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ARTICLE INFO ABSTRACT

Keywords: Objective: Knee osteoarthritis (KOA) is a prevalent condition in China, necessitating effective
R31'fﬂ'?ility assessment tools for treatment outcomes. This study systematically reviews and analyzes the
Validity reliability, validity, and selection of patient-reported outcome measures (PROMs) for evaluating

Knee osteoarthritis
Patient-reported outcome measures
Systematic review

KOA.

Methods: Following PRISMA guidelines, a literature search was conducted across seven databases,
including CNKI, PubMed, and Embase, covering publications from December 2012 to December
2022. The methodological quality of the studies was assessed using the COSMIN checklist.
Results: Twenty-one studies met the inclusion criteria, involving eight types of KOA PROMs. The
Oxford Knee Score (OKS) and the Western Ontario and McMaster Universities Osteoarthritis Index
(WOMAC) were the most frequently utilized, appearing in nine and four studies, respectively.
OKS achieved a "strong" rating in internal consistency, test-retest reliability, content validity,
responsiveness, and measurement error, while WOMAC received a "strong" rating in internal
consistency, test-retest reliability, and content validity, with a "moderate" rating in structural
validity.

Conclusion: Both OKS and WOMAC are effective PROMs for evaluating KOA in China. However,
the choice of a specific tool should be based on the study’s objectives and the practical context,
considering each tool’s reliability, validity, and other measurement properties.

1. Introduction

Knee osteoarthritis (KOA) is a prevalent chronic condition that significantly impacts the quality of life and functional abilities of
patients [1-4]. With medical advancements, there has been an increasing focus on scientifically evaluating the efficacy of KOA
treatments. Patient-reported outcome measures (PROMs), with their unique capability to capture patients’ self-reported perspectives,
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focus on patient experiences and health outcomes, have emerged as an important tool for assessing the effectiveness of KOA treatments
[5-71.

In recent years, PROMs have garnered widespread attention for their unique advantages [8,9]. Unlike other assessment methods,
PROMs can comprehensively and accurately reflect the subjective feelings and experiences of patients. This offers clinicians and re-
searchers a more holistic and objective set of metrics for evaluating treatment outcomes. Moreover, PROMs can measure the impact of
treatments, aiding in shared decision-making between doctors and patients [6,7]. Thus, selecting appropriate PROMs is important in
assessing the treatment effects on KOA patients.

Currently, research on PROMs in the assessment of KOA has several limitations. Firstly, existing studies are limited in scope,
involving a narrow range of PROMs, making it challenging to provide reliable guidance on selection [10]. Secondly, the methodo-
logical quality of studies on PROMs varies greatly, lacking a unified and standardized evaluation system. This increases the difficulty
for clinicians and researchers in selecting specific PROMs and limits their application in KOA assessment.

To address these issues, this study aims to conduct a comprehensive evaluation of the reliability, validity, and selection of PROMs in
KOA assessment through systematic review analysis. Adopting the PRISMA standards and the Consensus-based Standards for the
selection of health Measurement Instruments (COSMIN) checklist, this research will rigorously screen and assess the quality of related
literature to ensure the scientific integrity and reliability of the results [11]. By providing evaluations of PROMs in aspects such as
internal consistency, test-retest reliability, content validity, responsiveness, and measurement error, this study aims to support clinical
decision-making and treatment planning. With the selection of suitable PROMs, medical professionals can accurately and compre-
hensively assess the treatment effects on KOA patients, thereby optimizing treatment plans and enhancing patients’ quality of life.

This research will systematically review the reliability, validity, and selection of PROMs in the assessment of KOA in China,
identifying high-quality scales for use. Through the application of PRISMA standards and the COSMIN checklist, we aim to ensure the
scientific rigor and reliability of our research methods. The outcomes of this study will provide clinicians and researchers with robust
evidence on the selection of PROMs for KOA, laying the foundation for improving the quality of life of KOA patients.

2. Materials and methods
2.1. Literature search strategy

The study adhered to The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 guidelines [12],
guided by the Consensus-based Standards for the selection of health Measurement Instruments (COSMIN) recommendations. From
December 2012 to December 2022, a systematic search was conducted across several databases, including CNKI, PubMed, Embase,
Cochrane, CINAHL, Sportdiscus, and Scopus. English keywords utilized in the search comprised "Total knee replacement," "Knee
replacement arthroplasty," "Unicompartmental knee arthroplasty,” "Knee osteoarthritides," "Knee osteoarthritis," "Index," "Measure,"
"Instrument," "Scale," "Questionnaire," "Reliability," "Validity," "Responsiveness," and "Psychometric properties." The Chinese keywords
included "B % T (knee osteoarthritis)," "B X TIBIEAR (Knee replacement surgery)," "&3 (Scale)," "84 (Questionnaire)," "ZE
(Reliability)," "3XE (Validity)," and "% (Responsiveness)." All keywords were searched using Boolean logic to ensure a thorough
retrieval process.

2.2. Inclusion and exclusion criteria

Studies were eligible for inclusion if they were published in English or Chinese in academic journals, involved KOA patients from
China, and were original research utilizing PROMs. Exclusion criteria encompassed basic experimental studies such as animal or
cadaver research, systematic reviews or commentary articles, case reports, and articles with incomplete data.

2.3. Data screening and extraction

A comprehensive literature search, coupled with a double-blind screening and data extraction process, was employed to minimize
bias in this systematic review. Two researchers (Jiayi Ren and Hongyuan Lu) independently screened the literature, resolving any
discrepancies through consultation with a third author, Jiming Tao. Following selection, key data such as study dates, clinical di-
agnoses, scale information, reliability, validity, and responsiveness were extracted from the chosen articles.

2.4. Methodological quality assessment

To control for literature bias, the methodological quality of the studies was assessed using the COSMIN checklist, focusing on three
main measurement properties: reliability, validity, and responsiveness, encompassing eight sub-properties in total. The study refer-
enced standards [13] that align with the COSMIN scale, applying a 2018 rating system to categorize studies into four levels: excellent,
good, fair, and poor. Two researchers independently conducted each article’s methodological quality rating, following COSMIN
guidelines and quality standards (https://www.cosmin.nl/), to further reduce selection and researcher bias.

2.5. Measurement attribute interpretation

Reliability focuses on the stability and consistency of scale outcomes, including internal consistency, test-retest reliability, and
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measurement error. Validity measures the closeness between the true outcomes and those provided by the measurement tool, covering
content and structural validity. Responsiveness examines the capacity of a scale to detect changes over time. To evaluate measurement
properties of each PROM, the outcomes of each study’s rating method were qualitatively classified as sufficient (+), insufficient (—), or
indeterminate (?). Quality standards for assessing each measurement property are listed in Table 1.

2.6. Summary of level of evidence

Multiple assessments of the same scale may yield varying results and levels of evidence. The method [14] was utilized to achieve a
broader level of evidence for each scale. Summaries of evidence for each PROM illustrated the number and methodological quality of
studies (using the COSMIN checklist), the measurement properties of PROMs [15], and the consistency of results. Following the
recommendations of the Cochrane Back Review Group, the overall assessment of evidence for PROMs was categorized as strong,
moderate, limited, controversial, or unknown (Table 2). Two researchers independently conducted the ratings, with any disagreements
resolved through consultation with a third party.

Table 1
Measurement attribute quality standards.
Characteristics Definition Rating  Quality criteria
Reliability Internal Interrelationship among items within the same ) (Uni)dimensional subscale with Cronbach’s alpha (s)
consistency factor structure greater than or equal to 0.70
? Dimension unknown or Cronbach’s alpha undetermined
-) (Uni)dimensional subscale with Cronbach’s alpha (s) <
0.70
Test-retest Proportion of total variance in measurements ) ICC/Weighted Kappa >0.70 or Pearson r > 0.80
reliability caused by true differences among patients ? ICC/Weighted Kappa and Pearson r undetermined
=) ICC/Weighted Kappa <0.70 or Pearson r < 0.80
Measurement Systematic and random errors in patient ratings +) MIC > SDC or MIC outside LOA
error caused by true variation in non-measured ? MIC undefined
constructs ) MIC < SDC or MIC inside LOA
Validity Content validity =~ Degree to which scale content reflects the response  (+) Target population perceives all items in the
of target subjects questionnaire as relevant and perceives the
questionnaire as comprehensive
? No participation from the target population
-) Target population perceives items in the questionnaire
as irrelevant or perceives the questionnaire as
incomplete
Construct Dimensions of the target construct measured by the ~ (+) Factor explanation of >50 % variance
validity scale ? Variance explanation not mentioned
-) Factor explanation of <50 % variance
Hypothesis Degree of association between scale scores +) Results consistent with hypotheses
testing consistent with the theoretical derivation and scores ~ ? No hypotheses defined (defined by the review team)
on other scales ) Results inconsistent with hypotheses
Cross-cultural Extent to which items on translated or cross- +) In multigroup factor analysis, no significant differences
validity culturally adapted scales reflect the response of the between groups based on factors such as age, gender,
original version of the scale language
? No multigroup factor analysis conducted
) In multiple factor analysis, there are significant
differences between inter-group factors (such as age,
gender, language)
Responsiveness Measurement of longitudinal validity. Similar to ) (Using instruments to measure the correlation of the
construct validity, longitudinal validity should be same structure, with a correlation of >0.50 or at least
evaluated by testing predefined hypotheses 75 % of the results in accordance with the hypothesis or

AUC >0.70), and the correlation with the relevant
structure is higher than that with the irrelevant structure

? Only correlated with unrelated structures

-) The correlation with the structure of the scale is < 0.50
OR <75 % of the results in accordance with the
hypothesis OR AUC <0.70 OR the correlation with the
relevant structure is lower than that with the irrelevant
structure

*ICC = correlation coefficient, MIC = minimal important change, SDC = minimal detectable change, LOA = limits of agreement, AUC = area under
the curve. (Reprinted with modifications from: Huang H , Grant JA , Miller BS , Mirza FM , Gagnier JJ. A systematic review of the psychometric
properties of patient reported outcome instruments for use in patients with rotator cuff disease.AmJ Sports Med.2015 Oct; 43 [10]:2572-82. Epub
2015 Jan 26).
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Table 2

Grading of the level of evidence for overall quality.
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Level Grade Evaluation Criteria
Strong +++ or — Consistently found to be "good" methodological quality across multiple studies, or "excellent" in one study
Moderate ++ or — Consistently found to be "fair" methodological quality across multiple studies, or "good" in one study
Limited + or - Found to be "fair" methodological quality in one study
Controversial + Controversial results
Unknown ? Only studies with poor methodological quality

3. Results

3.1. Results of literature screening

As illustrated in Fig. 1, the literature search yielded a total of 4933 papers. The distribution of articles across databases was as
follows: CNKI contributed 72 papers (1.4 %), PubMed 747 papers (15.2 %), Embase 713 papers (14.5 %), Cochrane 1405 papers (28.5
%), CINAHL 555 papers (11.3 %), SPORTDiscus 185 papers (3.7 %), and Scopus 1256 papers (25.4 %). After the removal of duplicates,
3268 articles remained. Titles, abstracts, keywords, types of literature, and full texts of each article were independently screened by
two reviewers, leading to the consensus inclusion of 21 articles [16-36] for further analysis.

Identification ]

[

)

Eligibility Screening

Included

PRISMA 2009 Flow Diagram

Records identified through
database searching
(n = 4884)

Additional records identified
through other sources
(n=49)

Records after duplicates removed
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Fig. 1. PRISMA study flow diagram.

A 4

Full-text articles excluded,
with reasons
(n =2926)




J. Ren et al. Heliyon 10 (2024) e36645

3.2. Overview of PROMs evaluated in included studies

The 21 included articles assessed eight different PROMs for KOA, as summarized in Table 3. The most frequently evaluated scales
were the OKS in nine articles and the WOMAC in four articles. Other evaluated scales included the Knee injury and Osteoarthritis
Outcome Score (KOOS) in two articles, the Intermittent and Constant Osteoarthritis Pain (ICOAP) in two articles, and the Lower
Extremity Functional Scale (LEFS), Patient Expectations of Physician Interaction (PEPPI-10), Pain Catastrophizing Scale (PCS), and the
Japanese Knee Osteoarthritis Measure (JKOM) each in one article.

3.3. Methodological quality and rating of measurement properties of scales

The methodological quality and COSMIN grading of each PROM study are detailed in Table 4.

Internal consistency: Out of the 21 articles, 20 (95.2 %) analyzed internal consistency. Except for JKOM, which was classified as
uncertain due to an undetermined Cronbach’s alpha, all studies were deemed sufficient. Except for three articles on PCS and OKS rated
as fair, the methodological quality was generally rated as excellent.

Test-retest reliability: Fifteen out of 21 articles (71.4 %) conducted studies on test-retest reliability, all receiving sufficient ratings
for this measurement property. The methodological quality of studies on OKS, KOOS, ICOAP, LEFS, and PCS was rated as good or fair.

Content validity: Seven out of 21 articles (33.3 %) conducted content validity studies, all achieving sufficient ratings. The
methodological quality of WOMAC, KOOS, and ICOAP studies was rated as good or excellent.

Structural validity: Nineteen out of 21 articles (90.5 %) analyzed structural validity. However, studies on OKS, WOMAC, KOOS,
ICOAP, LEFS, and PCS were rated as unknown due to unspecified explained variance, and the methodological quality was rated as fair
or biased due to the absence of exploratory factor analysis or insufficient sample size.

Measurement error: Only three articles (14.3 %) studied measurement error, with OKS and ICOAP receiving positive evaluations.
KOOS was rated as insufficient due to undefined Standardized Response Mean (SRM) and Minimal Detectable Change (MDC), and the
methodological quality was considered moderate.

Responsiveness: Three articles (14.3 %) analyzed scale responsiveness, with OKS, ICOAP, and LEFS all receiving positive eval-
uations and an excellent methodological quality rating.

3.4. Overall measurement property ratings of included PROMs

Based on the quantity and quality of evidence (Table 5), although structural validity was limited, OKS remained the best-evidenced
measure for assessing KOA, with its nine articles achieving a strong overall rating across seven measurement properties, including
internal consistency, test-retest reliability, content validity, responsiveness, measurement error, hypothesis testing, and cross-cultural
validity. WOMAC, despite lacking data on responsiveness, measurement error, and hypothesis testing, received a strong overall rating
in internal consistency, test-retest reliability, and content validity, with structural validity rated as moderate.

ICOAP, while achieving a strong overall rating in four measurement properties, including internal consistency, content validity,
responsiveness, and measurement error based on two articles, was rated as moderate in cross-cultural validity, limited in test-retest
reliability, and controversial in hypothesis testing.

Table 3
Summary of the scale.
Abbreviation  Full Name Target Population Measurement Dimension Number of
Items
OKS The Oxford Knee Score Knee joint replacement Pain, daily life functioning 12
surgery/knee arthritis
WOMAC Western Ontario and McMaster Knee arthritis Pain, stiffness, and difficulty in performing daily activities 24
Universities Osteoarthritis Index
Function Score
ICOAP intermittent and constant Knee arthritis The pain experience of patients with knee osteoarthritis, 11
osteoarthritis pain including pain intensity, frequency, and duration, as well as
its impact on emotions, sleep, and quality of life
LEFS Lower Limb Functional Scale Lower limb muscle and Physical activity 20
skeletal dysfunction
PEPPI-10 10-item Perceived Efficacy in All patients Doctor-patient interaction 10
Patient Physician Interaction scale
KOOS Knee Injury and Osteoarthritis Knee joint injury Frequency and severity of pain, symptoms, activities of daily =~ 42
Outcome Score living (ADL), exercise/leisure
PCS Pain Catastrophizing Scale Fibromyalgia/low back Degree of pain (divided into three sub-scales: rumination, for 13
pain/knee arthritis example, I cannot stop thinking about how much it hurts;
magnification, for example, I worry that something serious
might happen; and helplessness, for example, I have no way to
reduce the intensity of the pain)
JKOM The Japanese knee osteoarthritis Knee arthritis Pain and stiffness, daily life status, usual activity status, health 25

evaluation scale

status




Table 4
Summary of COSMIN grading assessment for the measurement properties of the scale.
Scale Source Sample Internal Test-retest Content Construct Reactiveness ~ Measurement Hypothesis Cross-cultural
size consistency reliability validity validity error testing validity
OKS R. T. H. Cheung, 100 E/(+) 0 0 G/? 0 0 0 0
2017
K. Lin, 2017 253 E/(+) G/(+) 0 G/(+) E/(+) 0 G/(+) E/(+)
Lin Kai, 2017 114 E/(+) 0 E/(+) G/? 0 0 0 G/(+)
Li Yangjie, 2019 96 E/(+) 0 G/(+) F/(+) 0 0 0 0
Wu Hao, 2020 30 E/(+) G/(+) F/(+) P/(+) 0 0 0 0
J. R. M. Ngwayi, 149 F/(+) G/(+) 0 G/? 0 0 G/(+) 0
2020
C. Chen, 2020 30 E/(+) G/(+) 0 P/? 0 0 0 0
W. Deng, 2021 267 F/(+) E/(+) 0 G/(+) 0 E/(+) G/(+) 0
X. L. Liu, 2022 159 E/(+) 0 0 E/? 0 0 G/(+) 0
WOMAC T. Symonds, 2015 287 E/(+) E/(+) 0 F/(4+) 0 0 0 G/(+)
Xia Chuantao, 2015 177 E/(+) E/(+) G/(+) G/(+) 0 0 0 F/(+)
Shen Zhengdong, 113 E/(+) F/(+) G/(+) G/? 0 0 0 0
2019
Chen Wei, 2019 24 0 P/+ 0 0 0 0 0 0
KOOS Cheung, 2016 100 E/(+) G/(+) 0 P/(+) 0 0 G/(+) 0
Cheng, 2019 125 E/(4+) G/(+) G/(+) G/? 0 E/(-) 0 0
ICOAP Zhang, 2017 108 E/(+) F/(+) 0 G/(+) E/(+) 0 F/(+) 0
Sit, 2019 110 E/(+) G/(+) E/(+) E/? 0 E/(+) G/(+) G/(+)
LEFS Xu, 2020 108 E/(+) G/(+) 0 G/? G/(+) 0 0 G/(+)
PEPPI- Zhao, 2016 110 E/(+) 0 0 E/(+) 0 0 0 0
10
PCS Ong, 2021 675 F/(+) 0 0 E/(?) 0 0 F/(+) 0
JKOM Xu Shouyu, 2013 171 E/(?) G/(+) 0 0 0 0 0 0

*Methodology quality rating: E = excellent, G = good, F = fair, P = poor, 0 = unknown; Measurement attribute assessment: sufficient(+), insufficient(—), or uncertain(?).
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Table 5

Overall measurement attribute rating.
Scales Internal Test-retest Content Construct Responsiveness ~ Measurement Hypothesis Cross-cultural

consistency reliability validity validity error testing validity
OKS o+ +++ o+ + +++ ot o+ +++
WOMAC  +++ et At ++ 0 0 0 +
KOOS +++ ++ ++ + 0 ? ++ 0
ICOAP +++ + +++ + +++ +H+ + ++
LEFS o+ ++ 0 - ++ 0 0 ++
PEPPI- Tt 0 0 Tt 0 0 0 0
10

PCS + 0 0 - 0 0 + 0
JKOM - 0 0 ++ 0 0 0 0

4. Discussion

This review systematically evaluates the reliability, validity, and selection of PROMs in the assessment of KOA within a Chinese
population. Among the multitude of PROMs available, the OKS and the WOMAC have demonstrated excellent reliability and validity
[37-40]. These findings provide robust tool selection recommendations for clinicians and researchers assessing the effects of KOA
(Fig. 2).

Assessing the outcomes of KOA treatments involves a complex process that requires the consideration of various factors. PROMs
offer an objective tool for clinicians to more accurately gauge treatment effectiveness and disease progression. Especially in aspects
such as pain and functional recovery, PROMs provide essential feedback, assisting in the adjustment of individualized treatment plans
[5]. While previous studies have extensively evaluated different PROMs, this study is the first to systematically compare the appli-
cability of various PROMs in the assessment of KOA in China. Consistent with conclusions from some prior studies, we also find that
OKS and WOMAC achieve high ratings across most measurement properties [41,42]. Compared to previous piecemeal assessments,
our study offers a more comprehensive and objective perspective.

OKS is specifically designed to assess the postoperative recovery of knee replacement surgery patients but has also been widely
applied to evaluate the pain and functional status of KOA patients. The widespread use of OKS reflects its high reliability and validity in
measuring knee function, especially in terms of content validity and responsiveness. Additionally, the design of OKS is straightforward,
making it easy to understand and complete, thus serving as an ideal tool for assessing knee function impairment and treatment
outcomes [37,43,44]. WOMAG, a specific scale for assessing pain, stiffness, and functional limitations in patients with lower limb
osteoarthritis, is particularly applicable to patients with knee and hip osteoarthritis. WOMAC is considered one of the gold standards
for assessing osteoarthritis pain and functional impairment, with the advantage of reflecting the patients’ specific difficulties and
challenges in detail [38,43,45]. In this study, although WOMAC showed some shortcomings in structural validity, it still performed
excellently in terms of internal consistency and test-retest reliability. Overall, both tools provide reliable data support for assessing
symptoms and function in KOA.

Despite aiming for comprehensiveness and objectivity, this study has limitations. For example, the literature included mainly
comes from seven databases, potentially missing valuable studies from other sources. Additionally, the number of studies on some
PROMs is relatively small, possibly affecting the comprehensiveness and objectivity of the evaluations. It is important to note that this
study assesses the measurement properties of individual PROMs and then uses the COSMIN checklist to summarize the evidence for
each PROM. This approach is fundamentally different from traditional meta-analysis, each with its advantages and limitations. The
COSMIN method focuses on assessing and summarizing the measurement properties (e.g., reliability, validity, responsiveness) of
individual scales or tools across studies, emphasizing the quality and applicability of scales. In contrast, meta-analysis aims to
quantitatively combine results from different studies to estimate an overall effect size, focusing on the statistical synthesis of study
outcomes. The COSMIN method is particularly suitable when evaluating tool or scale quality, especially when the research goal is to
select or recommend the most appropriate measurement tools. Meta-analysis is applicable for the quantitative assessment of specific
interventions or factor effects. Although no meta-analysis was conducted, this study provides a powerful method to assess the quality
and applicability of measurement tools.

Recent advances in the application of PROM:s in osteoarthritis assessment have been significant, thanks to the integration of digital
health technologies and big data analytics. These advances have not only enabled real-time monitoring of patient symptoms and
quality of life but also facilitated the development of personalized treatment strategies and improved patient care [5]. Digital health
technologies, such as mobile apps, wearable devices, and remote monitoring systems, have been integrated with PROMs, improving
the quality and frequency of data collection and enhancing patient engagement. This allows doctors to adjust treatment plans based on
real-time data, assessing patients’ functional status more accurately [46]. Furthermore, disease-specific PROMs are being developed to
more finely reflect the unique experiences of osteoarthritis patients, accurately capturing the impact on aspects such as pain and
functional impairment and guiding the formulation of personalized treatment plans [47]. Additionally, the application of machine
learning algorithms in PROM data analysis offers new perspectives for identifying key factors in treatment outcomes and predicting
treatment effectiveness. This helps doctors make early and accurate predictions and provides a scientific basis for formulating effective
personalized treatment strategies [48].

The current study’s findings offer significant reference value for future research, especially regarding selecting and using PROMs.
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Considering the complexity of KOA, future studies need to further explore other potential assessment tools and validate them in larger
samples and diverse populations. Notably, patient involvement and co-design approaches have revolutionized the development of
PROMIs, particularly in the field of osteoarthritis, ensuring that evaluation tools authentically reflect outcomes of concern to patients,
enhancing their effectiveness and application value in clinical and research settings.

The conclusions of this study underscore the importance of OKS and WOMAC in assessing KOA. They have shown high reliability
and validity across multiple measurement properties, providing valuable tools for clinical and research work. However, research is a
continually advancing process, and as technology evolves and more studies accumulate, future work may identify even more precise
and practical assessment tools. Hopefully, this research will offer new insights into KOA assessment and stimulate further study in
related fields.
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