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Purpose: Telemedicine-based structured exercise programs have the potential to benefit patients with chronic low back pain (CLBP).
However, evidence-practice gaps persist, including low exercise adherence and insufficient focus on mental health. Consequently,
further research is warranted to clarify the impact of telemedicine-supported structured exercise programs on patients with CLBP.
Patients and Methods: This randomized controlled trial will include patients with CLBP who have not received exercise therapy in
the past three months. Participants in the trial group will receive patient education, health coaching, and home-based exercise therapy
via mobile health (mHealth) applications loaded with wearable device integration. Those in the control group will receive conventional
treatment, comprising patient education and written instructions for home exercises. Disability including pain intensity will be assessed
as primary outcomes using the Roland-Morris Disability Questionnaire (RMDQ) and the Numerical Rating Scale (NRS) at baseline,
4 weeks, and 8 weeks. Statistical analyses will depend on assumptions such as homogeneity of variance and sphericity: if met, a two-
factor, three-level repeated measures analysis of variance will be used; otherwise, a linear mixed-effects model will be employed.
Keywords: low back pain, telemedicine, exercise, study protocol, randomized controlled trial

Introduction

Globally, low back pain (LBP) is the leading cause of disability, defined as pain located between the lower costal margin
and the upper gluteal fold, with or without leg pain.' Chronic low back pain (CLBP) refers to LBP lasting more than
three months. Approximately 80% of individuals experience at least one episode of LBP in their lifetime, with about half
recovering within 23 weeks and the remainder gradually developing CLBP.? CLBP is a major contributor to disability in
both developed and developing countries, ranking sixth in overall disease burden.’* In China, the annual prevalence of
adult LBP ranges from 20.88% to 29.88%, underscoring its significance as a public health issue.” As a global public
health concern, CLBP significantly disrupts daily life and work, causing pain, limited function, anxiety, depression, and

reduced working hours.

Journal of Pain Research 2025:18 2809-2822 2809
Received: 17 January 2025 © 2025 Feng et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
AT 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v4.0) License (http://creativecommons.org/licenses/by-nc/4.0/). By accessing the work

Accepted: 28 May 2025
Published: 7 June 2025

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0002-9819-088X
http://orcid.org/0000-0001-8213-7622
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/4.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Feng et al

Growing evidence indicates that baseline anxiety, depression, and low levels of physical activity correlate with
increased pain, greater disability, and reduced quality of life in CLBP.® Exercise therapy can alleviate pain through both
central and peripheral mechanisms, including promoting cortical reorganization’ and modulating pro- and anti-
inflammatory cytokines.® By enhancing muscle strength, endurance, and electrical activity, exercise also improves
spinal stability and relieves pain.'® Several meta-analyses have shown core stability and motor control training to be
more effective than other therapies in reducing pain and disability among CLBP patients.'"'* However, exercise therapy
alone is often insufficient because CLBP patients tend to engage in sedentary behaviors and may lack motivation, leading
to fear avoidance and suboptimal adherence.'*™'> Poor adherence in CLBP patients may make exercise therapy less
effective, leading to concealment of the true efficacy. Unsupervised exercise further raises risks of injury,'® and although
it can mitigate pain and disability, it often suffers from poor compliance.'” Semi-structured interviews reveal that
younger patients favor visual or dynamic support, while older patients prefer coaching and supervision.'® Health
coaching, grounded in behavioral change theory, promotes healthier lifestyles and can improve self-management and
adherence.'”*® Nevertheless, in-person supervision or coaching is time-intensive and costly,”' and long-term efficacy
may be jeopardized by recurrent symptoms when patients must continue exercising at home.

To optimize home exercise for CLBP, telemedicine—which harnesses the Internet, mobile devices, and other digital
platforms—has shown strong potential for prevention, treatment, and health promotion.”* Research indicates that
telemedicine enhances treatment adherence and lowers healthcare costs for various conditions.”> When structured
exercise programs are delivered via telemedicine, patients can conveniently access personalized information and real-
time guidance, improving pain, physical function, and overall quality of life compared with usual care.”**> Although
a systematic review of 12 clinical trials suggests low to moderate evidence for telemedicine’s effectiveness in alleviating
pain intensity and improving function in CLBP, challenges persist in achieving high exercise adherence, adequately
addressing mental health factors, and incorporating objective outcome metrics.*®

In response to these gaps, we will conduct a randomized controlled trial using a wearable-device—integrated app to
remotely monitor home exercises for patients with CLBP. The wearable device and a deep learning system will capture
and analyze movement characteristics to identify completed exercises and protective behaviors, offering an objective
measure of adherence while highlighting psychological factors such as fear and catastrophic thinking.?” By detecting
whether they complete the movement and whether there is a problem movement, the patient can be fed back to improve
their exercise compliance. To support ease of use, the app has been streamlined, and dedicated training and phone support

will be provided for older adults. Nicholl et al*®

developed a related mobile app for LBP self-management as part of the
self-BACK project, offering algorithm-based digital interventions. Our study, however, includes weekly video super-
vision and health coaching, and employs a wearable device capable of detecting specific movements and protective
behaviors rather than only step counts, potentially offering more precise assessments of adherence and psychological
shifts. Ultimately, this trial will compare a telemedicine-supported structured exercise program (TG, trial group) to
traditional therapy (CG, control group) in reducing pain and activity limitation among patients with CLBP following

conservative treatment discharge.

Materials and Methods
Aims of the Study

Primary Objective

The primary objective of this study is to assess the effect of a telemedicine-supported structured exercise program on
physical function including pain in adult CLBP patients in Chengdu, Sichuan Province, China, compared with traditional
therapy (paper-based exercise therapy).

Secondary Objective
1. To assess the impact of a telemedicine-supported structured exercise program on quality of life, and psycho-
pathological symptoms in adult CLBP patients in Chengdu, Sichuan Province, China, compared with traditional
therapy (paper-based exercise therapy).
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2. To assess the impact of a telemedicine-supported structured exercise program on exercise compliance and pain
fear or pain catastrophic imagery in adult CLBP patients in Chengdu, Sichuan Province, China, compared with
traditional therapy (paper-based exercise therapy).

Study Design

This is a randomized controlled trial with two parallel arms, conducted in an open-label, difference-test manner,
following a 1:1 allocation ratio, within a single-center over a span of 8 weeks. The trial follows the recommendations
of the Standard Protocol Items: Recommendations for Interventional Trials (SPIRIT) statement.”® A completed SPIRIT
checklist can be found in online supplemental material I. This study has received approval from the Ethics Committee of

West China Hospital, Sichuan University. Any significant protocol modifications will be submitted to the Biomedical
Ethics Committee of West China Hospital, Sichuan University for review. The study protocol has been registered at the
Chinese Clinical Trial Registry (ChiCTR2300071560). The current study protocol is the sixth version updated on
April 21, 2025.

Setting & Recruitment

Participants will be recruited from the Specialist Outpatient Clinic at West China Hospital, Sichuan University.
Individuals who meet the eligibility criteria will be informed about the trial procedures and enrolled upon providing
written informed consent; those who do not meet the criteria will receive standard treatment in accordance with the trial
protocol. To ensure an adequate sample size, standardized training and supervision will be provided to researchers,
improving the success rate of informed consent acquisition. The trial aims to recruit 78 participants, and additional
strategies (eg, referrals from medical examination centers or relevant departments, poster campaigns) will be employed to
facilitate timely enrollment. Recruitment will commence within one year of the scheduled enrollment date and will
proceed based on site readiness. Details on data collection and intervention administration are available in Supplemental
Material II. All eligible participants who agree to partake in the trial will be randomly assigned and briefed on the
required procedures and written informed consent (accessible in Supplemental Material IIT) must be provided prior to

enrollment. Baseline data for both groups will be gathered via a questionnaire administered before the intervention in
Room 902 of the Special Needs Outpatient Department, collecting demographic information (eg, gender, age, height,
weight, occupation, education), potential causes of back pain, physical activity level, medical and exercise treatment
history, duration of low back pain, severity of low back pain (current, worst, and least), level of functional impairment,
and types of pain avoidance behaviors (see Supplemental Material II). Experienced physical therapists, who are

independent of the trial design, intervention, and statistical analysis, will perform outcome measurements at baseline,
after the 4-week intervention, and after the 8-week intervention, as illustrated in Figure 1.

Eligibility Criteria and Consent

If a patient expresses interest in participating, researchers will evaluate their eligibility based on the study’s inclusion and
exclusion criteria (Table 1).*° Both physicians and researchers will provide prospective participants with consent material
detailing the context of the trial, the relevant population, interventions, risks and advantages of participating, along with
rights and obligations. Individuals who agree to participate will be given thorough written information about the goals
and methods of the study, and they will be asked to sign three informed consent forms. One copy will be kept by the
participants, one will be electronically scanned on the first visit by the physician, and the third copy will be safely
preserved by the Sichuan University Ethics Committee.

Randomization and Blinding

Randomization will be conducted as participants are enrolled, using block randomization with a computer-generated
random sequence (blocks of size four). A designated data manager, who is not involved in recruitment, intervention, or
evaluation, will generate and securely store the random sequences in IBM SPSS, version 26.0.1. To conceal group
allocation, an independent researcher not involved in the trial will place assignment codes into sequentially numbered,
sealed, opaque envelopes according to the computer-generated random sequence. When each envelope is opened,
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Screened for eligibility after
seeking care at participating
physiotherapy clinic

Excluded
- Not meeting inclusion criteria
- Declined to participate
Y - Other reasons

_ Baseline data colleciton

Excluded
- Withdrew
Y
Randomized
Allocated to telemedicine-supported " Allocated to paper-based exercise
structured exercise program group therapy group

received allocated intervention - received allocated intervention
Did not receive allocated intervention + Did not receive allocated intervention
Attend 8-weeks intervention Attend 8-weeks intervention
Did not attend - Did not attend
Withdrew consent - Withdrew consent
Cancelled or not contact -+ Cancelled or not contact
Health-related issues - Health-related issues
Included in primary analysis Included in primary analysis
Missing outcome data Missing outcome data
Included in analysis of secondary data Included in analysis of secondary data
Missing outcome datacc Missing outcome data

Figure | Flow chart of the study.

participants will be assigned to either the control group or the trial group based on the corresponding “0” or “1” on the
random number card. At enrollment, a physician not involved in randomization will assess potential participants, and the
assignment group will be revealed onsite by opening the sealed envelopes, ensuring a 1:1 randomization ratio. Permuted
blocks of size four will be used to maintain balanced allocation. Blinding physicians and volunteers to group assignments
is not feasible, and participants are similarly unblinded due to self-reported outcomes. Assessors are also not blinded;
however, to minimize bias, the trial hypothesis is not disclosed to either assessors or participants. The randomization list
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Table | Inclusion and Exclusion Criteria

Inclusion Criteria Exclusion Criteria

All applicants must be between |8 and 65 years old. Suffering from a specific disease of the spine, such as infection, spinal tumor,
spinal tuberculosis, fracture, spondylolisthesis, isthmus, or aneurysm.

Pain, and muscle stiffness are located below the coastal margin and | Pain caused by other diseases.

above the gluteal fissure fold, with or without lower limb pain.
Pain lasts 12 weeks or more. Cognitive impairment results in the inability to understand the physical
therapist’s instructions and the content of the app.

Pain intensity (when the worst pain) 2 3 on the Numeric Rating Pregnant or breastfeeding.

Scale (NRS).

Ability to operate a smartphone. History of spine surgery.

Voluntarily participate in the trial and sign the informed consent. Patients who have received exercise therapy in the past three months for

low back pain.

Accepted randomization. Patients with severe cardiovascular and cerebrovascular diseases.

Candidates who meet all the above criteria will be included Candidates meeting any of the above criteria will be excluded

will remain secured (both physically and digitally), accessible only to the primary investigator and the designated data
manager, thus maintaining its integrity throughout the study.

Interventions

The physiotherapists who delivered the intervention in both two groups will not be involved in the outcome measures and
are not blind to the group assignment. The two groups will conduct an 8-week intervention, for a total of 24 sessions. The
interventions in both groups will be completed over 8 weeks, following the 2020 clinical practice guidelines of the North
American Spine Association.’' Subjects will be encouraged to participate in the intervention and assessment throughout
the trial protocol. Frequency of attendance, medication changes, adverse events, etc. will be reported by the participants
to the physiotherapist in charge of the trial management and will be duly recorded in the case report form.

All participants will use the same version of the app throughout the trial. If a participant’s condition worsens during
treatment, they may seek other treatments (eg, pharmacotherapy, physical therapy), but additional exercise therapy is
prohibited. Participants must accurately report any extra treatments to the investigator, who will document them in the
case report forms. To enhance adherence to intervention protocols, a weekly group WeChat video session will be held.
This group-based health coaching allows participants to exchange peer support and psychological encouragement,
thereby strengthening engagement between therapists and patients.

TG Therapy

For the trial group, the intervention consisted of app-based exercise therapy (40-minute sessions, three times per week for
eight weeks), patient education (10-minute sessions, once weekly for eight weeks), and WeChat video-based health
coaching (20-minute sessions, once weekly for eight weeks).

App-based exercise therapy

During the initial visit, the physician implements app-based exercise therapy in three parts: (1) guiding the patient
through the “ShuKang PRO” app login, (2) formulating an individualized exercise prescription, and (3) demonstrating
the exercises and providing instructions to the therapist (Figure 2). Table 2 outlines the specific exercises taught by the
therapist responsible for the intervention. Exercise prescriptions are derived from baseline data and FITT-VP principles,
primarily emphasizing core stability and motor control training recommended by clinical guidelines.*’ The physician
adjusts the stepwise treatment plan according to individual variability.

To improve compliance with wearing the wearable device at home, a fabric fixture has been developed to hold the
device nodes securely and ensure correct positioning. The wearable device uses noninvasive Inertial Measurement Units
(IMUs) to capture body acceleration, angular velocity, and orientation without direct skin contact. Prior to public release,
we will seek regulatory medical device approval to ensure convenience and comfort for daily use. By tracking motion
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Figure 2 Intervention process at first visit.

features, the device recognizes whether the prescribed movements have been completed. Before each session, patients
can review the number of exercises, estimated duration, exercise preview, and written instructions. Upon reaching the
upper or lower limit of the prescribed duration, the system alerts patients to begin a finishing stretch or end the exercise.
Patients are then encouraged to aim for the targeted standard and are asked to fill in the Rating of Perceived Exertion
(RPE) scale, which serves solely as feedback on exercise intensity and is not used as an outcome measure.’”> The
physician modifies the prescription based on the principles of overload and gradual progression in exercise volume, by
adjusting the duration or repetition of each exercise.*?

Patients can schedule exercise times using the app’s alarm function. Physicians may set phased goals in advance and
send weekly reminders via the app to track goal completion. After being trained in all movements at the first consultation,
participants enter an eight-week program comprising three weekly sessions of 40—-60 minutes under a physical therapist’s

supervision. Each session consists of a warm-up, functional training, and relaxation. Table 2 details the primary exercises
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Table 2 Core Stability Training & Motor Control Training

Exercise (R=Repetition, S=Second) Sets and Repetitions per

Week

1-4 weeks 5-8 weeks

Set R/S Set R/S
Core stability training
Abdominal breathing in the supine position (R) 3 5 3 10
Dynamic hip bridge (R) 3 10 3 15
Side bridge (S) 5 10 5 20
Plank support (S) 5 10 5 20
Prone position contralateral extension (R) 3 10 3 15
Four-point kneeling position alternate shoulder forward flexion (R) | 3 10 3 15
Four-point kneeling contralateral extension (R) 3 10 3 15
Dead insect extension on the opposite side in a supine position (R) | 3 5 3 10
Motor control training
Pelvis forward and backward tilt in the supine position (S) 5 10 5 20
Stand on one leg with eyes closed (S) 3 5 3 10
Side leg lifting with one leg (R) 3 10 3 15
Single leg micro squat (R) 3 5 3 10
Squat (R) 3 5 3 10

performed during the eight weeks, and the physician tailors intensity and difficulty according to each patient’s
characteristics.>

App-based patient education

During the baseline assessment, a physical therapist presents an animated educational video on chronic low back pain
(CLBP). Once weekly, patients receive an illustrated educational piece about CLBP via the app, taking approximately
five to ten minutes to read.*> Topics include the definition, pathogenesis, etiology, and diagnosis of CLBP; management
of daily activities; prevention of progression and recurrence; diet and weight control. Every Friday, patients complete
a self-administered CLBP knowledge questionnaire in the app to verify comprehension, rather than for statistical
analysis. Patients may retake the questionnaire until they select the correct responses.

WeChat video-based health coaching

A weekly group WeChat video session (40 minutes) is scheduled, such that eight of the 24 sessions are therapist
supervised. During these sessions, the therapist reviews each patient’s condition, diet, and weight, and patients can share
experiences and support each other. This group-based health coaching fosters peer support strengthens therapist-patient
rapport and builds mutual trust. The weekly meeting also allows the therapist to confirm exercise accuracy, preventing
new injuries. When a patient demonstrates correct movement execution and meets progress criteria, the therapist can
adjust the treatment plan accordingly.

CG Therapy

The control group’s interventions included paper-based exercise therapy and app-based patient education. At the initial
diagnosis, physical therapists responsible solely for the intervention will provide patients with a printed exercise manual
containing the same training exercises and frequency as the trial group, demonstrated once by the therapists. No further
instruction will be offered during the subsequent eight weeks unless requested by the patient. The manual employs text
and graphics to highlight essential elements, standards, and precautions for each movement. If patients encounter
difficulties exercising at home, they may seek assistance at a designated partner community hospital or the main hospital,
where physical therapists have received prior training. Over eight weeks, participants will complete 24 unsupervised self-
training sessions (three times per week). In parallel, the control group will receive the same patient education content
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through an app that provides information once weekly for eight consecutive weeks. The app is configured only for patient
education and does not grant access to the exercise training module.

Outcome Measures

The outcome measures are divided into primary, secondary outcomes and other outcomes, which include pain intensity,
physical function, quality of life, psychopathological symptoms, exercise compliance, fear-avoidance in exercise and
catastrophizing, and adverse events. Table 3 provides an overview of the questionnaire items and the time points for

outcome measurements. Changes in outcome measures will be primarily evaluated after 8 weeks of treatment.

Primary Outcomes
CLBP severity will be measured using the Numerical Rating Scale (NRS), which ranges from 0 (no pain) to 10 (severe
pain). Patients select a single number (0—10) that best represents their current level of pain. The NRS is widely used due
to its simplicity, ease of administration, and reliable detection of pain severity.*®

The Roland Morris Disability Questionnaire (RMDQ) evaluates functional status in patients with low back pain.®’ It
consists of 24 items specifically related to limitations caused by low back pain. Each item is scored as 1 (yes) or 0 (no),

yielding a total score between 0 and 24, where higher scores indicate greater functional impairment.

Secondary Outcomes

The “Timed Up & Go” (TUG) test offers a rapid assessment of walking function.*® Patients start seated with their backs
against a chair, then stand up, walk three meters, turn around, return to the chair, and sit down. The time taken (in
seconds) to complete this sequence is recorded. Lower times reflect better mobility, whereas higher times indicate
mobility impairment and an increased risk of falling.*”

The 12-item Short Form Health Survey (SF-12) measures eight dimensions of health-related quality of life.** These
dimensions are summarized into two component scores: the Physical Component Summary (PCS) and the Mental
Component Summary (MCS). The SF-12 is shorter and easier to administer than the original SF-36, while retaining good
reliability and validity.

The Depression-Anxiety-Stress Scale (DASS21) evaluates mental health based on depression, anxiety, and stress
factors.*! It employs a 4-point Likert scale (0-3) to indicate how frequently participants experience negative emotional
states. Higher scores signify more severe psychopathological symptoms.

The Exercise Adherence Rating Scale (EARS) assesses adherence to exercise programs prescribed for individuals
with chronic pain.* It contains 16 items grouped into three subscales that capture self-reported adherence and the reasons
for compliance or non-compliance. Wearable devices will also be used to calculate completion rates of exercise

prescriptions among patients with CLBP.

Table 3 Overview of the Measurements and Timing of Measurements

Domain Reporting Questionnaire Baseline | 4 weeks | 8 weeks
Method
Demographic characteristics Self-reported Purpose built \/ - -
Pain intensity Self-reported NRS J \/ v
Physical function Self-reported RMDQ S d N
Walking ability TUG v d N
Quality of life Self-reported SF-12 v d N
Psychopathological symptoms Self-reported DASS2I S «/ V
Exercise compliance Self-reported EARS - \/ N
Events Movement completion rate \/ \/ N
Fear-avoidance in exercise and catastrophization | Events Frequency of protective behaviors S \/ N
Adverse Events Self-reported - - \/ v

2816 " Journal of Pain Research 2025:18



Feng et al

Other Outcomes
Wearable devices will detect the frequency of protective behaviors associated with fear-avoidance and catastrophizing.
A decrease in these behaviors indicates reduced fear of movement and pain-related catastrophizing.?”***

An adverse event is defined as any issue involving the lower back or other parts of the body that the participant
perceives to be related to the trial, meeting one of the following criteria: i) that caused the participant to seek medical care
for at least two days; and ii) that made their pain or impairment worse.*> After the intervention, participants will be

surveyed regarding any adverse events.

Criteria for Discontinuing or Modifying Allocated Interventions
If a participant opts to withdraw from the trial prematurely, the physiotherapist will promptly contact them to determine
the reason for withdrawal. Participants who exit the trial, become unreachable for over two weeks, and fail to complete

the outcome evaluation will be categorized as dropouts.*®

1. Patients desiring to cease participation.

2. Patients unable to undergo the baseline assessment.

3. Patients failing to complete the app-based exercise therapy sessions.
4. Patients experiencing exacerbated symptoms.

Sample Size

The sample size was calculated using G¥Power 3.1.9 under the following conditions: based on Cohen’s standard for
effect sizes, 0.2, 0.5, and 0.8 indicate small, medium, and large effects, respectively.47 A value of 0.3 was selected to
represent a small-to-medium effect size, drawing on Murtezani’s findings.*® With a = 0.05, power = 0.8, and a correlation
among repeated measures of 0.5, a two-way repeated measures analysis of variance was planned, featuring three
measurement points for each of the two groups. The resulting sample size was 58, and accounting for a 25% dropout
rate increased the required sample size to 78 (total).

Statistical Analysis

All analyses will follow the Consolidated Standards of Reporting Trials (CONSORT) guidelines.*’ Baseline measure-
ments, group comparability, and descriptive characteristics will be assessed. Because patient dropout can occur for
various reasons, data analyses will include both intention-to-treat (ITT) and per-protocol (PP) approaches. PP analysis
considers only participants who complete the entire trial post-randomization, whereas ITT analysis includes follow-up
data from all randomized participants.”® While PP analysis can exaggerate between-group differences, ITT analysis
minimizes bias and loss to follow-up, generally producing more conservative estimates. Therefore, ITT analysis will be
used as the primary method to prevent overstating effectiveness. The primary endpoint of interest is assessed after eight
weeks of treatment.

All statistical analyses will be performed using IBM SPSS, version 26.0.1, with two-tailed tests (0¢=0.05) determining
statistical significance. At baseline, categorical variables (eg, sex, occupation, education level) will be compared between
trial and control groups using chi-square tests. Continuous variables (eg, age, BMI, pain intensity, duration of low back
pain) will undergo a normality test. If the data follow a normal distribution, results will be expressed as mean =+ standard
deviation (SD) and analyzed using independent-samples T-tests or Mann—Whitney U-tests. Otherwise, the median
(interquartile range) will be reported, and nonparametric tests will be applied. If the data meet the assumptions of
homogeneity of variance and sphericity, a two-factor, three-level repeated-measures analysis of variance (groupxtime)
will be conducted; otherwise, a mixed-effects model will be used.

According to the International Spine Conference, a two-point change in pain intensity (NRS scale: 0-10) signifies
a minimum clinically important difference (MCID).>' Chi-square tests will compare the proportion of patients in each
group who achieve MCID. Cohen’s criteria will be used to evaluate the effect size across all outcome measures.*” No
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interim or subgroup analyses are planned. An ITT approach will be used to address missing data for the primary outcome,

and multiple imputation will minimize missing values.

Data Management and Auditing

Data will be collected both on paper and electronically. If participants return for follow-up, they will complete paper
questionnaires; otherwise, they will use online forms. Paper surveys will be administered by an assessor who has
received standardized training, and patients will also fill out their own paper questionnaires. Online surveys will be
delivered through a designated app, and TUG testing will be conducted via video conferencing. Both groups may be
provided with wearable devices for home use, which will be collected at the end of the intervention. A statistician not
involved in the trial intervention will retrieve wearable device data, which two data administrators will then enter into
anonymized databases equipped with logic checks (eg, mandatory fields, response limits). These data will be organized
into tables for statistical analysis. During recruitment, patients will receive comprehensive information about the trial’s
requirements and design, and they may withdraw at any time without giving a reason. Their progress will be tracked
using a quality form, and those who drop out or discontinue the intervention will also have outcome data collected.
Outcome assessors will document experimental procedures and data on a case report form, assigning each participant
a unique code to protect privacy; only the assessors and the corresponding author will have access to these forms. All
data entries will be verified twice by two independent assessors, after which the entries become non-editable A Data &
Safety Monitoring Committee is not required, given the low-risk interventions and the minimal likelihood of serious
adverse events (incapacitating, life-threatening, hospitalization, or death). Auditing will involve on-site visits by
independent supervisors twice a month to verify the presence and accuracy of investigation files, as well as checks on
20% of participants chosen at random to review source data, inclusion and exclusion criteria, missing scales, reporting,

and informed consent.

Discussion

The primary objective of this study is to compare the efficacy of a telemedicine-supported structured exercise
program with a paper-based exercise therapy program in improving pain among patients with CLBP in Chengdu,
Sichuan Province, China. Current international guidelines strongly recommend exercise and behavioral therapy as
first-line treatments for persistent chronic pain, emphasizing the importance of patient self-management.>” In line with
these recommendations, the telemedicine-supported TG focuses on establishing a home-based self-management
model.

Telemedicine replaces face-to-face physical therapist guidance with app-based monitoring, wearable devices, and
the WeChat platform, thereby reducing time and geographic constraints while allowing patients to perform sustain-
able home-based exercises.”> This approach is reinforced by the pioneering use of wearable devices, which
objectively document exercise duration (reflecting adherence) and capture patients’ behavioral patterns. By drawing
on diagnostic opinions from multiple pain experts, the wearable system can recommend personalized exercise
regimens for CLBP patients. Changes in behavioral patterns before and after treatment serve as an objective
indicator of therapeutic efficacy. The deep learning system can also track shifts in pain perception and fear of
movement by monitoring protective behaviors, while weekly WeChat conferences bolster patients’ trust in therapists
and encourage adherence through group interactions. Patient education aims to alter pain-related beliefs, highlight
the importance of healthy habits for pain relief, and promote an active lifestyle to manage ongoing CLBP
progression.’* Beyond pain and physical function, this study also assesses pain cognition to capture
a comprehensive view of outcomes.

In conclusion, this trial will investigate the impact of a telemedicine-supported structured exercise program on patients
with CLBP in Chengdu, Sichuan Province, China. The results may offer a more effective home-based self-management
model, ease the medical burden of CLBP, and inform public health and preventative strategies worldwide.’> The long-term
sustainability and cost-effectiveness of telemedicine supported interventions will be the focus of future research.

2818 e Journal of Pain Research 2025:18



Feng et al

Abbreviations

LBP, Low Back Pain; CLBP, Chronic Low Back Pain; RCTs, Randomized Controlled Trials; TG, Trial Group; CG, Control
Group; FITT-VP, Frequency, Intensity, Time, Type, Volume, Progression; IMUs, Inertial Measurement Units; RPE, Rating of
perceived exertion; NRS, Numerical Rating Scale; RMDQ, Roland Morris Disability Questionnaire; TUG, Time up and go;
SF-12, 12—item Short Form Health Survey; DASS21, Depression-Anxiety-Stress Scale; EARS, Exercise Adherence Rating
Scale; SPIRIT, Standard Protocol Items: Recommendations for Interventional Trials; BMI, Body Mass Index; ITT, intention-
to-treat; PP, Per-Protocol; SD, Standard Deviation; MCID, Minimum Clinically Important Difference.

Data Sharing Statement

There are no plans for granting public access to the full protocol, participant-level dataset, and statistical code.

Consent for Publication
Written informed consent will be obtained from the patient for publication of this RCT and any accompanying images.
A copy of the written consent is available for review by the Editor-in-Chief of this journal.
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