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ABSTRACT

Introduction: Advances in rheumatoid arthritis
(RA) management have made disease remission
achievable. We evaluated trends in total hip
replacement (THR) and postoperative outcomes
in patients with RA in Western Australia (WA)
over more than three decades.
Methods: This was a retrospective analysis of
routinely collected prospective data from a
state-wide registry containing longitudinally
linked administrative health data based on
International Classification of Diseases (ICD)
diagnostic and procedural codes. We included

patients with two or more diagnostic codes for
RA (between 1980 and 2015) and studied THR
incidence rates (THR IR) and complication rates
(revision, peri-prosthetic fracture, infection,
venous thrombosis, and mechanical loosening).
Survival rates were estimated by Kaplan–Meier
method and predictors analyzed by Cox
regression.
Results: We followed 9201 RA patients over
111,625 person-years, during which 1560
patients (16.9%) underwent THR. From 1985 to
2015, THR IR (per 1000 RA patient-years)
decreased from 20.8 (95% CI 20.1–21.5) to 7.3
(95% CI 7.2–7.5), and 5-year THR-free survival
increased from 84.3 to 95.3% (1980–2015). Ten-
year prosthetic survival was 91.2%. Complica-
tion rates in the first 5 years post-THR decreased
significantly from 13.1 to 3.7% (p\0.001).
Mechanical complications such as loosening
and periprosthetic fracture rates decreased sig-
nificantly ([35%, P\ 0.05), while infection
and revision did not change over the observa-
tion period (p[0.05).
Conclusions: Over the last 30 years in RA
patients, THR IR and mechanical complication
rates decreased significantly, but the medical
complication of infection has not changed
significantly.

Keywords: Total hip replacement; Rheumatoid
arthritis; Incidence; Complications; Disease-
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Key Summary Points

Background: Improved management of
rheumatoid arthritis (RA) over the last
decades has made disease remission an
achievable goal

Hypothesis: The need for total hip
replacement (THR) and the rate of post-
operative complication rates in RA
patients has decreased over the last
decades.

Conclusions: In Australian RA patients,
THR incidence rates decreased
significantly over time and well before the
introduction of bDMARDs. Rates for
mechanical post-operative complications
(aseptic loosening and periprosthetic
fracture) decreased, while infection rates
remain unchanged.

What was learned: More aggressive RA
treatment with csDMARD over the last
decades has been associated with a more
than 50% decrease in the need for THR in
RA. Whether increased use of bDMARDs
further reduces the need for THR and rate
of postoperative complications remains to
be elucidated.

INTRODUCTION

Rheumatoid arthritis (RA) is a chronic autoim-
mune disease where synovial inflammation
causes painful swelling of the joints and may
erode cartilage and bone [1–3]. Despite best
management, RA patients can experience pro-
gressive disease and require total hip replace-
ment (THR) [1, 4]. THR is an option considered
on failure of the medical treatment protocol for
RA and provides an objective measure of disease
severity [1, 2, 4]. Recently, it has become clear
that newer medications and management pro-
tocols have made low RA disease activity and
remission achievable [2, 5–7].

THR incidence rates (THR IR) have been
decreasing globally and as of 2010 rates were
approximately 7 per 1000 person-years (PY)[8].
However, there is significant heterogeneity
between studies and one proposed reason for
this is variations in country or health system-
specific factors [8]. This review noted a lack of
population-based Australian studies examining
THR rates in RA patients [8].

THR aims to relieve pain and improve func-
tion in RA patients, but the procedure still car-
ries a risk of adverse outcomes (AO) despite
introducing new postoperative protocols, sur-
gical techniques, prosthesis designs, and pre-
ventative measures for infections [8–11].
Furthermore, RA patients are reported to have
worse post-operative outcomes than
osteoarthrosis (OA) patients, which could
potentially be influenced by rheumatic disease
control [9, 12, 13], yet there remain relatively
few studies examining prosthetic survival and
adverse outcomes following THR in RA patients
[8, 14, 15]. Given the relative sparsity of data on
THR in RA patients, we performed a longitudi-
nal state-wide population-based observational
study of THR rates and complications in RA
patients in Western Australia (WA) over the
period 1980–2015.

METHODS

Patients

This observational study used linked adminis-
trative health data on patients in the Western
Australian Rheumatic Disease Registry (WAR-
DER). The registry, described in detail elsewhere
[16], includes all patients in WA with a hospital-
based diagnosis of rheumatic disease between
1980 and 2015. Notably, the registry comprises
private and public hospital data but excludes
data relating to primary care physicians or
pharmaceutical prescriptions. All data in WAR-
DER is coded using the period-relevant version
of the International Classification of Diseases
(ICD).

Among 18,473 RA patients registered in
WARDER, we selected patients with two or
more ICD codes for RA using a pre-determined
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algorithm reviewed by the WA Department of
Health Clinical Coding group (Table 1). The
selection of patients with two or more RA codes
ensured a high degree of sensitivity and speci-
ficity [17], and did not change the sociodemo-
graphic characteristics of the study population
(Table S1). Subsequently, 9532 RA patients were
identified. Of these patients, 1891 (20.6%)
undergoing THR were identified by relevant
ICD codes (Table 1). We then excluded patients
who had undergone THR before first RA record
(n = 331, 3.5%). Information extracted from the
remaining 9201 RA patients (1560 undergoing
THR) included age at first hospital contact for
RA, sex, date of THR, and adjusted Charlson
Comorbidity Index (CCI) at first RA contact and
at THR. The adjusted CCI is a modification of
the well-validated CCI, where higher scores
indicate more comorbidities and are associated
with worse survival irrespective of diagnosis
[18]. Since all patients in this cohort study had
RA, and we were interested in how comorbidi-
ties, not RA, affected outcomes. We used an
adjusted score that removed the rheumatic
components of the CCI (a maximum of 1 point
was deducted from the score) [18–20]. Using
this data, we estimated survival to mortality
(from first RA record) and rates of, and time to
adverse outcome of revision, peri-prosthetic
fracture, infection, VTE, and mechanical loos-
ening using further ICD codes (Table 1).

Ethics approval for this project was obtained
from the Human Research Ethics Committee at
the WA Department of Health (HREC 2016.24).

Statistical methods

Complication rates and incidence rates were
compared using the Pearson’s Chi-square test.
Mann–Whitney U test was used for pairwise
comparison of continuous variables (gender,
age, CCI). For statistical analysis of rates,
patients were categorized into age groups (\ 50,
50–65, 65–80, and 80 ? years), year of first RA
record (5-year periods from 1980 to 2015), and
year of THR (5-year periods from 1980–2015).
Incidence rates (IR) were calculated by dividing
the number of THR in each time period by the
total number of PY contributed by at risk

Table 1 ICD codes used for each concept, backward and
forward mapped into the various versions of ICD codes
used during our study 1980–2015

Concept ICD 10 ICD 9 (used
1/1/
1988–30/6/
1999)

ICD 9 (used
prior to
31/12/
1987)

Hip

replacement

49,318–00

49,319–00

Z96.64

81.51

V43.64

58.15

V43.6

Revision 49,312–00

49,324–00

49,327–00

49,330–00

49,333–00

49,339–00

49,342–00

49,345–00

80.95

80.05

81.53

58.16

Dislocation T84.0

47,048–00

47,051–00

996.4

79.75

79.85

996.4

82.09

57.96

Loosening T84.0 996.4

Periprosthetic

fracture

M96.6 996.78

996.7

47,498–00

47,501–00

47,525–00

47,525–01

47,528–00

47,528–01

47,531–00

47,534–00

47,537–00

47,516–01

47,519–00

78.55

78.59

79.05

79.15

79.25

79.35

79.39

79.45

79.55

57.87

57.9

57.91

57.92

57.93

57.94

82.04

Infection T84.5 996.66 996.6
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patients (in that time period) and presented per
1000 PY. At risk was defined as having an RA
code recorded in the time period of interest or
prior, and not having received THR or died.
Significant differences in IR were tested for the
overall study (where the expected rates derived
from the 1980s group) and between incremen-
tal periods (where the predicted rate is derived
from the previous time period). P values less
than 0.05 were interpreted as indicating a sig-
nificant change in IR had occurred. THR-free
survival for the entire RA cohort was calculated
as the time (in days) from the first recorded RA
diagnostic code to the end of study (2015) or
patient death date, with the first THR code as
the event of interest. Patient survival after THR
was calculated as the time from THR to the end
of study or patient death, while AO-free survival
times was calculated as the time from THR to
the end of study or patient death, with AO as
the event of interest. The frequency of each
adverse outcome was also calculated, with
events censored at the maximum follow-up
times of 6 months, 5, 10, and 15 years post-
THR. However, VTE was only followed to
6 months, as longer time periods were deemed
unlikely to be related to THR [21]. Maximum
follow-up times were selected to allow an
examination of both short- and long-term
complication rates [5, 22–26].

Survival rates were calculated using
Kaplan–Meier life survival tables and compared
using the log-rank Mantel–Cox test. Hazard
ratios (HR) were estimated using Cox regression
analysis. In Cox regression models, the covari-
ates of age at first contact, age at THR, sex, CCI,
year of RA diagnosis, and year of THR were
adjusted. This analysis was conducted using
Statistical Package for the Social Sciences

software (IBM SPSS Statistics for Windows, Ver-
sion 27, IBM Corp., Armonk, NY, USA), with
additional analysis in Microsoft Excel 2019
(Microsoft, Richmond WA, USA).

RESULTS

Demographics

There were proportionally more females in the
THR cohort compared to the non-THR patients
(7.9%, p\ 0.001) (Table 2 and S2) but age at
first RA contact did not differ significantly
between THR vs. non-THR patients (p[0.2).
Age at first hospital contact decreased in the
cohort of patients later requiring THR from
63.6 years to 55.1 years (p\ 0.001), but not for
the full RA cohort (mean age 59.4, p[ 0.1)
(Table 2). Women had a lower CCI at first RA
hospital contact than men (p\ 0.01) and THR
patients had lower CCI scores than non-THR
patients at first RA contact (p\ 0.001)
(Table S1). CCI scores at time of THR did not
change significantly throughout the study
(p[ 0.9) (Table 2 and Table S2).

Total hip replacement-free and patient
survival

In the full RA cohort, THR-free survival
increased throughout the study (5-year survival
increased from 84.3% to 95.3%) (Table 3). Risk
factors for progressing to THR were increasing
age at first RA contact and female sex (HR[ 1.2,
p\0.001), while later study entry and higher
CCI at first RA contact reduced risk of THR
(HR\0.90, p\ 0.001) (Table 4). After control-
ling for age at RA diagnosis, CCI at RA diagno-
sis, and sex, progressing to THR did not
significantly influence mortality rates in RA
patients (p = 0.5, HR = 1.03) (Table S3 and S4).
Patient survival was influenced by CCI
(p\ 0.001, HR 1.05) and age at first RA contact
(p\ 0.001, HR 2.27) (Table S4).

Table 1 continued

Concept ICD 10 ICD 9 (used
1/1/
1988–30/6/
1999)

ICD 9 (used
prior to
31/12/
1987)

VTE T84.8

T84.82

996.77

996.78

996.7
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Trend in total hip replacement incidence

THR IR decreased significantly (p\ 0.01), from
20.8/ 1000 PY (95% CI 20.1–21.5) in 1985–1990,
to 7.3/1000PY (95% CI 7.2–7.5) in 2010–2015,
with the greatest decrease seen from 1995–2000
to 2000–2005 (Fig. 1 and Table 3). Trends were
similar in male and female patients, with a
slightly higher THR IR in females (Fig. 1).

Adverse outcomes

At 5, 10, and 15 years post-THR, the only com-
plications to decrease significantly throughout
our study were periprosthetic fracture and
loosening, decreasing by in excess of 35%
(p\ 0.05). Infection rates and dislocation did

not change significantly (p[0.05). Table 5 and
Figs. 2 and 3.

Five-year AO rates, for all outcomes com-
bined, averaged 8.0%, decreasing from 13.1% to
2.5% from 1980 to 2010, respectively
(p\ 0.001) (Table 5). A similar trend was
observed for adverse outcomes at 15 years post
THR which decreased from 21.1% to 12.2%
from 1985 to 2000 (p\0.001) (Table 5).

Dislocation

Dislocation rates decreased over the duration of
our study. Five-year dislocation rates averaged
6.09% and decreased from 7.8 to 3.7%
(1980–2010, p = 0.08) (Table 5 and Fig. 2).
Similarly, 15-year dislocation rates decreased
from 20.9 to 14.6% (1980–2000, p = 0.054)
(Table 5 and Fig. 3). The probability of disloca-
tion-free survival reduced (p\0.01) with a later
year of undergoing THR (HR 1.18, 95% CI
1.05–1.34) Sex, CCI, and age were not signifi-
cantly associated with dislocation in any model
(p[ 0.05) (Table S5).

Loosening

Loosening rates averaged 14.3% at 15 years of
follow-up and decreased significantly from 20.5
to 12.2%, 1980–2000 (p\ 0.01) (Table 5 and
Fig. 3). A similar, but non-significant, decrease
was observed at 5 and 10 years of follow-up.
From Cox regression models, year of THR was
the only variable associated with loosening-free
survival. The subsequent year of THR conferred
a reduced survival (HR 1.16, 95% CI 1.02–1.32);

Table 4 Covariates used in the Cox regression analysis for
survival from first RA contact to THR

Significance
(p value)

HR 95% CI

Gender \ 0.001 1.370 1.22–1.54

Age at first RA

contact

\ 0.001 1.290 1.22–1.36

Year of first RA

contact

\ 0.001 0.848 0.82–0.88

CCI at first RA

contact

\ 0.001 0.904 0.87–0.94

HR hazard ratio; 95% CI 95% confidence interval, CCI
Charlson Comorbidity Index

Fig. 1 THR incidence rates in RA patients by gender during 5-year intervals in study period 1980–2015

Rheumatol Ther (2022) 9:565–580 571



T
ab
le

5
C
om

pl
ic
at
io
n
ra
te
s
(g
iv
en

as
%

of
to
ta
l
T
H
R
)
at

va
ri
ou
s
m
ax
im

um
fo
llo
w
-u
p
ti
m
e
po
in
ts
(6

m
on
th
s,
1
ye
ar
,5

ye
ar
s,
10

ye
ar
s,
an
d
15

ye
ar
s)

19
80
–1

98
5

0.
5|
1|

5
|1
0
|1
5

ye
ar
s

19
85
–1

99
0

0.
5|
1|

5
|1
0
|1
5

ye
ar
s

19
90
–1

99
5

0.
5|
1|

5
|1
0
|1
5

ye
ar
s

19
95
–2

00
0

0.
5|
1|

5
|1
0
|1
5

ye
ar
s

20
00
–2

00
5

0.
5|
1|

5
|1
0

ye
ar
s

20
05
–2

01
0

0.
5|
1|

5
ye
ar
s

20
10
–2

01
5

0.
5|
1
ye
ar

T
ot
al
s

0.
5|
1|

5
|1
0
|1
5

ye
ar
s

R
ev
is
io
n

(%
)

0|
0|

0.
8|

3.
3|

7.
0

0.
5|

0.
5|

2.
2|

4.
0|

6.
7

0.
8|

2.
0|

3.
6|

6.
3|

8.
7

0.
7|

1.
0|

4.
4|

6.
4|

8.
5

0.
5|

1.
0|

2.
5|

7.
1

1.
1|

1.
1|

4.
8

0.
6|

0.
6

0.
6|

0.
9|

3.
3|

5.
9|

8.
4

D
is
lo
ca
ti
on

(%
)

0.
8|

1.
2|

7.
8|

13
.9
|

20
.9

1.
8|

2.
2|

4.
5|

9.
4|

13
.0

1.
6|

2.
4|

6.
4|

11
.1
|

16
.7

1.
0|

1.
7|

6.
8|

10
.5
|

14
.6

1.
5|

1.
5|

6.
6|

12
.2

0.
5|

1.
6|

3.
7

0.
6|

0.
6

1.
2|

1.
7|

6.
1|

11
.0
|

15
.8

L
oo
se
ni
ng

(%
)

1.
2|

1.
6|

7.
4|

13
.5
|

20
.5

1.
8|

2.
7|

5.
4|

9.
9|

13
.5

1.
6|

2.
4|

6.
4|

10
.7
|

16
.3

1.
0|

2.
0|

6.
1|

9.
5|

12
.2

0|
0.
5|

4.
6|

8.
1

0|
0.
5|

3.
2

0.
6|

0.
6

1.
0
|1
.6
|5

.7
|1
0.
1|

14
.3

Fr
ac
tu
re

(%
)

1.
2|

1.
6|

5.
7|

13
.9
|

18
.4

1.
8|

2.
7|

6.
3|

12
.1
|

15
.7

0|
0.
8|

5.
2|

7.
9|

11
.5

1.
4|

3.
4|

6.
4|

8.
8|

11
.5

1.
5|

1.
5|

4.
1|

6.
1

2.
1|

4.
2|

5.
8

2.
5|

2.
5

1.
4|

2.
4|

5.
9|

9.
5|

12
.3

In
fe
ct
io
n

(%
)

0|
0.
8|

3.
3|

4.
5|

5.
7

0|
0.
9|

4.
0|

5.
8|

7.
6

0.
4|

0.
4|

2.
8|

5.
2|

8.
3

1.
0|

1.
0|

3.
0|

3.
4|

4.
4

0.
5|

0.
5|

3.
6|

5.
1

1.
6|

1.
6|

3.
2

1.
3|

2.
5

0.
6|

1.
0|

3.
5|

4.
7|

6.
2

V
T
E
(%

)
0.
4

0.
5

0.
0

0.
0

1.
5

0.
5

0.
0

0.
4

A
ll
A
O

(%
)

1.
6|

3.
3|

13
.1
|

24
.2
|
33
.2

2.
7|

4.
5|

10
.8
|

16
.6
|
21
.1

1.
6|

3.
2|

11
.1
|

15
.9
|
21
.0

2.
0|

3.
1|

7.
5|

9.
2|

12
.2

1.
5|

1.
5|

3.
1|

7.
6

2.
7|

3.
2|

3.
7

2.
5|

2.
5

2.
1|

3.
1|

8.
0|

12
.6
|

16
.4

N
ot
e
on
ly
th
e
0.
5-
ye
ar

ti
m
e
pe
ri
od

is
di
sp
la
ye
d
fo
r
V
T
E
as

lo
ng
er

ti
m
e
pe
ri
od
s
w
er
e
no
t
ne
ce
ss
ar
ily

re
la
te
d
to

T
H
R
pr
oc
ed
ur
e
or

pr
os
th
es
is
.A

bb
re
vi
at
io
ns

us
ed

in
cl
ud
e
A
O

(a
dv
er
se

ou
tc
om

es
to
ta
l)
,v
en
ou
s
th
ro
m
bo
em

bo
lis
m

(V
T
E
)

572 Rheumatol Ther (2022) 9:565–580



while sex, CCI, and age were not significantly
associated with loosening (p[ 0.05) (Table S5).

Revision

Revision rates at 5, 10, and 15 years did not
decrease significantly over the duration of the
study. 10-year revision rates increased from 3.3
to 7.1% (1980–2005); however, this was not
significant (p = 0.06) (Table 5, Figs. 2, 3). The
subsequent year of THR conferred a reduced
survival rate (HR 1.34, 95% CI 1.17–1.62), while
sex, CCI, and age were not significantly associ-
ated with this outcome (p[0.05) (Table S5).

VTE

A total of eight VTE events were identified in
the first 6 months post-THR (0.5%)(Table 5).
Unfortunately, this meant there was an

insufficient number to carry out further analysis
(stratification, survival, or trend over time).

Infection

Infection rates did not change significantly
throughout our study (p[ 0.4) (Table 5, Figs. 2,
3). Additionally, no variables were significantly
associated with infection-free survival.
(Table S5).

Periprosthetic fracture

Periprosthetic fracture rates decreased signifi-
cantly, with 10-year fracture rates decreasing
from 13.9 to 6.1% (1980–2005), p = 0.007
(Table 5, Fig. 3). Older patients at first RA con-
tact had worse survival (HR 1.62, CI 1.33–2.30);
while sex, year of THR, CCI, and age at THR did
not prove significant associated with peripros-
thetic fracture rates (p[0.05). (Table S5).

Fig. 2 Complication rates (as percentage of THR performed) at a maximum intervals of 5-year follow-up in study period
1980–2010
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DISCUSSION

We found that THR incidence for RA patients
decreased over time, with the most significant
change occurring around 2000 following a
decade where Methotrexate therapy became
anchored as first-line therapy for RA. The
change in THR IR noted around 1985, is likely a
result of the prevalent pool effect due to inclu-
sion of patients with RA before 1980. RA
patients progressing to THR encountered the
hospital system at a younger age, had fewer
comorbidities, and were more often female.
THR did not influence patient survival, post-
operative rates of periprosthetic fracture, and
loosening decreased, but dislocation, infection,
and revision rates did not change significantly
over time.

THR IR for RA patients decreased signifi-
cantly, which is in clear contrast to the THR IR
for osteoarthrosis (OA) patients and the general

population which continues to increase (ap-
proximately 50/100,000 patients in 1994 to
133/100,000 patients in 2017, in the Australian
general population) [27–33]. The opposing
trends for THR in RA and OA populations sug-
gest an RA-specific cause for the reduction in
THR IR, as opposed to a general reduction in
THR rates (for OA and RA), which would have
suggested a less RA-specific cause such as fewer
THR being available. The role of RA manage-
ment is further supported by our finding that
later years of entry to the RA cohort reduced the
HR for THR, consistent with other studies [8].
With RA and OA patients now undergoing THR
at similar ages (65–69 years old), it would appear
RA disease management has been successful in
reducing RA joint destructive potential
[27, 32, 34, 35].

THR IR reduced significantly from
1995–2000 to 2000–2005, which is just prior to
the widespread use of bDMARDs, in a period

Fig. 3 Complication rates after maximum of 10-year follow-up in study period 1980–2005
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where increased use of csDMARD and shorten-
ing time to treatment occurred in the decade
prior [36–41]. We found further support for the
importance of early, aggressive antirheumatic
therapy, as older patients at their first hospital
contact for RA were at a higher risk of THR. If
patients have an approximately constant age of
onset, this elevated risk of THR in older patients
could suggest a higher accumulation of joint
damage due to slower time to treatment and
worse RA control before THR. Alternatively, this
could be the consequence of reasonable RA
disease control in the community resulting in
patients coming in contact with the hospital
system, at older ages, due to age-related OA
degeneration of the hip, as opposed to RA
destruction. A further explanation for the sig-
nificant decrease in THR IR around 2000 is a
change from ICD9 to ICD10 coding in 1999.

An alternative explanation for reducing THR
IR could be that fewer RA patients are deemed
medically fit for surgery. One way of assessing
medical fitness is via the CCI score [42]. In our
study, patients with a higher CCI at first RA
contact were less likely to receive a THR, sug-
gesting there may be an element of surgical
selection for more medically fit patients.
Potentially due to surgical selection, the CCI at
first RA contact for the THR cohort has
remained unchanged, while the CCI at first RA
contact for the entire RA cohort has continued
to increase. Other studies have suggested THR is
protective against mortality due to surgical
selection identifying healthier patients [43].
However, after controlling for age at RA index
date, CCI at first RA contact, and sex, our sur-
vival analysis suggests THR does not influence
mortality rates in RA patients (p[ 0.05). Sur-
vival was only reduced in patients with higher
CCI and older age at RA diagnosis.

In summary, decreasing THR IR appear to be
the result of a RA-specific factors coincide with
the introduction of csDMARDs and the concept
of the window of therapeutic opportunity, and
occurred before the mainstream introduction of
bDMARD.

THR complications

RA patients undergoing THR now have good
postoperative outcomes, comparable to OA
patients, with 1- and 5-year complication rates
averaging under 3% and 8%, respectively
[44, 45]. Declining 5-year postoperative com-
plication rates from 8% to under 4% suggest a
general improvement in the management of RA
THR patients. Possible explanations for
decreasing complication rates include increas-
ing surgical THR volume in the general popu-
lation, changes to surgical technique, and
surgical selection of fitter patients [28, 46–48].
We found higher CCI increases HR for THR,
THR patients have lower CCI (vs. non-THR),
and CCI in THR patients has remained con-
stant. This may suggest that surgical selection
has prevented increasing complication rates,
but has not resulted in decreasing rates of
adverse outcomes.

Rates for individual complications did not
decline equally. Mechanical complications
potentially associated with the underlying RA
disease activity (loosening and periprosthetic
fracture) changed most significantly
[35, 49–51], as opposed to infection, a non-
mechanical complications.

Infection rates in this study are consistent
with international and Australian rates for OA
and RA populations and have not changed sig-
nificantly over time [8, 52, 53]. This could sug-
gest new infection control protocols have not
affected postoperative complication rates to a
large extent. Alternatively, changes to RA
management, such as the increased use of
DMARDs and bDMARDs, may have offset
improvements resulting from modifications to
infection control protocols [54–57]. However,
the fact that infection rates are similar com-
pared to the Australian OA and general popu-
lation undergoing THR provides reassurance
that the current use of antirheumatic drugs,
does not place RA patients at an elevated risk of
postoperative infection.

Complications potentially related to the
underlying RA pathology and its management
(such as corticosteroids), including aseptic
loosening and periprosthetic fracture, have
decreased over time in line with other studies
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[35, 49–51]. We note periprosthetic fracture
rates found in this study, contrast against the
trend observed in OA patients, potentially sug-
gesting improvements in RA disease manage-
ment have at least partially improved post-
operative outcomes [58–61]. While various
studies report significantly different rates of
periprosthetic fracture, due to population
heterogeneity, it appears periprosthetic fracture
rates are increasing [23, 62–64]. Lindahl et al. in
a Swedish registry study from 1979–2000 found
a nearly threefold increase in incidence from
0.045% to 0.13% [63], while Miettinen et al.
found a similar threefold increase from 1.6 /
1000 PY to 4.5/ 1000 PY [65]. Furthermore,
aseptic loosening rates appear to have decreased
faster in RA patients, with RA and OA patients
now having comparable loosening rates at 8%
[66–71]. However, as these comparisons are
made with similar studies and not directly with
a comparative OA cohort, and a significant
number of advances have occurred surrounding
THR surgery, alternative explanations must be
considered. Potential alternative explanations
for the demonstrated improvements in post-
operative outcomes include changes to pros-
thesis materials, patient optimization, surgical
approach, and post-operative rehabilitation
[51, 72–74].

Revision rates were low, under 1% at 1 year
and 4% at 5 years, which is consistent with
international rates [8] and remained constant
across the duration of our study, suggesting that
there has been improvement in treating other
complications but not in preventing complica-
tions progressing to revision. Specifically, it
appears that the increasing use of cementless
fixation and newer prosthesis designs have not
improved revision rates [52]. However, OA
patients in the Australian Orthopaedic Associa-
tion National Joint Replacement Registry
(AOANJRR) have better prosthesis survival rates
compared to RA [35]. Hence, it appears that
there is still room for improvement regarding
the surgical management of RA patients.

Strengths and limitations

This large population-based RA cohort, with
detailed demographic data, allowed us to con-
sider whether the global changes in RA man-
agement, over time have improved severe
disease outcomes in a non-selected population
with statistical precision and high external
validity. The long follow-up time allowed us to
analyze changes to late complication rates, not
able to be examined in many other studies.
Lastly, the fact that diagnostic and procedural
codes, which are based on a physician’s diag-
nosis and transcribed by trained clinical coders,
have been verified in previous studies [75],
provides strong reassurance to the accuracy of
codes used in this study.

Limitations result from the reliance solely on
hospital-based administrative data and lack of a
comparator group. The use of hospital-based
administrative health data means more detailed
clinical data, such as imaging, laboratory data,
and pharmacological therapy were unavailable.
With regards to the lack of a comparable OA
cohort, we have tried as much as possible to
make comparisons with studies and registries
published within the region to minimize the
effect of regional variations on our conclusions.
A further limitation is the potential prevalent
pool risk in the early years of study where
prevalent cases of THR might have been incor-
rectly identified as incident cases, but we
reduced this risk by using a 5-year wash-out
period from 1980 to 1984. Regarding the use of
the ICD code, each revision of the ICD system
results in imperfect backward mapping; hence
complications rates, particularly in the early
years of study, are based on less detailed coding.

CONCLUSIONS

RA patients have become much less likely to
require a THR and overall experience better
postoperative outcomes. This likely results from
the global trend of earlier and more effective
antirheumatic drug therapy resulting in better
disease control and lower the risk of joint
damage. Whether the introduction of bDMARD
therapy leads to further improvements in THR
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incidence and outcomes will require further
long-term study.
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Kröger H. Retrospective population-based cohort
study of incidence, complications, and survival of
202 operatively treated periprosthetic femoral frac-
tures. J Arthroplast. 2021;36(7):2591–6.

66. Martins LGG, Garcia FL, Picado CHF. Aseptic loos-
ening rate of the mayo femoral stem with medium-
term follow up. J Arthroplast. 2014;29(11):2122–6.

67. Dayton MR, Incavo SJ. Component loosening in
total hip arthroplasty. Semin Arthroplast: JSES.
2005;16(2):161–70.

68. Mulroy WF, Estok DM, Harris WH. Total hip
arthroplasty with use of so-called second-genera-
tion cementing techniques. A fifteen-year-average
follow-up study. J Bone Joint Surg Am Vol
1995;77(12):1845–52.

69. Fender D, Harper WM, Gregg PJ. Outcome of
Charnley total hip replacement across a single
health region in England. J Bone Jt Surg Br Vol.
1999;81-B(4):577–81.

70. Havelin LI, Vollset SE, Engesæter LB. Revision for
aseptic loosening of uncemented cups in 4,352
primary total hip prostheses: a report from the
Norwegian Arthroplasty Register. Acta Orthop
Scand. 1995;66(6):494–500.

71. Havelin LI, Espehaug B, Vollset SE, Engesaeter LB.
Early aseptic loosening of uncemented femoral
components in primary total hip replacement. A
review based on the Norwegian Arthroplasty
Register. J Bone Joint Surg Br Vol 1995;77-B(1):
11–7.

72. Apostu D, Lucaciu O, Berce C, Lucaciu D, Cosma D.
Current methods of preventing aseptic loosening
and improving osseointegration of titanium
implants in cementless total hip arthroplasty: a
review. J Int Med Res. 2018;46(6):2104–19.

73. Cherian JJ, Jauregui JJ, Banerjee S, Pierce T, Mont
MA. What host factors affect aseptic loosening after
THA and TKA? Clin Orthopaed Related Res.
2015;473(8):2700–9.

74. Sundfeldt M, V Carlsson L, B Johansson C, Thom-
sen P, Gretzer C. Aseptic loosening, not only a
question of wear: a review of different theories. Acta
Orthopaed. 2006;77(2):177–97.

75. Almutairi K, Nossent J, Preen D, Keen H, Inderjeeth
C. The global prevalence of rheumatoid arthritis: a
meta-analysis based on a systematic review.
Rheumatol Int. 2021;41.

580 Rheumatol Ther (2022) 9:565–580


	Total Hip Replacement in Patients with Rheumatoid Arthritis: Trends in Incidence and Complication Rates Over 35 Years
	Abstract
	Introduction
	Methods
	Results
	Conclusions

	Introduction
	Methods
	Patients
	Statistical methods

	Results
	Demographics
	Total hip replacement-free and patient survival
	Trend in total hip replacement incidence
	Adverse outcomes
	Dislocation
	Loosening
	Revision
	VTE
	Infection
	Periprosthetic fracture

	Discussion
	THR complications
	Strengths and limitations

	Conclusions
	Acknowledgements
	References




