photograph of the compo-
nents of the implant.
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Ireland) low-viscosity cement or Palacos R (Biomet Inc,
Warsaw, Indiana) high-viscosity cement with gentamicin.
Operative technique. In all, 647 operations (99.2%) were
carried out under the care of three specialist hip surgeons,
including two authors (JFN, JKT) one of whom performed
407 (62.4%). Of the operations undertaken, 605 (92.8%)
were performed by consultants as the primary surgeon and
the rest by experienced trainees.

The approach chosen was according to the preference of
the surgeon, either anterolateral detaching the anterior
two-thirds of gluteus medius (most surgeons) or postero-
lateral. The acetabulum was prepared using hemispherical
reamers and the acetabular component selected was 2 mm
larger than the last reamer. Any defects were packed with
autograft. This was used in 38 (5.8%) procedures. The fem-
oral component was inserted using third-generation
cementing techniques.35 The surgeons who favoured the
anterolateral approach used predominantly Palacos R
cement and the surgeon using the posterolateral approach
Simplex P cement.
Renal function. Since chronic renal failure is recognised to
influence the levels of metal ions,36 the  pre- and post-
operative renal function was determined from the serum
levels of urea and creatinine extracted from the public hos-
pital software program (ICE, Anglia Healthcare Systems,
version 1, Norwich, United Kingdom). The initial value
was obtained at the nearest time to the primary operation,
but not more than one month before, and similarly any pre-
revision value was obtained not more than one month
before the revision procedure. The latest value available
was taken as the level after the revision. Renal impairment
was considered to be present if the recorded value exceeded
the normal laboratory range (urea 2.5 mmol/l to
10.5 mmol/l and creatinine 44 μmol/l to 124 μmol/l).
Radiological analysis. Plain radiographs of the pelvis were
taken with standard standing anteroposterior (AP) and lat-
eral views. The following measures were acquired from each
radiograph and measured independently by consensus opin-
ion: acetabular inclination, the height of the acetabular com-
ponent, leg length, lateral offset and alignment of the femoral
component according to a published protocol.37 They were
reviewed and independently analysed. The position of the
component, the adequacy of cementing using the Barrack
system38 and the presence of radiolucent lines, bone loss, and
soft-tissue swelling were noted. Peri-prosthetic fractures
were classified according to the Vancouver system.39

As the study advanced it became apparent that the plain
radiographs were not showing any adverse features when
some patients with normal radio-isotopic bone scans and
normal blood parameters reported pain. MRI was under-
taken using metal artefact reduction sequences with one of
two 1.5T MR machines (Siemens Symphony; Siemens,
Ehrlingen, Germany or GE Sigma; GE Healthcare, Slough,
United Kingdom). MR acquisitions included axial T1- and
T2-weighted fast spin echo, coronal T1-weighted and Short

T1 Inversion Recovery and a sagittal T2-weighted fast spin
echo with matrix sizes up to 320 × 384 voxels and extended
receiver bandwidths (e.g. 640 Hz/voxel using the Siemens
apparatus). Phase and frequency-encoding directions were
arranged so that the peri-prosthetic soft tissues could be
visualised optimally on at least two of the sequences.33

All the pre-operative MR examinations were reviewed
on diagnostic Picture Archive Communication System
workstations (GE Centricity, GE Healthcare) using 2K
high-resolution monitors (Barco, Kortrijk, Belgium) by two
trained musculoskeletal radiologists (including AT). The
findings were recorded after agreement of the two obser-
vers. Atrophy or avulsion of the short external rotators was
recorded as positive if there was evidence of disease in any
one of the muscles.
Histological analysis. Tissues retrieved at revision surgery
were processed by standard haematoxylin and eosin stains,
as well as a connective tissue stain, Elastin Ponceau S.
Statistical analysis. Survival of the implant was estimated
according to the Kaplan-Meier method using the SPSS ver-
sion 10.0 software  (SPSS Inc., Chicago, Illinois) with 95%
confidence intervals (CI). Failure was defined as revision
for any reason. The time to revision was calculated as the
interval between the date of implantation and that of revi-
sion. Patients without revision were censored on the date of
death. The chi-squared test was used with significance set at
a p-value ≤ 0.05.

Results
Revision cohort. Up to 31 January 2008, 82 patients had
undergone revision of their primary MoM THR, of whom
four were revised to another MoM THR before the nature
of the problem was appreciated. They have since undergone
a further revision. Another four patients have had bilateral
revisions. Therefore the revision series comprised 90 hips.
There were 44 males and 38 females with a mean age of
51 years (15 to 75). The mean body mass index (BMI) was
29.5 g/cm2 (21 to 42.5).

Revision of all the components was performed in all
except five hips. Of the latter, two had exchange of the
acetabular component and one an isolated revision of the
femoral component, which subsequently required total
revision. In the remaining two patients only the head and
liner were exchanged, one of which had a proven infection.

When it became clear that there was an unacceptably
high rate of failure, the Research and Ethics Committees
were informed and at their request an investigation was
undertaken by a group which included clinicians, radiolo-
gists, histopathologists, research staff, a statistician and
representatives of DePuy International Ltd. The United
Kingdom national competent authority (the Medicines and
Healthcare products Regulatory Agency) was informed by
the manufacturer.
Clinical findings. Generally patients were pleased with the
outcome, but if a problem emerged they would describe the
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replacement as “not quite right”, usually at least two years
post-operatively. Deterioration then followed with the pre-
dominant complaint being pain, typically felt in the groin
and thigh. Of the 90 hips (13.8%) which underwent revi-
sion, 35 (38.9%) had normal radiographs and no pain, and
57 (69.5%) had soundly fixed implants (Table I). One
implant fractured through the neck of the femoral compo-
nent in a patient with a BMI of 42.5 kg/cm2. The patients
with late dislocations were found to have avulsion of the
tendons of the glutei and short external rotators. Two
patients had palpable masses because of collections of fluid,
and one had a sinus in the presence of a negative microbio-
logical culture. However, positive cultures were found in
the peri-implant soft tissues at revision. One patient devel-
oped late palsy of the sciatic nerve as a result of a soft-tissue
reaction involving the nerve directly. This palsy did not
improve after revision.

At revision a collection of opaque fluid was found, which
was sometimes under pressure, and soft-tissue necrosis
(Fig. 2). This could have been associated with avulsed gluteal
tendons. The denuded upper femur was associated with
avascularity of its surface (Fig. 3). The prosthesis was

typically well fixed with an intact cement mantle, except when
a peri-prosthetic fracture had occurred. In all cases the stem
was corroded where it was in contact with the cement (Fig. 4).
Infection. In six patients positive bacterial cultures were
found at revision. Three were due to Staphylococcus aureus
(two being methicillin-resistant), one to Streptococcus
group G, one to Enterococcus, and one to a coliform spe-
cies. A total of eight patients had histological findings con-
sistent with infection, of whom one was a proven case with
Enterococcus. Three had been treated for infection before
revision. None of these eight patients has required another
revision. Therefore nine patients had infected implants giv-
ing an overall rate of infection for the whole series of 0.1%
and for the revision series of 10.0%.
Implant survival and revision rates. The entire series had a
failure rate of 13.8% (95% CI 9.3 to 19.5) at five years.
Peri-prosthetic fractures. These occurred in 16 patients.
Three were of type Vancouver AG, one of which was noted
intra-operatively, but not on the plain radiographs. One
was Vancouver AL, also found intra-operatively, and the

Table I. The causes of revision in the 90 failed total hip replacements
correlated with the plain radiological findings

Cause Normal (%) Loosening (%) Total (%)

Pain 35  (39.0)   9  (10.0) 44  (48.9)
Peri-prosthetic fracture 14  (15.6)   3  (3.3) 17  (18.9)

Dislocation
Early   3  (3.3)   0  (0.0)   3  (3.3)
Late 12  (13.3)   4  (4.0) 16  (17.8)

Infection   6  (6.7)   3  (3.3)   9  (10.0)
Implant fracture   1  (1.1)   0  (0.0)   1  (1.1)
Total 71  (78.9) 19  (21.1) 90  (100.0)

Fig. 2

Intra-operative photograph showing moderate soft-tissue changes with
velvety-white synovium around the prosthesis.

Fig. 3

Intra-operative photograph showing severe changes with the
upper femur denuded of soft-tissue attachments.
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rest were Vancouver B1, the typical pattern being involve-
ment of the medial femoral cortex (Fig. 5) and the lesser
trochanter, usually comminuted. All except two patients
were men. This differed significantly from the pattern in the
total series (chi-squared test, p < 0.001). One of the female
patients had a transverse fracture at the tip of the stem and
pre-fracture radiographs showed lateral cortical thickening
suggesting a stress reaction. In two men the fracture fol-
lowed a fall from a height, but the rest were caused by low-
energy trauma.
Other complications in the main series. Details of compli-
cations not requiring revision surgery were available for
574 hips (88.0%). There were 15 cases of venous thrombo-
embolism but no pulmonary emboli, and nine hips had a

persistent wound leakage. Four patients described squeak-
ing or clunking. There was one case of iliotibial band
defect.
Renal function. Of the 82 patients (90 revised hips) full
results were available for 67, of whom 12 had abnormal
results before the primary procedure which had subse-
quently returned to normal. A further seven had abnormal
results before their revision procedure, which subsequently
returned to normal post-operatively. In four patients their
results were persistently abnormal and one had chronic
renal failure.
Radiological findings. Of the 90 revised hips the immediate
primary post-operative radiographs were available for 83.
The Barrack cement grade was A in 67 (80.7%), B in
13 (15.7%) and D in three (3.6%) and none were found to
be grade C. The mean acetabular inclination (n = 82) was
46° (27° to 60°) with 62 hips lying between 30° and 50°.
The mean height of the acetabular component (n = 82) was
+3 mm (-15 to +22). The mean lateral offset (n = 81) was
2.8 mm (-30 to +28). The mean leg-length discrepancy
(n = 81) was 0.4 mm (-25 mm to +18 mm). On the AP
radiograph (n = 83), the mean position of the stem was
varus 2° (3° valgus to 8° varus). A total of 16 patients had
evidence of loosening with radiolucent lines; three associ-
ated with peri-prosthetic fracture and four with late dislo-
cation. Of the nine with painful aseptic loosening,
migration was not noted (Table I).

In 43 patients (45 hips) MRI had been undertaken before
revision. The mean age of these patients was 62 years (38 to
84). The mean time from the primary THR to MRI was
40 months (11 to 85) and the mean time to revision from
the MRI was 5.6 months (0.1 to 30.3).

In 41 of the 45 MR scans a fluid-filled peri-prosthetic
cavity was observed (Fig. 6a). It was lined by a ragged wall
up to 1 cm thick and was contiguous with the neck of the
femoral component. In 40 patients the cavity was most
commonly positioned superolateral to the femoral neck
extending into the gluteal compartment and deep to the fas-
cia lata overlying the greater trochanter (Fig. 6b). In one it

Fig. 4

Photograph of the explanted femoral stem showing severe corrosion
confined to the interface of the stem and acrylic cement.

Fig. 5a

Post-operative anteroposterior radiographs showing a) the normal post-
operative appearance in a symptomatic patient with abnormal MR find-
ings and b) a typical Vancouver-B1 peri-prosthetic fracture with well-
fixed components (different patient).

Fig. 5b

Fig. 6a

Metal artefact reduction sequence MR axial scans showing a) a peri-pros-
thetic high-signal collection of fluid surrounded by an irregular low-sig-
nal capsule (arrow) (T2-weighted). The wall of an abscess cavity would
typically be intermediate to high signal on a T2-weighted image) and b)
a periprosthetic collection extending laterally through the fascia lata
(white arrow) (T1-weighted).

Fig. 6b
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was positioned anteroinferiorly, replacing the proximal
vastus intermedius. In five patients the peri-prosthetic cav-
ity extended through the fascia lata into the subcutaneous
fat. In four the primary cavity extended into the quadriceps
compartment. Other peri-prosthetic fluid-containing struc-
tures included a seroma, a psoas bursa and a sinus track.

In these 45 hips atrophy of the gluteus medius (n = 22),
gluteus minimus (n = 20) and at least one of the short exter-
nal rotators (n = 21) were common findings, with avulsion of
the tendons of gluteus medius (n = 11), gluteus minimus
(n = 12), and at least one of the short external rotators (n = 5).

Bone-marrow oedema in the proximal femur was dem-
onstrated in the greater trochanter in 22, the lesser tro-
chanter in 21, the anterior inter-trochanteric region in one
and posteriorly in five hips. In two patients a fracture of the
medial calcar and one of the greater trochanter was seen.
Histological findings. Peri-prosthetic tissue was available
for histological examination from 76 hips. Of these, 62 hips
provided specimens with an appearance ‘typical’ of MoM
necrotic reaction, of which 57 had an inner surface layer of
acellular eosinophilic amorphous fibrinoid material. In
24 only necrotic tissue, including bone, was seen (Fig. 7a)
within which original structures such as blood vessels and
adipose tissue could be identified. The remaining 38 con-
tained necrotic tissue and viable peripheral tissue. This was
fibrotic, and in 35 of these there was a perivascular and dif-
fuse lymphoid infiltrate of variable density (Fig. 7b). Histi-
ocytes were present and in 19 of the 38 hips there was an ill-
defined granulomatous reaction at the interface of the
necrotic and viable tissue. Four specimens had an apprecia-
ble eosinophilic component. Plasma cells were sparse and
neutrophils were not a feature except in those hips with
possible infection. Seven specimens had visible metal parti-
cles in the necrotic tissue while 16 had microscopic metal
particles either free or in macrophages in the fibrinous sur-

face layer. In three, probable metal particles were present in
peripherally-situated macrophages. The non-typical sam-
ples occurred early in the series when the specimens were
small and/or superficial. Of the 76 specimens, eight showed
additional active inflammatory changes which were suspi-
cious of infection, five in otherwise typical MoM cases and
three in non-typical cases.

One of the patients who had been revised to a metal-on-
polyethylene implant went on to a further revision for
recurrent dislocation. Histological analysis of the further
retrieved tissue showed that there was an ongoing reaction
to metal debris typical of this series, despite removal of the
MoM implant.

Discussion
Our study has shown failure of the Ultima MoM THR sys-
tem in which the predominant feature was pain in the pres-
ence of normal radiographs. Most reports of failure of
MoM implants describe aseptic loosening26,28,29 with histo-
logical evidence of hypersensitivity.

The bearing surfaces were macroscopically pristine, with
corrosion confined to the area of the stem in contact with
the acrylic cement. Massive collections of fluid under pres-
sure appeared to be the cause of the pain, since it was
relieved temporarily on aspiration of the fluid. We attribute
the high rate of late dislocations to avulsion of the gluteal
and short external rotator tendons. No obvious abnormal-
ity was present on the plain radiographs, although careful
review may suggest soft-tissue changes consistent with a
large fluid collection, since there was no reaction at the
cement-bone interface, and no demineralisation was evi-
dent even when the bone was dead. However, the osteo-
necrosis did lead to peri-prosthetic fractures as one of the
mechanisms of failure. Jacobs et al40 reported a compara-
tive multicentre study using an identical acetabular compo-
nent and bearing couple, but with a titanium alloy
cementless S-ROM femoral component (Johnson and John-
son, Raynham, Massachusetts) with a CoCrMo 28 mm
head comparing a ZTT II acetabular component (Johnson
and Johnson) with a polyethylene liner and also the S-ROM
femoral component. At follow-up at three to six years one
hip of 95 in the MoM group had loosened at four years,
with one case of dislocation and 12 cases of trochanteric
bursitis. Of the 76 hips in the polyethylene-metal articula-
tion group, none had loosened or dislocated, and three had
trochanteric bursitis. These results are notably different
from our findings.

Massive metallosis has been reported in one patient with
a ceramic-on-CoCr bearing with a hydroxyapatite-coated
titanium femoral component,40 who presented with pain
and an expanding mass in the proximal thigh. The CT
showed a mass 14 cm in size involving the acetabulum,
gluteus medius and maximus and extending into the thigh,
with the histological examination revealing necrosis with
massive metallosis. A further two patients with groin cysts
and normal plain radiographs have also recently been

Fig. 7a

Photomicrographs showing a) bland necrosis with recognisable adipose
tissue (bottom left) and b) perivascular lymphoid infiltrate (arrowed) at
the interface between heterotopic tissue on the right and viable tissue on
the left (haematoxylin and eosin × 40).

Fig. 7b
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reported.42 Histological examination showed diffuse or
sometimes nodular dense lymphocytic infiltration,
mostly around small venous blood vessels with only rare
plasma cells, in between many macrophages with phago-
cytosed metal particles. In our series, the soft-tissue
response produced characteristic changes on metal arte-
fact reduction sequence MRI sequences and on histo-
logical examination. MRI demonstrated fluid collections
of variable size with an irregular wall, generally extend-
ing into the gluteal compartment, with atrophy of glu-
teus medius and minimus being common. Oedema of
muscle and bone marrow was noted. Histological exam-
ination showed extensive tissue necrosis and a dense
perivascular lymphocytic infiltrate. A network of fibrin
surrounded ‘ghosts’ of dead cellular material, with lym-
phocytic proliferation around blood vessels in the
pseudocapsule of the hip. These were similar findings to
those described by Davies et al.24 It seems that this
response is directly due to the massive ionic load.
Similar changes have been reported in failed MoM
hip resurfacings.43

High metal loss could be due to poor surgical technique.
However, the cementing was satisfactory in most of the failed
implants. Abnormal inclination of the acetabular component
has been proposed as a cause.12,13,44,45 In our revision series
the acetabular inclination in 62 of the 82 hips with available
radiographs was within the safe zone proposed by Langton
et al46 for metal-on-metal polyethylene THR. However, we
accept that we have not measured the anteversion angle.
Without knowing the position of the acetabular component
for the whole series, it is not possible to state whether this
correlated with failure. Brodner et al36 showed no correla-
tion between the inclination of the acetabular component
and serum cobalt levels. Neither was chronic renal failure
associated with a poor outcome, although the authors noted
that their study was underpowered.36

MoM bearings are known to shed metal ions over a very
long period. Sauvé et al47 showed that patients with well-
fixed Ring MoM prostheses had five times the reference
serum levels for cobalt and three times for chromium.
However, a long-term study of an original McKee MoM
bearing did not show necrosis in bone or soft tissue in an
asymptomatic patient.48 Neither were cobalt or chromium
ions found in the soft tissues.

The problem in our series may be one of galvanic corro-
sion caused by the combination of the titanium alloy shell
and the CoCr alloy stem. A titanium stem with a CoCr
alloy bearing has been shown to lead to corrosion and fail-
ure.49 Scratching of the titanium surface worsens this
effect.50 This causes a capacitive impedance of nearly zero,
favouring an electrochemical dissolution process at the sur-
face of the implant. Wolner et al50 noted in the laboratory
that the passivation, repassivation and corrosion of a MoM
slide in combination with a partly damaged titanium alloy
surface are quite complex. Between the CoCrMo alloy and
the titanium alloy, an electrical potential can be established,

the value of which depends on the electrolyte composition
and the temperature which results in a dissolution process
of components of the Ti-A1-Nb alloy. However, a cathodic
partial reaction at cathodic active areas in the CoCrMo
alloy can cause anodic dissolution reactions on anodic
active parts at the tribologically treated MoM slide. This
results in enhanced cobalt and chromium ion concentra-
tions in solution.

However, other units which have used this implant com-
bination in approximately 400 THRs or the same acetabu-
lar component and modular head with a different design of
CoCr stem have not recorded this problem. Further work is
underway to attempt to replicate these unusual corrosion
results in vitro by appropriate laboratory studies. This
should assist in furthering our understanding of the facts
leading to these effects when implant systems are used
within the human body in conditions of dynamic loading.
We are also uncertain of the significance of the high-carbon
CoCrMo alloy insert articulating with the low-carbon
CoCrMo alloy head.51

An idiosyncratic immune response may be another expla-
nation. The mechanism of the immune reaction seen in these
patients is unknown, but it does fall within a stereotype
which has been reported for MoM THRs.24,27 It has been
suggested that there may be a subtype of orthopaedic
patients which is particularly prone to mounting an immune
reaction against the metals in the implant. This may be anal-
ogous to the contact sensitivity in the skin which is seen in
some patients after exposure to the same metals.23

It should be noted that we have not independently
tested the bearing surface of the retrievals, but DePuy
International has performed tests and reported that no
significant wear could be found in the retrieved heads and
cups. Unlike other reports of metallosis in MoM bearings
where the loss has been at the bearing surface, in this
implant configuration the metal loss has been principally
from the femoral component.

We have reported a high revision rate of 13.8% (95% CI
9.3 to 19.5) at five years for the Ultima hybrid THR using
an uncemented MoM acetabular component and cemented
CoCr tapered polished femoral component. The failures
were due to necrosis of peri-implant bone and soft tissues
from massive metallosis, the cause of which was uncertain.

Supplementary material
A further opinion by Ms L. Biant is available with the
electronic version of this article on our website at

www.jbjs.org.uk
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