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Abstract

Background There are increasing reports of corrosion be-
tween the femoral head and trunnion in primary conven-
tional THA, resulting in metal particulate release often
termed trunnionosis. There may be heightened awareness of
this condition because of severe soft-tissue reactions initially
thought to be solely attributable to prostheses with a
metal-on-metal (MoM) bearing surface. It is unclear what
percentage of revisions for THA with non-MoM bearing
surfaces can be attributed to trunnionosis and to what extent

adverse reaction to metal debris (ARMD) seen with MoM
bearings may also be seen with other bearing surfaces in
THA.

Questions/purposes We analyzed data from a large national
registry to ask: (1) What is the revision risk for the indication
of ARMD in patients with conventional THA and modern
non-MoM bearing surfaces such as metal or ceramic-on-
cross-linked polyethylene (XLPE) or ceramic-on-ceramic?
(2) What prosthesis factors are associated with an increased
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risk of such revision? (3) What is the relative revision risk for
ARMD in THAs with large-head MoM bearings, small-head
MoM bearings, and non-MoM modern bearing surfaces?
Methods The Australian Orthopaedic  Association
National Joint Replacement Registry (AOANJRR) longi-
tudinally maintains data on all primary and revision joint
arthroplasties, with nearly 100% capture. The study pop-
ulation included all THASs using modern bearing surfaces
(defined as metal or ceramic heads-on-XLPE and ceramic-
on-ceramic bearing couples) revised because of ARMD
between September 1999 and December 2018. Prostheses
with modular necks were excluded. The cumulative per-
cent revision (CPR) because of ARMD was determined.
The study group consisted of 350,027 THAs with a modern
bearing surface, 15,184 THAs with a large-head MoM
bearing (= 36 mm), and 5474 THAs with a small head
MoM bearing (= 32 mm). The patients in the group who
received the modern bearing surfaces were slightly older
than the patients in the groups who received the large- and
small-head bearing surfaces, with a mean age 68 years (SD
12) versus a mean age 63 years (SD 12), and a mean age 62
years (SD 11), respectively. There was a higher proportion
of women in the modern bearing surface group; 55%
(193,312 of 350,027), compared with 43% (6497 of
15,184) in the large-head MoM group and 50% (2716 of
5474) in the small-head MoM group. The outcome mea-
sure was the CPR, which was defined using Kaplan-Meier
estimates of survivorship to describe the time to the first
revision for ARMD at 17 years. Hazard ratios (HR) from
Cox proportional hazards models, adjusting for age and
sex, were performed to compare the revision rates among
groups. The registry defines a revision as a reoperation of a
previous hip arthroplasty in which one or more of the
prosthetic components is replaced or removed, or one or
more components is added.

Results The CPR for ARMD for patients with a modem
bearing surface at 17 years was 0.1% (95% confidence in-
terval 0.0 to 0.1). After controlling for age and sex, we found
that cobalt chrome heads, two specific prostheses (Accolade®
I and M/L Taper), and head sizes = 36 mm were associated
with an increased risk of revision for ARMD. Metal-on-
XLPE had a higher risk of revision for ARMD than ceramic-
on-ceramic or ceramic-on-XLPE (HR 3.4[95% CI 1.9 t0 6.0];
p <0.001). The Accolade 1 and the M/L Taper stems had a
higher risk of revision than all other stems (HR, 8.3 [95% CI
4.7t0 14.7]; p<0.001 and HR 14.4 [95% C1 6.0 to 34.6]; p <
0.001, respectively). Femoral stems with head sizes = 36 mm
had a higher rate of revision for ARMD than stems with head
sizes < 32 mm (HR 3.2 [95% CI 1.9 to 5.3]; p < 0.001).
Large-head MoM bearings had a greater increase in revision
for ARMD compared with modern bearing surfaces. The
CPR for patients with a large-head MoM bearing at 17 years
for ARMD was 15.5% (95% C1 14.5 to 16.6) and it was 0.1%
for modern bearing surfaces (HR 340 [95% CI 264.2 to

438.0]; p < 0.001). Modern bearing surfaces likewise had a
lower HR for revision for ARMD than did THAs with small-
head MoM bearings, which had a 0.9% (95% CI 0.7 to 1.4)
CPR compared with modern bearings from 0 to 9 years (HR
10.5 [95% CI 6.2 to 17.7]; p < 0.001).

Conclusions The revision risk for ARMD with modern
bearing surfaces in THA is low. The Accolade 1 and the
M/L Taper stem have a higher risk of revision for ARMD
and cobalt-chrome heads, and head sizes = 36 mm have a
higher rate of revision than = 32 mm head sizes. ARMD
is arare failure mode for THA with non-MoM bearings, but
in patients presenting with unexplained pain with no other
obvious cause, this diagnosis should be considered and
investigated further.

Level of Evidence Level 111, therapeutic study.

Introduction

The reintroduction and widespread acceptance of THA with
metal-on-metal (MoM) bearing surfaces has led to higher-
than-expected revision rates [3]. The reaction to metal par-
ticles results in soft-tissue damage, variously described as
aseptic lymphocytic vasculitis-associated lesions [53], ad-
verse local tissue reaction [16], pseudotumor [42], metal-
related pathology [1] and adverse reaction to metal debris
(ARMD) [27, 40]. Concerns about ARMD in THA were
first raised in the 1970s, with regards to the McKee-Farrer
hip, which was a monoblock stem [25]. More recently,
studies have demonstrated higher rates of revision and
higher serum levels of chrome and cobalt in conventional
THA with large-head MoM bearings than with hip resur-
facing arthroplasty, leading to the understanding that reac-
tions to metal debris are not just confined to MoM bearing
surfaces [5, 18]. Prostheses with a modular neck have two
taper junctions that may contribute to the release of metal
particles and have been reported to have a high rate of re-
vision, regardless of the bearing surface used [23]. The idea
that corrosion could occur at the head/neck taper of a THA
prosthesis was first described shortly after the introduction
of modularity for THA in the 1980s [33]. Modularity was
rapidly adopted by the orthopaedic community. Recently,
more attention has been directed to the taper or trunnion
junction, with modular femoral heads as a source of metal
particles. The pathologic process that releases metal ions at
the taper junction has been described as mechanically
assisted crevice corrosion, a combination of fretting and
crevice corrosion. This produces soluble and particulate
debris that may migrate locally or systemically [19, 22, 37].

There is, however, widespread variation in the reported
revision incidence for ARMD with non-MoM bearings. This
may be due to many of the published studies reporting small
case series without knowledge of the denominator in the
numbers reported. These studies come from institutions that
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may use a higher proportion of specific prostheses [4, 10, 21,
32, 34, 44, 46, 49, 50]. Irrespective of such case reports,
considering the large number of THAs performed worldwide
since the introduction of modular heads, the prevalence of
revision for any metal-related cause is likely to be small. The
National Joint Registry (NJR) for England, Wales, Northern
Island, and the Isle of Man reported on 3340 revisions for
ARMD with a revision risk of 0.032% in patients with non-
MoM bearings compared with 3.7% in those with MoM
bearings [35]. All types of bearings were included in this
study, some of which now have little use. The aim of this
study was therefore to further investigate ARMD as a cause
of revision in a study population of primary THA performed
with modern non-MoM bearing surfaces.

Using data from the Australian Orthopaedic Association
National Joint Replacement Registry (AOANJRR), we
sought to answer the following questions: (1) What is the
revision risk for the indication of ARMD in patients with
conventional THA and modern non-MoM bearing surfaces
such as metal or ceramic-on-cross-linked polyethylene
(XLPE) or ceramic-on-ceramic? (2) What prosthesis fac-
tors are associated with an increased risk of such revision?
(3) What is the relative revision risk for ARMD in THAs
with large-head MoM bearings, small-head MoM bearings,
and non-MoM modern bearing surfaces?

Patients and Methods

The AOANJRR began data collection on September 1,
1999, with complete nationwide data collection commenc-
ing in 2002 for almost 100% of the arthroplasty procedures
performed in Australia [3]. Registry data are validated
against data provided by state and territory health depart-
ments in Australia with the use of a sequential multilevel
matching process. A matching program is run monthly to
search for all primary and revision arthroplasty procedures
recorded in the registry that involve the same side and joint
of the same patient, thus enabling each revision to be linked
to the primary procedure. Data are also matched biannually
with the Australian Government Department of Health and
Ageing’s National Death Index to obtain information on the
date of death. The registry cannot account for revision pro-
cedures performed on Australian emigrants, but for the
population likely to undergo THA, this number is extremely
small, and we believe it is unlikely to alter our results. The
registry defines a revision as a reoperation of a previous hip
arthroplasty in which one or more of the prosthetic com-
ponents is replaced or removed, or one or more components
is added. The registry does not record reoperations where a
component was not added or removed.

The study population included all primary THAs for all
diagnoses recorded by the registry up to December 31, 2018.
This population included patients with osteoarthritis,
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femoral neck fractures, osteonecrosis, developmental dys-
plasia and rheumatoid arthritis, as well as a small number of
other diagnoses. The primary aim of the study was to de-
termine revision for ARMD with the use of modern bearing
surfaces, which we defined as metal, ceramic, or oxinium
head-on-XLPE and ceramic-on-ceramic. These bearing
surfaces combined represent most of what is currently used
in Australia (97% in 2018). We defined a number of ex-
clusion criteria, so this study more accurately represents
current surgical practice. Patients with non-highly cross-
linked polyethylene were excluded because only 5.2% of
patients have had this bearing couple in the past 10 years
when polyethylene has been used [2]. We also could not be
certain whether a diagnosis of ARMD might have been as-
sociated with catastrophic conventional polyethylene wear,
with the potential for the femoral head to articulate with the
acetabular shell to produce metal debris. Patients with a
modular neck were excluded because they have a higher
revision rate [23], are infrequently used currently [2] and
have two taper junctions that may contribute to metal par-
ticle release. Ceramic-on-metal and metal-on-ceramic
bearings have been used rarely in Australia and were not
included in the study. We also performed a comparative
analysis on patients who received a MoM bearing surface
(small head, defined as = 32 mm and large head defined
as = 36 mm) and underwent revision for the same diagnosis.

The registry records all reasons for revision. The com-
mon reasons are listed in a check box with available space
for any other comments, and these reasons are recorded. We
performed a search for all patients whose reason for revision
recorded on their registry form included any of the following
words: metal, metallosis, trunnion, taper, ALVAL (aseptic
lymphocyte-dominated vasculitis-associated lesion), and
pseudotumor. The acronym ARMD is not in widespread use
in Australia. The registry has complete data on all prostheses
revised because of ARMD. Prosthesis factors such as the
type of stem and acetabular component, head size and
composition and taper type, were extracted, along with pa-
tient age and sex, date of the primary procedure, and time to
the first revision for ARMD. We also examined exactly what
was performed at the time of the first revision.

The study group consisted of 350,027 THA procedures
with a modern bearing surface, 15,184 patients with a large-
head MoM bearing, and 5474 patients with a small head
MoM bearing (Table 1). The group that received the modern
bearing surfaces was slightly older than the groups that re-
ceived the large- and small-head bearing surfaces; mean age
68 years (SD 12), versus mean age 63 years (SD 12), and
mean age 62 years (SD 11), respectively. There was a higher
proportion of women in the modern bearing surface group;
55% (193,312 of 350,027), compared with 43% (6497 of
15,184) in the large-head MoM and 50% (2716 of 5474) in
the small-head MoM group (Table 1).
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Table 1. Sex and age of patients undergoing THA, by bearing surface

Modern bearing surfaces

Parameter (n =350,027)

Metal-on-metal, head size,

Metal-on-metal, head size

236 mm (n = 15,184) <32 mm (n = 5474)

68 * 12
55% (193,312)

Age (years)®
Female sex

63 £ 12
43% (6497)

62 £ 11
50% (2716)

“Data are presented as mean = SD.

Modern bearing surfaces defined as metal, ceramic, or oxinium heads on cross-linked polyethylene (XLPE) and ceramic-on-ceramic.

We censored eight patients with ceramic-on-ceramic
bearings who had revisions for a number of causes, in-
cluding dislocation and squeaking, where the words “metal
stripe wear” had been written on the form. In a previous
report, the authors felt this was not a true revision for
ARMD [39].

Statistical Analysis

We used the cumulative percent revision (CPR), defined
as the complement of the Kaplan-Meier estimates of
survivorship, to describe the revision rate of an arthro-
plasty for ARMD. An accompanying 95% confidence
interval was calculated using unadjusted pointwise
Greenwood estimates. Patients were censored at the time
of death, revision for reasons other than ARMD, or clo-
sure of the database at the end of the study period.
Because the overall proportion of patients who died
during the study period was sufficiently low, we used
Kaplan-Meier estimates rather than competing risk esti-
mates [7, 20]. We used hazard ratios from Cox pro-
portional hazards models, adjusting for age and sex, to
compare the revision rates among the three groups and,
for the non MoM group, to compare the three most
common femoral stems involved in revision for ARMD
to all other stems, to compare revisions between cobalt-
chrome and ceramic head sizes = 32 mm and = 36 mm,
and femoral stem V40" tapers and all others.

We checked the assumption of proportional hazards an-
alytically for each model. If the interaction between the
predictor and the log of time was statistically significant in
the standard Cox model, we then performed estimates
using a time-varying model. We iteratively chose points
until the assumption of proportionality was met, and then we
calculated the HRs for each selected period. All tests were
two tailed at the 5% level of significance. The analysis was
performed using SAS version 9.4 (SAS Institute Inc, Cary,
NC, USA).

For the comparative analysis, we compared the rates of
revision until 17 years because this was the longest
follow-up duration available with sufficient numbers of
patients who underwent revision for the diagnosis of
ARMD.

Results

There were 0.02% (63 of 350,027) of procedures with a pri-
mary THA and a modern bearing surface with a revision
recorded for ARMD. The CPR for ARMD for patients with
modern bearing surfaces at 17 years was 0.1% (95% CI 0.0 to
0.1). The mean time to revision for ARMD was 6 years (SD 3).

After controlling for age and sex, we found that cobalt
chrome heads, two prostheses, the Accolade®™ T (Stryker,
Fort Lauderdale, FL, USA) and M/L Taper (Zimmer
Biomet, Warsaw, IN, USA) and head sizes = 36 mm were
associated with an increased risk of revision for ARMD.

Of'the 63 revisions which surgeons had recorded as being
due to ARMD, 71% (45 of 63) had a cobalt-chrome head
and 29% (18 of 63) had a ceramic head. Metal-on-XLPE
had a higher risk of revision for ARMD than ceramic-on-
ceramic or ceramic-on-XLPE (HR 3.4 [95% CI 1.9 to 6.0];
p <0.001) (Fig. 1).

The stem/cup combination with the highest number of
revisions for ARMD was the Accolade 1/Trident shell with a
metal-on-XLPE bearing surface, which comprised 1.2%
(4200 0of 350,027) of all procedures in the study population.
We performed a sub-analysis of the three stems most com-
monly involved in revisions for ARMD. The Accolade 1
stem comprised 30% (19 of 63) of revisions for ARMD, the
M/L Taper 10% (six of 63), and the Corail® (DePuy, Leeds,
UK) 8% (five of 63). With respect to the overall numbers of
these procedures performed in Australia, the Accolade 1
stem had 0.2% (19 of 10,362) revised for ARMD, the M/L
Taper had 0.2% (six 0 3839), and the Corail had 0.01% (five
0f51,899). The CPR for ARMD of'the Accolade 1 stem and
the M/L Taper stem at 13 years was 0.3% (95% C10.2t0 0.5)
and (95% CI 0.1 to 0.7), respectively, and for the Corail stem
itwas 0.0% (95% CI1 0.0 to 0.1). Both the Accolade 1 and the
M/L Taper stem had a higher risk of revision than all other
stems (HR 8.3 [95% CI 4.7 to 14.7]; p <0.001 and HR 14.4
[95% C1 6.0 to 34.6]; p <0.001, respectively), but the Corail
did not have a greater risk of revision (Fig. 2). The V40"
taper (Stryker, Fort Lauderdale, FL, USA) was involved in
40% (25 of 63) of revisions in this study but there was no
difference in the risk of revision of the V40 taper compared
with all other tapers (HR 0.7 [95% C10.4to 1.1]; p=10.113.
Femoral stems with a head size = 36 mm comprised 41%
(142,618 of 350,027) of the study population and 59%
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10% ' Metal/XLPE

0.9% Ceramic/ceramic and ceramic/XLPE

0.8%
0.7%
0.6%
0.5%
0.4%

0.3%

Cumulative percent revision

0.2%

0.1%

Hazard ratio — adjusted for age and sex
Metal/XLPE versus ceramic/ceramic and ceramic/XLPE
Entire period: HR 3.4 [95% CI 1.9 to 6.0]; p < 0.001

o 1 2 3 4 5 6 7 8 9 10 11
Years since primary procedure

0.0%

Number at risk

0 years

1 year

PAELS

12 13 14 15 16 17 18

Metal/XLPE
Ceramic/ceramic and ceramic/XLPE

176,811
173,216

156,864
149,147

139,426
128,555

3years 4years 5Syears 6years 7years 8years
122,266 105928 90,349 75710 62,476 50,483
109,642 92,585 77,398 64,488 53,008 43,088

Number at risk 9years 10years 11years 12years 13 years 14 years 15years 16 years 17 years 18 years

Metal/XLPE
Ceramic/ceramic and ceramic/XLPE

39,818
34,578

30,636
27,605

23,343
22,036

8277
9867

4812
6598

2197 695 85
3754 1497 269

12,540
13,438

17,456
17,484

Fig. 1 This graph shows the cumulative percent revision of primary conventional THA by metal/XLPE compared with ceramic/
ceramic and ceramic/XLPE (all primary diagnoses, revision for ARMD).

(207,409 0£350,027) had a head size of = 32 mm. Femoral
stems with a head size = 36 mm had a higher rate of revision
for ARMD than stems with a head size = 32 mm (HR 3.2
[95% CI 1.9 to 5.3]; p < 0.001) (Fig. 3).

Large-head MoM bearings were associated with a larger
increase in revision for ARMD compared with modern
bearing surfaces. The CPR for ARMD for patients with a
large-head MoM bearing at 17 years was 15.5% (95% CI
14.5 to 16.6), which was greater than that seen in THAs with
modern bearing surfaces (HR 340.2 [95% CI 264.2 to
438.0]; p <0.001). Modern bearing surfaces likewise had a
lower HR for revision for ARMD than did THAs with small-
head MoM bearings, which had a 0.9% (95% CI1 0.7 to 1.4)
CPR compared with modern bearings from 0 to 9 years (HR
10.5[95% C16.2t0 17.7]; p <0.001) and from 9 to 17 years
(HR 28.5 [95% CI 15.9 to 51.0]; p < 0.001) (Fig. 4).

Discussion
Surgeons currently have the option of several bearing sur-

faces for use with primary THA, apart from large-head
MoM, which has been removed from the market place due to
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high revision rates [54]. Although there are increasing
reports of ARMD associated with primary THA with non-
MoM bearings, these findings have provided imprecise
estimates of the actual risk [11, 44, 50]. We sought to
identify the revision risk in a national population undergoing
THA with modern bearing surfaces and found that it was
very low. There are also certain prosthetic factors that are
associated with a higher risk of revision for ARMD. These
include cobalt-chrome heads, head sizes = 36 mm and the
use of the Accolade 1 and M/L Taper prostheses. We also
demonstrated that primary THA with both large- and small-
head MoM bearing surfaces had a larger risk of revision for
ARMD compared with THA with modern bearing surfaces.

There are several limitations to this study. We specifi-
cally addressed the issue of revisions for ARMD only in
patients who had THA with modern bearing surfaces and
only those with femoral stem/head modularity. Procedures
using either non-XLPE, zirconia, or alumina ceramics were
excluded, as were THAs using modular necks, since the
focus of the analysis was to report on contemporary prac-
tice. In Australia, the use of non-XLPE, zirconia, and
alumina has almost ceased, and the use of modular neck
prostheses remains very limited. In addition, the
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Fig. 2 This graph shows the cumulative percent revision of primary conventional THA by the three most common femoral

components compared with all others (all primary diagnoses,

AOANJRR has previously reported on a higher risk of
revision of modular neck prostheses [23].

The registry only records revision of procedures, and
there may be patients who are symptomatic but have not
had a revision procedure for a variety of reasons. Reactions
to metal debris may also present as other possible causes of
revision such as aseptic loosening, osteolysis, or even sepsis
with fluid and necrosis in the periprosthetic joint tissues but
no evidence of bacterial growth. Surgeons may have been
unaware of the presentation of ARMD, especially early in
the study period, and we believe that our data may thus
underestimate the true incidence during the 17-year period.
However, from 2009 onwards, “trunnionosis” or “metal
related pathology” has been clearly written as the first di-
agnosis on most forms suggesting that surgeons are now
more aware of the diagnosis. Although our study may be a
conservative estimate of the true revision for ARMD, we
believe that revisions for ARMD are still likely to be low.

revision for ARMD).

The registry also does not record radiographic in-
formation that may influence the presentation of ARMD, as
has been noted with large-head MoM THAs [8, 11].
However, a study by Whitehouse et al. [52] did not dem-
onstrate abnormal prostheses orientation on pre-revision
radiographs in patients who underwent a revision procedure
for ARMD with metal-on-polyethylene bearings. The reg-
istry also did not record patient height and weight until 2015,
so we do not have enough data to include in the analysis to
determine if weight had an effect [14, 36]. Although it is
known that increased BMI is associated with an increased
risk of reoperation and revision, this is largely due to in-
fection [41, 45]. Inadequate drying of the taper at the time of
femoral head placement and incorrect insertion have also
been suggested as factors that may lead to ARMD [30, 43],
but it is not possible to assess the impact of these factors
using registry data. Finally, the registry also does not have
access to pathology and histology reports or any metal ion
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Hazard ratio — adjusted for age and sex

Head size > 36 mm versus head size < 32 mm
Entire period: HR 3.2 [95% CI 1.9 to 5.3]; p < 0.001
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Head size > 36 mm 142,618 121,291 102,853
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85,799 70,400 56,410 44,153 33,458 24,539

146,109 128,113 111,387 96,045 82,026 69,032
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16,683
SIS

10,452
47,789

6275
39,104

Head size > 36 mm

Head size < 32 mm 31
Fig. 3 This graph shows the cumulative percent revision of pr
primary diagnoses, revision for ARMD).

levels taken at the time of revision to confirm the diagnosis,
so this was based on surgeons’ observations at the time of
revision [6, 51].

Our study, with longer follow-up, found a slightly lower
percentage of revisions for non-MoM bearings than in a
report by Matharu et al. [35] using data from the NJR
(0.032%). We reported on modern bearing surfaces only
and this may explain the lower percentage of all revisions
for ARMD in patients with non-MoM bearing surfaces in
our study than in the NJR (4% compared with 8%), as their
study included all non-MoM bearing surfaces [35]. The
implantation time for revision for ARMD in non-MoM
hips recorded in the NJR was a mean of 4 years (SD 3). This
was slightly shorter than our mean time of 6 years (SD 3)
and may be as a result of greater postoperative surveillance
and earlier diagnosis. The percentage of revisions, which
was between 1% and 3%, was lower than what has been
reported in systematic reviews [0, 17, 48]. These system-
atic reviews relied mainly on reports from single institu-
tions of the incidence of revision and, therefore, are subject
to the implants that were used. This may not reflect broad
community use but implant-specific problems or the use of
certain implants at a hospital level.
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imary conventional THA for head sizes = 32 mm and = 36 mm (all

After controlling for age and sex, we found that two
types of femoral stems (the Accolade 1 and the M/L Taper),
cobalt-chrome heads, and larger head sizes had a higher
revision risk. Our findings are in accordance with many of
the case series published [4, 9, 32, 34, 44, 46, 50] with the
Accolade 1 being the most commonly reported stem in-
volved in revisions for ARMD in both case series and in
our registry. The Accolade 1, which is made of titanium-
molybdenum-zirconium-iron (TMZF) alloy [9, 22, 46] has
been demonstrated in mechanical studies to have a higher
flexural rigidity than other materials and this may con-
tribute to ARMD. Specific prostheses were not listed in the
study from the NJR [35].

Cobalt-chrome heads had a higher revision rate than ce-
ramic heads and mixed metal combinations are more sus-
ceptible to taper corrosion [6]. This is generally in the form
of mechanically-assisted crevice corrosion, which results in
material loss from both the trunnion and the femoral taper
[24]. We also recorded several ARMD revisions in ceramic-
on-ceramic bearing surfaces, especially those with larger
heads. Although fretting can occur with ceramic-on-titanium
trunnions, the volumetric material loss is an order of mag-
nitude less than with cobalt-chrome femoral heads. Kurtz
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Metal/metal with head size > 36 mm 9329 7695 5613
Metal/metal with head size < 32 mm 4191 3904 3466
Modern bearing surfaces 74,396 58,241 45,379
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Fig. 4 This graph shows the cumulative percent revision of primary conventional THA by bearing surface (all primary diagnoses,

revision for ARMD).

et al. [26] have suggested that using ceramic heads can re-
duce, but not eliminate, fretting from modular THA
head/stem junctions. Although there is no cobalt-chrome in
ceramic heads, metal wear could be derived from titanium or
stainless steel debris as a result of impingement between the
stem and acetabular rim [47].

We reported a higher revision risk for ARMD for both
metal and ceramic large femoral heads (= 36 mm). Larger
head sizes place greater stresses on the head-trunnion interface
[31] and may cause more corrosion [15]. Larger heads were
also shown to have a higher revision for ARMD than those =
32 mm in metal-on-polyethylene bearings in the NJR [35].

The V40 taper was the most common taper involved,
but this was used with the Accolade 1 stem and was not
found to be a risk factor in and of itself. The V40 taper is
most commonly used in Australia with the Exeter cemen-
ted stem and it is likely that the combination of the V40
Taper and the TMZF material in the Accolade 1 contributes
to the increased revision for ARMD. However, a trend
toward shorter trunnions has been associated with an in-
crease in taper junction failure in larger-diameter MoM
bearings [28]. Although a detailed discussion of all the

Copyright © 2020 by the Association of Bone and Joint Surgeo

mechanisms associated with ARMD is beyond the scope of
this study, there are multiple reviews on this subject [6, 13,
38, 51] and our registry findings correlate with these clin-
ical, retrieval, and bioengineering studies.

This study also demonstrated a substantially higher rate
of revision for ARMD with large and small-head MoM
bearings compared with non-MoM modern bearing surfa-
ces. This has been previously reported for overall revisions
[12]. This clinical outcome is consistent with a prior report
of a retrieval study of femoral heads with metal-on-
polyethylene articulations, which demonstrated five times
less trunnion wear than MoM articulations for femoral stems
with a 12/14 taper manufactured by the same company [29].

Conclusions

The risk of revision for ARMD with the use of modern
bearing surfaces in THA is quite low and surgeons can
reassure their patients in this regard. The Accolade 1 and
the M/L Taper stems have a higher revision risk for ARMD
and cobalt-chrome heads and head sizes = 36 mm have a

@_&;Wolters Kluwer
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higher rate of revision than = 32 mm head sizes. Even
though ARMD is a rare failure mode for THA with modern
non-MoM bearings, surgeons should consider this mech-
anism in patients presenting with unexplained pain and
investigate further.
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