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Abstract

Purpose: To analyze two gold-standard patient-reported outcome measures (PROMs) in knee OA (WOMAC and SF-36) and

determine which questions are the most reflective of the overall score. Methods: This was a retrospective study on 4,983

patients with primary knee pain. Patients had WOMAC and SF-36 at two-time points, pre-treatment and after three months

of treatment. A decision tree classifier supported with a linear mix model regression was applied to determine, identify, and

categorize the most influential questions that determine the overall score in each of the questionnaires. Results: For SF-36,

the most influential items were Q22 (39%), Q32 (24%), Q11 (19%), Q25 (19%). For WOMAC, the most influential predictors

were Q14 (39%), Q10 (24%) and Q15 (21%). A significant improvement in WOMAC and SF-36 was seen after three months

of treatment (P<0.01). For SF-36, the main predictor items were Q11, Q22 and Q32, Regression model R2 = 0.841, p<0.01,

t[55.62]=0.001, Beta for Q22=0.409, Q32=0.352, Q11=0.278. For WOMAC, the main predictor items were Q10 and Q15,

Regression model R2 = 0.930, p<0.01, t[35.4]=0.001, Beta for Q15=0.548, Q10=0.4639. Conclusion: Two questions from the

WOMAC questionnaire predicts 93% of the overall score and four questions form the SF-36 predict 84%. The creation of a

clinically meaningful assessment tool based on larger scientifically validated PROMs will help to facilitate its use by clinicians

and acceptance by patients in clinical practice.

Using gold standard patient-reported outcome measures in clinical practice – a new approach to facilitate
their use

Abstract

Purpose: To analyze two gold-standard patient-reported outcome measures (PROMs) in knee OA (WOMAC
and SF-36) and determine which questions are the most reflective of the overall score.

Methods: This was a retrospective study on 4,983 patients with primary knee pain. Patients had WOMAC
and SF-36 at two-time points, pre-treatment and after three months of treatment. A decision tree classifier
supported with a linear mix model regression was applied to determine, identify, and categorize the most
influential questions that determine the overall score in each of the questionnaires.

Results: For SF-36, the most influential items were Q22 (39%), Q32 (24%), Q11 (19%), Q25 (19%). For
WOMAC, the most influential predictors were Q14 (39%), Q10 (24%) and Q15 (21%). A significant im-
provement in WOMAC and SF-36 was seen after three months of treatment (P<0.01). For SF-36, the main
predictor items were Q11, Q22 and Q32, Regression model R2 = 0.841, p<0.01, t[55.62]=0.001, Beta for
Q22=0.409, Q32=0.352, Q11=0.278. For WOMAC, the main predictor items were Q10 and Q15, Regression
model R2 = 0.930, p<0.01, t[35.4]=0.001, Beta for Q15=0.548, Q10=0.4639.
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Conclusion: Two questions from the WOMAC questionnaire predicts 93% of the overall score and four
questions form the SF-36 predict 84%. The creation of a clinically meaningful assessment tool based on
larger scientifically validated PROMs will help to facilitate its use by clinicians and acceptance by patients
in clinical practice.

Key Words:

Patient reported outcome measures, clinical practice, knee

What’s known

Integrating PROMs in clinical practice can serve the entire health care system, including patients, care
providers, insurers, and government regulators, and can enhance high-quality clinical care and improve
shared decision-making processes. However, implementing PROMs in clinical practice is still a challenge.
PROMs are considered complex and resource-intensive and there is a need for the creation of PROMs that
are primarily designed for clinical practice.

What’s new

Our real-life experience in implementing PROMs in clinical practice leads us to think that the creative use
of a new questionnaire out of existing PROMs may help patient care in busy clinical settings. This research
work introduces a six questions PROM that can reflect more robust PROMs and be integrated in clinical
practice.

Introduction

Patient-reported outcome measures (PROMs) are self-administrated questionnaires that are used to assess a
patient’s health state, quality of life, and functional status associated with their health condition without the
interpretation of the physician or anyone else (1, 2). There are growing efforts to shift from using PROMs in
health research to implementing them in clinical practice (2-4). Integrating PROMs in clinical practice can
serve the entire health care system, including patients, care providers, insurers, and government regulators,
and will enhance high-quality clinical care and improve shared decision-making processes (1, 5, 6). From a
patient’s point of view, this will help to quantify health status, monitor changes over time, help to set up
expectations, and increase patient engagement (5, 7).

PROMs in musculoskeletal (MSK) conditions are essential to facilitate patient-clinician communication and
improve the shared decision-making process. Adding assessments from the patient’s perspective provides a
patient centerd approach that will help to assess disease severity as well as the effectiveness of treatments (2,
8, 9). The two most commonly used disease-specific PROMs in MSK conditions are the Pain Visual Analogue
Scale (VAS) and the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC). The three
most common generic ones, used to assess quality of life, are the EuroQol five dimensions questionnaire (EQ-
5D), Short Form-12, and Short Form-36 (SF-36) (10, 11).

Implementing PROMs in clinical practice is still a challenge (10). The current integration of PROMs in clini-
cal practice is minimal as they are considered complex and resource-intensive (4, 12, 13). In essence, there are
several barriers to real-life implementation and the adoption of PROMs in clinical practice. Amongst these
are skepticism about the validity and potential utility of PROMs data, unfamiliarity with the interpretation
of PROMs information, a paucity of direct face-to-face interaction, cost of data collection, and the need for
rapid data manipulation and processing (13-15). Moreover, since most clinics are usually capacity-driven,
adding PROMs (WOMAC and SF-36) into a standard care routine will extend a regular session by 20-30
minutes, which can be a significant barrier for adoption. Therefore, it is clear that there is a need for the
creation of PROMs that are primarily designed for clinical practice rather than research (i.e., brief, simple,
and easy to interpret). Ideally, these will cover general and disease-specific properties and will apply to a
range of common MSK conditions (14). New tools are emerging to create PROMs that will fit a real-live
clinical practice work-flow (14, 16).
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One approach to creating a clinical PROM is to adopt a subset of the larger, scientifically validated PROM
in a patient care setting. The purpose of the current work is to analyze the two most common PROMs in
knee OA (WOMAC and SF-36) and determine which questions out of the 60 are the most reflective of the
overall score and show sensitivity to changes in clinical status.

Methods

This was a retrospective study based on a dataset that belongs to a private medical device company (Apos
Medical Assets Ltd, AMA, Tel-Aviv, Israel). The company provides a non-invasive biomechanical treatment
for patients with MSK conditions in Israel, UK and USA. PROMs are an integral part of the company’s
treatment methodology, hence a large dataset was available for analysis. The majority of patients have
knee and back arthritic complaints. The protocol was approved by the Institutional Helsinki Committee
Registry (Helsinki registration number 141/08, NIH protocol no. NCT00767780). A search for eligible data
was done on patients that were treated between October 2010 and June 2017. All patients with a primary
knee condition and PROMs at pre-treatment initiation assessment and after three months of treatment were
included in the analysis.

The WOMAC questionnaire (disease-specific questionnaire) and SF-36 (general health questionnaire) were
used as PROMs to evaluate pain, functional limitation, and quality of life perception. The WOMAC ques-
tionnaire contains 24 visual analogue scale (VAS) questions. Results range from 0-100 mm, in which 0 mm
indicates no pain or limitation in function, and 100 mm indicates the most severe pain or limitation in
function. The SF-36 contains 36 questions, seven yes/no questions, ten 3-point Likert scale questions, nine
5-point Likert scale questions, and ten 6-point Likert scale questions indicating quality of life. Questions are
scored between 0-100, with 0 indicating the worst quality of life and 100 indicating the best quality of life.

All patients were treated with a non-invasive biomechanical foot-worn device that aims to treat patients
with MSK conditions by center of pressure manipulation and perturbation training to challenge and train
neuromuscular control (17).

Statistical analysis

The purpose of the current study was to identify and categorize the most influential questions that determine
the overall score in each of the questionnaires. For these purposes we have divided our statistical analysis
into two stages:

1. Calculate the reliability of WOMAC and SF-36. For SF-36, we excluded all questions with yes/no
response due to low sensitivity (Q13-Q19) and assessed the reliability of the SF-36 twice – first using
all items that have at least three possible answers (3-level questions and more) and second using
questions with at least five possible answers (5-level questions and more).

2. A decision tree classifier supported with a linear mix model regression. In continue to stepwise variable
selection in regression analysis, the decision tree method was used to focus on variables selection that
should be used to form decision tree models. The selected decision tree model (CHAID) allowed us to
assess the relative importance of each question. Generally, variable importance is computed based on
the reduction of model accuracy (or in the purities of nodes in the tree) when the variable is removed.
In most circumstances the more records a variable influences the greater the importance of the variable.
Finally, it was also used for prediction, since the tree model derived from historical data, it’s easy to
predict the result for future records. The accuracy, sensitivity, and specificity of the decision tree model
were calculated.

Statistical analyses was performed using IBM SPSS Statistics for Windows, version 26.0 (IBM Corp., Ar-
monk, NY, USA) and IBM Modeler. The primary outcome of the study was WOMAC and SF-36 overall
scores. Two-sided Pearson’s chi-square tests were used to compare categorical data, with presented odds
ratios (ORs) and 95% CIs. The normality of continuous data was examined using the Kolmogorov-Smirnov
test. values are presented as mean ± standard deviation. p -values < 0.05 were defined as statistically
significant.
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Results

Four thousand nine hundred eighty-three (4,983) patients had WOMAC and SF-36 at two-time points, pre-
treatment and after three months of treatment. 55% of the patients were females and the mean (SD) age
was 58.9 (14.8).

1. SF-36 and WOMAC reliability The reliability of SF-36 3-level questions and more was 0.875 and
included the following six items: Q7, Q9, Q10, Q11, Q5, and Q6. The reliability of SF-36 5-level
questions and more was 0.868 and included the following 14 items: Q20-Q26, Q28-Q32, Q34, Q36. The
reliability of WOMAC was 0.973 and included all 24 items.

2. A decision tree classifier supported with a linear mix model regression.

In general, the SF-36 and WOMAC dependant variables of the decision tree were the SF-36 overall score
and WOMAC overall score, respectively. For SF-36 3-level questions, the most influential predictors were
Q11 (36%), Q4 (26%), Q2 (15%) and Q1 (14%). For SF-36 5-level questions and more, the most influential
predictors were Q22 (47%), Q25 (35%), Q32 (10%) and Q28 (5%). We then ran a decision tree on the
following items (integration of the most influential of both trees): Q1-Q2, Q4, Q6, Q11, Q22, Q24, Q25, Q28,
Q32 and found that the most influential items were Q22 (39%), Q32 (24%), Q11 (19%), Q25 (19%). For
WOMAC, the most influential predictors were Q14 (39%), Q10 (24%) and Q15 (21%)

A significant improvement in WOMAC and SF-36 was seen after three months of treatment (P<0.01).
WOMAC overall score improved by 15% from 31.3 (27.1) to 26.6 (25.3). SF-36 overall score improved by
5% from 59.7 (31.6) to 62.4 (30.1). For SF-36, the main predictor items were Q11, Q22 and Q32, Regression
model R2 = 0.841, p<0.01, t[55.62]=0.001, Beta for Q22=0.409, Q32=0.352, Q11=0.278. For WOMAC,
the main predictor items were Q10 and Q15, Regression model R2 = 0.930, p<0.01, t[35.4]=0.001, Beta
for Q15=0.548, Q10=0.4639. Table 1 summarizes the main predictive questions to be used. In summary, for
SF-36 using the above mentioned 4 questions will cover 40% of the overall score. For WOMAC questionnaire,
using Q10 and Q15 will cover 50% of the total score)

Discussion

Our results showed that the use of WOMAC and SF-36 to assess MSK conditions and treatment effect is
reliable, similar to previous recommendations (18, 19). WOMAC and SF-36 measure accurately the patient’s
condition (pain, function, and quality of life). Moreover, we found some items to be more influential than
others and were able to identify six questions instead of 60. Two questions from the WOMAC questionnaire
predicts 93% of the overall score and four questions form the SF-36 predict 84%. In clinical practice having six
items instead of 60 is far more manageable and can be transformational with regards to PROMs integration
and implementation.

This study tries to address and overcome the challenges and lack of adoption of PROMs in real-life clinical
practice (2, 10, 20). Although previous studies have discussed the challenges in implementing PROMS in
clinical practice, to the best of our knowledge, there was no attempt to adjust existing research-based
PROMs to real-life settings, which is fundamentally different than in research. We believe that instead of
trying to implement PROMs in their current format (i.e., long, time-consuming, difficult to interpret) into
the clinic, we should try to adjust PROMs to fit a typical real-life clinical practice work-flow by balancing
difficulty in administration with clinical utility. Adjusting PROMs to a shorter version can address concerns
of capacity intensity (i.e., extending a session by 20-30 min.), additional costs of data collection, and the need
for rapid data manipulation and processing and allow the clinic to become a data-driven, evidence-based,
best practice clinical setting. Additionally, using the subset of questions that are validated will allow for
more rapid development of specific clinical instruments for clinical use. A strength of the study is that we
were able to use thousands of records of patients that completed two gold-standard PROMs (WOMAC and
SF-36) and had a known clinical benefit that we could compare our extracted subset of question to. Using
this method, we identified 6 out of 60 questions as the most influential and predictive items. We believe
that using this subest of 6 questions, PROM completion can become a straightforward and practical task for
both the patient and the clinic. This is a new approach to the problem that prior studies have demonstrated

4
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regarding the lack of guidance and clarity as to what to measure, which tools to use, and how to efficiently
apply this in routine clinical practice (14, 16, 18) .

The results of the study suggested that the six items are in accordance with the predictive items that were
found in the regression analysis and correlate to the clinical improvement over time. This is important as
it addresses the responsiveness requirements i.e., does the PROM detect change over time that matters to
patients (sensitivity to change) (18). It gives additional credibility to the use of a short form in clinical
practice. In the unique setting of a busy clinic, using six questions can significantly reduce the burden for
the patient and the clinic staff and facilitate adoption. That being said, more research is needed in order
to validate the proposed short form. Ideally, this should be done as an on-going registry program aimed to
monitor real-life clinical practice patients with a varied patients population.

This study has some limitations that should be acknowledged. First, some patients’ characteristics are
missing. Although all patients were with a primary knee condition, the diagnosis is missing. In addition,
weight and height are missing. This might limit the ability to generalize the results and we recomment that
future studies will validate the outcomes of the study on different ethnicities and populations with varying
weight distribution. Secondly, this study proposes a novel 6-item questionnaire that was established from a
subset of 60 gold-standard questions by identification of the most influential ones. This new questionnaire,
however, is currently not being used elsewhere and requires further validation. Lastly, future studies should
also compare the correlation between the 6-item questionnaire and objective outcomes such as computerized
gait test, other validated questionnaires, so support its validity.

Conclusion

This study demonstrated that two questions from the WOMAC questionnaire predict 93% of the overall
score and four questions form the SF-36 predict 84%. A six questions subset from a total of 60 questions in
the WOMAC and SF-36 QOL scales could yield over 50% of the sensitivity of the full surveys at a fraction
of the overall burden of time and effort. This potentially allows for the addition of PROM to clinical practice
and is in line with previous studies that have stressed the importance of PROMs selection standardization
(18) rather than adding new tools. Our real-life experience in implementing the current available PROMs in
clinical practice leads us to think that the creative use of a new questionnaire out of existing PROMs may
help patient care in busy clinical settings. Future work should focus on validation and extension of the tool
in clinical practice.
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Questionnaire type Questions

WOMAC Think about the difficulty you have experienced
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When getting up from a sitting position?
Q15: While going shopping or traveling outside of
your home?

SF-36 Q11: Does your health now limit you in walking
100 meters/100 yards?
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Questionnaire type Questions

Q22: During the past 4 weeks, how much did pain
interfere with your normal work (including both
work outside the home and housework)?
Q25: Have you felt so down in the dumps nothing
could cheer you up?
Q32: During the past 4 weeks, how much of the
time has your physical health or emotional
problems interfered with your social activities
(like visiting friends, relatives, etc.)?
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