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Abstract
Objective
Our aim was to estimate the proportion of knee and hip OA patients showing worsening at 2 years, and to examine
the additional predictive value of failure of optimised non-surgical treatment during 3 months for worsening at 2 years.

Methods
Data of patients participating in the longitudinal CONTROL-PRO study (patients fulfilling clinical ACR criteria for
knee or hip OA) were used. Measurements of pain, functioning and patient global assessments were performed at
baseline, 3 months and 2 years. Worsening at 2 years was defined as fulfilling the recently validated clinical worsening
criteria for knee and hip OA, or total joint replacement (TJR). Logistic regression was performed with worsening at
2 years as the dependent variable.

Results
The 297 included patients were predominantly women (66%) with a mean age of 55 years. At 2 years, 61% showed
worsening (knee 59%; hip 71%) and 24% had undergone a TJR (knee 19%; hip 51%). Clinical worsening at 3 months
appeared to be a clear independent predictor for worsening at 2 years (OR 2.8 95% CI 1.5-5.2) with a moderate
discriminative ability (AUC 0.68 95% CI 0.57-0.70). Similar results were obtained when only TJR at 2 years was
used as the outcome measure (OR 4.1 95% CI 2.0-8.4) with good AUC (0.82 95% CI 0.76-0.87).

Conclusion
Our findings suggest that re-assessment of symptoms after optimised non-surgical treatment could be meaningful in
clinical decision making for TJR. Furthermore, this information could be used to identify subgroups of patients
potentially eligible for novel and advanced treatment options.
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Introduction

Osteoarthritis (OA) is considered to be
the most prevalent chronic joint dis-
ease and is one of the leading causes
of pain and disability worldwide, with
knee and hip being frequently involved
joints (1-4). Meanwhile, the incidence
and prevalence of knee and hip OA is
rising substantially due to the ageing
population and the epidemic of obesity
which portends the associated future
economic burden (3, 5, 6). The natural
course of pain and physical function-
ing in knee and hip OA is highly vari-
able: most patients have been found
to remain stable, while a subset will
gradually worsen (7-10). Both the in-
volvement of a high socioeconomic
burden as well as the variability on the
natural course, mandate that identifica-
tion of risk factors for clinical decline
are important (11). This could be used
to inform both patients and healthcare
professionals, to identify patients at risk
for deterioration in order to adapt treat-
ment or to select individuals potentially
eligible for novel therapies.
Longitudinal studies on validated clini-
cal outcomes in knee and hip OA are
lacking and therefore, little is known
about the course and determinants as-
sociated with clinical deterioration
of knee and hip OA (12). In contrast,
many studies have been performed to
determine prognostic factors for radio-
graphic progression of knee and hip OA
(8, 13). However, a clear discordance
between radiographic and symptomat-
ic knee OA has been well established.
This highlights the need to also focus
on symptomatic rather than radiologi-
cal outcomes (7, 12, 14, 15). Sympto-
matic progression of knee OA is most
relevant for both patient and healthcare
professionals. Therefore, an under-
standing of the risk factors that predict
clinical worsening in knee and hip OA
would be useful to give insight in daily
clinical practice.

Validated clinical worsening criteria
have not been available up to recently.
This is corroborated by two recently
published systematic reviews of prog-
nostic factors for symptomatic progres-
sion of knee OA, concluding that it was
impossible to properly summarise the
evidence due to different ways of meas-

uring clinical progression (12, 14). Re-
cently, we validated clinical worsen-
ing criteria that have been proposed to
identify patients who have been deteri-
orated, enabling longitudinal outcome
studies on determinants for clinical
worsening over time of knee and hip
OA (16), which corresponds to the cur-
rent opinion to use symptom progres-
sion as outcome measure (12, 13).
Several international consensus-based
clinical guidelines for the management
of knee and hip OA are available, em-
phasising the importance and efficacy
on non-surgical treatment modalities,
which include education, exercise,
step up analgesics, life style advice
concerning physical activity and ad-
vice on weight loss in patients that are
overweight (17). An important issue in
clinical practice would be to evaluate
whether failure of optimal standardised
non-surgical treatment, is an additional
risk factor for worsening over time,
beyond history taking and physical ex-
amination. Therefore, the aims of this
study are to estimate 1) the proportion
of knee and hip OA patients showing
worsening at 2 years, and 2) to exam-
ine the additional predictive value of
failure of optimised standardised non-
surgical treatment during 3 months for
worsening at 2 years.

Materials and methods

Design, setting and participants

This study is part of the longitudinal
study CONTROL-PRO (Cohort Of
Non-invasively Treated Osteoarthritis
of Lower Extremities — Pain, function
and Radiological Outcome) (18). Con-
secutive patients of a specialised knee
and hip OA outpatient clinic were in-
vited to participate. All patients fulfilled
the clinical American College of Rheu-
matology (ACR) criteria for knee or hip
OA and were at inclusion deemed ineli-
gible for total joint replacement (TJR)
by their orthopaedic surgeon OA. The
most symptomatic knee or hip at base-
line was considered the index joint.

All patients received standardised
non-surgical treatment during the first
3 months which included education,
referral for physical therapy (aerobic
and strengthening exercises), step-up
analgesics using acetaminophen based
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on the numeric rating scale (NRS)
pain (patients were contacted every 4
weeks; next step only if NRS pain >4
unless contraindicated), followed by
a first NSAID, substitution of NSAID
and tramadol thereafter), and advice
on weight reduction if indicated (goal
5% weight loss when BMI =28), as de-
scribed elsewhere (18). Exclusion cri-
teria were: other rheumatic or severe
orthopaedic diseases leading to inflam-
matory arthritis or secondary OA, co-
morbidity exceeding the complaints or
limitations of the knee or hip OA (pa-
ralysis due to a cerebrovascular event,
severe fibromyalgia), orthopaedic pro-
cedures planned within the next three
months, or cognitive or sensorimotor
problems interfering with questionnaire
completion. For the current study, pa-
tients were invited for a follow-up visit
after 2 years if they completed both
baseline and 3 months follow-up visits,
and were included when they indeed
completed the 2-year follow-up visit.
The local Medical Research Ethics
Committee, region Arnhem-Nijmegen
(The Netherlands) approved the study
design (study number 2009/095). The
procedures followed were in accord-
ance with the Declaration of Helsinki.
All patients signed informed consent.

Data acquisition

Visits were scheduled at baseline, at 3
months, and at 2 years. Two-year vis-
its were scheduled only for those pa-
tients who completed both baseline and
3-month questionnaires, and had not
undergone a TJR. At inclusion, demo-
graphic and OA-related characteristics
were collected, using a standardised
interview and physical examination as
described elsewhere (18). The number
of comorbidities was assessed using
the long version of the Dutch Arthri-
tis Impact measurement Scales (19).
At baseline, erythrocyte sedimenta-
tion rate (ESR) and C-reactive protein
(CRP) were measured and radiographs
were assessed. To examine structural
abnormalities, knee (weight-bearing
posterior-anterior fixed flexion) or hip
radiographs (both anterior-posterior su-
pine position) were obtained. Scoring
of the index joint was completed by an
experienced rheumatologist blinded to
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clinical data, using the atlas based Kell-
gren and Lawrence (K&L) grading sys-
tem (20, 21). Previous intraobserver re-
liability (kappa) for K&L score ranged
from 0.68 to 0.89 (re-scored in 20
participants (18). At all visits, patients
completed a standardised set of patient
reported outcomes measures.

Patient-reported Outcome Measures
(PROMs)

Pain intensity and the patient global
assessment (PGA) of OA impact dur-
ing the last week were measured on a
0-10 point numeric rating scale (NRS)
where 0 equals no symptoms. Patients
also completed the Dutch Knee/Hip in-
jury and Osteoarthritis Outcome Score
(KOOS/HOOS) questionnaire (Likert
scale version) (22). From the KOOS/
HOOS, the Western Ontario and Mc-
Master Universities (WOMAC) scores
can be derived, with WOMAC pain,
function, and stiffness subscales pre-
sented as standardised scores ranging
from 0 to 100, where 100 equals no
symptoms (23). Fatigue was measured
at baseline and 3 months with the 8-ite-
med “Subjective Fatigue” subscale of
the Checklist Individual Strength (CIS)
(24). The total score can range from
856 points where scores of =35 repre-
sent severe fatigue. Fear of movement
was measured with the Tampa Scale
for Kinesiophobia (TSK) (25), where
scores >37 represent excessive fear of
movement. Mental health was meas-
ured with the mental component score
and calculated with corresponding sub-
scales of the 36-item Short Form Health
Survey (SF-36), a widely used generic
health status questionnaire comprising
eight areas of health status, with higher
scores indicating better health (range
0-100) (26, 27).

Primary outcome

Worsening at 2 years was operational-
ised as TJR in the index joint, or ful-
filling recently validated clinical wors-
ening criteria for knee and hip OA:
worsening in: pain =20% and absolute
change =20 or function =10% and ab-
solute change =10 or PGA =10% and
absolute change =1 (scale 0-10) com-
pared to baseline values (16). We used
two different pain outcome measures —

NRS and WOMAC - and consequently
two distinct sets of worsening criteria
i.e. worsening using NRS pain and
worsening using WOMAC pain respec-
tively. As described elsewhere, these
literature- and  expert-group-based
worsening criteria were first tested in
a derivation cohort (n=219) and con-
firmed in a validation cohort (n=296).
Both datasets incorporated observation-
al data of patients with knee and hip OA
who received standardised conservative
treatment. This set performed best re-
garding sensitivity (59%) and specific-
ity (74%) (16). Clinical worsening at 3
months was dichotomised similarly, but
with different time points i.e. change
between 3 months and baseline values.

Statistical analysis
e Patient characteristics, follow-up

at 3 months and 2 years
Descriptive statistics were provided as
mean and standard deviation (SD) or
median and interquartile range (IQR) or
numbers with percentages when appro-
priate. T-tests or chi-squared tests were
used to compare baseline and 3 month
values between patients who were in-
cluded in the current analysis and pa-
tients who were lost to follow-up and
to compute differences in knee and hip
OA patients for worsening at 2 years.

* Additional predictive value of failure
of optimised non-surgical treatment
during 3 months

Multivariate logistic regression anal-

yses were performed with clinical

worsening at 2 years as the dependent
variable. According to the TRIPOD
statement, backward logistic regres-
sion analyses — guided by the Akaike
information criterion (p=0.157) — was
used to build the full baseline model for
worsening at 2 years (dependent vari-
able) (28). Based on the literature and
clinical relevance, the following inde-
pendent variables were selected: age,
gender, BMI, affected joint, comor-
bidities, pain, PGA, function, stiffness,
CRP, fatigue, mental component scale
of SF-36 and K&L score and used in
developing the full multivariable mod-
el. Separate models were run for NRS
pain and for WOMAC pain, where both
the independent variable for pain and
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the outcome measure for pain differed.
The results are presented as odds ratio
(OR) with 95% confidence interval
(95% CI). Secondly, clinical worsen-
ing at 3 months despite optimised non-
surgical treatment was added as the
independent variable to the model. For
including variables, we used a rule of
thumb as recommended by various au-
thors (29), that a minimum of 10 events
per variable is required to obtain a reli-
able and concise prediction model. To
reduce the impact of missing data, data
at baseline and 3 months was imputed
using multiple imputations to create 20
datasets and results were combined us-
ing Rubin’s rules (30, 31). The discrim-
inatory ability of the final model was
estimated using the area under (AUC)
the receiver operating characteristic
(ROC) curve, which is similar to the
concordance-statistic (c-statistic). An
AUC of 1 indicates perfect discrimi-
nation, while an AUC of 0.5 indicates
discrimination no better than chance.
Moreover, the positive and negative
predictive values (PPV and NPV) as
well as sensitivity and specificity of
fulfilling clinical worsening criteria
at 3 months and worsening at 2 years
were estimated. Finally, the pre- and
post-test probability was calculated
and considered clinically relevant
when the increase was above 15% (32,
33). Furthermore, we performed two
sensitivity analyses; one with TJR at 2
years as the dependent variable and one
on the subgroup of patients with knee
OA. All analyses were performed using
STATA 13.1.

Results

Patient characteristics

No relevant and significant differences
were found between the patients in-
cluded in the analyses (n=297) and the
patients who did not reply to the invi-
tation for the 2 years assessment (Sup-
plementary Fig. 1, n=142, 32.4%) with
regard to all baseline values presented
in Table I, except for the proportion of
patients with baseline K&L =2 (includ-
ed 74% vs. not-replying 60%, p=0.06).
Three months data were available for
54 out of 142 not-replying patients
and we found no significant difference
in proportion with clinical worsening

Clinical and Experimental Rheumatology 2019
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Table I. Baseline characteristics of 297 patients with knee or hip osteoarthritis

Sociodemographic characteristics
Age, years
Women, n (%)
Body mass index, kg/m?, median (IQR)
Duration of symptoms , years, median (IQR)
Index joint knee, n (%)
Education, low/middle, n (%)
Comorbidities, >1, n (%)

Clinical parameters
NRS pain (0-10)
NRS PGA (0-10)
WOMAC pain (0-100)
Function (0-100)
Stiffness (0-100)
ESR (mm/h), above upper limit, n (%)
C-reactive protein above upper limit, n (%)
Severe fatigue (CIS =35), n (%)
Fear of movement (TSK >37), n (%)
SF-36 mental component score (range 2-71)
Kellgren and Lawrence =2, n (%)

550 (9.6)
195 (65.6)
279 (253-329)
38 (1.6—10.4)
252 (84.8)
214 (72.1)

119 (40.1)

59 (1.8)
6.1 (2.1)
488 (19.2)
479 (19.7)
459 (23.4)
30 (12.1)
16 (6.5)
114 (43.9)
147 (49.5)
512 (11.6)
209 (74.1)*

Values are mean (SD) unless stated otherwise; IQR: interquartile range; NRS: numeric rating scale;
PGA: patient global assessment; WOMAC pain, function and stiffness, Western Ontario and McMaster
University Osteoarthritis Index scale; ESR: Erythrocyte sedimentation rate; CIS: Checklist Individual
Strength; TSK: Tampa Scale for Kinesiophobia; SF-36: Short Form 36 Health Survey; Higher scores
indicate more NRS pain, worse PGA, better scores for WOMAC pain, function and stiffness, better

mental and physical health SF-36.
#15 missing values.

100% -
90% -

70% -

60% -

30%
20% -

Hip (n=45)

Knee (n=252)

B No worsening
B Clinically worsened

B Total joint replacement

Fig. 1. Proportions of worsened patients at 2 years per index joint.
Testing proportions between knee and hip OA patients: no worsening; p=0.13, clinically worsened;

p<0.01, and total joint replacement; p<0.0001.

between patients not-replying and pa-
tients included in the current analysis
(24%; 95% CI 22-27% vs. 28%; 95%
CI 25-31% respectively). The cohort
consisted predominantly of women
(66%), with a mean age of 55 years
and median BMI of 28 kg/m* who are
moderate to severely disabled by their
disease considering the relatively high
scores for pain and PGA, and the high

proportion of patients showing fear of
movement and severe fatigue.

Follow-up at 3 months and 2 years

Of the 297 patients in the cohort, a to-
tal of 85 (29%) and 181 patients (61%)
clinically worsened at 3 months and 2
years respectively (see also Table III).
A total of 71 out of 181 patients (39%)
who worsened at 2 years — i.e. 24% of
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Table II. Multivariate logistic regression model with determinants presented as OR (95% CI) for worsening at 2 years in knee and hip OA

patients.

Worsening using NRS pain
(n,=181;n,=116)

yes no’

Worsening using WOMACpain
(n,=173;n,=123)*

yes’ no

OR 95% CI AUC OR 95% CI AUC

Baseline model 0.63 (0.57-0.70) 0.67 (0.61-0.73)
Patient global assessment (range 0-10) 0.81 0.71-0.93 0.85 0.75-0.96

Kellgren & Lawrence score =2 (range 0-4) 1.62 0.94-2 81 2.13 1.20-3.78

WOMAC stiffness (0-100) 0.99 0.98-1.00

BMI (kg/m?) 1.06 1.01-1.10

Hip index joint 1.98 0.97-4.06

Baseline model with clinical worsening at 3 months 0.68 (0.62-0.74) 0.70 (0.64-0.76)
Clinical worsening at 3 months 2.84 1.54-5.22 247 1.34-4.55

Patient global assessment baseline (range 0-10) 0.83 0.72-0.96) 0.87 0.77-0.99

Kellgren & Lawrence scale =2 (range 0-4) 1.69 0.96-2.99 2.26 1.26-4.06

WOMAC stiffness baseline (0-100) 0.99 0.98-1.00

BMI baseline (kg/m?) 1.05 1.01-1.10

Hip index joint 1.96 0.95-4.07

OA: osteoarthritis; n: number; OR: odds ratio; CI: confidence interval; AUC: area under ROC curve/c-statistic; NRS: numeric rating scale; WOMAC:
Western Ontario McMaster University Index of osteoarthritis; PGA: patient global assessment; BMI: body mass index.

*Total number of patients with complete WOMACpain = 296, due to missing values.
Higher scores indicate worse PGA, more NRS pain, and better scores for WOMAC stiffness

Table III. 2 x 2 table of clinical worsening at 3 months and worsening at 2 years.

Worsening at 2 years

Yes No Total

Clinical worsening at 3 months Yes 66 19 85
No 115 97 212

Total 181 116 297

Values are n (%).

Positive predictive value 77.6% (95% CI 67.1-85.7); negative predictive value 47.8% (95% CI 39.0-
52.7); sensitivity: 36.5% (95% CI 29.5-44.0); specificity: 83.6% (95% CI 75.3-89.6); positive likeli-
hood ratio 2.23 (95% CI 1.41-3.51); negative likelihood ratio 0.76 (95% CI 0.68-0.85).

the whole group of patients — had un-
dergone a TJR in the index joint on av-
erage 1.1 years (SD 0.5) after inclusion.
As shown in Figure 1, a higher propor-
tion of knee OA patients showed clini-
cal worsening at 2 years compared to
hip OA patients (40% vs. 20%, p<0.01).
However, the proportion of patients
who underwent a TJR was lower for
knee than hip OA (19% vs. 51% re-
spectively, p<0.0001). There was no
difference in the proportion of patients
who did not worsen at 2 years for those
with knee compared with hip OA (41%
and 29%, respectively, p=0.13). Of 85
patients who demonstrated clinical
worsening at 3 months; 29 (34%) had
progressed to TIR, and 36 (42%) main-
tained their “clinically worsened” clas-
sification at 2 years. Median BMI did
not change from baseline to 3 months
and 2-year follow-up.
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Additional predictive value of failure
of optimised non-surgical treatment
during 3 months

The prediction models for worsening
at 2 years (defined as clinical wors-
ening or TJR) are shown in Table II.
Significant independent baseline pre-
dictors were: PGA and K&L score
>2. Furthermore, BMI turned out to
be an independent predictor when us-
ing WOMAUC, but not NRS pain. The
higher the baseline BMI, the greater
the risk of worsening at 2 years. Add-
ing clinical worsening at 3 months
(yes/no) as the independent variable to
the baseline model, resulted in an ad-
ditional predictor for worsening at 2
years with an adjusted OR of 2.8 (95%
CI 1.5-5.2 in NRS pain model). Over-
all, the discriminative ability of the
model was fair with an AUC of 0.68
(95% CI1 0.62-0.74), indicating a mod-

erate ability to discriminate between
patients with and without (clinical)
worsening at 2 years (Fig. 2). Table III
shows a high positive predictive value,
low negative predictive value, low sen-
sitivity, and high specificity for clinical
worsening at 3 months and outcome at
2 years. The positive likelihood ratio
of 2.2 (95% CI 1.4-3.5) suggests that
taking clinical worsening at 3 months
despite optimised non-surgical treat-
ment into account increases the pre-test
probability of 61% for worsening at 2
years to a post-test probability of 78%
(Table III).

Sensitivity analyses using TJR as de-
pendant outcome, yielded similar inde-
pendent clear predictors for TJR: clini-
cal worsening at 3 months, K&L score
=2, and affected joint (Table IV). The
adjusted OR for clinical worsening at
3 months for having a TIR at 2 years
was 4.1 (95% CI 2.0-8.4 in NRS pain
model). Overall, the discriminative
ability of this model, showed a good
AUC of 0.82 (95% CI 0.77-0.87), in-
dicating good ability to discriminate
between patients with and without TJR.
Similar conclusions could be drawn for
the sensitivity analyses using only knee
OA patients (OR clinically worsened
at 3 months 5.2 95% CI 2.2-11.9 and
OR K&L score increased to 8.1 95% CI
2.2-29.3).
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Table IV. Multivariate logistic regression model with determinants presented as OR (95% CI) for total joint replacement in knee and hip

OA patients.
Total joint replacement Total joint replacement
(using NRSpain) (using WOMACpain)
(n, =71; n, =226) (n, =71; n, =226)
OR 95% CI AUC OR 95% CI AUC
Baseline model 0.77 0.71-0.83 0.77 0.72-0.83
Patient global assessment (range 0-10) 1.20 1.01-1.42 1.15 0.98-1.36
Kellgren & Lawrence score =2 (range 0-4) 432 1.66-11.26 438 1.20-3.78
WOMAC stiftness (0-100) 0.98 0.97-1.00 0.99 0.97-1.00
Hip index joint 6.61 3.03-14.42 5.60 2.62-11.95
Comorbidities >1 1.90 0.88-4.09
Duration of symptoms (years) 1.03 1.00-1.06 1.03 0.99-1.06
BMI (kg/m?) 1.04 0.99-1.09
Age (years) 1.02 0.99-1.06
Baseline model with clinical worsening at 3 months 0.82 0.76-0.87 0.820.77-0.87
Clinical worsening at 3 months 4.11 2.00-8.48 4.06 1.98-8.34
Patient global assessment baseline (range 0-10) 1.30 1.08-1.55 1.28 1.07-1.54
Kellgren & Lawrence score 2 (range 0-4) 4.72 1.79-12.43 324 1.84-11.95
WOMAC stiffness baseline (0-100) 0.98 0.97-1.00 0.99 0.97-1.00
Hip index joint 7.38 3.22-16.94 6.21 2.78-13.89
Comorbidities >1 1.78 0.81-3.92
Duration of symptoms (years) 1.03 1.00-1.07 1.03 0.99-1.07
BMI (kg/m?) 1.03 0.98-1.08
Age (years) 1.03 1.00-1.06

OA: osteoarthritis; n: number; OR: odds ratio; CI: confidence interval; AUC: area under ROC curve/c-statistic; NRS: numeric rating scale; WOMAC:
Western Ontario McMaster University Index of osteoarthritis; PGA: patient global assessment; BMI: body mass index.
Higher scores indicate worse PGA, more NRS pain, and better scores for WOMAC stiffnes.

Discussion

To our knowledge, this is the first longi-
tudinal study on the additional predic-
tive value of failure of optimised non-
surgical treatment during 3 months for
worsening at 2 years in knee and hip
OA. Our results show that more than
half of patients with established knee
and hip OA in secondary care have
worsened at 2 years, despite optimised
non-surgical treatment. We also found
that clinical worsening at 3 months is
a clear independent predictor for wors-
ening at 2 years.

How could our results be used in clini-
cal practice? Our results could be used
for patient information and to guide
both patients and (orthopaedic) sur-
geons in decision making about the
appropriate timing of TJR. This study
adds that patients who are clinically
worsened at 3 months despite optimised
non-surgical treatment, have an almost
threefold increased odds ratio for wors-
ening at 2 years. This corresponds to an
increase of pre and post-test probabil-
ity from 61 to 78%, which is above the
considered clinically relevant cut-off
of 15% improvement in probability of
response after a positive test (32, 33).
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Fig. 2. ROC curves showing the sensitivity and 1-specificity for both the baseline model (T0) and
the baseline model with clinical worsening at 3 months added (T3), for 2 different dependent outcome
measures at 2 years: 1) worsening (TJR or fulfilling clinical worsening criteria, Table II), and 2) TJR

(Table IV) in patients with knee or hip OA.
Pain was calculated using WOMAC pain.

WOMAC: Western Ontario and McMaster University Osteoarthritis Index scale; TJR: total joint

replacement.

In addition, our worsening criteria are
easy to assess in clinical practice. These
advantages favour the use of clinical
worsening criteria to monitor the symp-

toms of patients with established OA
and suggest that patients with persisting
symptoms after optimised non-surgical
treatment, should be referred back to
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the (orthopaedic) surgeon to reconsider
the TJR indication. This predictor could
be used to identify a more severely af-
fected subgroup of patients that would
be eligible for TIR (34).

Lastly, using clinical worsening crite-
ria could support the identification of
subgroups of patients potentially eligi-
ble for novel and advanced treatment
options (35-38).

A remarkable finding is the relatively
high proportion of worsened patients
on the short term, compared with pre-
vious OA cohorts. This is not surpris-
ing, since most of the well-known OA
cohorts focus on early OA patients
(7, 8, 10, 14, 39). This difference is
most likely explained by the selection
of patients who were not yet deemed
eligible for TJR by their surgeon. This
homogenous population might have
led to a selection of patients with a
relatively high clinical burden and may
hamper the generalisability of our re-
sults. Therefore, our study population
is not representative for the general
OA population, but generalisable to
this more established OA population.
Therefore, future research is warranted
and should aim to investigate other OA
populations and settings, for example
in OA patients from primary care who
are referred to secondary care.

An interesting finding is the lower pro-
portion of TJR in knee OA patients
compared to hip OA patients, whilst the
total proportion of worsened patients
between knee and hip OA patients was
similar. This could be explained by the
better longterm outcomes of a TJR of
the hip than the knee (for example lim-
ited lifespan, and higher risk for seri-
ous adverse events for TJR of the knee)
(38, 40-46), whereby clinicians might
be more reluctant to decide for TJR in
knee than hip OA. Furthermore, as ex-
pected, K&L score turned out to be a
strong predictor, especially for predict-
ing TJR at 2 years, which might be ex-
plained by the influence the K&L score
has on the decision of an orthopaedic
surgeon to propose a TIR. Moreover, a
remarkable finding is the direction of
the association between baseline PGA
and the probability of worsening at 2
years. Where one might expect a worse
PGA to correspond to a higher chance of
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worsening at 2 years, the opposite was
found. This finding might be explained
by regression to the mean effect.
Several strengths of this study should
be considered. Overall, our study was
well-powered and we chose a validated
dichotomous measure for worsening
combining arthroplasty with clinical
worsening at 2 years incorporating the
domains pain, function and PGA, the
outcome measures advised according
to the current opinion to use symptom
progression as outcome measure (12,
13). Considering our homogenous pop-
ulation, the results of our study seem to
be generalisable to patients with estab-
lished knee and hip OA for whom deci-
sion making about TJR is forthcoming.
Some limitations that we faced should
be reflected on. Firstly, estimated risks
from prediction models have the ten-
dency to be overestimated and thus fur-
ther validation is required. In addition,
most of the patients in our study had
knee OA, so generalisability for hip OA
is not assured. Furthermore, the sub-
stantial proportion of patients not reply-
ing to our invitation for the 2-year as-
sessment could have influenced the re-
sults, although this seems unlikely, con-
sidering the lack of relevant differences
in most relevant baseline variables and
the similarity in proportion of replying
and non-replying patients showing clin-
ical worsening at 3 months. In addition,
while the non-replying rate was quite
high, it was comparable with other OA
studies in which patients are not re-
maining under medical treatment (39).
Lastly, adherence to treatment in clini-
cal practice is quite challenging (47,
48) and subsequently, non-adherence to
treatment could have influenced our re-
sults. However, we can only speculate
about the potential direction. Neverthe-
less, given the challenge of adherence
in both our study and clinical practice,
our results are more likely to be rep-
resentative for daily clinical practice,
which strengthens the external general-
isability of our results.

In conclusion, in light of our findings,
we suggest that re-assessment of OA
symptoms after optimised non-surgical
treatment could be meaningful for both
patients and surgeons in clinical deci-
sion making for TIR. Furthermore, this

information could be used to identify
subgroups of patients potentially eligi-
ble for novel and advanced treatment
options.
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