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s u m m a r y

Objective: In order to facilitate data pooling between studies, we explored harmonisation of patient-
reported outcome measures (PROMs) in people with knee pain due to osteoarthritis or knee trauma,
using the Patient Acceptable Symptom State scores (PASS) as a criterion.
Methods: We undertook a systematic literature review (SLR) of PASS scores, and performed individual
participant data (IPD) analysis of score distributions from concurrently completed PROM pairs. Numerical
rating scales (NRS), visual analogue scales, KOOS and WOMAC pain questionnaires were standardised to
0 to 100 (worst) scales. Meta-regression explored associations of PASS. Bland Altman plots compared
PROM scores within individuals using IPD from WebEx, KICK, MenTOR and NEKO studies.
Results: SLR identified 18 studies reporting PASS in people with knee pain. Pooled standardised PASS was
27 (95% CI: 21 to 35; n ¼ 6,339). PASS was statistically similar for each standardised PROM. Lower PASS
was associated with lower baseline pain (b ¼ 0.49, P ¼ 0.01) and longer time from treatment initiation
(Q ¼ 6.35, P ¼ 0.04). PASS scores were lowest in ligament rupture (12, 95% CI: 11 to 13), but similar
between knee osteoarthritis (31, 95% CI: 26 to 36) and meniscal tear (27, 95% CI: 20 to 35). In IPD,
standardised PROMs each revealed similar group mean scores, but scores within individuals diverged
between PROMs (LoA between �7 to �38 and þ25 to 52).
Conclusion: Different standardised PROMs give similar PASS thresholds in group data. PASS thresholds
may be affected more by patient and treatment characteristics than between PROMs. However, different
PROMs give divergent scores within individuals, possibly reflecting different experiences of pain.

Crown Copyright © 2022 Published by Elsevier Ltd on behalf of Osteoarthritis Research Society
International. This is an open access article under the CC BY license (http://creativecommons.org/

licenses/by/4.0/).
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Introduction

Knee pain is highly prevalent in people of all ages, and one
quarter of the global population over the age of 50 experiences
persistent knee pain1. Moreover, knee pain can be of significant
socioeconomic burden as it limits function, induces disability and
distress, and reduces quality of life2. In older people, knee pain is
most commonly attributed to osteoarthritis (OA), and in younger
people it is often associatedwith internal derangements or external
factors such as sporting injury3,4.
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Pain is a personal experience validly measured by numerical
patient-reported outcome measures (PROMs), which are used to
quantify knee pain associated with OA or injury5. Each question-
naire measures the participant's experience of pain, but may
address different pain characteristics (e.g., weight-bearing or non-
weight-bearing), functional impact, or recollection over different
time periods. PROMs must meet statistical criteria of validity to
enable their interpretation, data pooling and comparisons. Pooling
pain data between studies using different PROMs requires that each
PROM gives the same interpretation for groups, individual partic-
ipant and across the full range of pain severities.

Thresholds in PROMs can categorise participants as having a
particular pain characteristic. The Patient Acceptable Symptom
State (PASS) is the threshold below which patients consider
themselves well6. Available treatments might relieve but often do
not eliminate pain, and PASS is the threshold representing pain
belowwhich a patient would accept for the remainder of their life7.
It may be derived by relating post-treatment outcome status to an
external anchor that reflects the patient's perspective using
Receiver Operator Curve (ROC) analysis8. Alternatively, PASS may
be derived based on data distribution within the population6 or by
predictive analysis (logistic regression)9. PASS thus indicates a
clinical benchmark that might permit comparisons between
PROMs.

There is an increasing need for pooling pain data between
studies that use different PROMs. Meta-analysis of group data re-
quires data distributions within a population to be similar for
different PROMs. Furthermore, an individual's harmonised pain
score or categorisation should be similar irrespective of the PROM
from which it is derived. Therefore, we explored harmonisation of
PROMs in people with knee pain due to osteoarthritis or knee
trauma, using the PASS as a criterion. Specifically, we investigated
whether harmonised PROMs measuring knee pain severity provide
similar estimates of the PASS across groups and individuals with
knee pain, irrespective of the host PROM by; (1) systematically
reviewing literature deriving PASS thresholds in participant groups,
and (2) comparing score distributions in individuals who
completed at least 2 different PROMs on the same occasion.

Methods

The predefined and a priori registered systematic literature re-
view (SLR) protocol (PROSPERO: CRD42020203250) followed the
guidelines of the Preferred Reporting Items for Systematic reviews
Inclusion criteria

1. Prospective studies of any design that had recruited adult participants experienci
2. Prospective studies exploring the efficacy of any or no intervention with or witho
3. Studies that had derived a PASS cut-off score for pain PROMs or pain-measuring
4. Published in English language as an original research article in a peer reviewed jo

Exclusion criteria

1. Populations diagnosed with an inflammatory rheumatic disease (e.g., rheumatoid
2. Studies reporting outcomes which did not include pain or where pain was not a
3. Duplicate publication of data (follow-up analysis of already published data).
4. Books or book chapters, PhD theses or other dissertations, abstracts of conference

PASS: Patient Acceptable Symptom State, PhD: Doctorate of Philosophy, PROMs: Patie

Table I

Study eligibility criteria
and Meta-Analyses (PRISMA)10. The methodological steps taken for
the SLR and subsequent individual participant data (IPD) analysis
featured within this manuscript are illustrated in Supplementary
Fig. 1.

Systematic literature review of PASS thresholds

Literature search
A systematic online search to identify PASS thresholds from

PROMsmeasuring knee painwas conducted in CENTRAL, MEDLINE,
EMBASE, AMED, CINAHL, and SPORTDiscus databases from 1948
until December 2021. A unique search strategy (Supplementary
Table 1) incorporated PASS search terms, terms associated with
knee pathologies (osteoarthritis, meniscal or ligament tears etc.)
and PROMs designed to partially or fully measure pain (e.g.,
Western Ontario and McMaster Universities Osteoarthritis Index-
WOMAC, Knee injury and Osteoarthritis Outcome Score-KOOS,
Numerical Rating Scales-NRS, Visual Analogue Scales-VAS)11. All
study designs were permitted. Citation tracking from identified
studies and relevant reviews were also used.

Inclusion/Exclusion criteria
All citations deriving a PASS threshold were considered for in-

clusion in the systematic review according to the eligibility criteria
in Table I. All identified studies were imported into EndNote X9
(Thomson Reuters) reference-handling system, and all duplicates
removed. The screening process consisted of two phases, each
undertaken by two reviewers (V.G., S.S.) independently. Phase one
entailed screening the titles and abstracts for eligibility, and phase
two comprised the evaluation of full-text citations clearing phase
one. Discrepancies were resolved via discussion, and where
consensus was not achieved, a third reviewer (D.A.W.) was
consulted.

Data extraction
Two independent reviewers (V.G., S.S.) extracted data from each

citation and subsequently validated by a third reviewer (D.F.M.).
Missing data were sought from corresponding authors. Data was
extracted for; first author, publication year, country of study origin,
study design categorised into randomised controlled trial (RCT) or
observational study (cohort, case-controlled, case only), number of
participants, participant characteristics [age, sex ratio, ethnicity,
body mass index (BMI)], clinical details (diagnosis), case and con-
trol interventions offered with the length of observation/follow up,
ng knee pain.
ut a control population.
domains of relevant PROMs.
urnal.

arthritis).
distinguished domain.

presentations.

nt Reported Outcome Measures.

Osteoarthritis and Cartilage
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position on treatment pathway (pre/post-treatment delivery), pain
PROMs, outcome score distributions within the studied pop-
ulations, calculated PASS thresholds with estimates of precision,
PASS derivation methods along with anchor question.

Quality and content assessment
Two reviewers (V.G., S.S.) independently conducted risk of bias

and quality assessments on each included citation using a modified
version of the Quality In Prognosis Studies (QUIPS) Tool12 as it
evaluates study domains that can influence individual study quality
as well as overall SLR results. Disagreements in methodological
quality were resolved by consensus or by consultation with a third
reviewer (D.A.W.).

Data synthesis and analysis
PROMs data were harmonised by linear transformation to a

0e100 scale (0 ¼ no pain, 100 ¼ extreme pain). Summary statistics
Fig. 1

PRISMA flow diagram.
are presented as mean (standard deviation; SD or 95% confidence
intervals; 95% CI), or median (interquartile range; IQR). SDs were
imputed for ROC-derived PASS thresholds using the mean of SDs
reported for distribution-derived PASS thresholds, weighted for
each study sample size. The median, lower and higher available
SDs, were also imputed for the purposes of sensitivity analyses.
Citations were categorised based on the reported pain PROM, and
by PASS derivation method (ROC, 75th percentile in the distribution
of pain intensity for satisfied participants, and predictive model-
ling), diagnosis (osteoarthritis, meniscal or ligament tears), inter-
vention (surgical, non-surgical), participants' position on the
treatment pathway (baseline, follow-up), and level of bias (high,
moderate, low).

Forest plots of pooled data from included studies used random-
effects models in R (meta package, R Core Team 2020, Austria).
When undertaking subgroup analyses, PASS thresholds reported in
a study population at more than one timepoint have been used in
Osteoarthritis and Cartilage



Study characteristics

Studies; n 25
Participants; n 11,550
Female; n (%) 7,035 (61%)
Age; mean (SD) 60 (17)
BMI; mean (SD) 28.5 (4.8)
Pain; 0e100, mean (SD) 47.8 (22.3)

Study location
Europe 15
North America 10
Asia 4
Oceania 3
Africa 2

Study setting
Clinical 23
University 2

Diagnosis
Knee OA 15
Meniscal tear 6
ACL tear 3
Cartilage defect 1

Intervention
Surgical 19
Non-surgical 6

Affected site*
Knee 25
Hip 2

Pain outcome measures*
KOOS 13
WOMAC 5
NRS 4
VAS 1

Follow-up assessment*
>12 months 9
12 months 11
6 months 8
3 months 4
1 month 3
7 days 1

ACL: Anterior Cruciate Ligament, BMI: Body Mass Index, KOOS: Knee Injury and
Osteoarthritis Outcome Score, NRS: Numerical Rating Scale, OA: Osteoarthritis,
SD: Standard Deviation, VAS: Visual Analogue Scale, WOMAC:Western Ontario
and McMaster Universities Arthritis Index.

* One study may include more than one site, outcome measure and follow-up
assessment.

Table II Osteoarthritis and Cartilage

Summary of study characteristics
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separate meta-analysis models for each timepoint. PASS thresholds
were compared between subgroups using Cochran's Q-test. Het-
erogeneity measured using I2 was considered low (I2 < 25%),
moderate (25% � I2 < 50%) or high (I2 � 50%), and significant if
P < 0.10. Heterogeneity above 75% prompted subgroup analysis
based onmethodological quality. Publication bias was assessed by a
funnel plot with its associated Egger's test, and overall risk of bias
for each study determined using modified QUIPS. Post-hoc meta-
regressions explored in separate models the relationships between
PASS thresholds and baseline pain, the percentage of female study
participants, diagnosis or treatment. For implementation purposes,
overall PASS thresholds were rounded to their closest 10/100 to
reflect the ordinal nature of NRS scores.

Individual participant data distribution analysis

In order to extend our group level data findings from SLR and
apply to individual data, secondary data analysis from four existing
knee pain studies explored data distributions for identified PROMs.
Web-Based Exercises for Treating Knee Osteoarthritis (WebEx)
(NCT03545048) was an RCT exploring the effectiveness of internet-
based exercises in individuals with a diagnosis of knee osteoar-
thritis, which reported NRS and WOMAC pain scales13. Knee Injury
Cohort at the Kennedy (KICK) (NCT02667756) was a longitudinal
cohort study aiming to identify biomarkers predicting outcomes in
individuals with a clinically significant acute knee injury, which
collected NRS and KOOS pain scales14. Meniscal Tear and Osteoar-
thritis Risk (MenTOR) (NCT02684864/REC15/SC/0551) is an active
observational cohort study exploring clinical outcome prediction
by knee synovial fluid biomarkers in individuals with degenerative
meniscal tear, which also collected NRS and KOOS pain scales.
Neuromuscular control in Knee Osteoarthritis (NEKO)
(NCT02314715) was a cross-sectional study exploring muscle per-
formance and biomechanics in individuals with knee osteoarthritis
and reported VAS and KOOS pain scales15. All four studies received
UK research ethics committee's approvals, details of which can be
found in prior publications or else are given here. WOMAC pain
scores were derived from the corresponding five KOOS items when
not otherwise available16. VAS pain scores were transformed into
NRS pain scores17. PROM data were harmonised into a 0e100 scale
before analysis (0 ¼ no pain, 100 ¼ extreme pain). All IPD were
merged to analyse paired PROMs completed by individuals simul-
taneously (NRS/VAS vs KOOS, NRS/VAS vs WOMAC, KOOS vs
WOMAC). Data were categorised around the pooled harmonised
PASS threshold derived in the SLR, rounded to its closest 10/100 to
reflect the ordinal nature of NRS scores. Linear regression models
explored association and variance between PROM pairs. Source
study was coded as a categorical variable and included as an
interaction term in multivariable models exploring whether
discrete studies influenced the strength of association between
PROMs. Skewness, kurtosis, deviation from normality (Shapir-
oeWilk test) and percentage of participants below the indicative
harmonised PASS threshold were measured for each PROM.
Cohen's kappa measured agreement and Chi2 test differences be-
tween PROMs for categorising people below or above the pooled
harmonised PASS threshold determined by SLR. Cohen's Kappa
agreement was considered none (0e4%), minimal (5e15%), weak
(16e35%), moderate (36e63%), strong (64e81%) or near perfect
(82e100%)18. BlandeAltman plots and analysis visually evaluated
agreement between PROMs, and established 95% limits of agree-
ment (LoA, the range within which 95% of the differences between
two separate means are expected to lie). PROMs inter-correlation
was measured using concordance correlation coefficient (CCC), and
considered little or zero (r ¼ 0.00 to 0.25), fair (r > 0.25 to 0.50),
moderate to good (r > 0.50 to 0.75), or good to excellent
(r > 0.75)19.

Results

Systematic literature review of PASS thresholds

Characteristics of included studies
The study selection process is shown in Fig. 1, included study

characteristics in Table II, and an overview of study data in Sup-
plementary Table 2. Twenty-five studies met the inclusion
criteria6,20e41. All were prospective observational studies of people
undergoing treatment for knee pain. No RCTs were identified.
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Weighted mean harmonised pain score (0e100; 0 ¼ no pain,
100 ¼ extreme pain) was 56.9 (±20.4) for the 11,550 included
participants. Average participant age and BMI weighted for number
of participants was 60 (±17) years and 28.5 (±4.8) respectively,
while 61% of participants were women (Supplementary Table 2).

Knee was the joint of primary interest in all 25 studies. OA was
the most commonly studied diagnosis (15 studies), with others
focused on traumatic or degenerative meniscal (6/25) or anterior
cruciate ligament (ACL) tears (3/25), or cartilage defects (1/25).
Interventions were total28,29,36e38,40,42 or partial43 knee replace-
ment, pharmacological6,34,39,41, arthroscopic partial meniscec-
tomy26,27,30, arthroscopic meniscal repair22e24, ACL
reconstruction23,33,35, meniscal allograft transplantation (MAT)31,
primary microfracture procedure25, platelet-rich plasma in-
jections21, and multimodal (education, physical therapy, pharma-
cological analgesia, and lifestyle and weight reduction advice)32.
KOOSwas themost commonly used pain PROM (13/25) followed by
WOMAC (5/25), 0e100 NRS (4/25) or VAS (1/25). A single study
reported PASS threshold for both KOOS and NRS28.

PASS derivation
Time to follow-up at which PASS was determined varied be-

tween studies. Almost half of the studies reported PASS threshold at
6 or 12-months post-intervention (8 and 11/25 respectively). PASS
Modified Quality in Prognosis Studies (QUIPS)

Studies & Risk of bias tool criteria Study
participation

Observational PASS
Derivation Studies

Included in
Meta-analyses

Agarwalla et al., 2019 Low
Beletsky et al., 2021 Low
Boffa et al., 2021 Low
Chahal et al., 2021 Moderate
Chahla et al., 2020 Low
Connelly et al., 2019 High
Dwyer et al., 2020 Low
Escobar & Riddle, 2014 Low
Escobar et al., 2012 Low
Gowd et al., 2019 Low
Ingelsrud et al., 2015 Low
Liu et al., 2019 Low
Maheshwer et al., 2021 Low
Mahler et al., 2018 Low
Muller et al., 2016 Low
Pedersen et al., 2021 Low
Perrot & Bertin, 2013 Low
Tubach et al., 2005 Low

Excluded from
Meta-analyses

Bellamy et al., 2015 Low
Felix et al., 2019 Low
Goh et al., 2021 Low
Ingelsrud et al., 2021 High
Keurentjes et al., 2014 Moderate
Naal et al., 2015 Low
Tubach et al., 2012 Low

Studies have been marked within each domain as high, medium and low risk of bias
‘outcomemeasurement’ and ‘statistical analysis and reporting’, which were a priori set
on study performance in the aforementioned domains and were given after consens
explicitly stated as a methodological step of a study. The ‘prognostic factor measureme
the design and purpose of the individual studies. Studies reporting pain outcomes not d
excluded from meta-analysis.

Table III

Assessment of risk of bias
thresholds >12 months after treatment were reported in 9/25
studies, and at 3-months, 1-month or 7-days in 4, 3 and 1 studies,
respectively. All studies used an anchoring question. Twenty-four
established symptom acceptability after treatment finished, and
one asked participants whether, with hindsight having experienced
the entire process, they would still proceed with the same treat-
ment. Sixteen studies asked whether participants would be satis-
fied with or find acceptable their current state for the rest of their
lives (yes/no). Six used a predefined satisfaction threshold using a
0e10 NRS (3 studies) or a 5-point Likert scale (3 studies). Two
studies did not report the anchor question. Most (17/25) studies
used ROC analysis to derive the PASS threshold, whereas 7 used the
value corresponding to the 75th percentile of the distribution of
participants who reported acceptable pain levels. A single (1/25)
study used predictive modelling (logistic regression) to identify the
PASS cut-off point.

Harmonised PASS threshold for people with knee pain
Data from 18 studies could be included in the meta-analysis.

Seven studies were excluded because either pain outcome was not
reported discrete from function29,36,38,42,43 or PASS for knee pain
was not reported discrete from hip pain34,41. Nine of the 18 studies
were rated as low, five as moderate and four as high risk of bias
(Table III). Data from KOOS, WOMAC, NRS and VAS pain PROMs
Study
attrition

Outcome
measurement

Study
confounding

Statistical
analysis
and reporting

Overall risk
of bias

N/A High N/A Low Moderate
N/A Low Moderate Low Low
N/A Low N/A Low Low
Moderate Low Low Low Low
N/A Low Low Low Low
High Low N/A Low High
High Low Low Low Moderate
High Low N/A Low High
High Low N/A Low High
Low Low Low Low Low
Low Low N/A Low Low
Low High Low Low High
Moderate Low Low Low Low
Moderate Low Low Low Low
Low Low N/A Low Low
Moderate Low Moderate Low Moderate
Moderate Low Moderate Low Moderate
Moderate Low Low Moderate Moderate

Low Low N/A Low Low
Low Low Low Low Low
Low Low Low Low Low
Moderate Low N/A Low Moderate
Moderate Moderate Low Low Moderate
Moderate Low N/A Moderate Moderate
Low Low N/A Low Low

and an overall mark was given based on their performance on ‘study attrition’,
as the most important domains. Overall grades about study risk of bias were based
us between the two reviewers. ‘Study confounding’ was excluded except where
nt’ domain featured in the original QUIPS was removed as it was not applicable to
iscrete from function or PASS scores for knee pain not discrete from hip pain were

Osteoarthritis and Cartilage
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were harmonised to a 0e100 scale (0 ¼ no pain, 100 ¼ extreme
pain). The pooled estimate of harmonised PASS was 26.70 (95% CI:
22.23 to 31.17, n ¼ 7,485) (Fig. 2). A funnel plot displayed symmetry
(Egger's test: 1.80, P ¼ 0.09) suggesting little or no bias, but high
heterogeneity between studies (I2¼ 95%, P< 0.01, Fig. 3). Sensitivity
analyses for a PASS threshold with imputed median, lowest or
highest SDs observed amongst the 13 studies for which data were
available gave pooled PASS thresholds of 26.63 (95% CI: 22.31 to
30.96), 26.58 (95% CI: 22.40 to 30.77) and 27.18 (95% CI: 21.88 to
32.48) respectively, and were therefore similar to the primary
analysis in Fig. 2.

Effects of study and participant characteristics on knee pain PASS
No significant differences in harmonised PASS threshold were

demonstrated between studies reporting different pain PROMs
(Q ¼ 3.64, P ¼ 0.16) (Supplementary Fig. 2). Subgroup pooled PASS
thresholds were; KOOS (23.14, 95% CI: 18.65 to 27.63, n ¼ 3,371),
WOMAC (27.50, 95% CI: 22.60 to 32.40, n ¼ 1,433), and NRS/VAS
(34.81, 95% CI: 21.75 to 47.87, n ¼ 3,064). High methodological
heterogeneity was found between studies reporting KOOS or NRS/
VAS (I2 ¼ 94% and 90% respectively, each P < 0.01), and moderate
heterogeneity for WOMAC (I2 ¼ 48%, P ¼ 0.17).

Meta-regression revealed that PASS thresholds were signifi-
cantly lower with lower baseline pain severity (b ¼ 0.49, 95% CI:
0.08 to 0.90, P ¼ 0.01) (Supplementary Fig. 3). A 30/100 higher
baseline pain was associated with approximately mean 15/100
higher PASS.

Differences in PASS were found between diagnostic subgroups
(Q ¼ 188.63, P < 0.001) (Supplementary Fig. 4). Pooled PASS
thresholds for knee OA (30.52, 95% CI: 24.58 to 36.45, n ¼ 4,918)
were similar to meniscal tear (26.03, 95% CI: 24.58 to 27.47,
n ¼ 1,575, Q ¼ 2.07, P < 0.15), but significantly higher than for ACL
tear (12.07, 95% CI: 10.59 to 13.54, n ¼ 992, Q ¼ 46.81, P < 0.0001).
Fig. 2

Forest plots showing the PASS score from studies of knee pain. ACL: Anter
KOOS: Knee Injury and Osteoarthritis Outcome Score, NRS: Numerical R
Analogue Scale, WOMAC: Western Ontario and McMaster Universities Arth
in the model as the authors reported PASS threshold scores for two distinc
included only once in the model total sample size (n ¼ 7,485).
Significant differences were observed also between meniscal tear
and ACL tear subgroups (Q ¼ 175.03, P < 0.0001). Heterogeneity
was high within the knee OA subgroup (I2 ¼ 81%, P < 0.01), but not
detected within meniscal and ACL tear subgroups (each I2 ¼ 0%,
each P > 0.56).

Studies of surgical interventions reported lower pooled PASS
thresholds (23.33, 95% CI: 19.45 to 27.21, n ¼ 4,589) than those of
non-surgical interventions (37.15, 95% CI: 27.54 to 46.76, n ¼ 2,896,
Q ¼ 5.32, P ¼ 0.02) (Supplementary Fig. 5). Studies within each
surgical and non-surgical intervention subgroup displayed high
heterogeneity (I2 ¼ 93% and 82% respectively, each P < 0.01).

Studies with PASS determined after longer follow-up reported
lower PASS thresholds (Q ¼ 9.84, P ¼ 0.01) (Supplementary Fig. 6).
Pooled PASS thresholds were; up to 6-months follow-up (28.29,
95% CI: 22.17 to 34.41, n ¼ 5,569), 12-month follow up (23.83, 95%
CI: 18.55 to 29.11, n¼ 3,303), and beyond 12-months (15.75, 95% CI:
10.45 to 21.06, n ¼ 1,880). Studies within 6-month, 12-month and
beyond 12-month follow up subgroups each displayed high het-
erogeneity (I2 ¼ 97%, 87% and 78% respectively, each P < 0.01).

No significant differences were demonstrated between studies
with different risks of bias (Q ¼ 2.43, P ¼ 0.30) (Supplementary
Fig. 7), or using different PASS derivation methods (Q ¼ 0.07,
P ¼ 0.78) (Supplementary Fig. 8). Pooled PASS thresholds were;
studies with low (22.94, 95% CI: 16.12 to 29.76, n¼ 2,016), moderate
(32.07, 95% CI: 22.83 to 41.31, n ¼ 3,555), high risk of bias (26.34,
95% CI: 21.12 to 31.56, 1,914), ROC approach (25.35, 95% CI: 20.68 to
30.02, n ¼ 2,320), logistic approach (26.00, 95% CI: 24.50 to 27.50,
n ¼ 614), and distribution approach (29.45, 95% CI: 17.70 to 41.20,
n ¼ 4,552). Studies with low, moderate or high risk of bias each
displayed high heterogeneity (I2 ¼ 84%, 91% and 63% respectively,
each P< 0.05), as did studies using ROC, distribution or logistic PASS
derivation methods (I2 ¼ 52%, 99% and 0% respectively, each
P < 0.05). No significant association was demonstrated between
Osteoarthritis and Cartilage

ior Cruciate Ligament, BMI: Body Mass Index, CI: Confidence Interval,
ating Scale, OA: Osteoarthritis, SD: Standard Deviation, VAS: Visual
ritis Index. The study by Connelly et al., 2020 has been included twice
t PROMs on the same population. The study's sample size has been
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Funnel plot with PASS line for knee pain studies (n ¼ 18) examining PASS scores measured via different tools and derived via different methods
depicting a symmetrical presentation but high variability due to the range of PASS scores (12e50/100).
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PASS thresholds and the percentage of females reported in each
study (b ¼ 0.02, 95% CI: �0.01 to 0.03, P ¼ 0.10).

Individual participant data comparisons between knee pain PROMs
We used IPD to extend our findings from SLR of group data, and

applied the derived harmonised PASS thresholds to individual data.
Demographics and data distributions are presented in Table IV for
each group for which paired PROM data were available. Paired NRS
and KOOS data were available for 325, NRS and WOMAC for 430,
and KOOS and WOMAC for 325 participants. Each of the three
harmonised PROMs displayed similar data distributions (Table IV),
except that NRS data displayed more negative kurtosis than KOOS
or WOMAC. Each harmonised PROMwas positively associated with
each other PROM, with small mean score differences (Fig. 4,
Table IV). Taking part in any particular study did not significantly
influence the relationship between PROMs. Differences were found
between harmonised PROMs in the proportion of participants
scoring �30/100 (NRS: 40e43%, KOOS: 31%, WOMAC: 51e56%,
Chi2 ¼ 54.40 to 109.79, P < 0.0001, Table IV). BlandeAltman plots
(Fig. 4) showed wide LoA. Commonality, which refers to the
agreement between PROMs in categorising people as having ach-
ieved (PASS � 30/100) or not achieved (PASS > 30/100) an
acceptable pain state post-intervention was 23e31%. Cohen's
agreement was 68e75%.
Discussion

Our SLR and meta-analysis of published studies indicates that
harmonised PROMs (0e100) produce similar PASS thresholds,
converging at approximately 30/100. We found that acceptable
pain levels were influenced by baseline pain severity, time since
starting treatment, and diagnostic/treatment group. IPD analysis
supports the findings of this SLR, indicating similar group mean
scores based on harmonised scores from different PROMs in
different studies. However, different PROMs may give widely
different individual patient level scores. This might result from the
complexity and diversity of pain, such that PROMs might reflect
different aspects that are more or less relevant to different in-
dividuals. Overall, our data support how pain PROMs might be
harmonised for analysis of group data by applying a threshold such
as a harmonised PASS, but suggest caution in pain PROMs harmo-
nisation for investigating individuals with knee pain.

We found that PASS thresholds were similar irrespective of the
method used to determine PASS, or the questionnaire fromwhich it
was derived. Overall, people with knee pain might consider that a
pain score of 30/100 or less after a given intervention will be
acceptable for the rest of their lives or it might be that people set
their expectations for future health based on what they perceive as
normal within the population, which might correspond to the 75th



Variables (Value, Range, %) Descriptives and Normality Testing

NRS/VAS vs KOOS NRS/VAS vs WOMAC KOOS vs WOMAC

Demographics
and Descriptives

No. participants 325 430 325
Female (n (%)) 107 (33%) 178 (41%) 107 (33%)
Age (y) 42 ± 16 48 ± 18 42 ± 16
BMI (kg/m2) 28 ± 6 29 ± 6 28 ± 6

NRS (0e100) 40 (20e60) 40 (20e60) e

KOOS (0e100) 39 (25e53) e 39 (25e53)
WOMAC (0e100) e 30 (20e45) 30 (15e45)

Comparisons
and Associations

NRS � KOOS mean
diff. (95% CI)

2.58 (0.34e4.82) e e

NRS � WOMAC
mean diff. (95% CI)

e 10.24 (8.33e12.24) e

KOOS � WOMAC
mean diff. (95% CI)

e e 9.03 (8.16e9.90)

NRS �30 (n (%)) 138 (43%) 173 (40%) e

KOOS �30 (n (%)) 100 (31%) e 100 (31%)
WOMAC �30 (n (%)) e 220 (51%) 181 (56%)
�30 Commonality

(n (%))
73 (23%) 126 (29%) 99 (31%)

Cohen's kappa
(95% CI)

0.44 (0.34e0.54) 0.35 (0.26e0.44) 0.50 (0.40e0.60)

Cohen's
agreement (%)

72% 68% 75%

Chi2 (x (P)) 58.81 (<0.0001) 54.40 (<0.0001) 109.79 (<0.0001)
CCC (P) 0.81 (<0.0001) 0.77 (<0.0001) 0.86 (<0.0001)

Distribution PROMs (Range) ShapiroeWilk
(P-value)

Skewness
(95% CI)

Kurtosis
(95% CI)

ShapiroeWilk
(P-value)

Skewness
(95% CI)

Kurtosis (95% CI) ShapiroeWilk
(P-value)

Skewness
(95% CI)

Kurtosis (95% CI)

NRS/VAS (0e100) 0.97 (<0.0001) 0.30
(0.03e0.56)

�0.73
(�1.27 to �0.20)

0.97 (<0.0001) 0.24 (0.01e0.48) �0.72 (�1.18 to �0.25) e e e

KOOS (0e100) 0.99 (0.02) 0.41
(0.14e0.68)

�0.05
(�0.58 to 0.49)

e e e 0.99 (0.02) 0.41 (0.14e0.68) �0.05 (�0.58 to 0.49)

WOMAC (0e100) e e e 0.97 (<0.0001) 0.51 (0.28e0.74) �0.02 (�0.48 to 0.45) 0.96 (<0.0001) 0.61 (0.34e0.88) 0.14 (�0.40 to 0.67)

BMI: Body mass index, NRS: Numerical rating scale. KOOS: Knee injury and Osteoarthritis Score pain subscale, WOMAC:Western Ontario and McMaster Universities Arthritis Index pain subscale. Data are test statistics and
probabilities for pooled individual patient data for cases included in each paired comparison (NRS-KOOS, NRS-WOMAC and KOOS-WOMAC). Data are from WebEx, KICK, MenTOR and NEKO studies. All scales were
standardised by linear transformation to 0 to 100, with 100 indicating worst pain. Data are n (%), mean (±SD), median (interquartile range) or k (95% CI).
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Participant demographics based on comparison data between pain PROMs taken from 4 discrete studies of people with knee pain
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Fig. 4 Osteoarthritis and Cartilage

Relationships and BlandeAltman plots between standardised scores of pain PROMs completed in pairs at the same time in individuals with knee
pain. A: NRS/VAS and KOOS: n ¼ 325, b ¼ 0.76 (95% CI: 0.65 to 0.88), Intercept: 12.10 (95% CI: 7.01 to 17.19), R2 ¼ 0.35 (P < 0.0001); B: NRS/
VAS and WOMAC: n ¼ 430, b ¼ 0.65 (95% CI: 0.56 to 0.74), Intercept: 21.77 (95% CI: 18.20 to 25.33), R2 ¼ 0.31 (P < 0.0001), C: KOOS
and WOMAC: n ¼ 325, b ¼ 0.86 (95% CI: 0.82 to 0.90), Intercept: 13.44 (95% CI: 11.98 to 14.90), R2 ¼ 0.85 (P < 0.0001). D: NRS/VAS and
KOOS: n ¼ 325, mean difference 2.49, �LoA: �38.29 (95% CI: �42.22 to �34.36); þLoA: 43.26 (95% CI: 39.33 to 47.20); E: NRS/VAS and
WOMAC: n ¼ 430, mean difference 10.25, �LoA: �31.32 (95% CI: �34.80 to �27.84); þLoA: 51.81 (95% CI: 48.33 to 55.29), F: KOOS and
WOMAC: n ¼ 325, mean difference 9.03, �LoA: �6.73 (95% CI: �8.24 to �5.21); þLoA: 24.78 (95% CI: 23.26 to 26.30). NRS/VAS: Numerical
rating scale/Visual Analogue Scale. KOOS: Knee injury and Osteoarthritis Score pain subscale, WOMAC: Western Ontario and McMaster Uni-
versities Arthritis Index pain subscale. Data are from WebEx, KICK, MenTOR and NEKO studies. All scales were standardised by linear trans-
formation to 0 to 100, with 100 indicating worst pain.
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percentile used in various different distribution-based methods for
PASS derivation, possibly explaining why we did not observe a
difference between the methods used. Despite this apparent con-
sistency between PROMs, we found that PASSmight be significantly
influenced by a range of person and treatment factors; baseline
pain, time from treatment initiation, diagnosis and type of treat-
ment. In meta-regression, PASS thresholds were associated with
baseline pain severity, indicating that those with more severe pain
at baseline might be more willing to accept more severe residual
pain after treatment. This might represent a realistic acceptance, to
the extent that pain severity, pain chronicity and the number of
painful sites have all been associated with worse future pain in
people with knee osteoarthritis following treatment44. However,
our findings indicate that the pain severity that people can find
acceptable may wane over time after treatment. Shortly after
treatment people may feel that they can accept more pain for the
rest of their life than subsequently proves to be the case. PASS
thresholds were lower in studies of ligament tears. This might
reflect high health, treatment and physical activity expectations of
young individuals with soft tissue injuries associated with sports.
Other explanations might include differences between pathologies
in their associated sensory and emotional experience of pain and its
impact on the individual. Surgical interventions yielded lower PASS
thresholds than non-surgical interventions, which might suggest
that people undergoing surgical form of treatment have different
expectations in regards to treatment efficacy and future pain.
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Although other clinical benchmarks (e.g., minimum clinically
important difference-MCID), might legitimately vary between
PROMs, our data indicate consistency between harmonised PROMs
in the PASS benchmark. Consistency in PASS thresholds has previ-
ously been reported across rheumatological diagnoses7. Other fac-
tors, such as sex, considered to influence pain reporting were not
significantly associated with PASS in our study. Heterogeneity has
previously raised concerns about the universal validity of PASS and
its readiness to be applied with confidence in clinical practice45.
Our study suggests that PASS as a harmonised threshold may be
more validly applied to group data rather than to individual pa-
tients or research participants. PASS threshold selection should
consider patient and treatment characteristics appropriate to the
research or clinical question being addressed.

Our IPD analysis found that even though mean harmonised
PROMs scores were similar, different PROMs produced different
scores for individuals. KOOS was originally developed from the
WOMAC questionnaire in order to be targeted to populations with
knee injury as well as those with osteoarthritis46. KOOS pain scale
incorporates the WOMAC pain scale items, and both scales
demonstrate high content validity (>90%) and similar responsive-
ness to arthroplasty treatment47. However, KOOS and WOMAC
might display different construct validity (discrimination) in people
with OA48, or provide different scores depending on individual age,
sex, and BMI in healthy participants49. We similarly show similar
data distributions and high correlation between KOOS andWOMAC
in our study. The slightly lower mean harmonised scores derived
fromWOMAC compared to KOOS, although statistically significant,
did not reach the threshold of 15/100 proposed to be an MCID50.
However, at -individual participant level, agreement between
harmonised WOMAC and KOOS scores was low (þLoA up to 25/
100). This likely reflects the inclusion in KOOS of items that target
people with different pain phenotypes. We similarly found com-
parable data distributions, prevalence of acceptable pain levels and
strong correlation between NRS and other harmonised pain
PROMs, but even lower agreement than observed between KOOS
and WOMAC scores at an individual level.

Interpretation of our findings is subject to a number of limita-
tions. PASS thresholds for PROMs that were not explored in the
current study may display different characteristics. Meta-analysis
demonstrated no significant differences between identified PROMs,
although high variability can be observed in the wide confidence
intervals. NRS and VAS scales use a range of lead questions, relating
to recall period or specific pain characteristics, but heterogeneity
between these different scales could not be explored with the data
available in this study. Other characteristics might differentiate
between PROMs other than those studied here. Although our SLR
search strategy incorporated a wide range of diagnostic terms and
pain measurement tools, it remains possible that not all relevant
studies were identified. Imputation of variance data in meta-ana-
lyses may introduce bias, despite following existing guidelines, and
despite evidence from our sensitivity analyses that imputation was
adequate. Significant heterogeneity between studies has been
identified, suggesting that factors additional to those explored in
subgroup analyses could also influence PASS thresholds. The sub-
group analyses were undertaken using separate statistical models,
and we cannot exclude confounding by other variables. Factors not
examined in this review include additional group demographics
such as ethnicity, age, country of study origin, depression as well as
expectations about study participation, selected treatment
pathway or outcome. Each might influence outcomes in people
with knee pain. Not all studies of meniscal tear excluded people
with OA and studies might have been blurred these two diagnostic
subgroups. We recognise we might have missed smaller associa-
tions due to limitations of power as well as our statistical
approaches. Limited study quality reduces certainty in our findings,
although most studies included in our SLR were categorised as of
low (13/25) or moderate (8/25) risk of bias, and we found no sig-
nificant effect of study quality on our main findings. We used PASS
as a clinical threshold, and, although similar data distributionswere
observed between scales, we cannot assume that consistency
would be demonstrated for a choice of other benchmarks. Such
research awaits clinical validation of benchmarks such as the
threshold between severe and moderate pain. Alternative ap-
proaches to data harmonisation have been proposed, such as
development and validation of crosswalk tables from large datasets
in which multiple PROMs have been completed51. Our findings
suggest that harmonisation might be affected by a number of fac-
tors such as diagnosis or treatment, more than by which PROM has
been used and further studies might explore whether crosswalk
tables might differ for different patient groups or be applied to
every setting.

In conclusion, our SLR and meta-analysis of published studies
and our IPD data analysis converge to suggest that harmonised
PROMs (0e100) might display similar data distributions, and might
produce similar PASS thresholds at approximately 30/100, and
population mean values. However, acceptable pain levels may
depend on baseline pain severity, time since starting treatment,
and diagnostic/treatment group, and different PROMs may give
widely different scores at the individual patient level. Future work
should extend our findings to other PROMs, and to other clinical
benchmarks such as MCIDs. In prospective research, pain PROMs
should be selected to meet the scientific objectives, including
responsiveness to treatment effects. KOOS may be of particular
value in research on knee Injury, WOMAC for osteoarthritis, and
NRS may best support confirmatory analyses. We show how pain
PROMs can be harmonised for analysis of group data, but suggest
caution in PROMs harmonisation for investigating individuals with
knee pain.
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