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Abstract
Background Failure to restore femoral offset in metal on polyethylene total hip arthroplasty (THA) causes polyethylene wear and
aseptic loosening. To our knowledge, no study to date has investigated the relationship between femoral offset and wear in metal-on-
metal (MOM) THA.
Aims In this study, we investigated the relationship between femoral offset and wear by measuring circulating metal ion levels in
MOM THA.
Methods In this retrospective study, we identified patients who had undergone MOM THAwith the ASR XL system (DePuy
International Ltd., Leeds, UK). Femoral offset was measured using anteroposterior radiographs, and circulating metal ion levels
(cobalt and chromium) were recorded.
Results In total, 95 patients were included (68 males and 27 females). The mean age at the time of surgery was 64.9. Mean time
from surgery to blood sampling was 15.4 months. No statistically significant relationship was found between femoral offset and
cobalt (p = 0.313) or chromium (p = 0.401) ions.
Conclusion It is known that failure to restore femoral offset during THA can lead to high rates of wear in metal-on-polyethylene
articulations. In our study, no statistically significant relationship was found between femoral offset and serum cobalt or chro-
mium ions. This study adds to the information available to surgeons regarding factors that increase wear in metal-on-metal total
hip arthroplasty.
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Introduction

Metal-on-metal (MOM) bearings in total hip arthroplasty
(THA) were proposed to have several advantages over con-
ventional metal-on-polyethylene bearings. These advantages,
including lower rates of wear and improved stability [1–3], led
to increased use of metal-on-metal bearings in THA [4]. The
articular surface replacement XL system (Depuy International
Ltd., Leeds, United Kingdom) is a metal-on-metal hip

arthroplasty system which was designed as a hip resurfacing
system (ASR hip resurfacing system) or as the ASR XL total
hip arthroplasty system using a femoral component articulat-
ing with the same acetabular component as used in the
resurfacing implant.

However, joint registries have reported higher than expect-
ed failure rates with metal-on-metal arthroplasty [5] and con-
cerns remain regarding the adverse effects of high circulating
metal ions in patients with MOM bearings. These adverse
effects include pseudotumor formation, metal hypersensitivi-
ty, and osteolysis [6–9]. In August 2010, DePuy voluntarily
recalled the ASR hip resurfacing and XL stemmed implant
system due to high failure rates.

Circulating levels of metal ions are used as a marker for the
degree of in vivo wear in metal-on-metal bearing arthroplasty
[10, 11]. This has lead to attempts to determine the technical
and mechanical factors that affect the levels of circulating
metal ions. A variety of factors, including cup inclination an-
gle, degree of anteversion, edge loading, and impingement
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can affect the wear rate in MOM articulations, and thus may
cause an increase in circulating metal ion levels [11–15]. To
our knowledge, no study has yet investigated the effect of
femoral offset on metal ion levels in MOM bearing THA.

Femoral offset is defined as the perpendicular distance be-
tween the long axis of the femur and the center of rotation of
the femoral head. The restoration of normal femoral offset has
several advantages in total hip arthroplasty. These include
improved abductor strength, enhanced stability, greater range
of motion, and reduced rates of aseptic loosening and poly-
ethylene wear [16–23]. We hypothesize that increasing the
femoral offset may lead to increased wear in metal-on-metal
total hip arthroplasty and thus cause increased levels of circu-
latingmetal ions. In our study, we investigated the relationship
between femoral offset and circulating metal ion levels.

Materials and methods

This retrospective study was performed in a single tertiary
care institution. For this type of study, formal consent is not
required. All patients were identified from our institution’s
database following DePuy’s recall of the ASR resurfacing
and XL stemmed implant in August 2010. All patients
underwent MOM THA between December 2005 and the
product recall. At follow-up, patients were evaluated bio-
chemically and radiologically with peripheral blood samples
for analysis of serum cobalt and chromium ion levels and
standard anteroposterior radiographs of the pelvis. Serummet-
al ions were utilized as a surrogate marker for wear at the
bearing surface. All blood samples were analyzed in an inde-
pendent laboratory, using phlebotomy protocols recommend-
ed by the laboratory.

In total, 128 patients were identified initially. Patients who
had undergone resurfacing arthroplasty were not included in
the study. Thirty-three patients were excluded as they had a
THA on the contralateral side. Consequently, 95 patients were
analyzed. There were 68 males and 27 females in the cohort.
The mean age at the time of surgery was 64.9 ± 9.4. The mean
time in months between surgery and measurement of metal
ions was 37 ± 15.4 (range 11–66).

All radiographs were stored in the picture archiving
and communication system (PACS), and femoral offset
of both the operated hip and the contralateral hip was
recorded using PACS tools. A protocol is used within
the radiology department for anteroposterior radiographs
of the pelvis following arthroplasty to ensure conformity
between images and this protocol was adhered to during
the study period. Offset was measured as the distance
between the center of rotation of the hip and femoral
anatomical axis, as this measurement has been shown to
remain constant regardless of femoral position in abduc-
tion or adduction [24]. Patients who had bilateral total hip

arthroplasty were excluded, regardless of the bearing sur-
face of the contralateral hip, due to fears that corrosion at
modular junctions in the contralateral hip arthroplasty
may cause elevated circulating metal ions [25, 26]. Pre-
operative radiographs were also reviewed to ensure there
were no discrepancies in offset between the hips prior to
surgery, thus allowing the contralateral hip offset to be
used as a comparison for the operated side in the post-
operative period. Patients who were deceased or lost to
follow-up before radiological and biochemical evaluation
could be completed were also excluded.

Once all measurements had been recorded, patients
were grouped into one of three categories: decreased off-
set (decrease ≥ 5 mm when compared with contralateral
hip), increased offset (increase ≥ 5 mm compared with the
contralateral hip), and normal offset (< 5 mm difference
between operated hip and contralateral hip). Similar cate-
gorization of offset into Bincreased,^ Bnormal,^ and
Bdecreased^ has previously been described in studies of
femoral offset following THA [27, 28].

In a document from their Expert Advisory Group published
in 2010, the United Kingdom Medicines and Healthcare
Products Regulatory Agency (MHRA) recommended 7 ppb
as the limit above which metal ion levels should be a concern
[29]. This is equivalent to 119 nmol/L cobalt and 134 nmol/L
chromium. Although alternative metal ion levels have been
suggested [30], in this study, we used the levels recommended
by the MRHA, as these are the levels that we apply in our
clinical practice.

Statistical analysis was performed using IBM Corp.
SPSS version 24 (Armonk, NY). Patients’ metal ion
levels, patient demographics, and prosthesis details were
compared. Variables with skewed distribution (cobalt
and chromium concentrations) were compared using
the Spearman’s correlation coefficient. The other numer-
ical variables were normally distributed and compared
using independent t tests. Categorical variables were
compared using the chi-square test. Changes in blood
cobalt and chromium levels over time for all patients
and subgroups of offset were compared using linear
mixed-effects models with random intercept. In all anal-
ysis, a p value of less than 0.05 was taken to be statis-
tically significant.

Results

In total, 95 patients were included. All patients had under-
gone metal-on-metal total hip arthroplasty with the ASRXL
total hip arthroplasty system between December 2005 and
August 2010. There were 68 males and 27 females. The
mean age at the time of surgery was 64.9 ± 9.4 with a min-
imum age of 43 and maximum age of 82. The mean time in
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months between surgery and measurement of metal ions
was 37 ± 15.4 (range 11–66).

One assessor measured the femoral offset in all cases to
ensure consistency. Offset was compared to the contralateral
limb to determine if offset was restored. As described above,
patients were divided into one of three categories: decreased
offset, normal offset, and increased offset. Thirty-three pa-
tients were classified as low offset (34% of the cohort).
Forty-six patients (48%) had normal offset and 16 patients
(16.8% of the cohort) were classified as high offset. Table 1
divides patients with elevated ion levels into categories based
on offset.

Firstly, cobalt ion levels were analyzed. Twenty-six pa-
tients had high cobalt ion levels (> 119 nmol/L). Spearman’s
rank coefficient was utilized as the data was found to be non-
parametric using the Kolmogorov-Smirnov test. There was no
statistically significant difference in the relationship between
femoral offset and cobalt ion levels (r = 0.187, p = 0.313).
Next, the three discrete femoral offset groups were evaluated
to see if any relationship existed in relation to cobalt ion levels.
The chi-square test was carried out. There was no association
between femoral offset groups and cobalt ion levels x2 =
1.803, p 0.406.

Next, chromium ions were analyzed. Eleven patients had
high chromium ion levels (> 134 nmol/L). Spearman’s rank
coefficient was utilized as the data was again found to be non-
parametric, using the Kolmogorov-Smirnov test. There was
no statistically significant difference in the relationship be-
tween femoral offset and chromium ion levels (r = − 0.180,
p = 0.401). The chi-square test was conducted to evaluate
any correlation between the discrete femoral offset groups
and chromium ion levels. There was no statistically significant
correlation between femoral offset groups and chromium ion
levels, x2 = 5.22, p = 0.073.

Discussion

Total hip arthroplasty has been used for many years, and is
believed to have originated in Germany in 1891. Philip Wiles
is credited with performing the first metal-on-metal THA
when he implanted steel prostheses in six patients in 1938.

English surgeon George McKee was one of the first surgeons
to use metal-on-metal prosthesis regularly when he began
using a modified Thompson stem with a cobalt-chrome ace-
tabular cup [31]. However, these implants were associated
with accelerated wear, early loosening, and poor overall sur-
vivorship [32], and with the advent of Sir John Charnley’s low
friction metal-on-polyethylene arthroplasty, their use signifi-
cantly declined. It was reintroduced over the last two decades
because of low volumetric wear rates in comparison with
metal-on-polyethylene bearings, which has the potential to
reduce wear particle-induced osteolysis and aseptic loosening
[2]. It also had the advantage of greater implant stability with
lower rates of dislocation [3]. Resurfacing arthroplasty using
MOM bearings was also seen as an attractive option, as it has
the advantage of bone stock conservation and relatively
straightforward revision to total hip arthroplasty [33].

Unfortunately, national joint registries have reported failure
rates in hip arthroplasty with MOM bearings 2–3-fold higher
than with other established bearings [5]. Furthermore, adverse
periprosthetic soft tissue reactions have emerged which are
locally destructive to muscle and bone and can cause implant
failure [34]. This local soft tissue destruction is thought to be
caused by immune responses to metal wear particles, with
activation of lymphocytes andmacrophages leading to inflam-
mation, necrosis, and granuloma formation [6, 35]. Although
volumetric wear with MOM articulations is lower than MOP
articulations, the particles produced are smaller and more nu-
merous [36]. As the role of these particles in adverse soft
tissue reactions became apparent, multiple studies attempted
to characterize factors which influence wear, using circulating
metal ions as a marker for the degree of wear [37, 38].

Studies in MOM resurfacing arthroplasty have shown
that a variety of factors, such as cup inclination angles
greater than 55 degrees, anteversion less than 10 degrees
or greater than 20 degrees, edge loading, impingement,
female sex, and smaller femoral head sizes can affect the
wear rate, and thus may cause an increase in circulating
metal ion levels [11–14]. It is not clear, however, to what
extend these factors affect wear in MOM total hip
arthroplasty. Bayley et al. evaluated 258 hips with mean
4-year follow-up treated with MOM THA with head sizes
42 to 60 mm. In this study, elevated metal ion levels were
associated with smaller head size, bilateral MOM THA,
and female sex [15]. Engh et al. examined 105 patients
5 years following MOM THA and concluded that 36-mm
MOM bearings underperformed with respect to metal ion
levels when compared to 28-mm bearings [39]. Clearly,
the relationship between component size, as well as posi-
tion, and metal ion levels is complex.

For MOM bearings, the 7 ppb limit for cobalt and
chromium ions recommended by the Medicines and
Healthcare products Regulatory Agency (MHRA) in a
document from their Expert Advisory Group [29] has

Table 1 Number of patients with elevated metal ions in each of the
offset categories

Femoral offset Number of patients with elevated ions

Cobalt (n = 26) Chromium (n = 11)

Increased 4 3

Normal 18 6

Decreased 4 2
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been shown by Hart et al. [30] to have a sensitivity of
52% and a specificity of 89% for detecting failing pros-
theses. In this same study, the optimal cut-off level was
noted to be 4.97 ppb, which had a sensitivity of 63% and
a specificity of 86%, although there is no single upper
limit of normal for ions that is agreed upon the world
over. In our analysis, we used the limit recommended by
the MHRA, as this is the limit we apply in our clinical
practice.

We feel that the exclusion of all patients with a THA on
the contralateral side is one of strengths of this study. As
evidence emerges that corrosion at modular interfaces, in
particular the trunnion, can lead to release of metal debris
[25, 26], studies examining the factors leading to wear in
MOM bearings that ignore potential sources of ion release
elsewhere may not be as accurate as previously thought. To
our knowledge, this is the first study that seeks to investi-
gate the relationship between offset and serum metal ion
levels in MOM THA.

Our study has limitations. These include its retrospective
design and that due to the nature of the implant recall, there
was a wide variation in the time from initial surgery to the
measurement of circulating ions. With regard to the use of
metal ions as a marker for wear, we are aware that in vivo
measurement of metal ion levels do not always reflect the
local ion load around the implant, and does not discriminate
between ion release from the bearing surface and ions released
from modular junctions in the THA. Furthermore, the mea-
surement of femoral offset from radiographs is not as accurate
as computed tomography and is sensitive to femoral rotation,
although every attempt was made to ensure consistency with
regard to this, with a standard protocol used for radiographs as
well as the method used to measure offset which remains
constant regardless of the position of the hip in adduction or
abduction.

In our study, we did not find any statistically significant
relationship between femoral offset in MOM THA and serum
metal ion levels. As described above, a number of other fac-
tors have been shown to increase circulating ion levels in
MOM bearings. We feel that our study provides useful infor-
mation for the surgeon reviewing patients with these MOM
bearings, particularly when attempting to isolate patients at
higher risk of failure and need for revision in the future.
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