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Abstract

Introduction The rising prevalence of knee osteoarthritis is placing a considerable strain on the global healthcare
system. To address this issue, telemedicine-supported multicomponent exercise therapy has emerged as a promising
approach. This therapy combines exercise, patient education, and health coaching to empower knee osteoarthritis
patients to manage their condition from the comfort of their homes. Nevertheless, there are some existing limita-
tions in the current research on this approach, including challenges related to patient compliance and the absence
of objective evaluation methods.

Methods and analysis Patients diagnosed with knee osteoarthritis, who have not undergone knee surgery

in the past year, will be recruited for a randomized controlled trial. The trial will include an intervention group

and a control group. The intervention group will receive an mHealth app-based multicomponent exercise therapy,
consisting of exercise therapy, patient education, and health coaching. Meanwhile, the control group will receive
usual care, involving drug therapy and patient education. The primary outcome of the trial will be the measurement
of pain intensity, assessed using a visual analog scale at baseline and at 4, 8, and 12 weeks of the post-intervention. To
analyze the data, a two-factor, four-level repeated measures ANOVA will be used if the assumptions of homogeneity
of variance and sphericity are met. If not, a mixed effects model will be employed.

Discussion The aim of the study is to evaluate the effectiveness of multicomponent exercise therapy aimed

at enhancing pain self-management for knee osteoarthritis patients in the comfort of their own homes. The
intervention incorporate wearable devices equipped with advanced deep learning systems to monitor patients’
adherence to the prescribed at-home exercise regimen, as well as to track changes in outcomes before and after
the exercise sessions. The findings from this trial have the potential to enhance both the accessibility and quality

of care provided to knee osteoarthritis patients, offering valuable insights for future improvements in their treatment
and management.
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Introduction {6a}

Knee Osteoarthritis (KOA) is a prevalent global dis-
ability disease and represents the most common form
of arthritis. Individuals living with KOA often endure
symptoms such as pain, swelling, and stiffness around
the knee, primarily caused by the degradation of artic-
ular cartilage or injury to the subchondral bone [1].
The worldwide impact of KOA is substantial, affecting
over 260 million people, with a notable increase of 9.3%
between 1990 and 2017 [2]. It is estimated that radio-
graphically confirmed symptomatic KOA accounts for
3.8% of all KOA cases, with the prevalence escalat-
ing with age, surpassing 10% among individuals aged
60 and above [3]. This upward trend in KOA preva-
lence is projected to persist due to aging populations
and the growing rates of obesity, placing a significant
burden on society. A key objective in the treatment of
knee osteoarthritis (KOA) is the reduction of pain and
improvement of functioning. To address these goals,
treatment approaches should target factors contribut-
ing to pain and physical function. Guidelines recom-
mend first-line treatments such as exercise, education,
weight loss, health coaching, self-management, and
psychosocial support [4—-6]. Studies have demon-
strated that multicomponent exercise therapy pro-
vides greater benefits to KOA patients compared to
single physical therapy interventions [7, 8]. This com-
prehensive approach addresses the dysfunction and
mental health of KOA patients from a socio-biologic-
psychological perspective, resulting in improvements
in peripheral muscle strength, joint motion, and cen-
tral motor control. Additionally, health coaching plays
a significant role in changing patients’ pain perception
and reducing fear of exercise. By offering an effective
means for KOA patients to enhance their quality of life
and reintegrate into society, this multi-modal therapy
holds promise for improved outcomes [9, 10].

Despite the strong recommendation for multicom-
ponent exercise therapy in the guidelines for knee
osteoarthritis (KOA) management, its widespread
implementation faces challenges due to limited con-
sultation time and the labor-intensive nature of the
approach. KOA is a chronic musculoskeletal pain syn-
drome that necessitates long-term treatment. How-
ever, practical limitations such as geographical barriers,
transportation issues, and time constraints often result
in patients having to self-manage their condition at
home [11]. The advent of telemedicine has presented
an opportunity to enhance the utilization of multi-
component exercise therapy for the home-based self-
management of knee osteoarthritis (KOA) patients.
Telemedicine, a component of telehealth, involves the
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use of software-based, evidence-informed approaches
for disease treatment, management, or prevention
[12]. By harnessing the power of the internet, mobile
devices, smartphones, websites, and other technolo-
gies, telemedicine can be utilized either independently
or in conjunction with other therapies such as medica-
tions or medical devices to optimize patient care and
improve outcomes. Accumulated evidence suggests
that telemedicine holds the potential to improve treat-
ment efficiency, overcome geographical barriers, reduce
costs, and mitigate exercise-related injuries when con-
ducted in the home setting [13, 14]. Based on our anal-
ysis of 20 randomized controlled trials, we found that
telehealth-supported exercise programs resulted in
significant improvements in pain and disability among
knee osteoarthritis (KOA) patients [15]. As a result,
the demand for telemedicine advice and interventions
has witnessed a substantial increase [16]. However, it is
important to acknowledge that older KOA patients may
encounter challenges in utilizing telemedicine, such
as difficulties in app registration and website logins.
Additionally, telemedicine relies on remote monitor-
ing, which means that patients receive follow-up care
at home. This can limit outcome assessments to subjec-
tive measures like questionnaires, potentially introduc-
ing bias into the results [17]. Furthermore, ensuring
compliance with exercise prescriptions is essential for
the success of multicomponent exercise therapy, but
currently, there is a lack of standardized objective tools
to assess compliance.

Telemedicine holds promise in enabling multicom-
ponent exercise therapy for knee osteoarthritis (KOA)
patients at home. However, it is crucial to consider the
specific requirements of older patients and the limita-
tions associated with objective outcome measurement.
To strengthen telemedicine-supported exercise pro-
grams for KOA, it is important to develop tools that can
objectively monitor exercise compliance. Considering
this, we have designed a randomized controlled trial that
integrates telemedicine and exercise therapy for KOA
patients using a user-friendly mobile app and wearable
devices to track home-based exercises. The mobile app
features a simple interface that is easy to use for indi-
viduals from diverse backgrounds. The app will record
exercise duration and login times, providing an objective
measure of patients’ exercise compliance. Furthermore,
the wearable devices will monitor joint movement during
exercise, ensuring that the prescribed exercises are per-
formed correctly and enabling quantitative evaluation of
compliance. This trial aims to compare the outcomes of
telemedicine-supported multicomponent exercise ther-
apy (the trial group or TG) with usual care (the control
group or CG). The primary goal is to assess whether the
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trial group exhibits better outcomes in terms of reduc-
ing the need for clinical care, decreasing pain levels, and
alleviating activity limitations in KOA patients after they
have completed standard conservative treatment.

Methods

Primary objective {7}

The primary objective of this study is to assess the effect
of telemedicine-supported multicomponent exercise
therapy on pain management in patients with knee oste-
oarthritis in comparison to usual care therapy.

Secondary objectives {7}

i) Evaluate the effects of telemedicine-supported mul-
ticomponent exercise therapy on physical function
and quality of life in knee osteoarthritis patients com-
pared to usual care.

ii) Assess the impact of multicomponent exercise ther-
apy on self-cognition, mental health status, and the
reduction of pain fear and pain catastrophic imagery
in patients with knee osteoarthritis.

iii) Determine the level of adherence to multicomponent
exercise therapy among KOA patients who self-man-
age their condition at home.

Design {8}

This study is a randomized controlled trial with two
parallel groups, conducted in an open-label, differ-
ence-test manner, following a 1:1 allocation ratio,
within a single center over a span of 12 weeks. Patients
afflicted with knee osteoarthritis, visiting the outpa-
tient physiotherapy clinic, will be extended an invita-
tion to partake in the study. Post-eligibility screening,
participants will be randomly assigned to either the
treatment or control group. The trial aims to enroll
86 subjects. The study protocol will be articulated in
accordance with the Standard Protocol Items: Rec-
ommendations for Interventional Trials (SPIRIT)
guidelines [18]. A completed SPIRIT checklist can be
located in Additional File 1.

Participant timeline {13}

This study will commence with the eligibility screening
of prospective participants. Those meeting the eligi-
bility criteria will be enrolled in the study and briefed
on the procedures entailed. Participants deemed eli-
gible and willing will be required to provide written
informed consent (accessible in Additional File 2) prior
to enrollment. We will assess their outcomes at the out-
set (WO0), following 4 weeks of treatment (W5), 8 weeks
of treatment (W9), and 12 weeks of treatment (W13).
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The schematic diagram illustrating the participant
timeline is depicted in Fig. 1.

Setting {9}

The study will begin recruiting participants in July
2023. Data collection and intervention administration
are expected to conclude in July 2024. Participants will
be recruited through Room 902, Special Needs Out-
patient Department of West China Hospital, Sichuan
University, Wuhou District, Chengdu City, Sichuan
Province, China.

Eligibility criteria {10]

If a patient expresses interest in participating, researchers
will evaluate their eligibility based on the study’s inclu-
sion and exclusion criteria (Table 1).

Recruitment {15}

Participants for the trial will be recruited from Room
902, Special Needs Outpatient Department at West
China Hospital, Sichuan University. Individuals meeting
the eligibility criteria will be briefed on the trial proce-
dure, following which, upon signing the informed con-
sent form, they will be enrolled in the study. Those not
meeting the eligibility criteria will be directed to the
standard treatment protocol as per their preference. To
reach the desired sample size, we will administer uni-
fied training and supervision to researchers to enhance
the success rate of securing informed consent during
interviews. Concurrently, we will employ other effective
recruitment strategies, such as referrals from medical
examination centers or relevant departments, and poster
campaigns, to robustly ensure a swift recruitment pace of
participants.

Consent {26a}

A physical therapist will assess individuals who meet the
aforementioned prerequisites to determine their eligibil-
ity for participation in the study. Initial study information
outlining the trial’s background, appropriate population,
interventions, risks and benefits of participating, along
with rights and responsibilities, will be shared with
potential participants by both physicians and researchers.
Upon agreement to participate, individuals will receive
detailed written information elucidating the study’s
objectives and methodologies, and they will be required
to sign three informed consent forms. One copy will be
retained by the participants, another will be electroni-
cally scanned by the physiotherapist during the initial
visit, while the third copy will be securely stored by the
Ethics Committee of Sichuan University. The informed
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consent will be signed and obtained on the day of the first
visit at Room 902, Special Needs Clinic, West China Hos-
pital, Sichuan University.

Additional consent provisions for collection and use
of participant data and biological specimens {26b}
There are no additional biological samples to be collected.

Randomization and blinding

Sequence generation {16a}

Block randomization with a computer-gener-
ated random sequence will be utilized to conduct
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randomization as participants are recruited. A des-
ignated data manager, who is not involved in recruit-
ment, intervention, or evaluation processes, will be
assigned to generate random sequences and store them
securely in IBM SPSS, version 26.0.1.

Furthermore, the randomization list will be securely
stored both digitally within a password-protected data-
base, and physically in a secure, locked location within
our facility. Only authorized personnel, such as the
designated data manager and the principal investiga-
tor, will have access to the randomization list, ensuring
its integrity throughout the course of the study. This
setup not only safeguards the list but also allows for a

Recruitment | Baseline

Intervention period

Re-evaluation Re-evaluation Re-evaluation

8 weeks

4 weeks after 8 weeks after 12 weeks after

intervention intervention intervention

Before randomisation

Eligibility Criteria X

Selection X

Informed consent X

Primary outcomes

Pain intensity X

Secondary outcomes

Physical function

Walking ability

Quality of life

Self-efficacy

Mental health

XX | X |X|X|X

Fear-avoidance

XX [ X |X|X|[X
X[ X [ X|X|X|[X
X[ X [ X|X|X|[X

Pain catastrophic
imagery

Exercise adherence

Adverse events

Characteristics of participants

Demographic data X

Physical activity
level

Medical & exercise
treatment history

Duration of knee
osteoarthritis

Severity of knee
osteoarthritis

level of functional
impairment from X

knee osteoarthritis

Fig. 1 The schematic diagram of the participant timeline
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Table 1 Inclusion and exclusion criteria
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Inclusion criteria

Exclusion criteria

18 years old or older

Clinical signs and symptoms corresponding to KOA, according
to the 2021 COA guidelines

Kellgren-Lawrence Grade I-IIl of KOA

Visual analog scale (VAS) score >4 points [19]

Access to smartphone or tablet
Participate in the experiment voluntarily and sign the informed consent

Accept randomization assignment
Candidates who meet all the above criteria will be included

Knee arthroscopy or open surgery in the past 12 months, elective knee
replacement

With other joint problems (such as severe osteoporosis, rheumatoid arthritis,
fracture, gout, joint tuberculosis, or joint tumor)

Malignant illness or other major conditions (e.g., unstable cardiovascular
disorders or lung disease, dementia) that restrict the ability to adhere
to the recommended treatment

Cognitive impairment resulting in the inability to understand the physical
therapist’s instructions and the content in the app

Pregnant women

The supervision and care of other family members cannot be guaranteed
for each exercise training

Neurological disorders
Candidates meeting any of the above criteria will be excluded

structured protocol that remains unaffected by individ-
ual personnel changes.

Concealment mechanism {16b}

An independent researcher, not involved in the experi-
ment, will follow the computer-generated random
sequence results to insert the assignment codes into
sequentially numbered, sealed, opaque envelopes,
thereby obfuscating group allocation. As per the exper-
imental design, once opened according to the stipu-
lated procedures, participants will be assigned to either
the “control group” or “trial group” based on the corre-
sponding “0” or “1” on the random number card.

Implementation {16c}

During the recruitment phase, participants will be
evaluated by a physical therapist who is not involved in
the randomization process. Following this evaluation,
sealed and opaque envelopes will be opened on-site
to ascertain the assignment group, with participants
thereafter being allocated to the respective groups in
a 1:1 ratio. To ensure a balanced distribution among
the groups, permuted blocks of size 4 will be employed
randomly.

Blinding

Who will be blinded {17a}

Blinding of volunteers and doctors to group assign-
ments is unfeasible. The decision not to blind the asses-
sors is made given that the subjects are not blinded and
the outcomes are self-reported. Although participants,
doctors, and assessors are not blinded, alternative

methods are employed to minimize bias. Specifically,
participants and assessors are not informed of the trial
hypothesis to mitigate the risk of bias stemming from
unblinding.

Interventions

Qualified physiotherapists will provide treatment to
participants in both groups but will not be involved in
assessing and evaluating the outcome measures. The
physiotherapy interventions for both groups will span
12 weeks, adhering to the recommendations from the
2019 guidelines established by the American Rheu-
matoid Arthritis Foundation [20]. Participants will
be motivated to fully partake in the intervention and
assessment processes throughout the trial. The physi-
otherapist administering the treatment will docu-
ment details regarding participation rates, medication
changes, and any adverse events during and after the
treatment in the daily case report form.

The explanation for the choice of comparators {6b}
Patients in the control group will receive usual care
rehabilitation treatment, with app-based patient educa-
tion (10 min per day, 1 day per week, for 12 weeks) and
topical use of NSAIDs, diclofenac diethylamine latex (4
times a day, 7 days per week, for 2 weeks).

Intervention description {11a}

TG therapy

The intervention measures for the trial group include
app-based exercise therapy, patient education, and
WeChat video-based health coaching.
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App-based exercise therapy

The individuals will be given instructions by the
researchers on how to download, sign up for, and uti-
lize the app throughout the first diagnosis and ther-
apy. In order to associate and bond with the doctor or
therapist, patients must affirm that they have read the
informed permission form, complete the personal infor-
mation and questionnaire honestly, and then input the
activation code. The patient can perform the training
under the direction of the action video when the doc-
tor approves the workout prescription. Based on the
patient’s age, gender, body mass index (BMI), lesion
site, and degree, a personalized treatment strategy is
adopted, with a focus primarily on quadriceps mus-
cle training and neuromuscular training modules.
According to the patient’s preferences and practical-
ity, the doctor or physical therapist chooses the most
appropriate exercise for the patient to prescribe. The
action training video, the frequency, the intensity,
the length, and the overall quantity of exercise are all
included in the prescription’s fundamental material.
Pictures, audio prompts, and wearable device moni-
toring are all integrated in the video instructions for
the training exercises. The wearable device is equipped
with Inertial Measurement Units (IMUs), which cap-
ture the acceleration, angular velocity, and orienta-
tion of the body part to which they are attached. This
device is non-invasive and does not necessitate direct

Recovery Y
PLUS = 60-90 minwk
Exercise log
O 116-140 bpm
| Preview

liftting

Achieved the daily target

ost I040 min, Teeget HR 11614

Start

lunge

Exercise prescription

@

Reassessment

Fig. 2 Examples of app content

Resistance band punch + shoulder

Crossed jump + Scissor arm
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attachment to the skin. We are committed to enhancing
the convenience and comfort for users when employ-
ing this device in their daily routines and will seek offi-
cial medical device approval prior to public release. By
capturing motion features, wearable device monitoring
can record a patient’s individual joint and determine
whether the patient has completed the task. In addition,
a deep learning system based on a large language model
can describe the actions the patient is doing through
changes in the node position, such as “this patient is
extending his lower limbs in a standing position” The
number of movements, estimated length, movement
preview, and written version of the movement instruc-
tions may all be seen prior to the activity beginning
(shown in Fig. 2). You can start working out after suc-
cessfully connecting to the wearable device after wear-
ing it properly. The system will alert the patients that the
standard has been attained when the exercise reaches
the upper or lower limit of the intended duration, at
which point they can decide whether to continue exer-
cising or stop. The patients will be urged to meet the
standard after the exercise, and they will be asked to
rate their level of felt exertion. Based on patient input,
the doctor will modify the recommended workout regi-
men. Through the alarm in the app, patients could set
exercise time according to their own schedule for three
times each week for 12 weeks, for a total of 36 training
sessions. The software allows therapists to create staged

< summary

30-40 minve

43'49"

3-5 dwk

Shoulder pulldown (Resistance
band) + Forward lunge + Reverse
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goals in advance and remind patients on a regular basis
whether they have achieved their goals or not.

The training moves are as follows:

Quadriceps exercises are designed to improve knee
stability by increasing endurance and strength in major
muscle groups. The therapist will make an exercise plan
for the patient in advance according to the baseline meas-
urement results, and import the training actions into the
movement library of the app. According to the literature
[21], the movements of training include (i) knee exten-
sion in a fixed range, (ii) sit and extend the knee, (iii)
maintain the knee extension at 30° in the sitting position,
(iv) straight leg elevation training, and (v) sitting elastic
belt training.

Neuromuscular training aims to improve sensori-
motor control to promote functional stability of the
knee. According to the previous literature, the actions
are as follows [22]: (i) core stability/postural function
— static hip bridge with the help of a yoga ball; (ii)
postural positioning — gliding forward and backward
with the help of a horizontal bar or handrail standing
position; (iii) lower limb muscle strength — knee flex-
ion and extension muscle training in the sitting posi-
tion with the help of an elastic band; (iv) functional
exercise — stand and sit up training and up and down
steps exercise.

Two to three sets of 10-15 repetitions will be
performed for each exercise, with a 10-15-s rest
before continuing to the next set of exercises.
Subjects will be required to follow the app to
complete the training sessions, 30 to 40 min each
time, 3 times a week for 12 weeks, with a total of
36 training sessions.

App-based patient education

During the baseline assessment, physical therapists
will present patients with animated educational vid-
eos concerning knee osteoarthritis. Following this,
patients will be directed to read through 12 illus-
trated educational articles on KOA on a weekly basis
via an app [23]. Each article is estimated to require
between 10 to 20 min to read through. It covers
terms like definition, etiology, pathogenesis, diagno-
sis, treatment, day-to-day management, how to stop
knee osteoarthritis from progressing and recurring,
food management, weight management, and other
topics. The questionnaire connected to knowledge
of knee osteoarthritis will be provided through the
app once every Friday in order to determine whether
the patients actually read the information about the
condition that was promoted by the app. The results
of the questionnaire will be used to evaluate the
patient’s learning situation.
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WeChat video-based health coaching

Once a week, a group WeChat video will be held (each
video lasted 40 min), resulting in 12 out of 36 sessions
being observed. At the same time, the physical thera-
pist and the patient could speak about the develop-
ment of the condition, diet, weight, and other matters,
and the patients could communicate with each other.
Health coaching based on group video can enable
patients to provide peer aid and psychological support,
improve therapist-patient adhesion, and increase trust
between them. A weekly meeting can also be utilized
to ensure that the patient’s motions are accurate and do
not result in new injuries. If the patient’s motions are
accurate and the progress markers are met, the thera-
pist can decide to advance the patient’s treatment plan
during the meeting.

CG Therapy

The intervention in the control group includes app-based
patient education and topical use of NSAIDs, diclofenac
diethylamine latex. Patients in the control group will
be informed that they can receive TG therapy after the
12-week trial is over.

App-based patient education

The treatment content is the same as that of the trial
group. The app could set open permissions for patients,
and the patients in the control group could only receive
patient education knowledge once a week for 12 con-
secutive weeks, a total of 12 times. The exercise training
plate is not open to it.

Drug therapy

Diclofenac diethylamine latex (GSK Consumer Health-
care S.A. Production, 20 g/piece, batch number DV6D)
for external use, apply four times a day, respectively
along the front of the affected area, inside and outside
the order, gently rub to promote the absorption of the
drug. The range of administration should be greater than
10 mm at the distal end of the knee joint. Patients should
be instructed to avoid contact with clothing within
10 min of medication and avoid bathing or exercising
within 1 h after medication and continue medication for
2 weeks [24].

Criteria for discontinuing or modifying allocated
interventions {11b}

Should a participant opt to withdraw from the trial pre-
maturely, the physiotherapist will promptly reach out to
ascertain the reason for their withdrawal. Participants
who exit the trial, become unreachable for over 2 weeks,
and fail to complete the outcome evaluation will be cat-
egorized as dropouts [25].
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i) Patients desiring to cease participation;

ii) Patients unable to undergo the baseline assessment;

iii) Patients failing to complete the app-based exercise
therapy sessions;

iv) Patients experiencing exacerbated symptoms.

Strategies to improve adherence to interventions {11c}

To improve the patient’s adherence to the inter-
vention protocols, we will use wearable device,
through the change in joint angle, wearable device
monitoring may record the patient’s individual
joints and determine if the patient has finished the
task. Furthermore, once a week, a group WeChat
video will be held. Health coaching based on group
video can enable patients to provide peer aid and
psychological support and improve therapist-
patient adhesion.

Relevant concomitant care permitted or prohibited

during the trial {11d}

All participants will be provided with the same version
of the app, which will remain unchanged throughout
the trial. During the treatment phase, should a par-
ticipant’s condition deteriorate, they are permitted
to utilize any relevant treatment to manage the dis-
ease, such as drug therapy or physical factor therapy,
among others. However, engaging in additional exer-
cise therapy is prohibited. Participants are required
to report any such additional treatments accurately to
the investigator, who will then document these in the
case report forms.
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Outcome measures {12}

After obtaining informed consent, a baseline assess-
ment will be conducted. The details gathered include
participants’age (acquired using the birthdate shown on
their ID cards), gender, height, weight, BMI, education
level, occupation, income source, hobbies, interests,
marital status, smoking and alcohol use, medical his-
tory, knee pain duration, pain severity (current, worst,
mildest), triggers, alleviating factors, and pain-avoiding
behaviors. The primary and secondary outcomes will
be evaluated before commencing the trial (baseline)
and at 4-, 8- and 12-week post-intervention (shown in
Table 2). We focus on changes in outcomes at 12 weeks
after treatment.

Primary outcome measure

Pain intensity A visual analog scale (VAS) is used to
evaluate knee pain. Patients will be asked to rate their
current pain level on a line of 100 mm in length, with
0 representing no pain and 100 representing extreme
pain, and patients mark this point on the current pain
line. The VAS score is then determined by measur-
ing in millimeters from the left end of the line to the
point marked by the patient. Patients can experience
pain ranging from no pain to extreme pain. Scores
range from 0 to 100, with higher scores indicating more
severe pain [26].

Secondary outcome measures

Physical function assessment The Osteoarthritis is
assessed using the Western Ontario and McMaster

Table 2 Overview of the measurements and timing of measurements

Domain Reporting methods Questionnaire line Base 4 weeks 8 weeks 12 weeks
Demographic characteristics Self-reported Purpose built \J - - -
Pain intensity Self-reported VAS v Vv v vV
Physical function Self-reported WOMAC vV vV Vv Vv
Walking ability TUG v v Vv v
Quality of life Self-reported SF-36 v vV vV v
Self-efficacy Self-reported PSEQ v v Vv Vv
Mental health status Self-reported DASS21 \V V vV V
Fear-avoidance in exercise Self-reported TSK v v v v
Pain catastrophic imagery Self-reported PCS vV vV Vv vV
Exercise adherence Self-reported EARS v v v
Events Movement completion rate - V vV V
Adeverse events Self-reported - - v vV v
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Universities Osteoarthritis Index (WOMAC), a total
of 24 questions, by patient self-evaluation, Scores
range from 0 (no symptoms) to 4 (very severe) on a
scale from 0 to 96, with higher scores indicating more
severe pain and dysfunction [27].

Walking ability test The time up go test (TUG) is a
quick assessment of functional walking ability [28]. At
the time of assessment, the patient will be seated in a
backrest chair with armrests (seat height approximately
45 cm, armrest height approximately 20 cm), with the
body resting on the back of the chair and hands resting
on the armrests. If using a walker such as a cane, place
your hand on the walker. Paste colored strips or draw a
clearly visible thick line or place an obvious mark on the
ground 3 m away from the seat. After the tester gives
the “go” command, the patient stands up from the back
of the chair, stands on his or her footing, walks for-
ward 3 m with the usual walking gait, passes the thick
line or mark, turns around, walks back to the chair,
and then turns and sits down, leaning against the back
of the chair. During testing, no help can be provided.
The tester records the time in seconds for the patient
to stand up from the starting position (reclining) and
sit down again and lean back. The patient may be asked
to practice several times to understand the content of
the test before the formal test. In addition, the patient’s
risk of falling during the test period will be determined.
The time criteria are< 10 s, free movement; <20 s, most
can move independently; 20-29 s, unstable movement;
and > 30 s, dyskinesia. The risk criteria are as follows: 1
for normal, 2 for very slight abnormalities, 3 for mild
abnormalities, 4 for moderate abnormalities, and 5 for
severe abnormalities [29].

Quality of life 'The MOS item short-form health survey
(SE-36) is used to assess the quality of life, which includes
8 dimensions: body function, physiological function,
body pain, general health status, the vitality of life, social
function, emotional function, and mental health, a total
of 36 questions, according to the standardized weight of
the corresponding score, the score of each question is
added to get the test rough score, through the score oper-
ation conversion formula specified in the scale to get the
final score, the total range of 0-100 points. The higher
the final score, the higher the quality of life [30].

Patients’ self-efficacy for pain The Pain Self-Efficacy
Questionnaire(PSEQ) is used to assess the confidence
of patients with persistent pain to perform activities in
pain [31]. There are 10 items in the questionnaire, and
the evaluation standard for each item ranges from 0 to 7
points. 0 points represent no confidence at all, 7 points
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represent complete confidence, and higher scores indi-
cate that patients have higher self-efficacy beliefs about
returning to life. The reliability and validity of the ques-
tionnaire have been verified [32].

Mental health status Mental health status is measured
by Depression-Anxiety-Stress Scale (DASS21). DASS21
is a mental health assessment scale based on the three-
factor model of depression, anxiety, and stress. The
scale takes the degree of various negative emotional
states induced by the subject as the evaluation index
and uses a 4-point scoring method. Non-conforming to
the standard is “0”; “1” means sometimes satisfied, “2”
means often satisfied, “3” means always satisfied, and
higher scores indicate higher depression, anxiety, and
stress indices [33].

Fear-avoidance in exercise Tampa Scale of Kinesio-
phobia (TSK) is a 17-item scale developed to assess fear
of movement/re-injury. The scale includes parameters
of injury/re-injury and fear-avoidance in work-related
activities [34].

Pain catastrophic imagery The Pain Catastrophiz-
ing Scale (PCS) is a widely adopted self-report tool
for assessing exaggerated negative conceptualization
of persistent, anticipated, or imaged pain. The PCS is
a 13-item questionnaire consisting of three subscales
(helplessness, magnification, and rumination), with
each item on the scale being scored on a 5-point Likert
scale, with a score of 0 representing “never” and 4 for
“always,” with higher scores indicating higher levels of
pain catastrophizing [35].

Exercise adherence The Exercise Adherence Rating
Scale (EARS) is a 16-item scale developed to evaluate the
adherence of individuals to the exercises recommended
for individuals with chronic pain diseases, and the rea-
sons for their compliance or non-compliance. It consists
of 3 subscales. Subscale A does not participate in scor-
ing. Subscale B (evaluates self-reported adherence to
exercises) consists of 6 questions and subscale C (evalu-
ates the reasons for compliance or non-compliance with
the recommended exercise) consists of 10 questions, and
these subscales are scored [36]. In addition, we will cal-
culate the completion rate of exercise prescriptions for
patients with KOA by the number of completed move-
ments captured by the wearable devices.

Adverse events {22}
Any issue in the study knee or elsewhere in the body that
the participant believes to be related to their participation
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in the trial is recognized to be an adverse event, as long
as at least one of the following conditions is present: (i)
that led to the participant seeking medical attention for
2 days or longer; and (ii) that exacerbated pain and/or
disability [37]. Based on prior experiments, the incidence
of serious adverse events such as death or sudden severe
illnesses among patients undergoing exercise therapy is
extremely low. In the case of adverse events necessitat-
ing emergency assistance (e.g., sudden cardiovascular
issues, falls, and dizziness), the physiotherapists, doctors,
and the rescue team at West China Hospital will provide
prompt emergency aid. Should an emergency arise at
home, our research team will have previously furnished
the patient with contact information for, or access to,
medical facilities in their community. These institutions
will partake in providing the necessary care. Post-treat-
ment, the clinical coordinator will document the timing
and methods of intervention for the adverse events. In
non-emergency scenarios, patients are to report adverse
events to the clinical coordinator, who will in turn inform
the physiotherapists and rehabilitation doctors within the
research team. Following a consensus discussion, a viable
resolution will be devised for the patient, and the clinical
coordinator will relay this solution to the affected indi-
vidual. The time span from report to feedback will not
exceed 8 h. A consolidated report of adverse events will
be featured in the final study report, detailing the type
and frequency of such events.

Sample size calculation {14}

The sample size was calculated by G*power 3.1.9 accord-
ing to the following conditions. According to Cohen’s
criterion for effect size [38], 0.2, 0.5, and 0.8 are the
boundary values for small, medium, and large effect sizes,
respectively. According to Mecklenburg test results [39],
0.3 was selected to verify the small effect size, a was 0.05,
the test power was 0.8, and the intraclass correlation
coefficient was 0.6. The experiment will be performed
with a two-way repeated measures analysis of variance,
and the two groups will be measured four times. The final
calculated sample size was 64. Considering a dropout
rate of 25%, the actual required sample size should be 86.

Data collection and management

Plans for assessment and collection of outcomes {18a}

All examination forms will be printed and filled out by
the assessor during each examination, with uniform
training provided to the assessor to ensure greater con-
sistency. The questionnaires will also be printed and com-
pleted by the patients. Data from the wearable device will
be extracted from the app’s backend by a statistician who
is not involved in the trial intervention. Two data admin-
istrators will enter the data into anonymized tables that

Page 11 of 15

set up logical errors, such as mandatory fields and limits
responses that violate common sense, and the data in the
tables will subsequently be utilized for statistical analysis.

Plans to promote participant retention and complete
follow-up {18b}

Patients will be given thorough information about the
trial, including its design and needs, during the recruit-
ment process. They will also be reminded of how crucial
it is to finish the trial. Patients are free to stop partici-
pating in the study at any time and are not required to
provide a reason. A quality form will be utilized to gauge
the patient’s development, and patients will be reminded
to assist with the researcher’s scale assessment at several
points during the survey. Participants who have stopped
or departed from intervention regimens will have their
outcome information collected.

Data management {19}

All experimental procedures and data will be docu-
mented in a case report form by the outcome assessors.
Each participant will be assigned a unique identification
code to safeguard patient privacy. Access to the case
report forms will be restricted solely to the outcome
assessors and the corresponding author. All data entries
will undergo a double-checking process by two independ-
ent assessors. Once entered and verified, the data within
the case report forms will be rendered unmodifiable.

Statistical analysis

Statistical methods for primary and secondary outcomes
{20a}

The criteria of the Consolidated Standards of Reporting
Trials (CONSORT) shall be followed in the calculation
and reporting of summary data [40]. We will evaluate the
descriptive features and baseline outcome metrics and
baseline comparability between groups. During trial and
follow-up, a variety of reasons can lead to patient drop-
out and loss, so intention-to-treat analysis (ITT) and per-
protocol analysis (PP) are required for data. ITT analysis
refers to the analysis of the data obtained after the elimi-
nation of all randomly assigned subjects in a minimum
and reasonable method, while PP analysis refers to the
analysis of only the data of the observation objects who
have completed the whole experiment after randomi-
zation [41]. However, ITT analysis prevents bias due to
the subjects’ violation of protocol, loss of follow-up, and
generally makes differences between the two groups less
detectable and conservative; PP analysis, on the other
hand, usually exaggerates the differences between the
two groups. In order to avoid overstating the efficacy,
ITT analysis will be used as the main analysis set in this
study.
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We will use IBM SPSS, version 26.0.1 for all statistical
analyses, with 2-tailed tests as appropriate, and 2-sided
P<0.05 considered to be statistically significant. Baseline
data on categorical variables (e.g., sex, occupation, educa-
tion level) will be used to compare statistical differences
between the trial and control groups using chi-square
tests. For continuous variables (e.g., age, BMI, pain inten-
sity, duration of knee pain), a normality test will be first
conducted. If all groups meet normality, mean + standard
deviation (SD) will be used for statistical description, and
two independent sample 7 tests or Mann—Whitney U
tests will be used for comparison between groups. Oth-
erwise, the median (interquartile spacing) will be used for
statistical description, and a nonparametric test will be
used for comparison between groups. If the results of the
trial meet the conditions of homogeneity of variance and
spherical symmetry, the two-factor four-level repeated
measurement analysis of variance (group*time) is used;
otherwise, the mixed effects model is used. According to
the recommendations of the International Conference on
Osteoarthropathy [42], the minimum clinically impor-
tant difference (MCID) could be achieved when the pain
intensity (primary outcome index: VAS) between the
two groups is changed by 18 mm based on 100 mm. A
chi-square test will be used to infer the proportion of
the number of patients meeting the MCID between the
two groups. The measurement results of all outcome
indicators will calculate the effect size, and the size of
the effect size between the two groups will be compared
according to Cohen’s criteria [38] to draw the appropriate
conclusions.

Interim analyses {21b}
There are no interim analyses planned.

Methods for additional analyses (e.g., subgroup analyses)
{20b}
There are no subgroup analyses planned.

Methods in analysis to handle protocol non-adherence

and any statistical methods to handle missing data {20c}

We will evaluate the loss of primary outcome data
through intention-to-treat analysis. Missing data will be
reduced to a minimum by using the multiple imputation.

Data monitoring {21a}

A Data & Safety Monitoring Committee is not necessary
in this research since the interventions are low-risk and
significant adverse events (incapacitating, life-threaten-
ing, hospitalization, or death) are incredibly improbable.
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Composition of the coordinating center and trial steering
committee {5d}

A group of individuals oversees this trial, including a
principal investigator who is in charge of both the pros-
ecution and medical treatment of the participants, two
data managers who ensure data capture and quality, a
study coordinator who manages registration and study
visits, and a study physician who selects potential par-
ticipants and oversees proper follow-up. Every Monday,
the team meets; however, neither the trial steering com-
mittee nor a stakeholder/public involvement group are
present.

Auditing {23}

Twice a month, independent supervisors make on-
site visits to examine the existence and accuracy of the
investigation files. Additionally, the monitoring team
will check the following statistics on 20% of the patients
who are chosen at random: Source data, inclusion
and exclusion criteria, missing scales, reporting, and
informed consent.

Ethics {24}

The study will be conducted in accordance with the
provisions of the Declaration of Helsinki and has been
approved by the Biomedical Ethics Committee of West
China Hospital, Sichuan University, and is registered
with the Chinese Clinical Trial Center.

Provisions for post-trial care {30}

Should any risks arise during the treatment phase, any
adverse events attributed to the study will be managed by
the project team at no cost to the participant. In the case
of serious adverse events deemed to be associated with
the clinical trial, the project team will provide the nec-
essary treatment free of charge. For any financial losses
incurred, the research group will offer corresponding
monetary compensation, including a 300 yuan subsidy
for transportation and accommodation, provided that the
participant can furnish legally valid proof of loss.

Dissemination plans {31a}

The results will be reported in peer-reviewed journals,
national and international conferences, and various
media to share the findings with patients, clinicians, and
the public.

Protocol amendments {25}

Significant alterations to the protocol will be submitted to
the Biomedical Ethics Committee of West China Hospi-
tal, Sichuan University for approval. Patients engaged in
the study are required to sign informed consent prior to
their participation. In the event of any updates to the study
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protocol, patients will be requested to sign the updated
informed consent form. Following this, notifications
regarding the updated protocol will be disseminated to the
researchers, General Practitioners, and the patients via email.

Confidentiality {27}

Research data will be marked with a special participant
identification code throughout the trial. The study team
will be the only ones with access to the key to this iden-
tification code list. The lead investigator will adhere to
research protocols to record and secure the key after the
study is finished. No information identifying a patient
will be disclosed in publications.

Discussion

Despite the proven benefits of multicomponent exercise
therapy for knee osteoarthritis (KOA) in high-quality
randomized controlled trials [43, 44], its implementa-
tion as a core treatment approach remains underutilized.
Challenges such as limited outpatient treatment time and
inadequate medical resources hinder the promotion of
this model through traditional in-person doctor-patient
communication in clinical practice. In response, the
development of telemedicine-guided (TG) therapy offers
an innovative solution for managing KOA patients. Pre-
vious studies have demonstrated that telemedicine inter-
ventions for KOA can be as effective as standard care
[45, 46]. By leveraging telemedicine, there is an oppor-
tunity to establish a sustainable healthcare system that
addresses the challenges associated with delivering opti-
mal care for KOA patients.

The primary objective of this trial is to assess the reli-
ability and sustainability of telemedicine-supported
multicomponent exercise therapy in the management
of knee osteoarthritis (KOA) patients. By investigat-
ing the effectiveness and feasibility of this approach, the
trial holds the potential to enhance the accessibility and
quality of care provided to individuals with KOA. The
findings from this study could contribute valuable knowl-
edge and insights to optimize the management of KOA
and improve patient outcomes. Our trial incorporates
the use of wearable devices to monitor exercise compli-
ance, which is a notable strength. Adherence to exercise
is a critical factor influencing clinical efficacy, particu-
larly in the context of knee osteoarthritis (KOA) where
patients lack direct supervision from doctors or physical
therapists in home settings, unlike in outpatient settings.
Thus, coaching and monitoring exercises become crucial
elements when implementing telemedicine for manag-
ing KOA at home. However, there are certain limitations
to consider. Firstly, it is not feasible to blind patients and
physical therapists in our trial. Secondly, the trial requires
the use of smartphones, which may pose a limitation in
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terms of accessibility for certain individuals. Lastly, while
wearable devices provide valuable insights into exercise
occurrence, they are unable to fully assess exercise accu-
racy. This limitation is inherent to the current technolog-
ical capabilities and remains unresolved at present.

Trial status

Recruitment will be started in July 2023, and it is esti-
mated to have a total duration of 12 months. This proto-
col is version number 12 dated October 14, 2023.
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RCTs Randomized controlled trials

TG Trial group

CG Control group

IMUs Inertial Measurement Units

VAS Visual analog scale

WOMAC  Western Ontario and McMaster Universities Osteoarthritis Index,

TUG Time up go test

SF-36 MOS Item Short-Form Health Survey
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