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Abstract

Many people with osteoarthritis hold beliefs that physical activity is unhelpful or dangerous
for their joints, despite high-level evidence suggesting otherwise. Recent advances in scien-
tific understanding of osteoarthritis have led to new treatments that target an individual’s
understanding both of their condition and the importance of best-practice management
strategies, such as physical activity. Conceptual change has been proposed as an important
mechanism by which cognitive interventions, such as pain science education, may reduce
pain and improve function. There are currently no specific assessments of osteoarthritis
conceptualisation to determine the effectiveness of cognitive interventions in effecting con-
ceptual change in people with knee osteoarthritis. Therefore, we aimed to develop an item
bank, as the first phase of developing a questionnaire to assess people’s conceptualisations
about their knee osteoarthritis and the role of physical activity in managing their osteoarthri-
tis. Using a guideline-informed mixed method design, a panel of experts identified domains
relevant to conceptualisation about knee osteoarthritis and physical activity (knowledge,
beliefs, understanding) based upon available evidence. The panel created 33 provisional
items. Qualitative and quantitative pretesting were used to explore how people with knee
osteoarthritis understood the provisional items. Eighteen people with knee osteoarthritis
completed cognitive interviews about their comprehension of the wording/grammar of each
provisional item. The provisional item bank was field tested with 100 people with knee osteo-
arthritis. Readability was adequate with a Flesch reading ease score of 57.7. Although
14.7% used the ‘Strongly agree’ response option, only 3.4% of responses used the ‘Strongly
disagree’ option, suggesting possible response bias. Predictive quality testing identified rel-
evant modifications to the questionnaire instructions. The panel of experts appraised the
qualitative data to assess whether and how items should be modified to address the prob-
lems identified, resulting in a final item bank of 45 items that can be evaluated for psycho-
metric properties in future research.
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Introduction

Osteoarthritis (OA) affects 240 million people globally [1]. Approximately 9.6% of men and
18% of women aged over 60 years worldwide have symptomatic osteoarthritis [1]. Osteoarthri-
tis has significant personal and economic burden, and results in diminished independence and
quality of life for older adults [2-4]. Treatment guideline recommendations advise conserva-
tive care to improve function and quality of life through exercise and management of psycho-
social factors that impact symptoms [5, 6].

Despite these recommendations, qualitative research shows that many people with osteoar-
thritis hold misconceptions that physical activity worsens the progression of osteoarthritis [7].
These beliefs may stem from a historical interpretation of osteoarthritis through a biomedical
model, wherein physical activity is believed to contribute to joint damage (‘wear and tear’),
and where joint degeneration (‘bone on bone’) is seen as the primary driver of pain [7]. How-
ever, advances in scientific understanding of osteoarthritis pathogenesis, including the pres-
ence of systemic, low level inflammation [8-10], non-joint related contributing factors [2, 11],
as well as positive findings for treatment response to exercise and overall prognosis (versus
progressive decline) [12, 13], suggest that a purely biomedical interpretation of this condition
is not accurate, nor sufficient for treatment [14]. For instance, exercise has been shown to
improve osteoarthritic pain, even in those with end-stage arthritis who are awaiting joint
replacement [15], with high-level evidence supporting the safety of undertaking exercise for
people with osteoarthritis [16]. Misconceptions about osteoarthritis and negative beliefs sur-
rounding exercise reduce participation in physical activity, particularly when it is initially
pain-provoking [17]. Consequently, these unhelpful conceptualisations may be a critical bar-
rier to activity engagement.

Interventions such as pain science education (also called ‘Explaining pain’) [18] have been
developed to directly target these unhelpful conceptualisations, which are common for those
with osteoarthritis [7, 17, 19, 20]. Pain science education aims to help people to re-conceptual-
ise pain, shifting from viewing pain as solely a marker of tissue damage to that of the need to
protect the body from real or perceived threat [21]. Such re-conceptualisation involves learn-
ing about: i) the biopsychosocial underpinnings of pain; ii) the wide-spread adaptations within
the central nervous system occurring in persisting pain states and resulting in enhanced sensi-
tivity; and iii) that multiple factors influence pain and inflammation.

Application of conceptual change theory has been recommended for optimising clinical
interventions such as pain science education [21, 22]. Conceptual framework theory [23] offers
a psychological perspective on how humans learn and adapt. Briefly, this theory offers an
explanation for how humans take on new information, integrate it into their experience, and
use this constructed ‘framework’ to conceptualise their world [24]. However, most of the
experimental work in this area has focused on educational and developmental psychology
[25], and on facilitating conceptual change in science and maths education [26-28].

A comprehensive body of work has evaluated pain science education [29-35], but formal
application and testing of conceptual change theory has not yet been undertaken. The mecha-
nism of action for pain science education interventions is thought to be due to conceptual
change [21], with changes in pain knowledge as a result of the intervention thought to mediate
the resultant clinical outcome. If, as proposed elsewhere, knowledge is only one aspect of a per-
son’s conceptual framework [23], then there is an opportunity to develop more nuanced
assessments of conceptual frameworks relevant to pain science education interventions. Fur-
ther, studies of pain science education-based interventions typically show small to moderate
effect sizes for clinical outcomes [32, 33], thus assessment of conceptual frameworks (and con-
ceptual change) may have potential to improve this intervention by better understanding how
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it works. If we are to test this idea in the field of osteoarthritis pain, we first need a valid assess-
ment for how people understand osteoarthritis and physical activity.

We aimed to fill this critical gap by using a guideline recommended [36] three-phase
approach to develop and validate a questionnaire about conceptual frameworks for knee osteo-
arthritis: (1) develop a bank of items about knee osteoarthritis and physical activity conceptua-
lisation; (2) develop a questionnaire and evaluate its psychometric properties; and (3) evaluate
the validity of the questionnaire. The current study presents the first of these phases. As dis-
cussed elsewhere [37], the process of item development and pre-testing is often poorly or
under-reported. With this in mind, we use best-practice methods for conducting and report-
ing cognitive interviews for the first phase of scale development.

Methods

We conducted a mixed method item development study focused on domain identification and
item generation by an expert panel, with pretesting of provisional items (Fig 1). Pre-testing
involved qualitative interviews and quantitative evaluation to explore how people with knee
osteoarthritis understood these items. Pre-testing data were used to make modifications to
items with the aim to improve item comprehension for the target population of people with
knee osteoarthritis. This study used an iterative and reflective approach, whereby the expert
panel utilised both deductive and inductive methods to develop, revise, and redevelop provi-
sional items. The study protocol was registered and locked on the Open Science Framework
prior to commencement of quantitative analysis (https://osf.io/6xavz/), as per recommenda-
tions in the pain field [38]. Project updates and protocols for Phases two and three will be reg-
istered on the Open Science Framework (https://ost.io/7b6gj/).

R:vieTN o_Lit;‘at_ure_ | I-_'l Deductive Development
l | D Inductive Development
Create Target Conceptsl v (?ua.ntitative. Pre—testin.g. . s
_ | i) Field Testing of provisional item bank |
Generate items I ii) Survey Quality Prediction x N°t S“cceSSfUI .

|

Expert Panel
categorisation

of items to
domains
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item bank

& Readability Assessment

+ Qualitative Pre-testing

I Evaluate item comprehension via
| cognitive interview

 Expert appraisal/ item modification

l

« Creation of final item bank
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Fig 1. Overview of the item development process for phase one.

https://doi.org/10.1371/journal.pone.0286114.g001
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Table 1. Expert panel credentials and experience.

Name
Brian W. Pulling

Felicity A.
Braithwaite

G. Lorimer
Moseley

David S. Butler

AnnaR.
Vogelzang

Mark C. Catley

Tasha R.
Stanton

https://doi.org/10.1371/journal.pone.0286114.t001

Professional Credentials
BSc, MRes

PhD, BPT(Hons)

Ethics

The study was approved by the University of South Australia Human Research Ethics Com-
mittee (ID202377). Participants were informed about the nature and purpose of the study and
provided written informed consent. Participants were reimbursed AUD$20 for their
participation.

Domain identification & item generation

Domain identification and item generation were conducted by a panel of experts in knee oste-
oarthritis research, pain science education, and clinical practice (Table 1).

Two members of the expert panel (DSB, ARV) conducted an informal literature review to
synthesise contemporary osteoarthritis pathogenesis [5, 8, 10, 13, 15, 39-41], and to identify
conceptualisations about osteoarthritis and exercise/activity held by people with lived experi-
ence of osteoarthritis [6, 7, 13, 14, 20, 42]. Five target concepts were adapted from the Explain
Pain Protectometer curriculum [43, 44] representing best practice contemporary pain science
education [45]. The five target concepts were: 1) learning about knee osteoarthritis is an effec-
tive intervention and the basis of treatment; 2) knee osteoarthritis is a mild chronic (and some-
times painful) inflammatory, changeable bodily process that manifests in the knee; 3) pain is a
protective process and one of many protective systems and processes in the body; 4) pain is
completely dependent on context; 5) healing and change are irresistible forces of nature. It was
intended that these five target concepts may constitute five domains that could be validated
using a future factor analysis. These target concepts are mapped as a matrix to the literature
identified in the informal literature review (Table 2).

Initial deductive item generation was informed by the five target concepts. Potential items
were discussed iteratively by the panel, with discussion focussed on merit and concern for
each item. Considerations included perceived versus intended meaning, linguistic style,

Experience

PhD Candidate-Health Sciences, UniSA; Tutor in pain science, research methods, and
statistics coursework; former clinical research coordinator at Boston Children’s Hospital/
Harvard Medical School.

Postdoctoral Fellow, UniSA. She is the coordinator of a multi-site randomised controlled trial
on osteoarthritis and physical activity and recipient of the John Stuart Colville Fellowship
(Arthritis Foundation of South Australia).

DSc, PhD, FAAHMS, FACP, HonFFPMANZCA, Bradley Distinguished Professor, Chair in Physiotherapy, Professor of Clinical Neurosciences,
HonMAPA, BAppSc(Phty)(Hons) Director of IMPACT in Health at UniSA. He has published numerous papers and seven

B.Phty, M.App.Sc, EdD

BClinExPhys

PhD, BPT

BScPT, MScRS, PhD

books on pain science & education.

Adjunct Associate Professor, UniSA. Founder of the Neuro Orthopaedic Institute (NOI
Group). He has published numerous papers and eight books on pain science education and
health-related conceptual change.

MRes Candidate-Health Sciences, UniSA; Accredited Clinical Exercise Physiologist; former
research assistant at Neuro Orthopaedic Institute.

Lecturer in Physiotherapy-Pain Sciences, UniSA. He has published numerous papers on scale
development, most notably the revised Neurophysiology of Pain Questionnaire used in many
pain science education trials.

Associate Professor in Clinical Pain Neuroscience, Osteoarthritis Research Theme Lead for
IIMPACT in Health at UniSA. She has published numerous papers on pain in osteoarthritis,
and a book on pain education in osteoarthritis. She is Principal Investigator, National Health
& Medical Research Council of Australia on a clinical trial of pain science education in
osteoarthritis.
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Table 2. Literature review mapped to target concepts and general misconceptions.

A. Educational Curriculum Target Concepts Relevant
Literature

1) Learning about knee osteoarthritis is an effective intervention and the basis of treatment [6,7, 14, 15, 42]

2) Knee osteoarthritis is a mild chronic (and sometimes painful) inflammatory, changeable [5, 8, 10,13, 15,

bodily process that manifests in the knee 39]

3) Pain is a protective process and one of many protective systems and processes in the body [8, 10, 39]

4) Pain is completely dependent on context [20, 40, 41]

5) Healing and change are irresistible forces of nature [13, 42]

B. Misconceptions about knee osteoarthritis and physical activity [6,7, 14, 20]

https://doi.org/10.1371/journal.pone.0286114.t1002

literacy and readability, cross-cultural generalisability, relevance, measurement utility, and
dimensionality [36, 45]. The panel aimed to create items that were worded as simply as possi-
ble, while maintaining accuracy; formal evaluation of readability levels occurred via qualitative
testing. The panel voted in real-time on item selection and modification.

In order to assess validity of the provisional item bank, we adopted the COSMIN definition
for content validity as “the degree to which the content of a health-related patient reported out-
come is an adequate reflection of the construct to be measured” [46 p743]. To estimate content
validity and domain specificity for provisional items, panel members independently catego-
rised each remaining item into one (or more) of the initial five target concepts for which they
felt the item was best suited. Panel agreement (by count and percentage agreement) for these
item categorisations was used to evaluate the presence (or absence) of domain specificity (Fig
2). Given that some but not all panel members assigned each item to more than one target con-
cept, no inter-rater reliability assessment was undertaken. Categorisations were also used to
stimulate discussion about further item modification and item selection. The provisional ques-
tionnaire used a 5-item Likert response scale, anchored by ‘Strongly agree’, ‘Agree’, ‘Neutral’,
‘Disagree’, and ‘Strongly disagree’, however, response distributions were calculated using
numeric scores without correction.

Qualitative pre-testing

Pretesting methods and analysis are reported using the Cognitive Interviewing Reporting
Framework (CIRF) [47] and the Consolidated Criteria for Reporting Qualitative Research
(COREQ) [48] as appropriate. Per recommendations [36], cognitive interviews [49] were con-
ducted with people who had a clinical diagnosis of knee osteoarthritis to identify problems in
wording, jargon, and comprehension of each item. These data were used to estimate content
validity in the population of interest, and to improve the quality of item development [36, 45,
49, 50].

Eligibility criteria. People who met the NICE guidelines for osteoarthritis diagnosis (knee
pain lasting 6 months or longer; aged 50 years or older; morning knee stiffness lasting no more
than half an hour or no morning stiffness) [51] were eligible for inclusion. People were not eli-
gible to participate if they met any of the following criteria: knee replacement in their painful
knee (if unilateral osteoarthritis); neurological disorder affecting lower limb movement (e.g.,
multiple sclerosis, stroke); inflammatory arthritis (including rheumatoid arthritis); fibromyal-
gia or persistent widespread pain; or inability to read and understand English (prohibiting
completion of questionnaires and interview) per self-report.

Sample size and recruitment. Based on recommendations for pretesting sample size [52-
54], we aimed to recruit between 15 and 20 participants with osteoarthritic knee pain from the
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M Target Concept 1 mTarget Concept2  mTarget Concept3 Target Concept4  mTarget Concept 5

Fig 2. Item-target concept rater-agreement. “Deemed to fit into more than one target concept by at least one assessor.

https://doi.org/10.1371/journal.pone.0286114.9g002

community for a one-hour interview. Variety in recruitment sources (and their resultant con-
ceptualisations about osteoarthritis and physical activity) was undertaken in pursuit of data tri-
angulation [55]. Community members were invited to participate via posters, social media
posts, and an email newsletter distributed by consumer advocacy body Arthritis South Austra-
lia, as well as via the recruitment list and pilot participant list of an ongoing randomised con-
trolled trial (RCT) involving people with knee osteoarthritis [44]. The RCT pilot participants
had recently completed a contemporary osteoarthritis and pain science education intervention
that aimed to change conceptualisation about osteoarthritis and physical activity. The RCT
pilot participants were recruited for their unique insight into a practical application of the
questionnaire (given they had received an intervention aiming to induce conceptual change),
and their potentially updated conceptualisation of knee osteoarthritis and physical activity
than that held by people from the general community.

Pre-interview assessment. Participants completed an online survey, including demo-
graphic questions (date of birth, sex, highest level of completed education), the provisional
item bank, as well as the Western Ontario and McMaster Universities Osteoarthritis Index
[56], and the brief Fear of Movement scale [57]. While completing the item bank, participants
were asked to identify any items with words or phrases that were confusing (yes/no); if they
marked ‘yes’, they were asked to type a response explaining what was confusing and why.
These reports were used to guide interview probes.
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Cognitive interview. Following completion of the online survey, interviews were con-
ducted either in-person at the University of South Australia or via telephone or video confer-
encing (Zoom, San Jose, California, USA) and included questions relating to both wording
comprehension and content validity (See S1 and S2 Appendices). All interviews were con-
ducted by author BWP, who was trained in qualitative interview methods by an expert qualita-
tive researcher (CMM), and via published training materials [49, 52, 58-62]. After the first
interview, two researchers (FAB and CMM) discussed the process with the interviewer to pro-
vide additional reflexivity and skill development in interviewing.

Interviews were semi-structured using a combination of think-aloud interviewing, compre-
hension/interpretation probing, paraphrasing, general probes, and spontaneous probes [52].
The interviews were structured in three parts. Participants were asked to (1) define a series of
words and phrases used in the provisional items; (2) answer a series of questions about each
item; (3) answer questions about their perceptions of the purpose of the questionnaire as a
whole (as an assessment of face validity). The RCT pilot participants [44] were also asked sev-
eral additional questions based on their experience in that trial; those data were collected for a
separate study and will not be reported on, as per our a priori protocol.

In the first stage, participants were asked to provide a definition of what they understood
the following terms to mean: osteoarthritis; outcome; pain; inflammation; exercise; physical
activity; flare-up; activity; protective system. This stage was included to better understand
their perspectives about osteoarthritis for a separate project (registration: https://osf.io/
wkgfr/).

The second phase of the interview was structured such that participants responded to a
series of tasks and questions for each item from the provisional item bank. The same tasks/
questions were repeated for each item. First, participants were asked to use a think-aloud pro-
cedure, where they read the item aloud and then articulated their thought process while con-
sidering and responding to the item [63]. Next, participants were asked if “they found
anything about that statement challenging?”, and this probe was followed up with additional
probes (“if yes, what/why”; “can you tell me more about that?”). Lastly, participants were asked
to put the statement into their own words.

In the third stage, participants were asked to respond to scripted questions about the ques-
tionnaire as a whole (e.g., “What do you think the questionnaire is about?”; “If you are unsure
what it is about, what is your best guess?”). Participants were also asked if they had any final
thoughts or suggestions for the researchers. Participants did not review the transcripts but clar-
ifying questions were asked by the researcher during the interview.

Data analysis: Cognitive interviewing/expert appraisal. We anticipated that many par-
ticipants may misunderstand the content/meaning of the items, consistent with a naive con-
ceptualisation of osteoarthritis and physical activity. Therefore, during this phase we only
considered problems related to concept comprehension, judgement, or interpretation of con-
tent. For instance, a comment that “I don’t understand why inflammation is important” would
not be considered a problem with the questionnaire item, because people who have not been
exposed to contemporary research findings about the role of inflammation in osteoarthritis
would not be expected to understand this connection. Quotations that identified wording and
grammar problems with the provisional items were extracted by the interviewer (BWP), with a
particular focus on responses to the questions “was anything about that item challenging?” and
“were there any words or phrases in that item that were unclear to you?”. The quoted problems
specific to each item were compiled and presented to the expert panel, along with a proposed
potential solution to each problem. For example, alternative phrasing of the item in line with
participant suggestions was provided. Solutions were devised by the interviewer for review by
the expert panel.
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Expert appraisal was used to interpret the interview data and address problems with the pro-
visional items [36, 49]. The panel discussed each item and its problems in a similar manner as
was used to initially develop the provisional items [52]. The interviewer attended the appraisal
meetings, to present the problems/participant feedback, but did not contribute any opinion
during the panel discussion to avoid biasing the panel. Consistent with recommendations [52,
63] and previous work [64], problems were considered based on their merit as decided by the
expert panel, rather than by their frequency or type. The experts were instructed that, pending a
unanimous vote, they could maintain the original wording of the item, modify the item, delete
the item, or develop new item(s). The experts were also instructed to discuss and reach consen-
sus about the intention and meaning of each item in context of the questionnaire, to contextua-
lise future factor analysis (Phase 2 of scale development). Lastly, in context with the qualitative
interview summary findings, the expert panel also considered and discussed the instructions
provided to participants prior to completing the items, and whether any changes were required.

Quantitative pretesting

In parallel with qualitative pretesting, we evaluated the provisional item bank using quantita-
tive field testing, survey quality prediction, and a readability assessment.

Field testing. The provisional item bank was administered as part of the baseline assess-
ment in an ongoing RCT; [44] data from a sub-sample of this population was used for the cur-
rent evaluation. Participants in this trial met the NICE guidelines for osteoarthritis diagnosis
[51]. Per guidelines, a minimum sample of 30 participants was sufficient to power for pretest-
ing, however, as the trial was ongoing at the time of protocol registration, we prospectively
planned to include all available data at the time of manuscript preparation [53, 65]. A priori
analysis included the reporting of response distribution, tabulation, the presence of missing
data, and floor/ceiling effects. We defined floor/ceiling effects when more than 15% of the pop-
ulation achieve the lowest or highest possible total score, as per previous work [66, 67].

Survey Quality Prediction (SQP). We undertook survey quality prediction using SQP 2.1
(http://sqp.upf.edu/), a tool that extrapolates validity and reliability of a questionnaire from the
systematic error and random error present in a questionnaire [68]. This approach uses machine
learning to provide estimates of important aspects of reliability and validity prior to survey
administration [69]. Survey quality prediction facilitates quantitative pretesting based on the for-
mal and linguistic characteristics of questionnaire instructions and items, resulting in a predic-
tion of questionnaire quality. Predicted quality is calculated as a function of the predicted validity
and predicted reliability, whereby validity is the proportion of method error variance in the true
score and reliability is the proportion of random error in the observed variance [69]. This predic-
tive algorithm has been developed via meta-analyses of studies that use modified versions of the
same questionnaires but with variations in the questionnaire characteristics (e.g. the type of
response scale used, the tone of the instructions provided) [69]. These predictions do not provide
traditional estimates of reliability or validity, but rather, can offer an insight into how changes to
questionnaire characteristics may impact the overall quality of the questionnaire.

Readability. Readability was assessed using the Flesch Reading Ease score, which imputes
acceptability of a text to various reading levels based on word and sentence complexity [70].
Flesch Reading Ease scores ranging between 50.0 to 60.0 are considered appropriate for a sec-
ondary school reading level [70].

Data handling and management

Study data were collected and managed using REDCap [71, 72] electronic data capture tools
hosted at the University of South Australia. Qualitative analyses were conducted using
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Microsoft Word. Qualitative interviews and expert appraisal meetings were audio recorded
and software transcribed (Descript online) with manual review (BWP) to check accuracy of
transcription. Quantitative analyses were conducted with Microsoft Excel and SQP 2.1 [69].

Results
Domain identification and item generation

The members of expert panel met five times between April and August 2020 to generate, select,
and remove items from the provisional item bank. Evaluation of content validity and domain
specificity found inconsistent agreement in the categorisation of items to target concepts (70%
agreement, +28%). These findings supported the need for further consideration of domain
specificity by the expert panel, following evaluation of face validity of these items by consum-
ers. Thus, without further consideration for the target concepts, deliberation and modification
to the remaining items was undertaken based on expert opinion, resulting in 33 provisional
items: 20 items about knee osteoarthritis and 13 items referring to physical activity (see S3
Appendix).

Qualitative pretesting

Eighteen people (10 female, 8 male) with painful knee osteoarthritis were recruited in South
Australia, with a mean age of 71.8 (+7.5). Eight were recruited from the RCT ineligibility list
(too physically active to be eligible for the trial) [44]. Seven were recruited via posters, social
media, and mailing lists. Three participants were recruited from those who had completed the
RCT intervention pilot study [44]. Table 3 provides the participant demographic characteris-
tics/clinical measures.

Participants identified potential problems with all but four items (see S4 Appendix). There
were problems with ‘double-negatives’ (e.g., “My age does not determine whether or not I can
improve my osteoarthritis”), and so-called ‘double-barrelled’ items that included multiple con-
cepts (e.g., “When osteoarthritis becomes ‘bone-on-bone’ physical activity can no longer help;
only surgery can help”).

Expert appraisal

Expert appraisal was conducted in-person with the original expert panel, across three meetings
between September and October 2021. Each meeting lasted approximately 100 minutes. Of 29
items with problems regarding wording comprehension, the expert panel modified 25 items
and left four items unchanged because they were determined to not constitute problems with
wording comprehension. Two items that participants did not report problems for were
changed by the panel. Following the final expert appraisal meeting, the interviewer proposed
six additional items to the panel based on information attained from the full cognitive inter-
views—the experts unanimously agreed that these additional items should be included. In this
process, some items were slightly reworded to ensure a roughly equivalent number of posi-
tively and negatively loaded items in each domain.

Although some participants (n = 6) reported a preference for the inclusion of an ‘unsure’
response option, this was not adopted, given that scale measurement properties are compro-
mised if too many participants choose this option [73, 74]. The panel instead voted to change
the middle anchor of the Likert scale from “neutral” to “neither agree nor disagree” to provide
consistent gradation of the scale anchors.

The questionnaire instructions were substantially modified because they were deemed
ambiguous and potentially misrepresentative of the objectives for the future questionnaire.
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Table 3. Pretesting participant characteristics.

Characteristics Qualitative Pretesting Quantitative Pretesting
(n=18) (n =100)
Recruitment location
South Australia, Australia 18 79
Victoria, Australia — 21
EPIPHAKnee Trial ineligibility list 8 —
Community posters, social media, mailing lists 7 —
EPIPHAKnee Trial 3 100
Sex (count)
Female 10 68
Male 8 31
Other — 1
Age (years) 71.8 (7.5) 66.9 (9.0)
50-59 1 22
60-69 6 43
70-79 9 26
80-89 2 8
90-99 — 1
Highest level of completed education (count) 18 100
Primary school/Did not complete high school 1 12
High school 5 16
Trade, certificate, or diploma 3 25
Bachelor’s degree 4 26
Masters or PhD 5 21
Duration of knee pain (years) 9.5(11.7) 8.71 (9.79)
Knee pain intensity during previous week (0-10 NRS) 5.4 (1.6) 5.88 (1.49)
Knee pain intensity while walking during previous 5.3 (1.9) 6.28 (1.67)
week (0-10 NRS)
Interview duration (minutes) 74.8 (12.2) —
WOMAC (five-point Likert) 34.3 (13.3) 38.29 (12.21)
BFOM (four-point Likert) 6.8 (2.6) 7.91 (3.65)

Values indicate mean and standard deviation unless otherwise specified.
Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC); Brief Fear of Movement (BFOM)

https://doi.org/10.1371/journal.pone.0286114.t003

The instructions used for the cognitive interviews read: “This questionnaire is not a test of
your knowledge about knee osteoarthritis. If you feel like you do not know the answer to a
question, please answer the question based on what you believe would be true”. Following
expert discussion, the finalised instructions are as follows: “We are interested in your thoughts
about osteoarthritis, as well as physical activity. Please indicate how much you agree or dis-
agree with each of the following statements by using the following scale.” These changes are
further described below in terms of survey quality prediction.

Osteoarthritis Conceptualisation Questionnaire

The final result of this project (Phase 1) is an item bank consisting of 45 items for further eval-
uation in the development of a new questionnaire, tentatively titled the Osteoarthritis Concep-

tualisation Questionnaire (Table 4).
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Table 4. Item bank for continued development of the Osteoarthritis Conceptualisation Questionnaire.

Item Wording Domain
Doing more than my usual amount of activity will damage my joint* Activity and damage
My knee with osteoarthritis should be rested as much as possible* Activity and damage
Gradually increasing my activity level over time will not damage my joint Activity and damage
Exercising wears out my knee joint™ Activity and damage
The outcome for my knee is unchangeable* Changeability
My osteoarthritis will get worse over time no matter what I do* Changeability
Because my osteoarthritis involves more than my knee, I can change the outcome for my Changeability
knee

Because my osteoarthritis involves more than my joint, there are many different ways I Changeability

can improve my symptoms

“Bone-on-bone” is an accurate descriptor of my osteoarthritis*

Definition of

osteoarthritis
“Wear-and-tear” is an accurate descriptor of my osteoarthritis® Definition of

osteoarthritis
Exercise can reduce joint inflammation in my osteoarthritis Exercise
Knowledge about osteoarthritis can help me to exercise in a safe way Exercise
Exercise can make the joint surfaces in my knee healthier Exercise
Understanding how exercise works will influence my osteoarthritis Exercise
My beliefs about the importance of exercise for osteoarthritis can influence my outcomes Exercise
Exercise will cause my joint to wear out™® Exercise
Exercise will do more harm than good because I have osteoarthritis* Exercise
Exercise will cause damage to my knee with osteoarthritis* Exercise

My understanding of exercise for osteoarthritis can influence my outcome

Exercise for

osteoarthritis
There are many things I can do to avoid flare-ups (of pain/swelling) Flare-ups
Flare-ups (of pain/swelling) mean that I have damaged my joint* Flare-ups
Understanding how my body protects itself can help me to avoid or reduce flare-ups (of Flare-ups
pain/swelling)
Inflammation is one way my body protects my joint from danger Inflammation
My osteoarthritis involves too much body-wide inflammation Inflammation
A flare in knee swelling means I have damaged my joint* Inflammation

The amount of damage in my knee with osteoarthritis determines how much swelling I
have*

Inflammation and
damage

Other things happening in my body contribute to my knee osteoarthritis

Influence of variables

The people in my life have no influence on my pain*

Influence of variables

My surroundings have no influence on my pain*

Influence of variables

Things happening in my knee, the rest of my body and my environment can all change
my pain

Influence of variables

My thoughts, beliefs, and ideas have no influence on my joint pain*®

Influence of variables

My age determines whether or not I can improve my osteoarthritis*

Influence of variables

There are many things besides my joint that influence my osteoarthritis

Influence of variables

Learning about my osteoarthritis is an essential part of its treatment

Learning

I can help others with osteoarthritis by becoming more knowledgeable about it myself

Learning

My brain detects pain in my body™

Pain perception

My pain can be out of proportion to my osteoarthritis

Pain perception

My pain comes from my joints and travels to my brain*

Pain perception

The amount of damage in my knee determines the amount pain I feel*

Pain perception and
damage

Physical activity/exercise is good for my osteoarthritis no matter how severe my
osteoarthritis is

Physical activity/exercise

(Continued)
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Table 4. (Continued)

Item Wording Domain

My osteoarthritis cannot be improved with physical activity/exercise* Physical activity/exercise
Reflecting on my improvements and setbacks will help my osteoarthritis Reflection
Thinking about how my osteoarthritis has changed will not influence my pain* Reflection

The osteoarthritis in my joint can improve without surgery Surgery

If my knee osteoarthritis becomes severe, I will need surgery* Surgery

Items are sorted by the domain they relate to; future research will evaluate item order effects.

* Indicates reverse scoring

https://doi.org/10.1371/journal.pone.0286114.t1004

The Osteoarthritis Conceptualisation item bank uses a 5-point Likert-scale with responses
‘Strongly disagree’, ‘Agree’, ‘Neither agree nor disagree’, ‘Agree’, and ‘Strongly agree’ (these
responses are displayed from left to right as written, but do not display numeric anchors-they
are scored from 1 to 5 respectively). Twenty-three items require reverse scoring (Table 4). A
higher score should reflect an understanding of osteoarthritis and physical activity that is more
aligned with contemporary scientific understandings, with a range of possible scores between
45 and 225. Future research will evaluate the measurement properties of this questionnaire.

The expert panel reached consensus that the final item bank corresponded to the following
domains: activity and damage; changeability, definition of osteoarthritis; physical activity/exer-
cise (for osteoarthritis); flare-ups; inflammation (and damage); influence of variables; learning;
pain perception (and damage); reflection; surgery (Table 4).

Quantitative pretesting

Field testing. Between August 2020 and December 2021, 100 people (68 female, 31 male)
with painful knee osteoarthritis were recruited (Table 3). Seventy-nine people were recruited
in South Australia and 21 were recruited in Victoria, Australia, with an average age of 66.9
(£9.0) years. Response distribution for each provisional item is reported in Fig 3. Overall
response distribution is as follows: 3.4% ‘Strongly Disagree’; 15.9% ‘Disagree’; 25.9% ‘Neutral’;
40% ‘Agree’; 14.7% ‘Strongly Agree’. The online database used to collect data did not permit
respondents to leave any questions blank, so there were no missing data in this dataset. The
theoretical range of summed scores for the provisional item bank is 33 to 165. Field testing did
not detect an overall floor or ceiling effect, with a mean and standard deviation for the
summed score of 110.2 (+11.4), however, fifteen items were answered with the highest or low-
est response choice by 15% or more of the population.

Survey quality prediction. Table 5 shows the characteristic differences between the provi-
sional and final versions (see [75] for detailed characteristic definitions and coding instruc-
tions). The SQP evaluation highlighted that the provisional version requests that participants
“please answer the question based on what you believe would be true”. This statement is not
graded consistently with the response scale (i.e., the item response options use agreement/dis-
agreement rather than true/false), and furthermore, it is unbalanced because it does not use
the opposite sentiment statement (false) to avoid response bias. The final wording of the
instructions addresses these issues.

The provisional questionnaire had a predicted quality score of 0.471, reliability of 0.514,
and validity of 0.916. The final item bank had a predicted quality score of 0.498, reliability of
0.547, and validity of 0.911.
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Fig 3. Response distribution for provisional item bank field testing.

https://doi.org/10.1371/journal.pone.0286114.9003

Readability. Both versions of the item bank had similar readability statistics: the provi-
sional item bank had a Flesch Reading Ease score of 57.7, the final item bank had a Flesch
Reading Ease score of 55.2 (lower scores indicating greater difficulty), and both had a Flesch-
Kincaid reading level of 8.2 (suggesting appropriateness for an eighth-grade reading level).

Summary

Given the findings of quantitative pre-testing, no changes were made to the wording of the
final item bank (Table 4).

Discussion

We have developed an item bank using a mixed method, iterative process. The 45-item bank
can now be further evaluated as a questionnaire to assess conceptual frameworks about osteo-
arthritis and physical activity for people with knee pain. The final item bank was developed by
a panel of experts based on iterative application of both deductive and inductive methods,
incorporating perspectives from people with painful knee osteoarthritis, quantitative field test-
ing, and survey quality prediction assessment. The final item bank has been categorised into
hypothesised domains for future factor analyses, has acceptable readability, and acceptable pre-
dicted validity and reliability.

Conceptual framework theory posits that many elements of cognition comprise a frame-
work [23]. Proposing the development of a questionnaire that captures or assesses a conceptual
framework assumes that conceptualisation is both the sum of many elements (e.g., knowledge,
beliefs, experience), and that the framework becomes a single measurable construct in its own
right. By considering how one integrates a wide variety of knowledge, belief, experience, and
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Table 5. Comparison of characteristics identified by survey quality prediction.

Characteristic Provisional Item Bank Osteoarthritis Conceptualisation Item Bank
Domain Health Health
Domain: health Personal physical health condition Personal physical health condition
Concept Complex concepts Complex concepts
Concept: complex concept Other Other
Social Desirability A bit A bit
Centrality Rather central Rather central
Reference period Present Present

Formulation of the request for an answer: basic choice

Indirect request

Indirect request

WH word used in the request

Request without WH word

Request without WH word

Request for an answer type

Imperative

Declarative

Use of gradation

No gradation used

Gradation used

Balance of the request

Unbalanced

Balanced or not applicable

Presence of encouragement to answer

Encouragement present

Encouragement present

Emphasis on subjective opinion in request

Empbhasis on opinion present

Emphasis on opinion present

Information about the opinion of other people

No information about opinions of others

No information about opinions of others

Use of stimulus or statement in the request

Stimulus or statement is present

No stimulus or statement

Absolute or comparative judgment

An absolute judgement

An absolute judgement

Response scale: basic choice

More than 2 categories scales

More than 2 categories scales

Number of categories 5 5
Labels of categories Fully labelled Fully labelled
Labels with short text or complete sentences Short text Short text
Order of the labels First label positive First label negative or not applicable
Correspondence between labels and numbers of the scale Not applicable Not applicable
Theoretical range of the concept bipolar/unipolar Theoretically bipolar Theoretically bipolar
Range of the used scale bipolar/unipolar Bipolar Bipolar
Symmetry of response scale Symmetric Symmetric
Neutral category Present Present
Number of fixed reference points 3 3
Don’t know option DK option not present DK option not present
Interviewer instruction Absent Absent
Respondent instruction Present Present
Extra information or definition Present Absent
Knowledge provided Other explanations —
Introduction available? Available Available
Request present in the introduction Request not present Request not present
Number of sentences in introduction 1 1
Number of words in introduction 12 13
Number of subordinated clauses in introduction 0 1
Number of sentences in the request 1 1
Number of words in request 25 19
Total number of nouns in request for an answer 3
Total number of abstract nouns in request for an answer 1
Total number of syllables in request 30 28
Number of subordinate clauses in request 1 1
Number of syllables in answer scale 10 13
Total number of nouns in answer scale 0
Total number of abstract nouns in answer scale 0

(Continued)
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Table 5. (Continued)

Characteristic
Showcard or other visual aids used
Computer assisted
Interviewer
Visual or oral presentation

Position

https://doi.org/10.1371/journal.pone.0286114.t005

Provisional Item Bank Osteoarthritis Conceptualisation Item Bank
Not used Not used
Yes Yes
No No
Visual Visual
1 1

environmental stimuli when learning, it can be said that a conceptual framework is, to some
extent, the sum of its parts. Using elements of conceptual framework theory that overlap with
educational psychology [24], we have proposed a series of domains relevant to each item in
this item bank, which all relate to conceptualisation about knee osteoarthritis and physical
activity. These domains are similar to those identified by a wider group of people recovered
from persistent pain, as being critical learnings to enable their recovery; [76] however it is
important to acknowledge that these papers have overlap in authors. A recent survey aiming to
evaluate osteoarthritis knowledge (using a true-false Likert scale) showed similarity to some of
our generated items/domains [77], supporting external validity. That our instruments did not
fully overlap also supports our evaluation of a more complex construct of conceptualisation of
which knowledge is one aspect. Regardless, independent replication of these results is
warranted.

Survey quality prediction can offer guidance for the development and modification of indi-
vidual characteristics of assessment tools. Predictions for reliability and validity should specifi-
cally not be interpreted in the same way as empirical evaluations of these constructs, because
of the fundamentally different methods by which they are derived. Perhaps the most impactful
use of survey quality prediction is the consideration of detailed questionnaire characteristics,
rather than interpretation of predicted values that cannot replace real-world evaluation of
scale properties. In the process of developing this item bank, important changes were made to
the instructions of this questionnaire. Based on the qualitative pre-testing and expert appraisal,
we are confident that these changes were important and necessary, but the small change in pre-
dicted quality/reliability/validity may suggest that these changes did not overly worsen or
improve the quality of the questionnaire in context of the SQP 2.1 algorithm [68]. Regardless,
evaluation of multiple domains of reliability and validity via prospective studies are essential to
further develop this questionnaire.

The skewed distribution of responses favouring agreement over disagreement in the provi-
sional item bank raises the possibility of a sampling bias. Field testing was conducted in a
cohort who had enrolled in an intervention study, where they were informed that they would
receive education about osteoarthritis and pain, and a physical activity program for knee oste-
oarthritis. This cohort may have already been more agreeable to concepts such as ‘physical
activity is important for osteoarthritis management’, than the wider osteoarthritis-affected
population. No floor or ceiling effects were present in the overall summed score for the provi-
sional item bank [66, 67], but further evaluation of skewed items, and expanding the sample
beyond an intervention study, would seem warranted.

The panel considered the possibility that respondents may find a forced choice item (i.e. no
‘unsure’ option) frustrating, and thereby reduce completion rates [78]. However, the panel
voted in favour of changing the ‘Neutral’ response option to ‘Neither agree nor disagree’ for
two reasons: the utility of the tool would be compromised if too many participants selected the
‘unsure’ response [79], and that including an ‘unsure’ response option would suggest to

PLOS ONE | https://doi.org/10.1371/journal.pone.0286114 September 29, 2023 15/22


https://doi.org/10.1371/journal.pone.0286114.t005
https://doi.org/10.1371/journal.pone.0286114

PLOS ONE

Developing items for a new scale about how people understand osteoarthritis

participants that this questionnaire is an assessment of knowledge, rather than of agreement
with the item.

Both the provisional and final versions of the item bank scored appropriately at an eighth-
grade reading level. Previous work has classified Flesch Reading Ease scores of 50 and 66 as
“fairly difficult’ and ‘standard’ respectively [80]. Importantly, there is a paucity of data on
health literacy and older adults [81]. However, both the Australian Bureau of Statistics [82]
and the Centers for Disease Control [83] have reported that health literacy is generally low
among older adults, and the Centers for Disease Control recommends health materials be pre-
sented as simply as possible to maximise the usefulness of these materials [83]. It will therefore
be critical to consider item reading ease during the item reduction phase of scale development
(i.e., consider that item function may be impacted by readability).

We used a pragmatic combination of inductive and deductive guideline recommended
methods with an iterative and reflective approach. While scale development guidelines offer
recommendations for highly rigorous development of valid and reliable outcome measures
[36, 45, 60, 65, 79, 84], tools for health research are often criticised for poor or incomplete
development [45, 85]. We raise the possibility that not meeting development guidelines may
be due to pragmatic reasons. For instance, scale development guidelines typically suggest
undertaking separate deductive and inductive pathways for item development, all in separate
studies [36]. With the literature of psychometric health assessments, this recommendation is
largely adhered to: 83% of studies used solely deductive item development methods; 11% used
solely inductive methods; and only 6% used a combination of both methods [36, 45, 60, 65, 79,
84]. However, completion of separate deductive/inductive lines of research may not be possi-
ble in situations of restricted funding and/or limited research infrastructure.

A combined inductive and deductive approach may provide benefit when a construct is
novel, such as conceptualisation of osteoarthritis pain/activity. The preliminary items derived
deductively by the expert panel had low agreement for domain specificity (by that same expert
panel), suggesting that deductive development pathways have limitations. Our use of inductive
procedures via qualitative cognitive interviewing refined the items and successfully facilitated
re-classifying to relevant domains. These findings support the ability of empirically driven
development to improve content validity and contribute to the theoretical process of a concep-
tual framework that may have been missed, had we only used deductive methods [86]. Indeed,
past work discussing the development of new measures for osteoarthritis has raised this idea,
that iterative and reflective approaches integrating elements from different scale development
methods underpinned by pragmatic decision-making may facilitate more theoretically and
empirically valid scale development [86].

Strengths and limitations

This study’s primary strength is the integration of guidelines to mitigate many of the problems
associated with health assessment tool development. Doing so has challenges, namely extend-
ing the duration and cost of development from initial planning to final clinical application.
However, this process brings advantages of rigour, transparency, and content validity. The use
of a combination of inductive and deductive methodology facilitated the integration of expert
and end-user feedback. Members of this panel have previously experienced rapid scale devel-
opment without the use of guidelines, and this has a demonstrably negative impact on the
validity of the resultant tool [87]. Here, we lodged and locked the study protocol as is recom-
mended [38]. We have also used a combination of expert and consumer insight for estimating
content validity of the item bank prior to further scale development. The use of a combination
of qualitative and quantitative methods provides comprehensive scale evaluation. Finally, we
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adhered to guidelines for method and analysis reporting [47, 48]. This study also has limita-
tions, most notably the limited representation of the recruited consumer and expert popula-
tions. While the expert panel had representation across research, health education, and clinical
practice, the experts only included those with pain expertise and allied health backgrounds. All
participants were recruited in Australia, and most consumer participants in both the cognitive
interviewing and field-testing groups had completed high school and some tertiary education.
While this population may not be representative of the target population in Australia, we pur-
posively sampled from both the community and a group of people who had participated in
pain science education, to incorporate a variety of conceptualised experiences. Future testing
should evaluate face validity and comprehension of the item bank in other populations, espe-
cially those with lower educational levels. While a wide scope of qualitative work was consid-
ered in the development of this questionnaire, this was an informal approach-a systematic
review was not undertaken. This raises the possibility that relevant information from existing
literature was missed. However, the cognitive interview process increases our confidence that
the questionnaire contains items that are meaningful to people with lived experience. Lastly,
all cognitive interview data was collected and presented to the expert panel via one researcher
(BWP)-this introduces a potential bias regarding what data were put forward for review.

In summary, we have completed the first step in developing the Osteoarthritis Conceptualisa-
tion Questionnaire, by comprehensively generating items for evaluation, pretesting those items,
and identifying domains of interest. Future work is warranted to evaluate the psychometric prop-
erties of the item bank in a large-scale sample, which will assist in the refinement of this final
item bank into a research and clinical tool that allows us to better capture how people with osteo-
arthritis conceptualise their osteoarthritis and the role of physical activity in its management.

Supporting information

S1 Appendix. Cognitive interview script.
(DOCX)

$2 Appendix. Cognitive interview script trial participants.
(DOCX)

S$3 Appendix. Provisional questionnaire.
(DOCX)

S4 Appendix. Quotation synthesis pre-appraisal.
(DOCX)

Acknowledgments

The authors would like to acknowledge Ms. Louise Massie for her assistance in organising the
interviews.

Author Contributions

Conceptualization: Brian W. Pulling, Felicity A. Braithwaite, David S. Butler, Anna R. Vogel-
zang, G. Lorimer Moseley, Mark J. Catley, Tasha R. Stanton.

Data curation: Brian W. Pulling.
Formal analysis: Brian W. Pulling.

Investigation: Brian W. Pulling.

PLOS ONE | https://doi.org/10.1371/journal.pone.0286114 September 29, 2023 17/22


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0286114.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0286114.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0286114.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0286114.s004
https://doi.org/10.1371/journal.pone.0286114

PLOS ONE

Developing items for a new scale about how people understand osteoarthritis

Methodology: Brian W. Pulling, Anna R. Vogelzang, G. Lorimer Moseley.

Project administration: Brian W. Pulling, Felicity A. Braithwaite, Tasha R. Stanton.

Resources: Tasha R. Stanton.

Supervision: Felicity A. Braithwaite, David S. Butler, Carolyn M. Murray, Tasha R. Stanton.

Visualization: Brian W. Pulling.

Writing - original draft: Brian W. Pulling.

Writing - review & editing: Brian W. Pulling, Felicity A. Braithwaite, David S. Butler, Anna

R. Vogelzang, G. Lorimer Moseley, Mark J. Catley, Carolyn M. Murray, Tasha R. Stanton.

References

1.

10.

11.

12.

13.

14.

15.

Osteoarthritis: A Serious Disease. Submitted to the U.S. Food and Drug Administration: OARSI Osteo-
arthritis Research Society International; 2016 Jan.

March LM, Bagga H. Epidemiology of osteoarthritis in Australia. Med J Aust. 2004 01; 180(S5):S6-10.
https://doi.org/10.5694/j.1326-5377.2004.tb05906.x PMID: 14984356

Access Economics. The economic impact of arthritis in Australia 2007. Arthritis Aust. 2007; https:/
arthritisaustralia.com.au/wordpress/wp-content/uploads/2017/09/painful-realities-report-access-
economics.pdf

Cross M, Smith E, Hoy D, Nolte S, Ackerman |, Fransen M, et al. The global burden of hip and knee
osteoarthritis: estimates from the Global Burden of Disease 2010 study. Ann Rheum Dis. 2014 Jul; 73
(7):1323-30. https://doi.org/10.1136/annrheumdis-2013-204763 PMID: 24553908

Royal Australian College of General Practitioners. Guideline for the management of knee and hip osteo-
arthritis. 2018;

Carmona-Terés V, Moix-Queralto J, Pujol-Ribera E, Lumillo-Gutiérrez |, Mas X, Batlle-Gualda E, et al.
Understanding knee osteoarthritis from the patients’ perspective: a qualitative study. BMC Musculoske-
let Disord. 2017 30; 18(1):225. https://doi.org/10.1186/s12891-017-1584-3 PMID: 28558738

Bunzli S, O’'Brien P, Ayton D, Dowsey M, Gunn J, Choong P, et al. Misconceptions and the Acceptance
of Evidence-based Nonsurgical Interventions for Knee Osteoarthritis. A Qualitative Study. Clin Orthop.
2019 Sep; 477(9):1975-83. https://doi.org/10.1097/CORR.0000000000000784 PMID: 31192807

Favazzo LJ, Hendesi H, Villani DA, Soniwala S, Dar QA, Schott EM, et al. The gut microbiome-joint con-
nection: implications in osteoarthritis. Curr Opin Rheumatol. 2020 Jan; 32(1):92—-101. https://doi.org/10.
1097/BOR.0000000000000681 PMID: 31724973

Scher JU, Nayak RR, Ubeda C, Turnbaugh PJ, Abramson SB. Pharmacomicrobiomics in inflammatory
arthritis: gut microbiome as modulator of therapeutic response. Nat Rev Rheumatol. 2020 May; 16
(5):282—-92. https://doi.org/10.1038/s41584-020-0395-3 PMID: 32157196

Wang X, Hunter D, Xu J, Ding C. Metabolic triggered inflammation in osteoarthritis. Osteoarthritis Carti-
lage. 2015 Jan 1; 23(1):22-30. https://doi.org/10.1016/j.joca.2014.10.002 PMID: 25452156

Hendry M, Williams NH, Markland D, Wilkinson C, Maddison P. Why should we exercise when our
knees hurt? A qualitative study of primary care patients with osteoarthritis of the knee. Fam Pract. 2006
Oct; 23(5):558-67. https://doi.org/10.1093/fampra/cml022 PMID: 16731544

Dahlberg L, Roos H, Saxne T, Heinegard D, Lark MW, Hoerrner LA, et al. Cartilage metabolism in the
injured and uninjured knee of the same patient. Ann Rheum Dis. 1994 Dec 1; 53(12):823-7. https://doi.
org/10.1136/ard.53.12.823 PMID: 7864691

Roos EM, Dahlberg L. Positive effects of moderate exercise on glycosaminoglycan content in knee car-
tilage: A four-month, randomized, controlled trial in patients at risk of osteoarthritis. Arthritis Rheum.
2005 Nov; 52(11):3507—14. https://doi.org/10.1002/art.21415 PMID: 16258919

Caneiro JP, O’Sullivan PB, Roos EM, Smith AJ, Choong P, Dowsey M, et al. Three steps to changing
the narrative about knee osteoarthritis care: a call to action. Br J Sports Med. 2020 Mar; 54(5):256-8.
https://doi.org/10.1136/bjsports-2019-101328 PMID: 31484634

Wallis JA, Taylor NF. Pre-operative interventions (non-surgical and non-pharmacological) for patients
with hip or knee osteoarthritis awaiting joint replacement surgery—a systematic review and meta-analy-
sis. Osteoarthritis Cartilage. 2011 Dec; 19(12):1381-95. https://doi.org/10.1016/j.joca.2011.09.001
PMID: 21959097

PLOS ONE | https://doi.org/10.1371/journal.pone.0286114 September 29, 2023 18/22


https://doi.org/10.5694/j.1326-5377.2004.tb05906.x
http://www.ncbi.nlm.nih.gov/pubmed/14984356
https://arthritisaustralia.com.au/wordpress/wp-content/uploads/2017/09/painful-realities-report-access-economics.pdf
https://arthritisaustralia.com.au/wordpress/wp-content/uploads/2017/09/painful-realities-report-access-economics.pdf
https://arthritisaustralia.com.au/wordpress/wp-content/uploads/2017/09/painful-realities-report-access-economics.pdf
https://doi.org/10.1136/annrheumdis-2013-204763
http://www.ncbi.nlm.nih.gov/pubmed/24553908
https://doi.org/10.1186/s12891-017-1584-3
http://www.ncbi.nlm.nih.gov/pubmed/28558738
https://doi.org/10.1097/CORR.0000000000000784
http://www.ncbi.nlm.nih.gov/pubmed/31192807
https://doi.org/10.1097/BOR.0000000000000681
https://doi.org/10.1097/BOR.0000000000000681
http://www.ncbi.nlm.nih.gov/pubmed/31724973
https://doi.org/10.1038/s41584-020-0395-3
http://www.ncbi.nlm.nih.gov/pubmed/32157196
https://doi.org/10.1016/j.joca.2014.10.002
http://www.ncbi.nlm.nih.gov/pubmed/25452156
https://doi.org/10.1093/fampra/cml022
http://www.ncbi.nlm.nih.gov/pubmed/16731544
https://doi.org/10.1136/ard.53.12.823
https://doi.org/10.1136/ard.53.12.823
http://www.ncbi.nlm.nih.gov/pubmed/7864691
https://doi.org/10.1002/art.21415
http://www.ncbi.nlm.nih.gov/pubmed/16258919
https://doi.org/10.1136/bjsports-2019-101328
http://www.ncbi.nlm.nih.gov/pubmed/31484634
https://doi.org/10.1016/j.joca.2011.09.001
http://www.ncbi.nlm.nih.gov/pubmed/21959097
https://doi.org/10.1371/journal.pone.0286114

PLOS ONE

Developing items for a new scale about how people understand osteoarthritis

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Quicke JG, Foster NE, Thomas MJ, Holden MA. Is long-term physical activity safe for older adults with
knee pain?: a systematic review. Osteoarthritis Cartilage. 2015 Sep; 23(9):1445-56. https://doi.org/10.
1016/j.joca.2015.05.002 PMID: 26003947

Larsson C, Ekvall Hansson E, Sundquist K, Jakobsson U. Impact of pain characteristics and fear-avoid-
ance beliefs on physical activity levels among older adults with chronic pain: a population-based, longi-
tudinal study. BMC Geriatr. 2016 Dec; 16(1):50. https://doi.org/10.1186/s12877-016-0224-3 PMID:
26912216

Stanton TR, Karran EL, Butler DS, Hull MJ, Schwetlik SN, Braithwaite FA, et al. A pain science educa-
tion and walking program to increase physical activity in people with symptomatic knee osteoarthritis: a
feasibility study. PAIN Rep. 2020 Sep; 5(5):€830. https://doi.org/10.1097/PR9.0000000000000830
PMID: 33490835

Caneiro JP, Bunzli S, O’Sullivan P. Beliefs about the body and pain: the critical role in musculoskeletal
pain management. Braz J Phys Ther. 2020 Jun. https://doi.org/10.1016/j.bjpt.2020.06.003 PMID:
32616375

Darlow B, Brown M, Thompson B, Hudson B, Grainger R, McKinlay E, et al. Living with osteoarthritis is
a balancing act: an exploration of patients’ beliefs about knee pain. BMC Rheumatol. 2018 Dec; 2
(1):15. https://doi.org/10.1186/s41927-018-0023-x PMID: 30886966

Moseley GL, Butler DS. Fifteen Years of Explaining Pain: The Past, Present, and Future. J Pain. 2015
Sep; 16(9):807—-13. https://doi.org/10.1016/j.jpain.2015.05.005 PMID: 26051220

Moseley GL. Reconceptualising pain according to modern pain science. Phys Ther Rev. 2007 Sep; 12
(3):169-78.

Vosniadou S, editor. International Handbook of Research on Conceptual Change. Routledge; 2013
[cited 2021 Nov 22]. https://www.taylorfrancis.com/books/9781136578212

Vosniadou S, Skopeliti I. Conceptual change from the framework theory side of the fence. Sci Educ.
2014; 23(7):1427-45.

Vosniadou S. Examining cognitive development from a conceptual change point of view: The frame-
work theory approach. Eur J Dev Psychol. 2014; 11(6):645—61.

Vosniadou S, Brewer WF. Mental models of the earth: A study of conceptual change in childhood. Cog-
nit Psychol. 1992; 24(4):535-85.

Vosniadou S, loannides C. From conceptual development to science education: A psychological point
of view. Int J Sci Educ. 1998; 20(10):1213-30.

Gadgil S, Nokes-Malach TJ, Chi MTH. Effectiveness of holistic mental model confrontation in driving
conceptual change. Learn Instr. 2012 Feb; 22(1):47-61.

Moseley GL. Evidence for a direct relationship between cognitive and physical change during an educa-
tion intervention in people with chronic low back pain. Eur J Pain Lond Engl. 2004 Feb; 8(1):39—-45.
https://doi.org/10.1016/S1090-3801(03)00063-6 PMID: 14690673

Moseley GL. Joining Forces—Combining Cognition-Targeted Motor Control Training with Group or Indi-
vidual Pain Physiology Education: A Successful Treatment For Chronic Low Back Pain. J Man Manip
Ther. 2003 Apr; 11(2):88-94.

Moseley GL, Nicholas MK, Hodges PW. A Randomized Controlled Trial of Intensive Neurophysiology
Education in Chronic Low Back Pain: Clin J Pain. 2004; 20(5):324—30. https://doi.org/10.1097/
00002508-200409000-00007 PMID: 15322439

Louw A, Zimney K, Puentedura EJ, Diener |. The efficacy of pain neuroscience education on musculo-
skeletal pain: A systematic review of the literature. Physiother Theory Pract. 2016 Jul 3; 32(5):332-55.
https://doi.org/10.1080/09593985.2016.1194646 PMID: 27351541

Louw A, Diener |, Butler DS, Puentedura EJ. The effect of neuroscience education on pain, disability,
anxiety, and stress in chronic musculoskeletal pain. Arch Phys Med Rehabil. 2011 Dec; 92(12):2041—
56. https://doi.org/10.1016/j.apmr.2011.07.198 PMID: 22133255

Landmark T, Romundstad PR, Borchgrevink PC, Kaasa S, Dale O. Longitudinal associations between
exercise and pain in the general population—the HUNT pain study. PloS One. 2013; 8(6):€65279.
https://doi.org/10.1371/journal.pone.0065279 PMID: 23776464

Wood L, Hendrick PA. A systematic review and meta-analysis of pain neuroscience education for
chronic low back pain: Short-and long-term outcomes of pain and disability. Eur J Pain Lond Engl. 2019;
23(2):234—49. https://doi.org/10.1002/ejp.1314 PMID: 30178503

Boateng GO, Neilands TB, Frongillo EA, Melgar-Quifionez HR, Young SL. Best practices for developing
and validating scales for health, social, and behavioral research: a primer. Front Public Health. 2018;
6:149. https://doi.org/10.3389/fpubh.2018.00149 PMID: 29942800

Willis G, Boeije H. Reflections on the Cognitive Interviewing Reporting Framework: Efficacy, Expecta-
tions, and Promise for the Future. Methodology. 2013 Aug 1; 9(3):123-8.

PLOS ONE | https://doi.org/10.1371/journal.pone.0286114 September 29, 2023 19/22


https://doi.org/10.1016/j.joca.2015.05.002
https://doi.org/10.1016/j.joca.2015.05.002
http://www.ncbi.nlm.nih.gov/pubmed/26003947
https://doi.org/10.1186/s12877-016-0224-3
http://www.ncbi.nlm.nih.gov/pubmed/26912216
https://doi.org/10.1097/PR9.0000000000000830
http://www.ncbi.nlm.nih.gov/pubmed/33490835
https://doi.org/10.1016/j.bjpt.2020.06.003
http://www.ncbi.nlm.nih.gov/pubmed/32616375
https://doi.org/10.1186/s41927-018-0023-x
http://www.ncbi.nlm.nih.gov/pubmed/30886966
https://doi.org/10.1016/j.jpain.2015.05.005
http://www.ncbi.nlm.nih.gov/pubmed/26051220
https://www.taylorfrancis.com/books/9781136578212
https://doi.org/10.1016/S1090-3801%2803%2900063-6
http://www.ncbi.nlm.nih.gov/pubmed/14690673
https://doi.org/10.1097/00002508-200409000-00007
https://doi.org/10.1097/00002508-200409000-00007
http://www.ncbi.nlm.nih.gov/pubmed/15322439
https://doi.org/10.1080/09593985.2016.1194646
http://www.ncbi.nlm.nih.gov/pubmed/27351541
https://doi.org/10.1016/j.apmr.2011.07.198
http://www.ncbi.nlm.nih.gov/pubmed/22133255
https://doi.org/10.1371/journal.pone.0065279
http://www.ncbi.nlm.nih.gov/pubmed/23776464
https://doi.org/10.1002/ejp.1314
http://www.ncbi.nlm.nih.gov/pubmed/30178503
https://doi.org/10.3389/fpubh.2018.00149
http://www.ncbi.nlm.nih.gov/pubmed/29942800
https://doi.org/10.1371/journal.pone.0286114

PLOS ONE

Developing items for a new scale about how people understand osteoarthritis

38.

39.

40.

41.

42.

43.
44,

45.

46.

47.

48.

49.

50.

51.
52.

53.

54.

55.

56.

57.

58.
59.

60.

Lee H, Lamb SE, Bagg MK, Toomey E, Cashin AG, Moseley GL. Reproducible and replicable pain
research: a critical review. Pain. 2018 Sep; 159(9):1683-9. https://doi.org/10.1097/j.pain.
0000000000001254 PMID: 29697535

Berthelot JM, Sellam J, Maugars Y, Berenbaum F. Cartilage-gut-microbiome axis: a new paradigm for
novel therapeutic opportunities in osteoarthritis. RMD Open. 2019 Sep; 5(2):e001037. https://doi.org/
10.1136/rmdopen-2019-001037 PMID: 31673418

Culvenor AG, Wiestad BE, Hart HF, Stefanik JJ, Guermazi A, Crossley KM. Prevalence of knee osteoar-
thritis features on magnetic resonance imaging in asymptomatic uninjured adults: a systematic review
and meta-analysis. Br J Sports Med. 2019 Oct 1; 53(20):1268-78. https://doi.org/10.1136/bjsports-
2018-099257 PMID: 29886437

Edwards RR, Dolman AJ, Martel Marc O, Finan PH, Lazaridou A, Cornelius M, et al. Variability in condi-
tioned pain modulation predicts response to NSAID treatment in patients with knee osteoarthritis. BMC
Musculoskelet Disord. 2016 Jul 13; 17(1):284. https://doi.org/10.1186/s12891-016-1124-6 PMID:
27412526

Choul L, Ellis L, Papandony M, Seneviwickrama KLMD, Cicuttini FM, Sullivan K, et al. Patients’ per-
ceived needs of osteoarthritis health information: A systematic scoping review. PLoS One. 2018; 13(4):
€0195489. https://doi.org/10.1371/journal.pone.0195489 PMID: 29659609

Moseley GL, Butler DS. The Explain Pain Handbook: Protectometer. 2015.

Stanton TR, Braithwaite FA, Butler D, Moseley GL, Hill C, Milte R, et al. The EPIPHA-KNEE trial: Explain-
ing Pain to target unhelpful pain beliefs to Increase PHysical Activity in KNEE osteoarthritis—a protocol for
a multicentre, randomised controlled trial with clinical- and cost-effectiveness analysis. BMC Musculoske-
let Disord. 2021 Dec; 22(1):738. https://doi.org/10.1186/s12891-021-04561-6 PMID: 34454458

Hinkin TR. A Review of Scale Development Practices in the Study of Organizations. J Manag. 1995
Oct; 21(5):967-88.

Mokkink LB, Terwee CB, Patrick DL, Alonso J, Stratford PW, Knol DL, et al. The COSMIN study
reached international consensus on taxonomy, terminology, and definitions of measurement properties
for health-related patient-reported outcomes. J Clin Epidemiol. 2010 Jul; 63(7):737-45. https://doi.org/
10.1016/j.jclinepi.2010.02.006 PMID: 20494804

Boeije H, Willis G. The Cognitive Interviewing Reporting Framework (CIRF): Towards the Harmoniza-
tion of Cognitive Testing Reports. Methodology. 2013 Aug 1; 9(3):87-95.

Tong A, Sainsbury P, Craig J. Consolidated criteria for reporting qualitative research (COREQ): a 32-
item checklist for interviews and focus groups. Int J Qual Health Care. 2007 Sep 16; 19(6):349-57.
https://doi.org/10.1093/intghc/mzm042 PMID: 17872937

Beatty PC, Willis GB. Research synthesis: The practice of cognitive interviewing. Public Opin Q. 2007;
71(2):287-311.

Conrad FG, Schober MF. Clarifying question meaning in standardized interviews can improve data qual-
ity even though wording may change: a review of the evidence. Int J Soc Res Methodol. 2020;1-24.
National Institute for Health and Clinical Excellence. Osteoarthritis: care and management. NICE; 2014.
Willis G. Cognitive Interviewing. Thousand Oaks, California; 2005. https://methods.sagepub.com/
book/cognitive-interviewing

Perneger TV, Courvoisier DS, Hudelson PM, Gayet-Ageron A. Sample size for pre-tests of question-
naires. Qual Life Res Int J Qual Life Asp Treat Care Rehabil. 2015 Jan; 24(1):147-51. https://doi.org/
10.1007/s11136-014-0752-2 PMID: 25008261

Blair J, Conrad FG. Sample Size for Cognitive Interview Pretesting. Public Opin Q. 2011; 75(4):636-58.

Strauss AL, Corbin JM. Basics of qualitative research: techniques and procedures for developing
grounded theory. 2nd ed. Thousand Oaks: Sage Publications; 1998. 312 p.

Bellamy N, Buchanan WW, Goldsmith CH, Campbell J, Stitt LW. Validation study of WOMAC: A health
status instrument for measuring clinically important patient relevant outcomes to antirheumatic drug
therapy in patients with osteoarthritis of the hip or knee. J Rheumatol. 1988; 15(12):1833—40. PMID:
3068365

Shelby RA, Somers TJ, Keefe FJ, DeVellis BM, Patterson C, Renner JB, et al. Brief fear of movement
scale for osteoarthritis. Arthritis Care Res. 2012 Jun; 64(6):862—71. https://doi.org/10.1002/acr.21626
PMID: 22290689

Conrad FG, Blair J. Sources of error in cognitive interviews. Public Opin Q. 2009; 73(1):32-55.

Conrad FG, Blair J. Data quality in cognitive interviews: the case of verbal reports. Methods Test Eval
Surv Quest. 2004;67-87.

Hair JF, Gabriel ML, da Silva D, Junior SB. Development and validation of attitudes measurement
scales: fundamental and practical aspects. RAUSP Manag J. 2019; 54(4):490-507.

PLOS ONE | https://doi.org/10.1371/journal.pone.0286114 September 29, 2023 20/22


https://doi.org/10.1097/j.pain.0000000000001254
https://doi.org/10.1097/j.pain.0000000000001254
http://www.ncbi.nlm.nih.gov/pubmed/29697535
https://doi.org/10.1136/rmdopen-2019-001037
https://doi.org/10.1136/rmdopen-2019-001037
http://www.ncbi.nlm.nih.gov/pubmed/31673418
https://doi.org/10.1136/bjsports-2018-099257
https://doi.org/10.1136/bjsports-2018-099257
http://www.ncbi.nlm.nih.gov/pubmed/29886437
https://doi.org/10.1186/s12891-016-1124-6
http://www.ncbi.nlm.nih.gov/pubmed/27412526
https://doi.org/10.1371/journal.pone.0195489
http://www.ncbi.nlm.nih.gov/pubmed/29659609
https://doi.org/10.1186/s12891-021-04561-6
http://www.ncbi.nlm.nih.gov/pubmed/34454458
https://doi.org/10.1016/j.jclinepi.2010.02.006
https://doi.org/10.1016/j.jclinepi.2010.02.006
http://www.ncbi.nlm.nih.gov/pubmed/20494804
https://doi.org/10.1093/intqhc/mzm042
http://www.ncbi.nlm.nih.gov/pubmed/17872937
https://methods.sagepub.com/book/cognitive-interviewing
https://methods.sagepub.com/book/cognitive-interviewing
https://doi.org/10.1007/s11136-014-0752-2
https://doi.org/10.1007/s11136-014-0752-2
http://www.ncbi.nlm.nih.gov/pubmed/25008261
http://www.ncbi.nlm.nih.gov/pubmed/3068365
https://doi.org/10.1002/acr.21626
http://www.ncbi.nlm.nih.gov/pubmed/22290689
https://doi.org/10.1371/journal.pone.0286114

PLOS ONE

Developing items for a new scale about how people understand osteoarthritis

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

McColl E, Jacoby A, Thomas L, Soutter J, Bamford C, Steen N, et al. Design and use of questionnaires:
a review of best practice applicable to surveys of health service staff and patients. Health Technol
Assess. 2001; 5(31). https://doi.org/10.3310/hta5310 PMID: 11809125

Miller K, Chepp V, Willson S, Padilla JL. Cognitive Interviewing Methodology. Wiley; 2014. ( Wiley
Series in Survey Methodology). https://books.google.com.au/books?id=pgMLBAAAQBAJ

Willis GB. Cognitive Interviewing: A ‘How To’ Guide. 1999 Meeting of the American Statistical Associa-
tion; 1999; Research Triangle Institute. https://www.hkr.se/contentassets/
9ed7b1b3997e4bf4baa8d4eceed5cd87/gordonwillis.pdf

Hamilton CB, Hoens AM, McQuitty S, McKinnon AM, English K, Backman CL, et al. Development and
pre-testing of the Patient Engagement In Research Scale (PEIRS) to assess the quality of engagement
from a patient perspective. PLoS One. 2018 Nov 1; 13(11):e0206588. https://doi.org/10.1371/journal.
pone.0206588 PMID: 30383823

Howard MC. Scale Pretesting. Pract Assess Res Eval. 2018; 23(5). Available from: https://
scholarworks.umass.edu/pare/vol23/iss1/5/

Terwee CB, Bot SDM, de Boer MR, van der Windt DAWM, Knol DL, Dekker J, et al. Quality criteria
were proposed for measurement properties of health status questionnaires. J Clin Epidemiol. 2007 Jan;
60(1):34—42. https://doi.org/10.1016/j.jclinepi.2006.03.012 PMID: 17161752

Boekel I, Dutmer AL, Schiphorst Preuper HR, Reneman MF. Validation of the work ability index—single
item and the pain disability index—work item in patients with chronic low back pain. Eur Spine J. 2022
Jan 23; Available from: https://link.springer.com/10.1007/s00586-022-07109-x PMID: 35066684

Saris WE, Andrews F. Evaluation of measurement instruments using a structural modeling approach.
In: Measurement Errors in Surveys. p. 575-559.

Saris WE, Gallhofer IN. Design, Evaluation, and Analysis of Questionnaires for Survey Research. John
Wiley & Sons; 2014. 384 p.

Flesch R. How to write plain English: a book for lawyers and consumers. 1sted. New York: Harper &
Row; 1979. 126 p.

Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research electronic data capture
(REDCap)—A metadata-driven methodology and workflow process for providing translational research
informatics support. J Biomed Inform. 2009 Apr; 42(2):377-81. https://doi.org/10.1016/}.jbi.2008.08.
010 PMID: 18929686

Harris PA, Taylor R, Minor BL, Elliott V, Fernandez M, O’Neal L, et al. The REDCap consortium: Build-
ing an international community of software platform partners. J Biomed Inform. 2019 Jul; 95:103208.
https://doi.org/10.1016/j.jbi.2019.103208 PMID: 31078660

Baka A, Figgou L, Triga V. ‘Neither agree, nor disagree’: a critical analysis of the middle answer cate-
gory in Voting Advice Applications. Int J Electron Gov. 2012; 5(3/4):244.

Bradley KD, Peabody MR, Akers KS, Knutson NM. Rating Scales in Survey Research: Using the Rasch
model to illustrate the middle category measurement flaw. Surv Pract. 2015 May 1; 8(1):1-12.

Survey Quality Predictor. SQP Coding Instructions. Barcelona: Universitat Pompeu Fabra; 2017. http://
sqp.upf.edu/media/files/sqp_coding_instructions.pdf

Leake HB, Moseley GL, Stanton TR, O’Hagan ET, Heathcote LC. What do patients value learning
about pain? A mixed-methods survey on the relevance of target concepts after pain science education.
Pain. 2021 Feb 18;Publish Ahead of Print. Available from: https://journals.lww.com/10.1097/j.pain.
0000000000002244

Darlow B, Krageloh C, Abbott JH, Bennell K, Briggs AM, Brown M, et al. The osteoarthritis knowledge
scale. Musculoskeletal Care. 2022 Dec 27; Available from: https://onlinelibrary.wiley.com/doi/10.1002/
msc.1727 PMID: 36573463

Tourangeau R, Rips LJ, Rasinski K. The psychology of survey response. Cambridge University Press;
2000.

Krosnick JA, Fabrigar LR. Designing Rating Scales for Effective Measurement in Surveys. In: Lyberg L,
Biemer P, Collins M, De Leeuw E, Dippo C, Schwarz N, et al., editors. Survey Measurement and Pro-
cess Quality. 1sted. Wiley; 1997. (Wiley Series in Probability and Statistics). https://onlinelibrary.wiley.
com/doi/book/10.1002/9781118490013

Oliffe M, Thompson E, Johnston J, Freeman D, Bagga H, Wong PKK. Assessing the readability and
patient comprehension of rheumatology medicine information sheets: a cross-sectional Health Literacy
Study. BMJ Open. 2019 Feb; 9(2):e024582. https://doi.org/10.1136/bmjopen-2018-024582 PMID:
30813117

Chesser AK, Keene Woods N, Smothers K, Rogers N. Health Literacy and Older Adults: A Systematic
Review. Gerontol Geriatr Med. 2016 Jan 1; 2:233372141663049. https://doi.org/10.1177/
2333721416630492 PMID: 28138488

PLOS ONE | https://doi.org/10.1371/journal.pone.0286114 September 29, 2023 21/22


https://doi.org/10.3310/hta5310
http://www.ncbi.nlm.nih.gov/pubmed/11809125
https://books.google.com.au/books?id=pqMLBAAAQBAJ
https://www.hkr.se/contentassets/9ed7b1b3997e4bf4baa8d4eceed5cd87/gordonwillis.pdf
https://www.hkr.se/contentassets/9ed7b1b3997e4bf4baa8d4eceed5cd87/gordonwillis.pdf
https://doi.org/10.1371/journal.pone.0206588
https://doi.org/10.1371/journal.pone.0206588
http://www.ncbi.nlm.nih.gov/pubmed/30383823
https://scholarworks.umass.edu/pare/vol23/iss1/5/
https://scholarworks.umass.edu/pare/vol23/iss1/5/
https://doi.org/10.1016/j.jclinepi.2006.03.012
http://www.ncbi.nlm.nih.gov/pubmed/17161752
https://link.springer.com/10.1007/s00586-022-07109-x
http://www.ncbi.nlm.nih.gov/pubmed/35066684
https://doi.org/10.1016/j.jbi.2008.08.010
https://doi.org/10.1016/j.jbi.2008.08.010
http://www.ncbi.nlm.nih.gov/pubmed/18929686
https://doi.org/10.1016/j.jbi.2019.103208
http://www.ncbi.nlm.nih.gov/pubmed/31078660
http://sqp.upf.edu/media/files/sqp_coding_instructions.pdf
http://sqp.upf.edu/media/files/sqp_coding_instructions.pdf
https://journals.lww.com/10.1097/j.pain.0000000000002244
https://journals.lww.com/10.1097/j.pain.0000000000002244
https://onlinelibrary.wiley.com/doi/10.1002/msc.1727
https://onlinelibrary.wiley.com/doi/10.1002/msc.1727
http://www.ncbi.nlm.nih.gov/pubmed/36573463
https://onlinelibrary.wiley.com/doi/book/10.1002/9781118490013
https://onlinelibrary.wiley.com/doi/book/10.1002/9781118490013
https://doi.org/10.1136/bmjopen-2018-024582
http://www.ncbi.nlm.nih.gov/pubmed/30813117
https://doi.org/10.1177/2333721416630492
https://doi.org/10.1177/2333721416630492
http://www.ncbi.nlm.nih.gov/pubmed/28138488
https://doi.org/10.1371/journal.pone.0286114

PLOS ONE

Developing items for a new scale about how people understand osteoarthritis

82.

83.

84.

85.

86.

87.

Australian Bureau of Statistics. Programme for the International Assessment of Adult Competencies,
Australia. 2013. https://www.abs.gov.au/statistics/people/education/programme-international-
assessment-adult-competencies-australia/latest-release#articles

Centers for Disease Control and Prevention. Improving Health Literacy for Older Adults: Expert Panel
Report 2009. Atlanta: U.S. Department of Health and Human Services; 2009.

Streiner DL, Norman GR, Cairney J. Health measurement scales: a practical guide to their development
and use. 5th ed. Oxford University Press, USA; 2015.

Ford L, Scandura T. ltem Generation: A Review of Commonly-Used Measures and Recommendations
for Practice. Annual Meeting of the Southern Management Association; 2007 Jan 1; Nashville,
Tennessee.

Pollard B, Johnston M, Dixon D. Theoretical framework and methodological development of common
subjective health outcome measures in osteoarthritis: a critical review. Health Qual Life Outcomes.
2007 Dec; 5(1):14. https://doi.org/10.1186/1477-7525-5-14 PMID: 17343739

Catley MJ, O’Connell NE, Moseley GL. How Good Is the Neurophysiology of Pain Questionnaire? A
Rasch Analysis of Psychometric Properties. J Pain. 2013 Aug; 14(8):818-27. https://doi.org/10.1016/j.
jpain.2013.02.008 PMID: 23651882

PLOS ONE | https://doi.org/10.1371/journal.pone.0286114 September 29, 2023 22/22


https://www.abs.gov.au/statistics/people/education/programme-international-assessment-adult-competencies-australia/latest-release%23articles
https://www.abs.gov.au/statistics/people/education/programme-international-assessment-adult-competencies-australia/latest-release%23articles
https://doi.org/10.1186/1477-7525-5-14
http://www.ncbi.nlm.nih.gov/pubmed/17343739
https://doi.org/10.1016/j.jpain.2013.02.008
https://doi.org/10.1016/j.jpain.2013.02.008
http://www.ncbi.nlm.nih.gov/pubmed/23651882
https://doi.org/10.1371/journal.pone.0286114

