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1Department of Orthopedics and Trauma Surgery, Medical University of Vienna, Vienna, Austria
2Department of Rheumatology, Medical University of Vienna, Vienna, Austria

*Correspondence to: Daniel Aletaha, Department of Rheumatology, Medical University of Vienna, Vienna, Austria, Waehringer Guertel 18-20, 1090 Vienna,
Austria. E-mail: daniel.aletaha@meduniwien.ac.at

Abstract
Objective: To investigate whether biological DMARDs affect the risk of aseptic loosening after total hip/knee arthroplasty (THA/TKA) in patients
with RA.

Methods: We retrospectively identified all patients suffering from RA who underwent THA/TKA at our academic centre between 2002 and 2015
and linked them with an existing prospective observational RA database at our institution. The risk of aseptic loosening was estimated using ra-
diological signs of component loosening (RCL). A time-dependent Cox regression analysis was used to compare the risk of implant loosening be-
tween patients treated with traditional DMARDS and biological DMARDs, or alternately both over time.

Results: A total of 155 consecutive total joint arthroplasties (TJAs) (103 TKA vs 52 THA) was retrospectively included in the study. Mean age at
implantation was 596 13 years. Mean follow-up time was 69643months. Overall, 48 (31%) TJAs showed signs of RCL, with 28 (27.2%) RCLs
occurring after TKA compared with 20 after THA (38.5%). A significant difference regarding the incidence of RCL between the traditional
DMARDs group (39 cases of RCL, 35%) and the biological DMARDs group (nine cases of RCL, 21%) (P¼0.026) was observed using the log-
rank test. This was also true when using a time-dependent Cox regression with therapy as well as arthroplasty location (hip vs knee) as variables
(P¼0.0447).

Conclusion: Biological DMARDs may reduce the incidence of aseptic loosening after TJA in patients with RA compared with traditional
DMARDs. This effect seems to be more pronounced after TKA than THA.
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Introduction

RA is a chronic inflammatory disease that, if treated too late or
inadequately, can lead to permanent joint destruction [1].
Recent advances in treatment, including early and aggressive use
of DMARDs [2, 3] as well as a combination of traditional
DMARDs and biological DMARDs, have resulted in significant
reductions in morbidity and incidence of end-stage joint damage
in RA patients [4, 5]. Despite these improvements, the number
of RA patients requiring total joint replacement of a large joint
remains sizable [6]. While the cost effectiveness of TJA, its ability
to reduce pain and improve function are well documented [7, 8],
it may be associated with serious complications such as aseptic
loosening, periprosthetic joint infections (PJI), dislocation and
periprosthetic fractures [9–11]. Compared with patients under-
going TJA for OA, RA patients have a higher risk for revision

surgery due to PJI after both TKA [12, 13] and THA [13] as
well as a higher risk of dislocation after THA [12]. Despite these
differences, aseptic loosening is the most common cause of revi-
sion TJA in RA patients and OA patients after THA [10, 11]
and, depending on the literature, the most common [9, 14] or
second most common cause of revision TJA after TKA [15]. An
analysis of worldwide arthroplasty registries found aseptic loos-
ening to be responsible for 55% of revisions after THA com-
pared with 29.8% after TKA. Overall, in this study, one out of
13 patients after THA had to be revised at some point due to
aseptic loosening [16]. In a study based on data of the
Australian joint registry, the rate of aseptic loosening after THA
in RA patients averaged 14.3% at 15 years [17]. Revision sur-
gery for implant failure due to aseptic loosening is associated
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with loss of bone stock, decreased clinical outcome and higher
risk of subsequent complications. Therefore, a medical interven-
tion that prevents or lowers the risk of aseptic loosening would
be of utmost importance [18].

The reasons for aseptic loosening have not yet been fully
elucidated, but local inflammation due to prosthetic wear de-
bris, its phagocytosis by macrophages and the subsequent se-
cretion of bone resorption inducing cytokines, most notably
TNF, is thought to play a key role [19]. Hence, TNF inhibi-
tors may be promising therapeutic candidates to reduce the in-
cidence of aseptic loosening. This theory is corroborated by
the fact that different studies have shown that TNF inhibitors
can prevent the formation of erosions in RA [4, 20, 21].
Furthermore, a recent study that investigated the influence of
disease activity on rates of RCL found that treatment with bi-
ological DMARDs was associated with lower rates of RCL
when compared with treatment with traditional DMARDs
[22]. However, larger studies are needed to confirm this
theory.

Hence, the aim of this study was to investigate whether bio-
logical DMARDs affect the risk of aseptic loosening after to-
tal hip/knee arthroplasty in patients with RA compared with
conventional DMARDs.

Materials and methods

This retrospective single-centre study was conducted in accor-
dance with the Declaration of Helsinki, and the ethics com-
mittee of the Medical University of Vienna has approved this
study.

Patient cohort

We retrospectively identified all patients who underwent
THA/TKA at our institution between 2002 and 2015 and
linked them with an existing prospective observational RA
database at our institution. All participants fulfilled the 1987
ACR [23], or more recently, the 2010 ACR/EULAR classifica-
tion criteria for RA [24]. Based on their antirheumatic medi-
cation, patients were divided into two groups: patients under
therapy with traditional DMARDs and patients under ther-
apy with biological DMRADs 6 traditional DMARDs. RA
patients are closely monitored at the Department of
Rheumatology with outpatient visits every three to four
months. Patients who did not have continuous documentation
of their RA treatment during the study period or patients who
were lost to follow-up before the two-year follow-up had to
be excluded. Demographic data of the patient cohort were ret-
rospectively identified. Furthermore, all patients who under-
went revision surgery were identified and differentiated
between revision for aseptic loosening, periprosthetic joint in-
fection and soft-tissue complications.

Radiological analysis

Because revision surgery for aseptic loosening was not fre-
quently enough observed in our cohort to be used as a pri-
mary end point, radiological signs for aseptic component
loosening (RCL) were employed as a more sensitive surrogate
parameter instead. Even though the presence of RCL does not
necessarily indicate a loose implant, it is directly correlated
with aseptic loosening and may predict revision surgery for
aseptic loosening [25, 26]. Routine radiological follow-up at
the Department of Orthopaedics and Trauma Surgery was
performed after 6 weeks, 3 months, 12 months and then

yearly. For patients after THA, the acetabular component
was assessed on anterioposterior radiographs according to
the zones described by DeLee and Charnley [27], the femoral
stem was assessed on anterioposterior and lateral X-rays
according to the Gruen zones [28]. For patients after TKA,
the Knee Society Roentgenographic Evaluation System [29]
was used to assess anterioposterior and lateral X-rays of the
knee joint. RCL was defined if one of the following were true
in at least one region around the implant: radiolucent lines
(RLL) >2 mm; osteolysis defined as nonlinear areas of endos-
teal, intracortical, or cancellous bone destruction >2 mm or
migration of implant components of >2 mm [30]. All radio-
graphic evaluations were performed on a picture archiving
and communication system (PACS) workstation (IMPAX EE
R20, Agfa Healthcare N.V., Mortsel, Belgium) by an expert
reader with more than eight years of experience in the evalua-
tion of radiological studies. Imaging studies were assessed in
random order and the reader was blinded to all patient
details.

Statistical analysis

Metric data are described using mean 6 standard deviation.
To assess the risk of RCL according to medication, Kaplan–
Meier survival analysis was performed with medication type
as independent factor and RCL as end point. Patients were
censored if they reached their last observation. Log-rank test-
ing was used to compare groups for significant differences.
Whereas for most patients the antirheumatic treatment
remained constant during the entire follow-up period on ei-
ther traditional DMARDs or biologicals DMARDs 6 tradi-
tional DMARDs, some patients switched between both
treatment regimes. Because Kaplan–Meier analysis cannot ad-
equately account for patients changing therapy, we performed
a total of three Kaplan–Meier analyses in order to take a com-
prehensive and unbiased statistical approach, assigning the
patients who changed therapy during follow-up to the respec-
tive groups according to different rules in each case. For the
first analysis, those patients who received both treatment regi-
mens during follow-up were assigned to the treatment they
had received longer. For the second analysis, patients who
had received a biological DMARD at least once during
follow-up were allocated to the biological DMARD group.
For the third analysis all patients who had received a tradi-
tional DMARD exclusively at least for one month during
follow-up were allocated to the traditional DMARD group.
To be able to account for these therapy switches, we further
conducted a time-dependent Cox regression analysis to com-
pare the risk of implant loosening between patients treated
with traditional DMARDs and biological DMARDs, or alter-
nately, both over time. Implant location was additionally in-
cluded into our model. The proportional hazards assumption
was confirmed by visual assessment of the Kaplan–Meier
curves, and the final model was tested for significance using
likelihood ratio testing.

To assess any difference in treatment quality over time dur-
ing the long secular period between 2002 and 2015, disease
activity using the Simplified Disease Activity Index (SDAI)
was retrospectively identified and employed as a surrogate pa-
rameter. Time-integrated level of disease activity (area under
the SDAI curve) was calculated and compared using a scatter
plot and regression analysis to determine potential differences
in SDAIAUC based on the date of implantation of the TJR.
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Dichotomous variables were compared via v2 testing or
Fisher’s exact test in case of less than five observations.
Continuous variables were assessed via t tests or Wilcoxon
signed-rank tests depending on their distribution.

All calculations were performed in their two-sided versions
at a significance level of 0.05 using SPSS v28.0 (IBM SPSS
Statistics for Windows, v28.0. Armonk, NY, USA), except for
the time-dependent Cox regression calculations, which were
done in R (v4.1.3) [31].

Results
Study population

We identified 155 consecutive TJAs in 96 patients (75 female,
21 male), who met the inclusion criteria and were retrospec-
tively enrolled in the study. TKA was performed in 103 cases
and THA in 52 cases. Mean age at implantation was
59 6 13 years. Mean follow-up time was 62 6 42 months.
Age at implantation differed significantly between cases who
were treated with traditional DMARDs (61 6 12 years) vs bi-
ological DMARDs (55 6 2 years) (P¼0.02). The follow-up
time was significantly longer for cases who were treated with
biological DMARDS (74 6 7 months) when compared with
cases treated with traditional DMARDs (58 6 39 months)
(P¼ 0.03) (Table 1).

A total of 102 TJAs were exclusively treated with tradi-
tional DMARDs during the entire follow-up, whereas for 33
TJAs the antirheumatic treatment included biological
DMARDS during the entire follow-up. In contrast, 20 TJAs
switched between being treated using traditional DMARDs
exclusively and biological DMARDs 6 traditional DMARDs
at some point during their follow-up.

Disease activity

SDAI scores were available for a subset of 29 patients, 14 of
which were treated with biological DMARDs and 15 with
conventional DMARDs. In this subset of patients, we did not
observe a strong trend regarding disease activity across the
observed time frame of inclusion (Fig. 1). Furthermore, we
found similar time-integrated SDAI scores between patients,
who were predominantly treated with biological DMARDs
(10.94 6 10.20 SDAIAUC) vs. patients who were predomi-
nantly treated using conventional DMARDs (11.90 6 8.78
SDAIAUC, Fig. 2).

Revision surgeries

A total of 16 revision surgeries were observed during follow-
up. One revision was due to a septic complication, one for a
periprosthetic fracture, one for a liner exchange, three after
soft tissue complications and one for secondary patellar resur-
facing. Aseptic loosening was the most common reason for re-
vision with nine observed revision surgeries during the
follow-up period, seven of which occurred in patients treated
with traditional DMARDs vs. two treated with biological
DMARDs (n.s.).

Impact of antirheumatic therapy on radiological

signs for aseptic component loosening

Overall, 48 (31%) patients showed signs of RCL with 28
(27.2%) radiolucencies occurring after TKA compared with
20 after THA (38.5%). When assigning the patients, who
switched between treatment regimens to the therapy they had
received longer, a significant difference was observed in the
Kaplan–Meier analysis and log-rank test regarding the inci-
dence of RCL between the traditional DMARDs group (39
cases of RCL, 35%) and the biological DMARDs group (nine
cases of RCL, 21%). (Fig. 3) (P¼0.026).

When assigning patients who had received a biological
DMARD at least once during follow-up to the biological
DMARD group, a significant difference was observed in the
Kaplan–Meier analysis and log-rank test regarding the inci-
dence of RCL between the traditional DMARDs group and
the biological DMARDs group as well (P¼ 0.012) (Fig. 4).

When assigning patients who had received a traditional
DMARD exclusively at least for one month during follow-up
to the traditional DMARD group, no significant difference
was observed in the Kaplan–Meier analysis and log-rank test
regarding the incidence of RCL (P¼ 0.704) (Fig. 5).

Using a time-dependent Cox regression with therapy (odds
ratio: 0.4597; 95% confidence interval [0.2180, 0.9687]) as
well as arthroplasty location (hip vs knee) (odds ratio:
1.7961; 95% confidence interval [0.9851, 3.2744]) as varia-
bles demonstrated a significant difference regarding the occur-
rence of RCL between treatment with traditional DMARDs
vs. biological DMARDS (P¼0.0447) as well.

This difference in RCL rates between traditional DMARDs
and biological DMARDs was more pronounced in the TKA
group with 25 of 82 (30.5%) patients under traditional
DMARDS compared with 3 of 21 (14.3%) of patients under

Table 1. Numbers indicate median and standard deviations except where indicated otherwise

Cases with predominantly

traditional DMARDs (n¼113)

Cases with predominantly

biological DMARDs (n¼42)

P-values

Age at surgery, years 61 6 12 55 6 2 P¼0.0213
Gender F¼83, M¼30 F¼37, M¼5 P¼0.0526
Location

TKA 82 21 P¼0.0237
THA 31 21

FU-time, months 58 6 39 74 6 7 P¼0.0279
Charlson Comorbidity Index 3.0 6 1.7189 3.0 6 1.7088 P¼0.2167
Type of treatment at implantation Biological DMARDs: 3 Biological DMARDs: 28 NA

Traditional DMARDs: 110 Traditional DMARDs: 14
Overall revisions 13 (11.5%) 2 (4.7%) P¼0.2069
Revision for aseptic loosening 7 (6.2%) 2 (4.7%) P¼0.7346

NA, not applicable.
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biological DMARDs showing signs of RCL. In the THA
group, 14 of 31 (45.2%) patients under traditional DMARDs
and 6 of 21 (28.6%) patients under biological DMARDs
showed signs of RCL.

Discussion

This is the first study to investigate the impact of biological
DMARDs on aseptic arthroplasty loosening after total hip
and knee replacement in RA patients and demonstrates a re-
duced incidence of RCL in patients treated with biological
DMARDs when compared with therapy with traditional
DMARDs.

Despite advances in material science that reduced implant-
wear significantly, aseptic loosening remains the primary fail-
ure mode after total joint arthroplasty for RA as well as OA
[32, 33]. Because the number of total joint replacements

(TJR) will most likely continue to increase in the coming years
[7–9], aseptic loosening as well as revision TKA and revision
THA are set to continue to increase as well [34]. Revision for
aseptic loosening has grave implications and is associated
with high morbidity, bone loss, increased risk of complica-
tions and worse clinical outcome. So far, no medical interven-
tion to avoid or reduce the risk of aseptic loosening has been
identified.

The exact mechanism behind aseptic loosening remains un-
known; however, local inflammation due to prosthetic wear
is thought to be a key driver. The evaluation of periprosthetic
membranes, which had been retrieved from the bone-cement
interface of loose hip prostheses, demonstrated an association
between bone resorption and the presence of small enough
wear particles (diameter 1–12 mm) to allow them to be phago-
cytosed but not digested by macrophages [35]. Macrophages,
when exposed to wear particles of this size in vitro, have been
observed to phagocytose these wear particles and secrete
TNF, which in turn may lead to the observed bone resorption
and prosthetic loosening [36]. Other bone resorption promot-
ing cytokines, which are released due to the unsuccessful di-
gestion of phagocytosed wear particles, include IL-1, IL-5, IL-
17 as well as M-CSF [37]. In addition, it has been shown that
already the binding of wear debris to the cell surface of phag-
ocytes is sufficient to induce the secretion of IL-1 and TNF
[19]. Merkel et al. subsequently successfully tested the hy-
pothesis that TNF mediates implant osteolysis in a murine
model. The authors observed that mice deleted of both the
p55 and p75 TNF receptors are not susceptible to the bone re-
sorption caused by polymethyl-methacylate (PMMA) particle
implantation [38].

Interestingly, it has been observed that in aseptic loosening
the resorbed bone was replaced with a synovial-like mem-
brane [39]. While these membranes differed from those found
in RA in terms of histopathology and triggering mechanisms,
they resemble the pannus of RA in terms of its tendency to
produce localized cytokine-mediated bone loss [18]. Fittingly,
a recent study found that higher inflammatory disease activity
in RA patients increases the risk for radiographic signs of
component loosening (RCL) [22], making the argument that
systemic inflammation in RA might influence this process of
local inflammatory-mediated osteolysis.

There are certain limitations to this study that have to be
addressed. First and foremost, this study was conducted using
a retrospective study design. However, due to the lack of sup-
porting data, this was the logical first step to investigate our
hypothesis. Furthermore, despite the retrospective study de-
sign, the study population is relatively small. However, it has
to be considered that the availability of a comprehensive or-
thopaedic and radiological follow-up in combination with a
gapless documentation of the antirheumatic therapy is rare.
In addition, our study’s long secular period may introduce
bias due to differences in patient characteristics and treat-
ments between 2002 and 2015. However, when assessing
Simple Disease Activity Index (SDAI) scores, which were
available for a subset of 29 patients, only minor numerical
differences were found over the inclusion window.
Unfortunately, being only available for 29 patients, a stratifi-
cation for disease activity was not feasible, which is another
limitation of this study. However, when comparing the
SDAIAUC in the subset of patients with continuous disease ac-
tivity monitoring, we found similar disease activity between
patients who were predominantly treated with conventional

Figure 1. Scatter plot depicting the time-integrated level of disease

activity using the area under the Simplified Disease Activity Index curve

(SDAIAUC) according to the date of implantation of the total joint

replacement of the subset of patients with continuous documentation of

their SDAI scores (n¼ 29)

Figure 2. Boxplot comparing the time-integrated level of disease activity

using the area under the Simplified Disease Activity Index curve

(SDAIAUC) in the subset of patients with continuous documentation of

their SDAI scores (n¼ 29) between patients who were treated

predominantly with biological DMARDs (n¼ 14) (10.946 10.20 SDAIAUC)

vs. patients who were treated predominantly with conventional DMARDs

(n¼ 15) (11.906 8.78 SDAIAUC)
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DMARDs vs patients who were predominantly treated with
biological DMARDs (Fig. 2). Furthermore, the data were col-
lected from a tertiary referral centre. Hence, a certain selec-
tion bias cannot be ruled out. However, our centre treats a
mixed population of primary, secondary and tertiary refer-
rals, covering both simple and challenging cases of RA.

Hence, we consider this group to be representative of the full
spectrum of RA patients and disease courses. Even though re-
vision surgery of aseptic loosening was observed more fre-
quently in patients treated with traditional DMARDs in
comparison with patients treated with biological DMARDs,
the number of patients was insufficient to use revision surgery

Figure 3. Survival (follow-up time until lost-to-follow-up or RCL) in months for patients treated with traditional DMARDs vs. patients treated with biological

DMARDs. For this analysis, patients who switched treatment regimens during follow-up (n¼ 20) were allocated to the treatment they received longer.

Survival differed significantly (log-rank test P¼ 0.026)

Figure 4. Survival (follow-up time until lost-to-follow-up or RCL) in months for patients treated with traditional DMARDs vs. patients treated with biological

DMARDs. For this analysis, all patients who received a biological DMARD at least once during follow-up were allocated to the biological DMARDs group.

Survival differed significantly (log-rank test P¼ 0.012)
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for aseptic loosening as a primary end point. Instead, radio-
logical signs of aseptic loosening were chosen. Whereas RCLs
do not warrant immediate intervention in the clinical ortho-
paedic setting and don’t necessarily indicate a loose implant,
their presence is closely correlated with revision surgery for
aseptic loosening and might even predict it. In addition, it
could be argued that the decision to do revision surgery for
aseptic loosening is somewhat subjective and other character-
istics of the patient such as comorbidities might also be taken
into account.

Furthermore, there was a significant difference in age at im-
plantation between patients treated with biological DMARDs
vs traditional DMARDs. However, younger age at implanta-
tion is commonly associated with higher demand and higher
physical activity and should cause the opposite of what was
observed: a higher rate of RCL in the biological DMARDs
group. Likewise, the follow-up time was significantly longer
for patients treated with biologicals when compared with
patients with traditional DMARDs. This, however, would
also lead to a higher rate of RCL in the biological DMARDs
group. Lastly, we cannot rule out bias by indication regarding
the decision of which patients were treated with biological
DMARDS vs traditional DMARDs. However, it can be as-
sumed that patients with higher disease activity are more
likely to be treated using a biological DMARD, which would
further substantiate our findings.

We conclude that treatment with biological DMARDs
seems to reduce the risk of RCL in RA patients undergoing
TJA. This risk reduction seems to be more pronounced after
TKA than after THA. Whether this effect of biological
DMARDs on the risks of RCL could also be observed in
patients undergoing TJA for OA can only be hypothesized.
Additional prospective studies are needed to further investi-
gate these first findings.

Data availability

The data underlying this article cannot be shared publicly for
the privacy of individuals that participated in the study. The
data underlying this article will be shared on reasonable re-
quest to the corresponding author.

Funding

No specific funding was received from any bodies in the pub-
lic, commercial or not-for-profit sectors to carry out the work
described in this article.

Disclosure statement: The authors have declared no conflicts
of interest.

References

1. Smolen JS, Aletaha D, Barton A et al. Rheumatoid arthritis. Nat

Rev Dis Primers 2018;4:18001.
2. Emery P. Evidence supporting the benefit of early intervention in

rheumatoid arthritis. J Rheumatol Suppl 2002;66:3–8.
3. Korpela M, Laasonen L, Hannonen P et al. Retardation of joint

damage in patients with early rheumatoid arthritis by initial aggres-

sive treatment with disease-modifying antirheumatic drugs: five-

year experience from the FIN-RACo study. Arthritis Rheum 2004;

50:2072–81.
4. Smolen JS, Han C, Bala M et al. Evidence of radiographic benefit of

treatment with infliximab plus methotrexate in rheumatoid arthritis

patients who had no clinical improvement: a detailed subanalysis of

data from the anti-tumor necrosis factor trial in rheumatoid arthritis

with concomitant therapy study. Arthritis Rheum 2005;52:1020–30.

5. Lipsky PE, van der Heijde DM, St Clair EW et al. Infliximab and

methotrexate in the treatment of rheumatoid arthritis. Anti-Tumor

Necrosis Factor Trial in Rheumatoid Arthritis with Concomitant

Therapy Study Group. N Engl J Med 2000;343:1594–602.

Figure 5. Survival (follow-up time until lost-to-follow-up or RCL) in months for patients treated with traditional DMARDs vs. patients treated with biological

DMARDs. For this analysis, all patients who received a treatment with traditional DMARD only at least once during follow-up were allocated to the

traditional DMARDs group. Survival did not differ significantly (P¼ 0.704)

6 Markus M. Schreiner et al.

D
ow

nloaded from
 https://academ

ic.oup.com
/rheum

atology/advance-article/doi/10.1093/rheum
atology/kead304/7218930 by guest on 21 August 2023



6. Kapetanovic MC, Lindqvist E, Saxne T, Eberhardt K. Orthopaedic

surgery in patients with rheumatoid arthritis over 20 years: preva-

lence and predictive factors of large joint replacement. Ann Rheum

Dis 2008;67:1412–6.
7. Amanatullah DF, McQuillan T, Kamal RN. Quality measures in

total hip and total knee arthroplasty. J Am Acad Orthop Surg

2019;27:219–26.
8. Kamaruzaman H, Kinghorn P, Oppong R. Cost-effectiveness of

surgical interventions for the management of osteoarthritis: a sys-

tematic review of the literature. BMC Musculoskelet Disord 2017;

18:183.

9. Mathis DT, Hirschmann MT. Why do knees after total knee

arthroplasty fail in different parts of the world? J Orthop 2021;23:

52–9.
10. Fevang BT, Lie SA, Havelin LI, Engesaeter LB, Furnes O. Improved

results of primary total hip replacement. Acta Orthop 2010;81:

649–59.
11. Karachalios T, Komnos G, Koutalos A. Total hip arthroplasty: sur-

vival and modes of failure. EFORT Open Rev 2018;3:232–9.
12. Ravi B, Escott B, Shah PS et al. A systematic review and meta-

analysis comparing complications following total joint arthroplasty

for rheumatoid arthritis versus for osteoarthritis. Arthritis Rheum

2012;64:3839–49.

13. Schrama JC, Espehaug B, Hallan G et al. Risk of revision for infec-

tion in primary total hip and knee arthroplasty in patients with

rheumatoid arthritis compared with osteoarthritis: a prospective,

population-based study on 108,786 hip and knee joint arthroplas-

ties from the Norwegian Arthroplasty Register. Arthritis Care Res

(Hoboken) 2010;62:473–9.

14. Lum ZC, Shieh AK, Dorr LD. Why total knees fail – a modern per-

spective review. World J Orthop 2018;9:60–4.

15. Koh CK, Zeng I, Ravi S et al. Periprosthetic joint infection is the

main cause of failure for modern knee arthroplasty: an analysis of

11,134 knees. Clin Orthop Relat Res 2017;475:2194–201.
16. Sadoghi P, Liebensteiner M, Agreiter M et al. Revision surgery after

total joint arthroplasty: a complication-based analysis using world-

wide arthroplasty registers. J Arthroplasty 2013;28:1329–32.
17. Taylor-Williams O, Inderjeeth CA, Almutairi KB et al. Total hip re-

placement in patients with rheumatoid arthritis: trends in incidence

and complication rates over 35 years. Rheumatol Ther 2022;9:

565–80.

18. Schwarz EM, Looney RJ, O’Keefe RJ. Anti-TNF-alpha therapy as

a clinical intervention for periprosthetic osteolysis. Arthritis Res

2000;2:165–8.
19. Cherian JJ, Jauregui JJ, Banerjee S, Pierce T, Mont MA. What host

factors affect aseptic loosening after THA and TKA? Clin Orthop

Relat Res 2015;473:2700–9.
20. Smolen JS, Han C, van der Heijde DM et al. Radiographic changes

in rheumatoid arthritis patients attaining different disease activity

states with methotrexate monotherapy and infliximab plus metho-

trexate: the impacts of remission and tumour necrosis factor block-

ade. Ann Rheum Dis 2009;68:823–7.
21. Landewe R, van der Heijde D, Klareskog L, van Vollenhoven R,

Fatenejad S. Disconnect between inflammation and joint destruc-

tion after treatment with etanercept plus methotrexate: results from

the trial of etanercept and methotrexate with radiographic and pa-

tient outcomes. Arthritis Rheum 2006;54:3119–25.

22. Bohler C, Weimann P, Alasti F et al. Rheumatoid arthritis disease
activity and the risk of aseptic arthroplasty loosening. Semin

Arthritis Rheum 2020;50:245–51.
23. Arnett FC, Edworthy SM, Bloch DA et al. The American

Rheumatism Association 1987 revised criteria for the classification
of rheumatoid arthritis. Arthritis Rheum 1988;31:315–24.

24. Aletaha D, Neogi T, Silman AJ et al. 2010 Rheumatoid arthritis

classification criteria: an American College of Rheumatology/
European League Against Rheumatism collaborative initiative.
Arthritis Rheum 2010;62:2569–81.

25. Aebli N, Krebs J, Schwenke D, Hii T, Wehrli U. Progression of ra-
diolucent lines in cementless twin-bearing low-contact-stress knee

prostheses: a retrospective study. J Arthroplasty 2004;19:783–9.
26. Kobayashi A, Donnelly WJ, Scott G, Freeman MA. Early radiologi-

cal observations may predict the long-term survival of femoral hip

prostheses. J Bone Joint Surg Br 1997;79:583–9.
27. DeLee JG, Charnley J. Radiological demarcation of cemented sock-

ets in total hip replacement. Clin Orthop Relat Res 1976;121:
20–32.

28. Gruen TA, McNeice GM, Amstutz HC. “Modes of failure” of

cemented stem-type femoral components: a radiographic analysis
of loosening. Clin Orthop Relat Res 1979;141:17–27.

29. Meneghini RM, Mont MA, Backstein DB et al. Development of a
modern knee society radiographic evaluation system and method-
ology for total knee arthroplasty. J Arthroplasty 2015;30:2311–4.

30. Abrahams JM, Kim YS, Callary SA et al. The diagnostic perfor-
mance of radiographic criteria to detect aseptic acetabular compo-
nent loosening after revision total hip arthroplasty. Bone Joint J

2017;99-B:458–64.
31. R Core Team. R: a language and environment for statistical com-

puting. Vienna, Austria: R Foundation for Statistical Computing,
2022.

32. Berry DJ. Joint registries: what can we learn in 2016? Bone Joint J

2017;99-B:3–7.
33. Sharkey PF, Lichstein PM, Shen C, Tokarski AT, Parvizi J. Why are

total knee arthroplasties failing today–has anything changed after
10 years? J Arthroplasty 2014;29:1774–8.

34. Schwartz AM, Farley KX, Guild GN, Bradbury TL Jr. Projections

and epidemiology of revision hip and knee arthroplasty in the
United States to 2030. J Arthroplasty 2020;35:S79–S85.

35. Horowitz SM, Doty SB, Lane JM, Burstein AH. Studies of the
mechanism by which the mechanical failure of polymethylmetha-
crylate leads to bone resorption. J Bone Joint Surg Am 1993;75:

802–13.
36. Algan SM, Purdon M, Horowitz SM. Role of tumor necrosis factor

alpha in particulate-induced bone resorption. J Orthop Res 1996;
14:30–5.

37. Neale SD, Sabokbar A, Howie DW, Murray DW, Athanasou NA.

Macrophage colony-stimulating factor and interleukin-6 release by
periprosthetic cells stimulates osteoclast formation and bone re-
sorption. J Orthop Res 1999;17:686–94.

38. Merkel KD, Erdmann JM, McHugh KP et al. Tumor necrosis
factor-alpha mediates orthopedic implant osteolysis. Am J Pathol

1999;154:203–10.
39. Goldring SR, Jasty M, Roelke MS et al. Formation of a synovial-

like membrane at the bone-cement interface. Its role in bone resorp-

tion and implant loosening after total hip replacement. Arthritis
Rheum 1986;29:836–42.

The influence of biological DMARDs on aseptic arthroplasty loosening 7

D
ow

nloaded from
 https://academ

ic.oup.com
/rheum

atology/advance-article/doi/10.1093/rheum
atology/kead304/7218930 by guest on 21 August 2023


	Active Content List
	Introduction
	Materials and methods
	Results
	Discussion
	Funding
	References


