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ARTICLE INFO ABSTRACT

Handling Editor: Professor H Madry Objectives: The purpose of this study was to develop and establish reliability and validity of a virtual performance

measure (VPM) score that encompassed 10 videos in patients with osteoarthritis of the knee joint. Patients’

Keywords: experience and satisfaction were documented.

V‘m‘fﬂ Design: Forty videos were chosen for 10 functional tasks, with four videos showing increasing difficulty for each
Hybrid task. Patients were requested to choose the video that best reflected their own situation. Clinical and radiological
Performance measures ..

Validity findings and self-report and performance measures were completed.

Reliability Results: Data of 100 patients, 70 (70%) females, mean age: 65 + 9 were examined. The Cronbach's alpha coef-
Accuracy ficient that examined internal consistency of the VPM score was 0.92. The intraclass correlation value of 0.82 was

obtained for test-retest reliability. Factor analysis showed three distinct domains. There was moderate correla-
tions between the VPM score and the self-report and actual performance measures ranging from r = 0.46 to 0.66.
The VPM summated score of 10 activities was able to differentiate between candidates and non-candidates for
knee arthroplasty, with the area under the curve value of 0.90 indicating excellent predictive validity. The overall
patient experience and satisfaction was positive with 67% of participants feeling that virtual care could have an
impact on minimizing physical presence in the clinic or hospital.

Conclusions: The VPM is a reliable and valid outcome measure in patients with osteoarthritis of the knee joint. This
digital tool has the potential to transform osteoarthritis care by providing a valid remote measurement of real-life
functional limitations and reduce the burden of time consuming in-person tests.

1. Introduction

One essential component of a comprehensive patient examination in
osteoarthritis (OA) care is the assessment of limitations in daily physical
activities, often measured by Patient-Reported outcome measures
(PROMIs) [1,2] or performance-based tests, which provide a snap shot of
the patient's physical abilities [2,3]. In 2020, the use of performance
measures became challenging due to pandemic-related restrictions to
in-person visits and the need for alternative ways to assess a patient's
function became more obvious. While the utilization of remote care and
digital transformation of health care was fueled by the pandemic, virtual

care is now a vital component of routine care. Validation of
technology-based outcome instruments is critical as they will have an
impact on quality of health care delivery at present and in the future.
The virtual performance measure (VPM) is an innovative tool that
uses digital technology and computerized videos to assess real-life
physical limitations without requiring patients to travel for in-person
visits in poor weather, or present to high risk environments. The vir-
tual performance measure combines advantages of the self-report and
performance-based measures without having some of their weaknesses.
The self-report PROMs are highly subjective to the perception of func-
tional difficulty and rely on patient's experience, recall, and emotional
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state. In addition, they may be difficult to complete by patients who are
not fluent in the language the tool is utilized in. The performance-based
tools are dependent on patient motivation to complete the test. They are
time consuming and require trained personnel and specific testing tools
and facilities. They are subject to observer bias and inadequate in-
structions could affect their accuracy. A digital tool that can be watched
and scored remotely can overcome some of these weaknesses. With the
increasing utility of internet and digital technology in the health care
system, a hybrid approach to outcome measurement may be a pathway to
a more flexible and efficient outcome assessment.

The history of using videos as an outcome instrument is fairly recent,
dating back to 2014, when the first generation of video-based virtual
measures, the computerized animated activity questionnaire (AAQ) were
created by a group of Dutch investigators [4,5]. These researchers used
avatars (an animated figure representing a patient in the video) to pre-
sent different levels of difficulty executing daily tasks (e.g. no difficulty to
inability to perform a task) in patients with OA of the hip and knee joints.
The use of AAQ has shown promising utility in arthritis care [4-6]. While
animated avatar models are used for many purposes in today's technol-
ogy, human models and particularly, live actors with an appropriate age,
may be more acceptable to older persons or those with advanced dis-
abilities who use assistive devices. An avatar may not have the same
realistic expressions or credibility as a live actor, especially when an
activity or movement is associated with a facial expression or a struggle
to perform a task due to pain. In addition, older adults who are new to the
digital world may have difficulty identifying with a virtual character that
has imperfections or awkward body movements. Most importantly, the
cost of avatar videography is high and unless there is in-house expertise
in using animation software, organizations may be required to outsource
production which presents challenges in updating videos over time and
as needs change for accurate representations. In short, virtual videos that
use human models may be more relatable to an elderly population and
their utility in medical videos warrants further investigation.

The primary objective of this study was to establish reliability (in-
ternal consistency and test-retest), validity (convergent validity, known-
group validity, and factorial validity) of the VPM total score (summated
score of 10 different activities watched on 10 videos) in the North
American patients with OA of the knee joint. The secondary objective
focused on patient experience and satisfaction in relation to quality and
applicability of the videos, and their role in reducing in-person hospital
visits. It was hypothesized that the human-model based VPM would
provide an accurate assessment of function as compared with traditional
self-report and in-person performance-based outcome measures and that
the majority of patients would express satisfaction with these videos.

2. Methods

This was a cross-sectional study of patients with knee arthritis who
were referred to the Hip/Knee Rapid Access Clinic of an academic ter-
tiary care centre for consideration of joint replacement. Exclusion criteria

Table 1
Components and scores of the Virtual Performance Measure (VPM) tool.

Osteoarthritis and Cartilage Open 5 (2023) 100410

included inability to read English, lack of access to internet or inability to
use online surveys. Patients were contacted before their appointment and
after they agreed to participate in the study, they were sent a link to the
VPM videos. The study protocol was approved by the Human Ethics
Research Board of the Sunnybrook Health Sciences Centre (ID# 3703),
and patients provided informed consent for participation in the study.

2.1. Virtual performance measure video development

The videos were developed based on input from physical therapists,
occupational therapists, and patient representatives. Three versions of
the videos were made, of which 40 videos with an age-appropriate model
and a white background were chosen for 10 functional tasks. Four videos
represented each functional task with the first video showing normal
execution of the task and three videos showing increased difficulty as
mild, moderate and severe. Patients were asked to choose the video that
best reflected their own situation. Choice of “unable to perform” was
given for each activity. The first and second functional tasks were siting
and rising from a chair with hand rests. The third series of videos
simulated different levels of difficulty putting on and taking off socks.
The fourth and fifth set of videos simulated getting into the shower and
picking up an item from the floor respectively. The sixth and seventh set
of videos demonstrated sitting down and getting up from the floor. The
eighth set showed walking on even ground and finally the ninth and
tenth set of videos demonstrated ascending and descending stairs. All
functional tasks had a “not able to perform” option (Table 1). Patients
could watch videos that loaded simultaneously as many times as they
wished using their smart phone or any computer/tablet. The right leg
was used as representing the affected leg and was labeled with a red tape.
Red arrows were used in the videos to highlight subtle body adaptations
for each task (e.g. using the upper extremity for help, bending down from
the trunk, etc.). The videos were hosted on a temporary webpage of an
academic centre; one of the largest hip and knee joint replacement cen-
tres in Canada, performing over 2000 procedures annually. Patients did
not require any specific training to use the videos. Figs. 1-3 show a
selected set of videos.

2.2. Clinical examination

The clinical examination included taking a history, observation, and
assessment of range of motion. Clinicians also completed a standardized
assessment tool; the osteoarthritis Severity Scoring System to determine
appropriateness for surgical consultation. This tool was developed by a
skilled team of clinicians as a part of a new model of care at our institute
in 2007 and has been widely used in Ontario since 2017. The Severity
Scoring System assists clinicians to quantify findings related to arthritis
and has demonstrated validity in patients with hip and knee arthritis [7,
8]. The score is based on three distinct components, clinical (history and
physical examination, and pain intensity, ranging from 0 to 3), func-
tional (scores from self-report and performance measures, ranging from

Functional task No difficulty

Minimum difficulty

Moderate difficulty Severe difficulty Unable to perform

Sitting down on a chair

Rising from a chair

Putting on/taking off socks

Getting into the shower

Picking up an object from the floor
Sitting on the floor

Rising from the floor

Walking on a flat surface
Ascending stairs

Descending stairs
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The responses to 10 questions are added up with a minimum of zero and maximum of 80. The score out of 80 is then transformed to a score out of 100 to a more clinically
meaningful score, using the following formula: Total score = {(score)*100}/80 with the score of 100 corresponding to the best or normal function and lower scores

referring to lower levels of functioning with zero being completely disabled.
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Video 4 Unable to perform

Fig. 1. Video set 4. Getting into the shower.

8. Walking on a flat surface *

Video 1 Video 2 Video 3

O Video 4

Unable to perform

Fig. 2. Video set 8. Walking on the flat surface.

0 to 3), and radiological examination (severity of arthritis on imaging,
scored from a rating of 0-2: no findings, mild/moderate and marke-
d/advanced). The total severity score is calculated by summing all three
scores, ranging between 0 and 8 with higher numbers indicating a
higher severity.

2.3. Patient-Reported outcome measures (PROMS)

The PROMS used in this study were the lower extremity functional
score (LEFS) [9] and P4 (4-item pain intensity measure) [10]. The LEFS
has 20 questions with four responses for each question and the total score
ranges from O to 80 with the highest numbers indicating better function.
The items of the P4 address pain in the morning, afternoon, evening, and
with activity. Each item is scored on an 11-point numeric pain scale, with
higher numbers indicating higher pain. LEFS and P4 are reported to have
sufficient levels of reliability and validity in patients with lower ex-
tremity arthritis [9-13].

2.4. In-person performance-based measures

Patients executed two performance-based tests with an experienced
clinician: the 30- second Chair Stand Test (CST) [14] that documents the
maximum number of chair stand repetitions possible in a 30 s period and
the 40-m fast-paced walk test [15]. In this test, subjects walk along a 10 m
walkway as quickly and as safely as possible, and then turn around at a
cone, return and repeat again for a total distance of 40 m. These per-
formance measures are reported to be valid and reliable in patients with
hip/knee arthritis [2,15,16].

2.5. Patient experience and satisfaction

Patient experience/satisfaction was explored anonymously by a 5-
point Likert scale in the overall quality of the videos (lighting, angle,
and speed), applicability to activity limitations, and the patient's
impression of the role of virtual care in minimizing physical presence in
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Video 4 Unable to perform

Fig. 3. Video set 9. Ascending stairs.

the hospital. Patients had the option of providing input in free text as
well.

2.6. Sample size justification

For test-retest reliability of the continuous data using intraclass cor-
relation (ICC) coefficients, a minimum of 19 patients is required to
examine the ICC of 0.70 in the null hypothesis against a higher value of
0.90 in the alternative hypothesis to achieve statistical significance for an
alpha 0.05 and power of 80% based on al-tailed Type I error [17]. For
convergent validity, Spearman's correlations (95% CI) was calculated
between the total scores of the VPM and the scores of 40-m fast-paced
walk and 30 sec-CST. Previous studies [5-8] that have used animated
videos have shown correlation Coefficient of >0.60 between the total
score of animated physical activities and self-report and performance
measures. With the Spearman Coefficient of 0.60, Fisher's desired con-
fidence interval (CI) of 0.30 and o = 0.5, a minimum of 86 patients were
required. The sample size of the factor analysis was based on prevalent
rule-of-thumb of subject to item ratios of 10:1 [18]. We therefore
collected data on 100 patients with moderate to severe OA of the knee
joint.

2.7. Statistical analysis

Each question of the VPM survey has five options with the “unable to
perform” response having a score of zero and no difficulty having a score
of 8. The responses to 10 questions are then added up with a minimum of
zero and maximum of 80. The score out of 80 is then transformed to a
score out of 100 to a more clinically meaningful score, using the
following formula: Total score = {(score)*100}/80 with the score of 100
corresponding to the best or normal function and lower scores referring
to lower levels of functioning with zero being completely disabled.

2.8. Reliability

As a measure of reliability, internal consistency and test-retest reli-
ability of the single summed total score of the VPM were explored. In-
ternal consistency of the VPM total score was examined using Cronbach's
alpha coefficients. This analysis examined the pattern of association be-
tween different activities. An inter-item correlation of 0.70 was consid-
ered necessary for an acceptable alpha coefficient [19].

For test-retest reliability of the total score of the VPM (continuous
data), we examined the reproducibility of the results by ICC statistics

[20] on 20 subjects who had completed the videos twice within a day as
the disability level may change day to day in arthritis. The values less
than 0.5, between 0.5 and 0.75, between 0.75 and 0.9, and greater than
0.90 are indicative of poor, moderate, good, and excellent reliability
[21].

2.9. Factorial validity

Factor analysis is a commonly used analysis to establish construct
validity of clinically applicable instruments. Exploratory Factor Analysis
helps to uncover the underlying latent structure of constructs of an in-
strument. Factorial validity examined the degree to which covariance
among the 10 video responses resembled the covariation of underlying
physical activities. We used an oblique rotation method which allows
constructs to be correlated.

2.10. Cross-sectional convergent validity

For cross-sectional convergent validity (ability of a measure to align
with another measure of related construct), the VPM total score was
validated against traditional tools, the LEFS, P4, and actual performance
measures (40-m fast-paced walk and CST). Convergent validity was
estimated with Spearman's correlations. Correlation coefficients between
0.90 and 1.0 indicate very high correlation. Correlation coefficients
whose magnitude are between 0.70 and 0.89, and between 0.4 and 0.69
indicate high and moderate correlations respectively. Correlation co-
efficients of <0.40 indicate low correlation [22]. We hypothesized a
moderate to high correlations between the VPM total score and LEFS and
P4.

The correlation between the VPM total score and the osteoarthritis
severity scoring system that is based on the overall clinical findings,
functional abilities, and radiological findings was examined. We ex-
pected that higher VPM score (better function) would have a moderate
reverse relationship with the total severity score, in which higher
numbers indicate a higher severity.

2.11. Known-group validity

The ability of the VPM total score to differentiate between candidates
for knee arthroplasty surgery and those requiring non-surgical manage-
ment was explored using general linear model (GLM) analysis. We ex-
pected that candidates for immediate surgical consultation would have
more functional difficulties. It was also expected that the VPM score
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would be statistically significantly lower in patients who were using a
walking aid (cane, rollator, or wheelchair). In terms of biological dif-
ferences, we expected that women would have more difficulty than men
in performing their functional activities as measured by the total score of
the VPM.

The area under the curve (AUC) of the receiver operator characteristic
curve was calculated to examine the overall accuracy and predictive
ability of the VPM total score [23]. An AUC of 1.0 represents perfect
differentiation by the diagnostic instrument, with 100% sensitivity and
specificity; an area of 0.90 and higher indicates excellent accuracy and an
area of 0.80 and higher indicates good accuracy. The Youden's J (sensi-
tivity-specificty-1) index is often used for selecting an optimal cutoff
value and was calculated to identify the optimal VPM score [24,25] for
consideration of knee arthroplasty.

2.12. Patient perspective, experience and satisfaction

Patient experience and satisfaction were examined on the descriptive
basis, using frequency and percentage.

3. Results

Data of 100 patients, 70 (70%) females, 30 (30%) males, average age:
65 + 9, min age = 44 and max = 83 years, with OA of the knee joint were
examined. The demographic characteristics of the sample is presented in
Table 2.

3.1. Reliability

The Cronbach's alpha coefficient that examined internal consistency
reliability of the 10 videos was 0.92, indicating high reliability. It is
noteworthy that a high value of alpha (>0.90) may suggest redundancies
and a potential for shortening of the survey.

The ICC value on a random sample of 20 patients was 0.82 (X? =
22.44, p < 0.0001, CI g59: 0.75-0.90) for continuous total score of the
VPM, which based on the lower confidence interval fell in a good cate-
gory for test-retest reliability [21].

3.2. Factorial validity

Factor analysis of 10 activities that used oblique rotation, assuming
correlation between factors showed three distinct domains (Table 3). The
first domain included the four most challenging activities that required
squatting or deep loaded bending of the knee: 1) picking up an object
from the floor, 2) sitting on the floor, 3) rising from the floor, and 4)
putting on/taking off socks. The second factor involved knee flexion
while balancing/stabilizing the upper body: 1) sitting down on a chair, 2)
rising from a chair, and 3) getting into the shower. The third factor
involved upright activities such as 1) walking on a flat surface and
navigating the stairs (descending and ascending). There was no cross-
loading of the activities at 0.5 significance level, indicating that the
three factors were distinct and represented separate concepts. The VPM
score contained uniquely reliable variance to warrant their separate
interpretation, but when aggregated they formed a coherent single
dimension.

3.3. Convergent and known-group validity

The correlations between the VPM total score and the self-report and
performance measures were moderate: LEFS (r = 0.66, p < 0.0001), CST
score (r = 0.60, p < 0.0001), P4 (r = 0.47, p < 0.0001) and the 40-m fast-
paced walk test (r = 0.46, p < 0.0001). In terms of severity score that
incorporated the clinician's impression, the correlation was highest for
the functional abilities (r = —0.61, p < 0.0001) and lowest for radio-
logical findings (r = —0.25, p = 0.01). The total severity score correlated
with the VPM score at —0.42, p < 0.0001. The total score of the VPM was
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Table 2
Characteristics of sample included (N = 100).

Variables Number (Percentage/SD)

Age: Mean (SD) 65 + 9, min 44, max 83

Sex: n (%)

e Female 70 (70%)
e Male 30 (30%)
Affected knee side: n (%)

o Left 47 (47%)
e Right 53 (53%)
e Bilateral involvement 46 (46%)

Previous arthroplasty surgery: n (%)
e No 83 (83%)

e Hip joints 7 (7%)

e Opposite knee 9 (9%)

e Opposite knee and hip 1 (1%)
Walking devices: n (%)

e Yes 36 (36%)
e No 64 (64%)
Gait: n (%)

e Normal 16 (16%)
o Abnormal 84 (84%)
Range of motion examination: mean (SD)

e Flexion 116 (21)

o Flexion contracture (n = 64) 4.2 (4.3)

o Extension 3.6 (7)

e Extension lag (n = 63) 0.81 (2.9)
Severity Score: mean(SD)

e Clinical (0-3) 1.79 (0.56)
e Functional (0-3) 1.76 (0.65)
e Radiological (0-2) 1.73 (0.46)
e Total score (0-8) 5.3(1.3)
Outcome measures

e LEFS 35 (16)

e P4 23(9)

e Chair Sit Test 11 (5)

e 40 m fast paced walk 34 (9)
Proceeding to surgeon consult

e No 28 (28%)
e Yes, Candidate for arthroplasty 60 (60%)

e Yes, Second opinion 12 (12%)

SD: Standard Deviation.
LEFS: Lower Extremity functional score.
P4: 4-item pain intensity measure.

able to differentiate between candidates for knee arthroplasty (F = 30.66,
p < 0.001), and those who required a walking aid vs. those who did not
use any assistive devices (F = 30.06, p < 0.001). The VPM score also
differentiated between men and women (F = 4.50, p = 0.036) with
women having more functional difficulty (Graphs1-2). The factor of age
did not appear to affect the VPM total score (F = —0.10, p = 0.90) in this
sample.

Table 3
Factor analysis: Promax oblique rotation.

Rotated Factor Pattern (Standardized Regression Coefficients)

Factorl Factor2 Factor3
Sitting down 0.77480
Rising from chair 0.91533
Getting into shower 0.75527 .
Walking on flat surface 0.96377
Descending stairs 0.67368
Ascending stairs . 0.56198
Rising from floor 0.83365
Siting on the floor 0.78023
Putting on/taking off socks 0.67549
Picking from floor 0.85670

Values less than 0.5 are not printed.

Promax Rotation, an oblique rotation technique was used to allow factors to be
correlated. Factor analysis examined the degree to which covariance among the
responses resembled the relationship between physical activities.
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The logistic regression that calculated the AUC values showed an AUC
of 0.90, indicating excellent predictive validity in relation to candidacy
for arthroplasty. The total score of less than 58 out of 100 on VPM score
appeared to have the highest sensitivity (0.95) and could indicate the cut
off for surgical candidacy.

3.4. Patient perspective, experience, and satisfaction

Satisfaction for the overall quality of the videos in terms of lighting,
speed, and angle was reported to be excellent by 64% of the patients,
good by 34%; and fair and poor by two patients respectively. Applica-
bility of the videos was rated as excellent by 38%, good by 44%, fair by
14% and poor by 3%, with one missing response. Sixty seven (67%)
participants felt that virtual care could have a positive impact on mini-
mizing physical presence in the hospital. A number of patients felt that
using a female or obese model will be helpful as gender or certain
characteristics may affect the performance of a task.

4. Discussion

The present study showed that a virtual performance measure that
utilized 10 sets of videos using a computer-administrated questionnaire
was an accurate and reliable tool for remote assessment of functional
abilities of patients with OA of the knee joint. This innovative diagnostic
tool does not require any formal training and could facilitate remote
assessment of patients with limited access to skilled clinicians and during
situations where the presence of the patient in a clinical setting is affected
by pandemic, patient distance from the facility, or adverse weather
conditions.

To our knowledge, a human model has never been used to represent
levels of activity and related difficulty for the OA population. The

100 —_
80
<
=
o
= 60
2]
e
40
20
0

Group 0: Non-candidates for surgery

Group 1: Candidates for knee arthroplasty

Prob: Probability

F: Fisher’s value
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animated activity questionnaires that have used avatars have proven to
be reliable and valid in the osteoarthritis population [4-7,26,27].
Nevertheless, using a live actor within an appropriate age group and
proper facial expressions is more acceptable to older persons. In our
study, the VPM total score could differentiate between sexes, which may
indicate using male and female models may not be necessary, although
that may improve accuracy.

Completion of PROMs is inexpensive and convenient. However, they
are highly subjective to the perception of “difficulty” or “inability”, are
affected by patient's mental and emotional wellbeing and may be difficult
to complete by patients with cognitive difficulties or those who speak a
different language. The moderate correlation of the VPM as a hybrid
instrument with the LEFS, a self-report functional measure and P4 shows
that these scales measure a fairly similar concept, despite different
methods of application.

The performance measures involve the actual assessment of the per-
son's abilities, nevertheless, they are time consuming (which is a barrier
to their use), expensive (require trained personnel, space), and are
inconvenient (require physical presence of the patient) [13]. In addition,
they capture a snapshot of patient's abilities at the time of assessment, are
subject to observer bias, instruction bias, and the motivation of the
participant to perform the test [28]. The moderate associations between
the VPM and the CST and 40-m fast walk test is promising as the VPM is
less costly, does not require an examiner/clinician, and provides a
convenient alternative to an in-person visit. Obviously, access to a phone
or computer and internet is required to watch the videos.

In terms of structure and factorial validity of the videos, three distinct
domains represented three different levels of complexity of functional
tasks. In factor analysis, the factor loading of each variable quantifies the
extent to which the variable is related to a given factor. The deep bending
and/or squatting activities that are affected by pain, reduced range of

F 30.66
Prob=F <.0001

Graph 1. Distribution of virtual performance measure total score between candidates and non-candidates for knee arthroplasty.
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Groupl: Male participants
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Graph 2. Distribution of virtual performance measure total score between men
and women.

motion, and quadriceps weakness were lumped together in one factor.
The next domain incorporated sitting and raising from a chair and lifting
the leg while getting into a shower, all requiring postural balance and
trunk stability, coordination, axial loading, and strength of the lower
extremity. Activities in the third domain involved upright activities that
required forward locomotion and simultaneous translation of the body,
such as walking and stair management.

Research has shown that rising from a chair creates greater torques
about the knee joint and higher pressures at the hip joint than activities
such as walking and stair-climbing [29,30]. Riley et al. [29] have shown
that the transfer phase of the rising, which follows the lift-off from the
chair demands a significant degree of coordination. The role of postural
balance and increased displacement of the center of mass in the knee OA
population during the stand to sit task is highlighted by Fu and colleagues
[31] and Gross et al. [30] have proven that chair-rise biomechanics are
affected by the reduction in muscle strength of particularly hip muscu-
lature. The established relationship between the single-leg standing
balance (e.g. while entering the shower) and knee pain, reduced flexion
and quadriceps strength may explain the similarity of this task with the
stand-sit activities [32].

In summary, the results of the present study highlight the potential
utility of the VPM videos to revolutionize patient care and improve the
patient experience. A valid and accurate virtual assessment tool could
reduce the number of time-consuming in-person performance-based tests
and reduce the burden on both the patient and clinician while facilitating
the necessary comprehensive assessment for the surgical evaluation of
patients with knee OA. Administering virtual outcome measures in an
optimal location such as the patient's home will reduce the number and
the time constraints of a typical clinical encounter with the orthopedic
surgeon or the advanced practice practitioners, improving safety and
efficiency of arthritis care.

4.1. Limitations

This study examined the initial stages of the development of a virtual
outcome measurement tool in patients diagnosed with arthritis of the
knee joint seen at a tertiary care centre. This may affect its generaliz-
ability to community clinics or younger patients. Validation is an ongoing
process and further assessment of the VPM is required to increase the
applicability of this innovative tool in other populations. There is a po-
tential that the survey can be shortened and this warrants further ex-
amination in an independent sample.

Osteoarthritis and Cartilage Open 5 (2023) 100410

4.2. Future directions

Considering, measurement properties of diagnostic tests apply to a
specific purpose and context in a particular population and are estab-
lished incrementally as evidence increases, future studies are needed to
examine the suitability of the VPM in other lower extremity joints. In
addition, longitudinal studies are required to estimate the responsive-
ness, sensitivity to change, and the minimal clinically important change
for making decisions at the individual patient level. Larger studies should
examine which factor or domain has the highest ability to differentiate
between patients (candidates vs. non-candidates, men vs. women, etc.)
for a potential reduction of the number of videos and a shorter version of
the VPM.

5. Conclusions

The VPM score showed clinically acceptable reliability and validity in
patients with OA of the knee joint. This tool has the potential to transform
osteoarthritis care by providing a valid remote measurement of real-life
functional limitations.
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