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Abstract

Background There is some suggestion that smaller
diameter heads in metal-on-metal total hip arthroplasty
(MoM THA) may be less prone to the adverse reactions to
metal debris (ARMD) seen with large-diameter heads.
Questions/purposes We reviewed our population of
patients with small head (< 32 mm) MoM THA to deter-
mine (1) the frequency of ARMD:; (2) potential risk factors
for ARMD in this population; and (3) the etiology of
revision and Kaplan-Meier survivorship with revision for
all causes.

Methods Small-diameter head MoM devices were used in
9% (347 of 3753) of primary THAs during the study period
(January 1996 to March 2005). We generally used these
implants in younger, more active, higher-demand patients.
Three hundred hips (258 patients) had MoM THA using a
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titanium modular acetabular component with a cobalt-
chromium tapered insert and were available for review
with minimum 2-year followup (mean, 10 years; range,
2-19 years). Complete followup was available in 86% of
hips (300 of 347). Clinical records and radiographs were
reviewed to determine the frequency and etiology of revi-
sion. Kaplan-Meier survivorship analysis was performed.

Results ARMD frequency was 5% (14 of 300 hips) and
represented 70% (14 of 20) of revisions performed. Using
multivariate analysis, no variable tested, including height,
weight, body mass index, age, cup diameter, cup angle, use
of screws, stem diameter, stem type, head diameter, pre-
operative clinical score, diagnosis, activity level, or sex,
was significant as a risk factor for revision. Twenty hips
have been revised: two for infection, four for aseptic
loosening, and 14 for ARMD. Kaplan-Meier analysis
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revealed survival free of component revision for all causes
was 95% at 10 years (95% confidence interval [CI], 91%—
97%), 92% at 15 years (95% CI, 87%—-95%), and 72% at 19
years (95% CI, 43%-90%), and survival free of component
revision for aseptic causes was 96% at 10 years (95% CI,
92%-98%), 92% at 15 years (95% CI, 88%-95%), and
73% at 19 years (95% CI, 43%—-90%).

Conclusions The late onset and devastating nature of
metal-related failures is concerning with this small-diam-
eter MoM device. Although the liner is modular, it cannot
be exchanged and full acetabular revision is required.
Patients with all MoM THA devices should be encouraged
to return for clinical and radiographic followup, and clin-
icians should maintain a low threshold to perform a
systematic evaluation. Symptomatic patients should
undergo thorough investigation and vigilant observation for
ARMD.

Level of Evidence Level 1V, therapeutic study.

Introduction

Early results with second-generation metal-on-metal (MoM)
bearings using 28-mm and 32-mm heads in THA were
promising [9, 11, 29, 30]. In a multicenter prospective ran-
domized trial that included our institution, results with a
small-diameter MoM THA at minimum S5-year followup
(mean, 5.7 years; range, 5—8 years) were excellent with no
acetabular revisions, failures, or dislocations with either the
MoM study device or metal-on-polyethylene control group
[30]. However, there are no other published reports with long-
term followup of the device used in the current study. In an
effort to further improve stability and reduce frequency of
dislocation, use of small-diameter MoM bearings gave way to
MoM designs with increasing head diameters. However,
large head MoM THAs have exhibited high rates of loosening
and adverse reactions to metal debris (ARMD) with many
failures occurring early [1, 6, 13, 17, 18, 26, 28, 37, 46, 52].
We recently reported our results with large head MoM THA
at minimum 2-year followup (mean, 7 years; range, 2—12
years) and observed a higher than expected rate of revision
(7.5% [108 of 1440]) with the majority of failures secondary
to ARMD (48% [47 of 108]) and lack of ingrowth (31% [34 of
108]) [28]. Risk factors for component revision were younger
age at surgery, higher cup angle of inclination, and female
sex. Revisions for ARMD can be complex with extensive
bone loss and damage to the surrounding soft tissue
encountered intraoperatively and prone to complications and
rerevisions [38, 47, 51].

Some reports have suggested that small-diameter MoM
THA may be immune to ARMD [4, 19, 22, 31, 34, 35, 40,
43], because early failures have been rare. However, not all
devices, even within a given classification, will perform

exactly the same. Most studies with long-term followup of
small-diameter MoM THA report on a single bearing
design, the Metasul (Sulzer Medica, now Zimmer Biomet,
Warsaw, IN, USA, and Winterthur, Switzerland), which
was introduced in 1988 and has the broadest clinical
experience. Longer followup is required for patients with
all types of small-diameter MoM THA, particularly
because these devices were often used in younger, more
active patients who will have longer exposure.

We therefore reviewed our population of patients with
small-diameter head (< 32 mm) MoM THA to determine
(1) the frequency of ARMD; (2) potential risk factors for
ARMD in this population; and (3) the etiology of revision
and Kaplan-Meier survivorship with revision for all causes
and for aseptic loosening.

Patients and Methods

This retrospective study was approved by an independent
institutional review board. A query of our practice’s
arthroplasty registry revealed 299 patients (347 hips)
treated with cementless primary or conversion THA using
a modular MoM bearing (M2a Taper; Biomet, Warsaw, IN,
USA) (Fig. 1). Twenty-two patients (22 hips) were oper-
ated on from January 1996 to July 1998 as part of a
multicenter US Food and Drug Administration (FDA)
investigational device exemption (IDE) study and were
included in reports at short- and midterm followup [29, 30].
The other 325 patients were operated on after US FDA
clearance of the device in July 2000 until March 2005. Use
of this device was 9% (347 of 3753) of primary and con-
version THAs during the overall study period (January
1996 to March 2005) with metal-on-polyethylene used in
2408 (64%), other types of MoM bearings in 808 (22%),
ceramic-on-polyethylene in 150 (4%), and ceramic-on-ce-
ramic in 40 (1%). Of the 347 hips, 18 nonrevised hips were
in 15 patients who either died within 2 years postopera-
tively or had not returned for minimum 2-year followup
before their death. Patient deaths were determined by
review of medical records, notification by surviving family
members, search of online obituaries, and search of the
Social Security death registry. In addition, 29 nonrevised
hips were in 26 patients who were lost to contact before
completing 2-year followup, leaving a cohort of 300 hips
(86%) in 258 patients with minimum 2-year followup
available for review. Fifty patients (59 hips) with minimum
2-year followup died during the study period, and their
most recent clinical findings are included in our results.
The main indications for the use of MoM THA during
the study period were in patients who were younger,
more active and high demand, and were perceived to
have potential to benefit from an alternate bearing.
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Fig. 1 The bearing used in the current study was the M2a Taper
(Biomet, Warsaw, IN, USA), featuring a wrought cobalt-chromium
tapered insert that is impacted into a titanium porous plasma spray-
coated outer shell and articulated with a wrought cobalt-chromium
modular femoral head. Acetabular component outer sizes ranged from
48 mm to 70 mm in 2-mm increments. Available head diameters were
28 mm and 32 mm, each with seven neck length options from —6 to
+12 mm. Printed with permission of Joint Implant Surgeons, Inc,
New Albany, OH, USA.

A contraindication for use of MoM devices was in patients
known to have renal insufficiency, as recommended in
some studies [7, 15, 32, 33]. Use of MoM devices gradually
shifted from small-diameter head devices to larger diam-
eter head devices, which were touted to provide greater
stability as the large head designs became available with no
change in indications. Mean patient age was 56 years
(range, 24-86 years; SD 11), mean body mass index was 31
kg/m? (range, 18-64 kg/m?; SD 7), and a slight majority of
patients were males (53% [136 of 258 patients and 159 of
300 hips]). The most prevalent underlying diagnosis was
osteoarthritis, present in 73% of hips (219 of 300)
(Table 1).

The M2a Taper has a wrought cobalt-chromium 18°
tapered insert that is impacted into a titanium porous
plasma spray-coated outer shell and articulated with a
wrought cobalt-chromium modular femoral head. The
outer shell was available as either solid or with two dome
holes for screws. Two screws were used for added fixation
in 11% (34 of 300). The acetabular component design and
manufacturing were constant and unchanged over the
entire period of study. A direct lateral surgical approach
was used in all cases, as previously described by Frndak
et al. [14]. All femoral components used were the Mallory-
Head system (Biomet) with one cemented (MHC) and all
other cementless porous (MHP). A lateralized offset option
for the MHP became available in 1999 and was used in
38% (113 of 300). Femoral head diameters were 28 mm in
218 (73%), 32 mm in 80 (27%), and not noted in two. All
devices used in this study were either used according to the
approved protocol of the IDE study or cleared by the US
FDA and used according to labeling provided.
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Table 1. Demographics

Characteristic

Frequency or mean

Number of patients
Number of hips
Gender of patients
Males
Females

Age (years)

Height (inches)

Weight (pounds)

Body mass index (kg/m?)

Diagnosis
Osteoarthritis
Avascular necrosis
Developmental dysplasia
Posttraumatic arthritis
Rheumatoid arthritis
Legg-Calvé-Perthes
Slipped capital femoral epiphysis
Ankylosing spondylitis
Activity level
Sedentary
Semisedentary
Light labor
Moderate manual labor
Heavy manual labor
Charnley classification
A = unilateral hip condition

B = bilateral hip condition

C = factors other than hip(s) that affect

walking function

258
300

136 (53%; 159 hips)
122 (47%; 141 hips)

57 (range, 24-85;
SD 11)

68 (range, 58-78;
SD 4)

202 (range, 105-350;
SD 51)

31 (range, 18-64;
SD 7)

219 (73%)
36 (12%)
14 (5%)
11 (4%)

9 (3%)

7 (2%)

2 (1%)

2 (1%)

2 (1%)

1 (< 1%)
136 (45%)
122 (41%)
39 (13%)

134 (45%)
117 (39%)
19 (16%)

Postoperatively, patients were allowed immediate full
weightbearing with the assistance of ambulatory aids.
Ambulatory aids were discontinued when the patient could
walk with minimal to no limp and without pain. All
patients were instructed to use the same postoperative hip
precautions for 6 weeks including to sleep on their back,
use an elevated toilet seat, use a cushion in all low chairs,
not to flex at the waist past 90°, and to avoid excessive
adduction such as crossing one leg over the other.

Patients returned to our clinic for followup postopera-
tively at approximately 6 weeks and then were instructed to
return annually thereafter or sooner if a problem arose.
Patients were assessed at each evaluation using the Harris
hip score [16] and, beginning in 2011, the UCLA activity
score [2]. Patients presenting postoperatively with a painful
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MoM THA were evaluated in the same way as patients
with painful THA of any bearing type with a clinical his-
tory including assessment of organs and systems for
changes, physical examination with palpation around the
hip to detect local swelling or soft tissue masses as well as
functional assessment, plain radiographs, and laboratory
testing to rule out infection searching for possible extrinsic
as well as intrinsic causes [23]. Using a risk stratification
process based on recommendations by the US FDA, The
Hip Society, The American Association of Hip and Knee
Surgeons (AAHKS), and the American Academy of
Orthopaedic Surgeons (AAOS), if the patient with a small-
diameter MoM THA has pain that cannot be attributed to
intrinsic causes such as loosening, infection, periprosthetic
fracture, instability, bursitis, tendonitis, or any extrinsic
causes such as spine disease, peripheral vascular or meta-
bolic bone disease, hernia, malignancy, nerve injury,
complex regional pain syndrome, or psychological illness,
then suspicion is raised for ARMD [23, 27, 49]. Further
testing should be performed to include screening for serum
metal ion levels and cross-sectional imaging with metal
artifact reduction sequence (MARS) MRI or ultrasound to
evaluate for the presence of fluid collection and/or pseu-
dotumor. For asymptomatic patients with a well-
functioning small-diameter MoM-THA, failure risk is
considered low, and the FDA recommends followup every
1 to 2 years but does not believe there is a clear need for
routine screening of metal ions or soft tissue advanced
imaging [49]. ARMD is a general, comprehensive term
initially put forth by Langton et al. to describe failures of
MoM arthroplasty bearings “associated with pain, a large
sterile effusion of the hip and/or macroscopic necrosis/
metallosis” [24]. ARMD encompasses both aseptic lym-
phocytic-dominated vasculitis-associated lesions [50],
which are based on histological diagnosis, and pseudotu-
mors, which are soft tissue changes in surrounding tissues,
often cystic or solid masses, that can be destructive to
adjacent muscle and bone [41]. The diagnosis of ARMD is
based on a combination of preoperative clinical history and
physical examination and the intraoperative macroscopic
and histologic appearance of the surrounding tissues.
Clinical records and radiographs were reviewed to deter-
mine frequency and etiology of component revision. All
patients had minimum 2-year followup (mean, 10 years;
range, 2—19 years). No patients were recalled specifically
for this study; all data were obtained from medical records
and radiographs.

Statistical Analysis and Study Size

Analysis of device survival/failure times was displayed
using Kaplan-Meier curves and significance testing was

done using proportional hazards models. An initial
exploratory univariate analysis was performed looking at
several potential risk factors for revision: continuous risk
factors were height, weight, body mass index, age, cup
diameter, cup angle of inclination, use of screws, stem
diameter, head diameter, preoperative Harris hip pain, and
total scores; categorical risk factors were preoperative
diagnosis, activity level, sex, and stem type. Those factors
that were associated with p values < 0.2 were used in a
multivariable proportional hazards regression model and
significance was assessed at the 0.05 level. Adjusted risk
ratios and their 95% confidence intervals are reported for
significant factors. All analyses were carried out using
JMP/11 Pro ® software (SAS Institute, Cary, NC, USA).

Results

The frequency of ARMD in this population was 5% (14 of
300). Failures secondary to ARMD occurred at a mean of
11 years postoperative (range, 7-18 years) and had a
general pattern: eight patients (10 hips) presented with late
gradual onset of groin pain, weakness, normal radiographs,
negative infection serology, and elevated serum cobalt-
chromium levels with five patients (six hips) noting sub-
luxation and/or squeaking or grinding. Revisions in cases
with mechanical symptoms were associated with catas-
trophic pseudotumor and soft tissue damage. The
remaining ARMD revisions were two for acetabular frac-
ture after falling, one with a grossly loose, migrated
acetabular component, and one for femoral loosening, all
of whom had bone loss, metallosis, and associated soft
tissue changes present at the time of revision. A full revi-
sion was performed in two patients with associated femoral
loosening, one apparent on preoperative radiographs and
the other determined intraoperatively with provocative
force. Isolated cup revision was performed in the other 12
hips. The liner/shell taper was not disassociated at the time
of revision or after explantation unless screws were pre-
sent. There were no signs of taper corrosion at the liner/
shell junction in any case; however, corrosion was noted at
the head/taper junction in two patients (three hips) revised
for ARMD.

In simple univariate analysis, female sex was associated
with a higher frequency of failure resulting from all causes
(10% [14 of 141 hips in females] versus 4% [six of 159
hips in males]; p = 0.03), but not for failure resulting from
aseptic causes or failure attributable to ARMD. However,
in multivariate analysis, neither sex nor any other variable
tested could be proven as a risk factor for failure in this
group. Taken together, the suggestion is that female
patients may have more failures but do not fail any earlier
than male patients.
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Fig. 2 Kaplan-Meier analysis revealed survival free of component
revision for all causes was 95% at 10 years (95% CI, 91%-97%), 92%
at 15 years (95% CI, 87%-95%), and 72% at 19 years (95% CI, 43%—
90%).
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Fig. 3 Kaplan-Meier analysis revealed survival free of aseptic
component revision was 96% at 10 years (95% CI, 92%-98%),
92% at 15 years (95% CI, 88%—-95%), and 73% at 19 years (95% CI,
43%-90%).

Kaplan-Meier analysis revealed survival free of com-
ponent revision for any reason was 95% at 10 years
(95% confidence interval [CI], 91%-97%), 92% at 15
years (95% CI, 87%-95%), and 72% at 19 years (95%
CI, 43%-90%) (Fig. 2), and survival free of component
revision for aseptic causes was 96% at 10 years (95% ClI,
92%-98%), 92% at 15 years (95% CI, 88%-95%), and
73% at 19 years (95% CI, 43%-90%) (Fig. 3). Twenty
hips in 18 patients have undergone component revision
(7% [20 of 300]). Indications for revision were infection
in two hips treated with two-staged exchange of all
components, aseptic loosening/failure of ingrowth of the
acetabular component in four hips, and ARMD in 14
hips (12 patients).
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Discussion

Early reports with MoM THA devices, reintroduced in an
effort to reduce failures secondary to osteolysis induced by
polyethylene wear, were promising. In a report of the
original FDA IDE study involving the design reported in
this study (the Biomet M2a Taper), 11 centers reviewed
98 patients (99 hips; 46 polyethylene liners versus 53 metal
liners) with minimum 5-year followup (mean, 5.7 years;
range, 5-8 years) and reported no device-related compli-
cations, no dislocations, and no acetabular revisions or
failures in either the study or control groups [30]. In light
of this and other published reports at the time documenting
success with MoM devices, on FDA clearance in 2000, we
began using MoM bearings in the majority of our patients
undergoing primary THA, particularly those who were
younger and more active. In 2002 as MoM articulations
with larger heads and monoblock shells became available,
we began to transition away from the M2a Taper toward
the newer MoM devices with greater ROM that we hoped
would provide additional protection against impingement,
instability, and dislocation. We began to observe early
failures resulting from ARMD in our patients with large-
diameter MoM THA along with concurrent reports in the
literature, but did not encounter any such failures in our
patients with small-diameter head MoM THA devices until
2008 in a patient 7 years postoperatively. Published
guidelines for management of patients after MoM THA
suggest that small-diameter MoM THAs are at low risk for
ARMD [23, 27, 49], but perhaps the risk increases with
longer time in vivo. In this report we analyzed the long-
term (mean, 10 years) results with this smaller diameter
head MoM device to ascertain the frequency of ARMD,
risk factors for ARMD in this population, and survival of
the prosthesis.

The first limitation of our study is that it was retro-
spective and therefore may be subject to selection bias. We
tended to use MoM devices in our younger, more active,
and more high-demand patients. Perhaps the higher activity
levels in these patients resulted in higher rates of wear,
although we could not determine a correlation between
activity level and component failure through multivariate
analysis. Another weakness of the study is that in addition
to 18 patients (15 hips) who died before a 2-year clinical
assessment, minimum followup was not available for 29
hips in 26 presumed living patients. Attempts were made to
contact the patients at their last known address and phone
numbers, by contacting referring and family physicians
listed, and by searching available free Internet services.
However, minimum 2-year clinical followup was available
for 86% of patients. A further weakness of the study is that
we do not know how many asymptomatic patients in the
overall group may have ARMD because we do not
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routinely order serum metal ion testing or MARS MRI
studies in asymptomatic patients with this device per FDA,
AAOS, and AAHKS guidelines. However, in four patients
with revised hips diagnosed intraoperatively as having
ARMD based on findings of metallosis and macroscopic
soft tissue and bony changes, the preoperative diagnosis for
revision was based on other reasons: acute acetabular
fracture in two, femoral loosening in one, and gross
acetabular loosening with migration in one.

Our results and those of other published studies
demonstrate that ARMD does occur with small-diameter
heads in MoM THA [5, 8, 12, 19, 20, 39, 44, 48]. Unlike
large-diameter MoM THA, in which aseptic loosening and
early failure of ingrowth appear to be the main failure
modes with ARMD appearing in the early to midterm,
MoM THA with a titanium shell and cobalt-chromium
insert had very low rates of aseptic loosening. In a study
from our center of large-diameter MoM THA from the
same manufacturer as the current study device (Magnum
and M2a-38; Zimmer Biomet), the frequency of ARMD
was 3% (47 of 1440) and aseptic loosening was 2% (34 of
1440) at a mean followup of 7 years (range, 2—12 years)
[28]. In comparison, in the current study the frequency of
ARMD was 5% (14 of 300) at a mean followup of 10 years
(range, 2—19 years), but frequency of revision for aseptic
loosening was much lower at 1% (four of 300). In an
investigation into frequency of ARMD after MoM THA
performed from 2000 to 2011 in Japan that involved
questionnaires returned from 82 hospitals, ARMD was
reported in 1.2% of THAs (160 of 12,961) [48]. The

frequency in 28-mm Metasul bearings was 0.5% (seven of
1535). For the seven other devices included, small- and
large-diameter bearings were grouped together by brand,
including the M2a-Taper with 28- and 32-mm heads and
Magnum (38-54 mm). The combined frequency of ARMD
for the Biomet M2a bearings was 0.9% (24 of 2777). Using
the Metasul group as a control, frequency of ARMD was
significantly elevated with Ultamet (DePuy, Tokyo, Japan;
1.3% [63 of 4744]; p = 0.005), Conserve (Wright Medical,
Tokyo, Japan; 2.2% [37 of 1701]; p < 0.001), and Cormet
(Corin, Osaka, Japan; 3.1% [15 of 491]; p < 0.001) bear-
ings. In a study of the 32-mm Lubrimet MoM bearing
(Smith & Nephew, Rotkreuz, Switzerland) at minimum
10-year followup (mean, 11 years; range, 10-12 years),
frequency of ARMD was 6% (six of 100) [39]. In other
studies of the Metasul bearing, reported frequencies of
ARMD were 2.6% (three of 125) at 3 to 9 years followup
[8]1, 3% (one of 33) at mean followup of 5 years (range, 3—5
years) [S5], and 2.4% (two of 85) at a mean followup of
11 years (10-12 years) [12]. In a report by Hwang et al of
141 patients (180 hips) with Metasul bearings reviewed at
mean followup of 14 years (range, 12—18 years), nine hips
had symptomatic groin pain with pseudotumor diagnosed
in two (1.1% [two of 180]) [20]. In light of their findings
the authors performed CT evaluation on 111 willing
patients (142 nonrevised hips) with mean 15-year followup
(range, 13-19 years) and observed pseudotumors in 20%
(28 of 142), including 25 solid and three cystic, with 26
asymptomatic and only two that were symptomatic [21].
Roessler et al described a case report of arthroprosthetic

Table 2. Studies reporting long-term survivorship (mean followup >10 years) of patients with small diameter metal-on-metal THA

Studies and year Patients (hips), special Articulation Bearing Mean Survivorship, revision for all
circumstances diameter  followup causes
(mm) (years; range)

Griibl et al., 2007 [15] 73 Metasul 28 Minimum 10 99% at 10 years

Eswaramoorthy et al., 2008 [12] 82 (85) Metasul 28 11 (10-12) 94% at 10 years

Neumann et al., 2010 [39] 93 (94) Lubrimet 32 11 (10-12) 93% at 12 years

Park et al., 2010 [42] 37 (39), cementless titanium  Metasul 28 10 (10-12) 81% at 10 years; cementless
(n = 21) versus cemented stems—100% at 10 years;
matte iron alloy (n = 18) cemented stems—61% at 10
stems years

Saito et al., 2010 [45] 77 (90) Metasul 28 12 (10-14) 94% at 12 years

Dastane et al., 2011 [10] 66 (69) Metasul 28 13 (8-16) 92% at 16 years

Hwang et al. 2011 [19] 70 (78) age < 50 years Metasul 28 12 (11-14) 99% at 13 years

Migaud et al., 2011 [35] 30 (39) age < 50 years Metasul 28 13 (12-14) 100% at 12 years

Randelli et al., 2012 [43] 100 (138) Metasul 28 13 (11-14) 98% at 5 years, 95% at 10

years, 94% at 14 years

Hwang et al., 2013 [20] 141 (180) age < 56 years Metasul 28 14 (12-18) 98% at 18 years

Innmann et al., 2014 [22] 91 (100) age < 50 years Metasul 28 12 (10-15) 91% at 13 years

Current study, 2015 258 (300) M2a-Taper 28, 32 10 (2-19) 95% at 10 years, 92% at 15

years, 72% at 19 years
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cobaltism and pseudotumor in a 75-year-old man who
presented 14 years after primary THA with a 28-mm
Metasul bearing complaining of chronic subluxation,
recurrent movement-specific pain, and concomitant atopic
eczema [44]. Intraoperative findings at revision revealed a
highly worn cobalt-chromium head.

Published reports specifically describing risk factors for
revision after small-diameter MoM THA are sparse. In the
current study female sex was identified in univariate anal-
ysis as associated with a higher frequency of revision for
any cause (10% versus 4% in males; p = 0.03), but not for
revision for aseptic causes or revision for ARMD. Fur-
thermore, multivariate analysis did not prove sex or any
other variable tested as a risk factor for revision. In earlier
studies from our center, one involving all MoM THAs with
both large- and small-diameter heads through 2006, and the
other with longer followup and involving only MoM THAs
with large-diameter (> 36 mm) heads, we observed a higher
frequency of failure in female patients [25, 28]. Likewise,
the Australian National Joint Replacement Registry
demonstrated higher risk of revision in females than males
after primary MoM THA with head sizes > 32 mm but no
appreciable difference with head sizes < 32 mm [3].

In our study Kaplan-Meier analysis revealed survival
free of component revision for any reason was 95% at 10
years, 92% at 15 years, and 72% at 19 years, and survival
free of component revision for aseptic causes was 96% at
10 years, 92% at 15 years, and 73% at 19 years. Several
studies have reported good results with the Metasul at
followup of more than 10 years with survival ranging from
81% to 100% (Table 2) [10, 12, 15, 20, 22, 35, 42, 43, 45].
Two other studies have reported mid- to long-term fol-
lowup for small-diameter MoM THA devices other than
Metasul [36, 39]. Milosev et al reported on 563 patients
(611 hips) with a 28-mm Sikomet (Plus Orthopedics,
Rotkreuz, Switzerland) at a mean followup of 7 years
(range, 2—11 years) [36]. They observed survival free or
revision for any cause of 91% (95% CI, 88%-95%) at 10
years. With the 32-mm Lubrimet bearing in 99 patients
(100 hips) at mean followup of 11 years (range, 10-12
years), Neumann et al reported 93% (95% CI, 89%—99%)
survival free of revision for any cause and 96% survival
free of revision for aseptic loosening at 12 years [39].

Overall, the frequency of ARMD with this device was
low but represented 70% (14 of 20) of revisions performed.
The late onset and devastating nature of these metal-related
failures is concerning. We have discontinued the use of all
MoM devices in our practice. Patients with MoM devices,
like all patients with total joint arthroplasties, should be
encouraged to return for clinical and radiographic fol-
lowup, preferably on an annual basis. Symptomatic
patients require a thorough workup and vigilant observa-
tion for ARMD with serum metal ion testing and cross-
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sectional imaging using either MARS MRI or ultrasound.
We recommend a low threshold to perform a systematic
evaluation of patients with MoM THA because early
recognition and diagnosis will facilitate the initiation of
appropriate treatment before significant adverse biological
reactions and soft tissue damage occurs.
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