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Abstract

Background The Birmingham Hip Resurfacing (BHR) size of = 50 mm. Female patients, older patients, and
prosthesis is the most commonly used metal-on-metal hip individuals with smaller femoral-head diameter (= 50 mm)
resurfacing arthroplasty device. The current manufacturer- are known to have higher revision rates. Prior studies
recommended target demographic for the BHR is male suggest that the survivorship of the BHR when used in the
patients, younger than 65 years requiring a femoral head target demographic is comparable with that of primary
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conventional THA, but comparing survivorship of the
most durable hip resurfacing arthroplasty device to the
survivorship of all conventional THA prostheses is not
ideal because the THA group comprises a large number of
different types of prostheses that have considerable vari-
ation in prosthesis survival. A more informative com-
parison would be with the THA implants with the best
survivorship, as this might help address the question of
whether survivorship in the BHR target population can be
improved by using a well-performing conventional THA.
Questions/purposes We compared the difference in cu-
mulative percent revision, reasons for revision and types of
revision for procedures reported to the Australian
Orthopaedic Association National Joint Replacement
Registry (AOANJRR) using the BHR prosthesis (femoral-
head size > 50 mm) and three conventional THA pros-
theses identified as having the lowest 10-year cumulative
percent revision in the currently recommended BHR target
population to ask: (1) Does the BHR have a lower cumu-
lative revision rate than the group of three conventional
THA prostheses? (2) Is there a difference in the revision
diagnosis between the BHR and the three best conventional
THA prostheses? (3) What is the difference in the com-
ponents used for a revision of a BHR compared with the
three best conventional THA prostheses?

Methods Data reported to the AOANJRR between
September 1, 1999 and December 31, 2018 was used for this
analysis. This study period includes almost the entire use of
the BHR in Australia. The AOANJRR is a large national joint
registry with almost 100% completeness, high accuracy,
rigorous validation, and little to no loss to follow-up. The
study population included males younger than 65 years that
had received one hip replacement procedure for osteoarthritis.
All patients with bilateral procedures, no matter the time in-
terval between hips, were excluded. Only BHR prostheses
with a femoral-head size = 50 mm and conventional THA
prostheses with femoral head sizes = 32 mm and either
ceramic-on-ceramic or metal, ceramic, ceramicized metal-on-
crosslinked polyethylene (XLPE) bearings were included.
These femoral head sizes and bearings were selected because
they reflect modern conventional THA practice. There is no
difference in the revision rate of these bearings in the
AOANJRR. There were 4790 BHR procedures and 2696
conventional THA procedures in the study group. The mean
(= SD) age for BHR procedures was 52 * 7.8 years and 56 =
7.1 years for conventional THA procedures. All comparative
analyses were adjusted for age. Other demographics data in-
cluding American Society Anesthesiologists (ASA) score and
BMI were only included in AOANJRR data collection since
2012 and 2015, respectively, and have not been included in
this analysis because of the low use of BHR in Australia since
that time. The maximum follow-up was 18.7 years for both
groups and mean follow-up of 11.9 years for the BHR and 9.3
years for the conventional THA group. Revision rates were
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determined using Kaplan-Meier estimates of survivorship to
describe the time to the first revision, with censoring at the
time of death or closure of the database at the time of analysis.
A revision was defined as removal, replacement or addition of
any component of a joint replacement. Revisions can be
further classified as major revisions (removal of a component
articulating with bone—usually the stem and/or the shell) or
minor revisions (removal of other components—usually the
head and/or the liner). The unadjusted cumulative percent
revision after the primary arthroplasty (with 95% confidence
intervals) was calculated and compared using Cox pro-
portional hazard models adjusted for age.

Results The BHR prosthesis had a statistically higher
rate of all-cause revision at 17 years than the selected
conventional THA prostheses (HR 2.77[95% CI 1.78 to
4.32]; p < 0.001). The revision diagnoses differed be-
tween the groups, with the BHR demonstrating a higher
revision rate for loosening after 2 years than the con-
ventional THA protheses (HR 4.64 [95% CI 1.66 to
12.97]; p = 0.003), as well as a higher fracture rate
during the entire period (HR 2.57 [95% CI 1.24 to 5.33];
p =0.01). There was a lower revision rate for infection
for the BHR compared with the THA group in the first 5
years, with no difference between the two groups after
this time. All revisions of the BHR were major revisions
(such as, removal or exchange of the femoral and/or
acetabular components) and this occurred in 4.5% of the
primary BHR procedures. Major revision was the most
common type of revision for primary THA accounting
for 1.7% of all primary THA procedures. Minor revi-
sions (head, inset or both) were undertaken in a further
0.6% of primary THA procedures.

Conclusions Given the increasing revision risk of the BHR
compared with better-performing conventional THA pros-
theses in the target population, we recommend that patients be
counseled about this risk. We suggest that a THA with proven
low revision rates might be the better choice, particularly for
patients who are concerned about implant durability. Well-
controlled prospective studies that show appreciable clini-
cally important differences in patient-reported outcomes and
functional results favoring the BHR over conventional THA
prostheses using modern bearings are needed to justify the
use of the BHR in view of this revision risk.

Level of Evidence Level 111, therapeutic study.

Introduction

Metal-on-metal hip resurfacing arthroplasty was in-
troduced in the 1990s to provide a durable bearing surface
without the complications of polyethylene wear [24]. The
proposed advantages of hip resurfacing arthroplasty in-
clude the restoration of a more anatomic hip that theoreti-
cally should permit a greater range of movement and better
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proprioception and allow quicker recovery from surgery [1,
27]. Other potential benefits include a reduction in revision
for dislocation because of larger head sizes and preserva-
tion of femoral bone stock, which would potentially lead to
more straightforward revision surgery [8, 11]. One of these
hip resurfacing arthroplasty devices is the Birmingham Hip
Resurfacing (BHR) System (Smith & Nephew
Orthopaedics, Memphis, TN, USA). This device is con-
sidered one of the better-performing hip resurfacing pros-
theses [9, 11, 23, 24, 30]. There was a rapid uptake in the
use of hip resurfacing arthroplasty after its introduction into
the market. The National Joint Registry (NJR) for England
and Wales, Northern Island, and the Isle of Man reported
that in 2010, 14% of conventional THAs in patients
younger than 55 years were resurfacing procedures [32]. In
Australia, the use of resurfacing procedures accounted for
6% of all primary THAs in 2001 and peaked at 9% in
2005 [2].

In 2006, the Australian Orthopaedic Association National
Joint Replacement Registry (AOANJRR) was the first to
report a higher revision rate in patients undergoing hip resur-
facing arthroplasty compared with patients undergoing con-
ventional THA performed for osteoarthritis (OA) [2]. The
revision risk was most evident in patients aged = 55 years.
There were also higher revision rates for specific patient
populations receiving hip resurfacing arthroplasty. Female
patients with a hip resurfacing arthroplasty had a 1.9-fold in-
crease in revision risk at 3 years compared to male patients.
Revision rates were also increased when femoral head sizes <
50 mm were used, and this was irrespective of sex [3, 28].
Smaller head sizes had a higher cumulative incidence of
loosening or lysis, metal-related pathology, and fracture than >
50 mm head sizes [4]. The Nordic Arthroplasty Registries, the
NJR, and surgeon case series also reported similar findings
with respect to sex, age, and head size differences in revision
after hip resurfacing arthroplasty [9, 13, 17, 19].

The BHR was the most commonly used hip resurfacing
arthroplasty prosthesis throughout the period in which these
findings were reported. In 2014, the AOANJRR reported
that the use of the BHR had increased to 67% of all resur-
facing procedures in Australia [4]. However in June 2015,
the BHR manufacturer (Smith & Nephew) issued an urgent
field safety notice, with the Australian Government’s device
regulatory authority issuing a recall action notification in-
dicating that the use of the BHR was contraindicated in
females and recalling femoral and acetabular head compo-
nents with femoral head sizes < 50 mm [31, 33].

Since then, the manufacturer has recommended that the
BHR prosthesis be limited to males younger than 65 years and
to femoral head sizes of = 50 mm [31]. When limited to this
specific patient population, the BHR prosthesis and several
other hip resurfacing arthroplasty devices have had acceptable
results [6, 18,23, 24]. In 2018, the AOANIJRR reported that the
BHR prosthesis had one of the lowest cumulative percent

revisions (CPR) compared with other hip resurfacing arthro-
plasty devices (6.6% at 10 years) [5]. Furthermore, it has also
been reported that the BHR prosthesis has a revision rate that is
equal to or lower than that of conventional THA prostheses in
the current target population [7, 10, 11, 20, 23, 24, 30].

The evident problem of studies that compared the BHR
prosthesis to all conventional THA prostheses is that a
single better-performing prosthesis from one class is
compared with the average performance of many different
devices of another class where there is considerable vari-
ation in the revision rate of those many different conven-
tional THA prostheses [5]. A potentially more relevant
comparison is how the BHR revision rate compares with
conventional THA prostheses with low revision rates in the
target population. This analysis has the potential to provide
further insight into the question of whether the revision rate
in the resurfacing target population can be improved by
using the BHR or alternatively one of a number of well-
performing conventional THA prostheses.

Using AOANIJRR data, the survivorship of the BHR in
young males was compared with those of the three best-
performing conventional THA prostheses when used in the
same population. This was done to determine: (1) Does the
BHR have a lower cumulative revision rate than the group of
three conventional THA prostheses? (2) Is there a difference
in the revision diagnosis between the BHR and the three best
conventional THA prostheses? (3) What is the difference in
the components used for a revision of a BHR compared with
the three best conventional THA prostheses?

Patients and Methods

The AOANIJRR longitudinally maintains data on all pri-
mary and revision joint replacement procedures. These are
cross-validated with independently collected state and
territory health department data using a sequential, multi-
level matching process. Data are also matched biannually
with data in the Department of Health and Ageing National
Death Index to obtain information on date of death.

The study included procedures reported to the
AOANIJRR between September 1, 1999 and December 31,
2018. The study population comprised males younger than
65 years with a primary diagnosis of OA who had a single
hip replacement procedure with either a BHR prosthesis or
one of three identified conventional THA prostheses.

The exclusion criteria for both groups included all fe-
males, patients aged 65 years or older, diagnoses other than
OA, and all bilateral hip replacement procedures. As the
use of BHR femoral head < 50 mm sizes are no longer
recommended, all BHR procedures using these femoral
head sizes were also excluded.

The three conventional THA devices were chosen by
selecting the three prostheses with more than 1000

{E}QWolters Kluwer

Copyright © 2020 by the Association of Bone and Joint Surgeons. Unauthorized reproduction of this article is prohibited.



2628 Stoney et al.

Clinical Orthopaedics and Related Research™

implantations in the target group that had the lowest 5 year
CPR. The AOANJRR has previously published on this type
of analysis because it reduces the potential for confounding
based on the wide variation in performance of conventional
THA prostheses [32]. All three conventional THA pros-
theses were cementless devices, and included the Secur-
Fit™ Plus/Trident™ (Shell) (Stryker Orthopaedics, Mahwabh,
NIJ, USA), Synergy™/R3 (Smith & Nephew Orthopaedics,
Memphis, TN, USA), and Synergy™/Reflection™ (Shell)
(Smith & Nephew Orthopaedics). To ensure that conven-
tional THA prosthesis use was consistent with contemporary
practice, only conventional THA procedures using modern
bearings (ceramic-on-ceramic bearings or ceramic, metal or
ceramicized metal-on-XLPE) and head sizes of = 32 mm
were included. There is almost no difference in the perfor-
mance of these bearings when compared using Australian
registry data [5]. The most common femoral head size was
36 mm (51% [1368 of 2696]) followed by 32 mm (47%
[1278 0f2696]) and = 40 mm (2% [50 0f2696]). Head sizes
of = 28 mm were excluded for two reasons. In Australia,
they are now rarely used and account for only 6% of all

10,
12% = BHR prosthesis

=Three THA prostheses

10%
8%
6%

4%

Cumulative percent revision

2%

o 1 2 3 4 5 6 7 8 9 10 11 12 13
Years since primary procedure

procedures using the selected conventional THA prostheses.
The second reason is because when used these smaller
femoral head sizes are most commonly associated with ac-
etabular shells of smaller diameter (< 52 mm). Patients re-
quiring smaller-sized acetabular prostheses no longer have
the option of a resurfacing procedure due to the discontin-
uation of femoral heads < 50 mm (see Fig. 1; Supplemental
Digital Content, http://links.lww.com/CORR/A407).

The AOANJRR records reasons for revision and the type
of revision. It further categorizes revision surgery as major
or minor. A minor revision is the replacement of a modular
femoral head, liner, or addition of any other component that
is not a major component. A major revision is the re-
placement of a component that interfaces with bone, such
as a femoral prosthesis (femoral stem for conventional THA,
femoral head for BHR and/or acetabular shell or cup).

The study included 4790 BHR procedures and 2696 con-
ventional THA procedures, all performed for OA. The mean
(= SD) age for BHR procedures was 52 =+ 7.8 years and 56 =
7.1 years for conventional THA procedures (p < 0.001). The
maximum follow-up for both groups was 18.7 years and the

Hazard ratio — adjusted for age and sex
BHR prosthesis versus three THA prostheses
0 -1 year: HR 0.90 (95% CI 0.56 to 1.45); p = 0.670
1-1.5 years: HR 4.33 (95% Cl 0.54 to 34.58); p = 0.167
1.5 -2.5 years: HR 0.58 (95% Cl 0.26 to 1.33); p = 0.198
2.5 years + : HR 2.77 (95% Cl 1.78 to 4.32); p < 0.001

14 15 16 17 18

Number at risk 0 year 1 year 2years 3years 4years 5Syears 6years 7years 8years
BHR prosthesis 4790 4662 4570 4450 4341 4185 4016 3843 3609
Three THA prostheses 2696 2584 2486 2375 2240 2097 1906 1754 1592

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

BHR prosthesis 3302 3002 2707 2363 1955 1511 1086 637 222 33
1411 1215 1046 903 748 547 342 205 107 18

Three THA prostheses

Fig. 1 This graph shows the CPR of the BHR prosthesis and three primary conventional THA prostheses with the lowest 10-year CPR
for men younger than 65 years (primary diagnosis of osteoarthritis).
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Table 1. Revision diagnosis in men younger than 65 years (primary diagnosis of OA) with BHR total hip resurfacing and primary
conventional THA using the three prosthesis combinations with the lowest 10-year CPR (excluding bilateral procedures)

Revision diagnosis BHR total hip resurfacing Three THA prostheses

Type of revision as a Type of revision as a
percentage of primary percentage of revision
procedures (n = 2696) procedures (n = 63)

Type of revision as a Type of revision as a
percentage of primary percentage of revision
procedures (n = 4790)  procedures (n = 215)

Loosening 1.3 (60) 28 (60) 0.6 (15) 24 (15)
Fracture 0.9 (45) 21 (45) 0.3 (9) 14 (9)
Metal-related pathology 0.7 (32) 15 (32)

Lysis 04 (21) 10 (21) 0.0 (1) 2(1)
Infection 04 (17) 8(17) 0.6 (17) 27 (17)
Pain 0.2 (12) 6(12) 0.1(2) 3(2)
Osteonecrosis 0.2 (10) 5(10)

Prosthesis dislocation 0.2 (6) 10 (6)
Malposition 0.1 (5) 2 (5) 0.1 (3) 5@3)
Other 0.3 (13) 6 (13) 0.4 (10) 16 (10)
Number of revisions 4.5 (215) 100 (215) 2.3 (63) 100 (63)

mean follow-up was 11 = 4.5 years for the BHR group and 9
=+ 4.8 years for the conventional THA group (p < 0.001).
Revision rates were determined using Kaplan-Meier
estimates of survivorship to describe the time to the first
revision, with censoring at the time of death or closure of
the database at the time of analysis. Competing risk anal-
ysis was not used as the number of deaths in this younger
age group was low. The CPR after the primary arthroplasty
was calculated with 95% confidence intervals using un-
adjusted point-wise Greenwood estimates. Hazard ratios
adjusting for age were calculated using Cox proportional

BHR prosthesis

5%

= Loosening
Fracture
o, Infection
4% Metal-related pathology
g Lysis
5
T 3%
£
[
2
2 2%
£
P
O
1%
o //._
01234546 7 8 910112131415 1617 18
A Years since primary procedure

hazards models and were used to statistically compare re-
vision rates between the groups. The assumption of the
proportional hazard was checked analytically for each
model; if the interaction between the predictor and the log
oftime was significant, then we used a time-varying model.
Timepoints were iteratively chosen until the assumption of
proportionality was met, and the HRs were calculated for
each selected time period. All tests were two-tailed at the
5% significance level. The statistical analysis was per-
formed using SAS version 9.4 (SAS Institute Inc, Cary,
NC, USA). The reasons for revision and type of revision

Three THA prostheses

5% )

= Loosening
Fracture

= Infection
Metal-related pathology
Lysis

4%

3%

2%

Cumulative incidence

0
1%  —

~

0%
0123 456 7 8 9101112131415 1617 18

B Years since primary procedure

Fig. 2 A-B These graphs show (A) The cumulative incidence revision diagnosis of the BHR prosthesis for men age younger than 65
years (primary diagnosis of osteoarthritis; bilaterals excluded). (B) The cumulative incidence revision diagnosis of the three THA
prostheses for men age younger than 65 years (primary diagnosis of osteoarthritis; patients with bilateral procedures were excluded).
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were also determined for the BHR and three THA
prostheses.

Results
Revision Rate

The risk of all-cause revision at 17 years was greater for
the BHR group (6.7% [95% CI 5.8 to 7.9]) compared
with the THA group (3.4% [95% CI 2.5 to 4.6]). There
was no difference in the revision rate between the groups
in the first 2.5 years. After that time, the BHR prosthesis
had a higher revision rate than the three conventional
THA prostheses (HR 2.77 [95% CI 1.78 to 4.32]; p <
0.001) (Fig. 1).

Revision Diagnoses

The BHR group had a higher rate of revision for loosening,
fracture, metal-related pathology and lysis (Table 1). The

6%
? = BHR prosthesis

= Three THA prostheses

5%

4%

3%

2%

Cumulative percent revision

1%

o 1t 2 3 4 5 6 7 8 9 10 11 12 13

Years since primary procedure

THA group had a higher rate of revision for dislocation and
infection (Fig. 2). The BHR group had a higher rate of
revision for loosening after 2 years (HR 4.64 [95% CI 1.66
to 12.97]; p = 0.003) (Fig. 3) and a higher rate of revision
for fracture during the entire period compared to the THA
group (HR 2.57 [95% CI 1.24 to 5.33]; p = 0.01) (Fig. 4).
There was a lower rate of revision for infection for the BHR
compared with the THA group in the first 5 years (HR 0.30
[95% CI 0.12 to 0.72]; p = 0.007), with no difference be-
tween the two groups after that time (Fig. 5). Metal-related
pathology was the revision diagnosis in 0.7% of all primary
procedures (32 of 4790) in the BHR group, and there were
no revisions for metal-related pathology in the conven-
tional THA group.

Major Versus Minor Revisions

The design of the BHR prosthesis does not enable minor
revisions to be performed. Therefore, all revisions in the
BHR group were major revisions and these occurred in 4.5%
of the primary BHR procedures. Major revision was the

Hazard ratio — adjusted for age and sex
BHR prosthesis versus three THA prostheses
0 -2 years: HR 0.59 (95% Cl 0.26 to 1.34); p = 0.207
2 years +: HR 4.64 (95% Cl 1.66 to 12.97); p = 0.003

14 15 16 17 18

Number at risk 0 year 1 year 2years 3years 4years 5Syears 6years 7years 8 years
BHR prosthesis 4790 4662 4570 4450 4341 4185 4016 3843 3609
Three THA prostheses 2696 2584 2486 2375 2240 2097 1906 1754 1592

Number at risk 9years 10years 11years 12years 13 years 14 years 15years 16 years 17 years 18 years
BHR prosthesis 3302 3002 2707 2363 1955 1511 1086 637 222 33
Three THA prostheses 1411 1215 1046 903 748 547 342 205 107 18

Fig. 3 This graph shows the CPR for loosening of the BHR prosthesis and three primary conventional THA prostheses with the lowest
10-year CPR for men younger than 65 years (primary diagnosis of osteoarthritis; excluding patients with bilateral procedures).
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Number at risk 0 year Tyear 2years 3years 4years 5Syears 6years 7years 8years
BHR prosthesis 4790 4662 4570 4450 4341 4185 4016 3843 3609
Three THA prostheses 2696 2584 2486 285 2240 2097 1906 1754 1592

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

3302
1411

3002
1215

2707
1046

BHR prosthesis

Three THA prostheses

2363
903

1955
748

1511
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205

222
107

33
18

Fig. 4 This graph shows the CPR for fracture of the BHR prosthesis and three primary conventional THA prostheses with the lowest
10-year CPR for men younger than 65 years (primary diagnosis of osteoarthritis; excluding patients with bilateral procedures).

most common type of revision for primary conventional
THA accounting for 1.7% of all primary THA procedures.
The remaining revisions in the THA group were minor and
occurred in 0.6% of primary procedures (Table 2). The CPR
at 17 years for major revisions was 6.7% (95% CI 5.8 to 7.9)
for BHR and 2.6% (95% CI 1.8 to 3.8) for the THA group
(HR 2.13 [95% CI 1.55 to 2.94]; p < 0.001) (Fig. 6).

Discussion

One justification for the use of the BHR has been that it
has a similar or lower revision rate to conventional THA
[7, 10, 11, 20, 23, 24, 30]. The comparison of BHR to
the entire class of conventional THA does not account
for the considerable variation in the revision rate of the
many different conventional THA prostheses included
in the comparator group. The comparison is of one of
the better performing resurfacing devices to the out-
come of all conventional total hip prostheses irre-
spective of performance. This study provides a more

Copyright © 2020 by the Association of Bone and Joint Surgeons. Unauthorized reproduction of this article is prohibited.

relevant and appropriate analysis by comparing the
BHR prosthesis with conventional THA prostheses that
are known to have lower revision rates. When this
comparison is undertaken in the BHR target population
then the BHR (> 50 mm femoral head size) has a higher
CPR rate compared with the three best conventional
THA prostheses.

Limitations

There are several limitations to this study. The main criti-
cism is the potential for selection bias because there may be
differences between the patients who have been selected
for hip resurfacing arthroplasty compared with those who
were selected for THA. The analytical approach taken in
this study has reduced the variation in both prosthesis and
patient factors compared with other studies. However, it is
still likely that patient-specific differences between the two
groups remain. Within the resurfacing group there is likely
to be a higher proportion of patients who have better
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Number at risk 0 year 1year  2years
BHR prosthesis 4790 4662 4570
Three THA prostheses 2696 2584 2486
Number at risk 9 years
BHR prosthesis 3302 3002 2707
Three THA prostheses 1411 1215 1046

Hazard ratio — adjusted for age and sex
BHR prosthesis versus three THA prostheses
0 -5 years: HR 0.30 (95% ClI 0.12 to 0.72); p = 0.007
5 years +: HR 1.13 (95% Cl 0.30 to 4.21); p = 0.858

—

15 16 17 18

3years 4years 5Syears 6years 7 years
4450 4341 4185 4016 3843 3609
2375 2240 2097 1906 1754 1592

8 years

10 years 11years 12 years 13 years 14 years 15years 16 years 17 years 18 years

2363 1955 1511 1086 637 222 33
903 748 547 342 205 107 18

Fig. 5 This graph shows the CPR for infection of the BHR prosthesis and three primary conventional THA prostheses with the lowest
10-year CPR for men younger than 65 years (primary diagnosis of osteoarthritis; excluding patients with bilateral procedures).

general health and are more active. With the large reduction
in the use of resurfacing in recent years, the potential dif-
ference in the proportion of fitter, more active patients is
likely to have decreased. Despite this, it remains a possible
explanation for the higher revision rate of the BHR in that a
higher proportion of more active patients could potentially
increase the incidence of wear-related complications. A
major justification for the use of metal-on-metal bearings
was, however, the theoretical advantage of increased wear
resistance. The lower incidence of revision in the con-
ventional THA group potentially indicates that this may not
be the case.

Conversely, it is more likely that patients with poor-
quality bone, more severe disease, and greater deformity
are less likely to have been selected for a procedure using
the BHR. This is because of the associated technical dif-
ficulties. The AOANIJRR is not able to identify these dif-
ferences and therefore has not taken them into account.
They are likely to be associated with an increased revision
risk in the conventional THA group.

@@Wolters Kluwer

Although the analysis used in this study has reduced bias
by limiting the analysis to the target population and reducing
the number of comparator conventional THA prostheses, it has
not been able to prevent all potential confounding. The
AOANIJRR considers several analytical approaches other than
stratification and age adjustment to address this, including
propensity score matching and instrument variable analysis. It
was decided not to proceed with either of these approaches. To
have effectively undertaken propensity score analysis would
have required the inclusion of additional conventional THA
prostheses, increasing the likelihood of prosthesis-specific
confounding and at the same time substantially reducing the
sample size. In addition, because the AOANJRR does not
collect all relevant data elements, it is still not possible to match
on some known potentially important variables. Similarly, it
was not possible to undertake an instrument variable analysis
because this is most effective with a large volume of proce-
dures and patient selection bias still needs to be addressed. The
tight stratification used limited the number of procedures in-
cluded in the study. In addition, resurfacing was undertaken
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Table 2. Type of revision of BHR total hip resurfacing and primary conventional THA using the three prosthesis combinations with
the lowest 10-year CPR in men younger than 65 years (primary diagnosis of OA, excluding bilateral procedures)

BHR prosthesis Three THA prostheses

Type of revision as a Type of revision as a Type of revision as a Type of revision as a
percentage of primary percentage of revision percentage of primary percentage of revision

Type of revision procedures (n = 4790) procedures (n =215) procedures (n = 2696) procedures (n = 63)
THA (Femoral/acetabular) 2.9 (138) 64 (138) 0.4 (10) 16 (10)
Femoral component 1.2 (56) 26 (56) 0.5 (14) 22 (14)
Acetabular component 0.2 (10) 5(10) 0.7 (19) 30 (19)
Head/insert 04 (11) 17 (11)
Cement spacer 0.2 (8) 4 (8) 0.1 (3) 5(3)

Head only 0.1 3) 5(3)

Removal of prosthesis 0.1 (3) 14 (3) 0.0 (1) 2(1)

Minor components 0.1(2) 3(2)

Number of revisions 4.5 (215) 100 (215) 2.3 (63) 100 (63)
preferentially by high-volume hip surgeons This generally A further limitation of this study is that the comparative
results in lower revision rates which are not reflected in the outcome is limited to revision. The AOANJRR has only
BHR revision rates reported in this study. recently commenced collection of functional and patient-

12% Hazard ratio — adjusted for age and sex
= BHR prosthesis

Three THA prostheses BHR prosthesis versus three THA prostheses

Entire period: HR 2.13 (95% Cl 1.55 to 2.94); p < 0.001
10%

8%

6%

4%

Cumulative percent revision

2%

o 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18
Years since primary procedure

Number at risk 0 year 1 year 2years 3years 4years 5Syears 6years 7years 8years
BHR prosthesis 4790 4662 4570 4450 4341 4185 4016 3843 3609
Three THA prostheses 2696 2584 2486 2375 2240 2097 1906 1754 1592

Number at risk 9years 10years 11years 12years 13 years 14 years 15years 16 years 17 years 18 years
BHR prosthesis 3302 3002 2707 2363 1955 1511 1086 637 222 33
Three THA prostheses 1411 1215 1046 903 748 547 342 205 107 18

Fig. 6 This graph shows the CPR of major revision of the BHR prosthesis and three primary conventional THA prostheses with the
lowest 10-year CPR for men younger than 65 years (primary diagnosis of osteoarthritis; excluding patients with bilateral
procedures).

@}®Wolters Kluwer
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reported outcome measures. As this data was not collected
during the period of this study, it was not possible to
compare the results of this study to those that have reported
improved patient-reported outcome measures with the
BHR [15, 26]. The issue of whether a BHR provides a
better functional result and/or a better result from the pa-
tient perspective has not been addressed by this study.

When comparing the two groups, it is also important to
contrast the reasons for revision. The BHR has a higher rate
of revision for aseptic loosening, fracture, metal-related
pathology and lysis. In this study, metal-related pathology
is a mode of failure that is unique to the BHR when com-
pared with the three selected conventional THA prostheses.
Fracture is a problem known to be associated with resur-
facing. Revisions for aseptic loosening and lysis reported
for the BHR are due to an adverse tissue response to metal-
related particles and/or metal ions. It appears that the rea-
sons for an increased revision rate is very much related to
the design and bearing surface of the BHR.

Revision Rate

We found the overall revision rate to be considerably
higher for the BHR group than for the THA group after 2.5
years. There are a number of cohort studies that report BHR
survivorship ranging from 89% at 13 years to 98% at 10
years (Table 3) [1, 6, 10, 11, 14, 16, 17,21,22,25, 29, 34],
but there are no published studies that directly compare the
revision rates of the BHR with a THA in younger males
with OA. Ideally, a prospective study would randomize a
series of patients to have either a BHR or a THA to answer
our key question: Which implant offers the best survivor-
ship in this group? In the absence of such studies, this joint
registry analysis provides the best-available data.

Table 3. Mid- to longer-term studies of BHR in younger patients

Revision Diagnoses

There are substantial differences between the design and
implantation of the BHR prosthesis and THA prostheses. It
is therefore no surprise that there are differences in the
modes of failure of these two types of prostheses. When
considering the reasons for revision, it is apparent that
loosening, metal-related pathology, lysis, and osteonec-
rosis are greater problems when the BHR is used than
when a conventional THA prosthesis is used (Table 2).
Loosening is the most common reason for revision for hip
replacement in the AOANJRR. It was apparent in higher
numbers in the BHR group and the rate appears to be in-
creasing with time. The later increase in revisions due to
loosening, metal-related pathology, and lysis are major
concerns because these are likely to reflect the metal-on-
metal bearing. Also, of concern is that the incidence of
these metal particle and metal ion-related problems are
increasing with longer follow-up.

Metal-related pathology revisions can be evident in
THA prostheses without metal-on-metal bearings. This is
due to fretting corrosion (trunnionosis) but it is only rarely
reported [12]. Revision for metal-related pathology oc-
curred in 0.7% of the BHR group but was not a reason for
revision in the THA group. Metal-related pathology may
be the reason loosening and lysis occur more often in the
BHR group. Head size is independently associated with
revision risk for dislocation. The BHR allows a much larger
head size than a THA and therefore revisions for instability
in patients with a BHR are uncommon. No BHR patients in
our dataset had a revision for dislocation. Revision for
dislocation is observed at a higher rate in THA; however,
this only occurred in 0.2% of these procedures in our series.

The revision rate for infection appears to be lower for
the BHR group. However, the AOANJRR only captures

Study Number of BHR Mean age (years) Mean follow-up (years) Survivorship
Current study 4790 Males 52 19 93.3% 17 years
Frew et al. [14] 155 Males 47 8.2 88.8% 13 years
Azam et al. [6] 244 Males 58 12 Males 95.4%
Females 55 Females 89.8%
Halawi et al. [16] 442 48 6 Not documented
Oak et al. [25] 541 53 6.2 98.8% 5 years
Rahman et al. [29] 329 56 6.6 96.5% 9 years
Madhu et al. [21] 117 54 7 91.5% 7 years
Coulter et al. [10] 230 52 104 Males 97.5%
Females 89.1% 10 years
Holland et al. [17] 100 51 9.5 Males 94.6%

Females 84.6% 10 years

BHR = Birmingham Hip Resurfacing.

{
[}
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revision procedures that involve component removal or
replacement. It is likely that there are BHR infections
treated with débridement and implant retention that have
not been captured in this dataset. The same procedure for a
THA mostly involves exchange of head and liner, which
are captured as a minor revision by the registry. Therefore,
the AOANJRR cannot provide comparative data on the
overall infection rates of the BHR and THA, only the rate of
component removal or exchange for this diagnosis.

Major Versus Minor Revisions

Revisions are recorded as major or minor in the registry,
but dividing revisions into these two groups is contentious.
Some surgeons argue that any revision procedure is a major
operation regardless of what the revision entails. We have
taken a more nuanced approach to the analysis. In cases of
instability, changing a head or liner is mostly a lower-
acuity procedure with a shorter operation time and a
quicker recovery than procedures that involve removal of
the stem or cup. Some of the minor THA revisions will be
part of a débridement and implant retention for infection.
This is recorded in the registry as a minor component ex-
change for infection but by its nature, it is a larger operation
with commensurate morbidity. The BHR has no removable
or replaceable parts so every BHR revision procedure
recorded in the AOANJRR is a major revision. In fact, 64%
of the BHR revisions involved replacement of the entire
prosthesis compared with only 16% of conventional THA
revisions. Balanced against this is the fact that the BHR is
relatively protected against conditions such as instability
that would account for a number of the minor revisions
in THA.

Conclusions

We found that males younger than 65 years with OA who
underwent BHR had a higher rate of revision after 2.5 years
compared with a selected group of three conventional THA
with modern bearing surfaces and this difference increased
with time. Patients with a BHR should continue to be
monitored. The purported functional advantages of the
BHR in this relatively young cohort of patients must be
balanced against a higher revision rate.
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