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Abstract
The integration of telehealth-supported programs in chronic disease management has become more common, but it is unclear if this approach is effective for
individuals with knee osteoarthritis. This study aimed to assess the effectiveness of telehealth-supported exercise/physical activity programs in individuals
with knee osteoarthritis. A comprehensive literature search was conducted in September 2022 on randomized controlled trials compared telehealth-supported
exercise/physical activity programs to a control condition for knee osteoarthritis. Twenty-three studies met eligibility criteria, of which 20 studies included in
the meta-analysis. The results showed that telehealth-supported exercise/physical activity programs reduced pain (g = − 0.39, CI − 0.67 to − 0.11, I2 = 83%),
improved physical activity (g = 0.13, CI 0.03 to 0.23, I2 = 0%) and enhanced physical function (g = − 0.51, CI − 0.98 to − 0.05, I2 = 87%). In addition, better
improvements in quality of life, self-e�cacy for pain, and global improvement were observed, but self-e�cacy for physical function showed insigni�cant
improvements. The results indicate that a telehealth-supported exercise/physical activity program could be an effective treatment for knee osteoarthritis.
Future research should consider longer implementation durations and the feasibility of incorporating wearables and standardized components into large-scale
interventions to evaluate the effects.

1. Introduction
Osteoarthritis is a degenerative joint disease affecting over 500 million individuals globally1, of whom more than 260 million have knee osteoarthritis (KOA)
with notable health and socioeconomic costs2. The prevalence of KOA for the 60-year-old participants was 26.8%3, and a model forecasted that KOA will
prevail in 2.37 billion individuals over 65 years and 866 million individuals over 80 years in 2100 globally4. The disease resulted in 9.6 million years of
disability survivals (YLDs) worldwide, accounting for a 9.6% increase in the global percentage change of age-standardised YLDs between 1990-20175,6. Risk
factors of KOA (ie, aging, overweight, obesity) are capable of aggravating pain and disability, accelerating osteoarthritis progression, and lastly increasing the
likelihood of costly joint replacement surgery7,8. It is estimated that the annual count of knee arthroplasty procedures will increase to 4 million by 2040 in the
USA alone9.

As no disease-modifying drugs are available for KOA, non-pharmacologic interventions become the core treatment.10 In the early stage, pain and stiffness
dominate symptoms over others, therefore, the management strategy focuses on the reduction of pain and the improvement of functional capacities.11

Clinical guidelines recommend strategies about maintaining active physical activity and exercise as �rst-line management for knee osteoarthritis2,12,13.
However, gaps exist in the clinical use of active lifestyle strategies and exercise for KOA, with overusing medication and surgery14. Although the demand for
effective intervention to cope with the need for decreased function related to an inactive lifestyle and aging seems urgent, in-person services provided by
health professionals, especially physiotherapists, can be expensive regarding costs and time spent consulting an expert and the commute15. Besides the low
time-e�ciency and high cost, the lack of motivation is also a barrier since adherence to home-based exercise decreased by 94.7% after the 3 months from
being discharged16.

Telehealth is de�ned as ‘the delivery and facilitation of health and health-related services including medical care, provider and patient education, health
information services, and self-care via telecommunications and digital communication technologies’17,18. An accumulating body of evidence suggests that
telehealth-supported exercise intervention has been proven as a preferable form of intervention, especially due to the ‘social distancing’ requirement imposed
by the COVID-19 pandemic. Hence, the need in seeking advice or interventions via telehealth has soared19,20. Nonetheless, as individuals with KOA tend to be
older, digital communications may have disadvantages over traditional rehabilitation due to its unclear instructions, unfamiliarity, barriers related to devices
such as using a smartphone or registering on an application, and availability of Wi-Fi or cellular data.

Several reviews have attempted to con�rm the e�cacy of telehealth-supported exercise programs in individuals with KOA, but merely focused on the e�cacy
of telehealth-supported physical activity programs. Our previous meta-analysis21 (k = 4) indicated pain relief in patients with KOA following Internet-based
rehabilitation, but the effect on physical function (g = −0.08, 95% CI: −0.27 to 0.12) was unclear due to the limited original studies included. As the intervention
in the review was not inclusive (ie, programs delivered via wearables, telephone, and email were not included), the conclusion may not be robust to explain the
effect of telehealth-supported exercise programs. Another meta-analysis22 (k = 12) using interventions via computer and virtual reality reported no
improvement in physical function either (g =0.22, 95% CI: 0 to 0.43). The latest meta-analysis of 9 RCTs by Yang and colleagues23 indicated the telehealth-
based exercise intervention was better than usual care in improving pain and able to achieve similar effects of physical function compared to in-person
exercise programs (g = −0.17, 95%-CI: −0.42 to 0.08). The results of physical function are negative mainly due to the different interventions and comparators
in these reviews, especially components of telehealth-supported exercise programs vary among studies. In addition, the effects on physical activity and self-
e�cacy in coping with symptoms and global improvement experienced by patients are not investigated.

As numerous studies have researched the effect of telehealth-based exercise/physical activity programs in KOA24-33, we did a systematic review and meta-
analysis to investigate the effect of telehealth-supported exercise/physical activity programs on pain, physical activity, physical function, self-e�cacy, quality
of life and global improvement. Furthermore, the minimal important differences (MIDs) are important considerations in making clinical conclusions and are
reported in this study.

2. Results
Study selection

A total of 14081 and an additional 13 articles were retrieved from databases. After removing duplicates, 4021 records were screened for the titles and
abstracts. A total of 86 full-text articles were assessed for eligibility. Of these, 23 articles24-48 were included in the systematic review (see Fig. 1). List of studies
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excluded at the full-text screening stage with reasons is in Supplementary Table 1. Three articles35,47,48 were excluded for the meta-analysis due to
nonstandard data reporting, resulting in 20 articles being included in the meta-analysis.

Characteristics of included studies

The characteristics of all included studies are described in Table 1. A total of 23 studies involved 3824 patients, of which 60% of the participants were female,
were included in the systematic review. One study27 observed the effect in the female population only, and others recruited participants of both sexes. Two
(9%) studies were conducted in Europe, �ve (22%) in North America, �ve (22%) in Asia, nine (39%) in Australia, and two (9%) in Africa. The age of included
participants was 61 (SD 3.9) years. The study period varied between 4 and 96 weeks, with seven trials (30%) performing the telehealth-based intervention for
less than 3 months, six (26%) between three to six months, and 9 (39%) more than 6 months. 13 (57%) studies received telehealth-supported exercise
programs, four (17%) received a physical activity program, and six (26%) received both treatments in combination. These studies tested different digital
technologies, including mobile applications (k = 4), telephone (k = 4), Internet (k = 4), SMS (k = 2), and combinations (k = 9). Moreover, studies tested different
additional components, such as reminder alone (k = 4), remote coaching alone (k = 3), remote monitoring alone (k = 3), combined remote reminder and
monitoring (k = 2), combined remote coaching and monitoring (k = 7), with fewer studies focused on combined remote reminder and coaching (k = 1) and
combined all (k = 1). For models of telehealth delivery, 8 (35%) studies used virtual contact, 5 (22%) studies used no interacting contact, 5 (22%) studies used
mixed models, and one study (4%) used in-person delivery.

Risk of bias

Risk of bias appraised with the Cochrane Collaboration’s risk of bias tool and additional PEDro scale are presented in Supplementary Fig. 1 and
Supplementary Table 2. Risk of bias assessment revealed the following sources of bias: the absence of adequate random sequence generation in �ve (22%)
studies31,35,45,46,48; no details of allocation concealment in �ve (22%) studies29,32,35,46,47; participants and personnel were unblinded in all studies (100%)24-48

limited by the intervention; the absence of the blinding of outcome assessment in nine studies (39%)25,27,31,35,38,41,46-48; insu�cient strategies for dealing with
incomplete outcome data in six (26%) studies24,27,28,32,46,47; no reporting bias in all studies and the presence of other bias in four studies (17%) (including
insu�cient power27 and without clinical registration46-48).

Main analyses

Of these studies, 20 (87%) studies contributed data that were considered appropriate for meta-analysis. The GRADE summary of �ndings can be found in
Supplementary Table 3. Meta-analysis results of the effects of telehealth-based exercise/physical activity programs on primary outcomes are presented in
Table 2.

Effectiveness on pain

For pain relief, there was a signi�cant difference and a small effect size across 19 studies (n = 2512; g = −0.39; 95% CI −0.67 to −0.11; p = 0.0004; forest plot
Fig. 2A) with high heterogeneity (I2=83%) for favouring the telehealth-based intervention. The calculated MID of pain was 1.3, which was lower than the
reported MID (2.0 units for the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) pain subscale).49 Overall, there was low-certainty
evidence that the telehealth-based exercise/physical activity programs led to a small, signi�cant, but not clinically meaningful reduction in pain.

Effectiveness on physical activity

The meta-analysis result across nine studies for physical activity favoured the telehealth-based intervention (n = 1570; g = 0.13; 95% CI 0.03 to 0.23; p = 0.01;
forest plot Fig. 2B) with low heterogeneity (I2 = 0%). The calculated MID of physical activity was 9.0, which was lower than the reported MID (46.0 units for
Physical Activity Scale for the Elderly).50 Overall, there was low-certainty evidence that the telehealth-based exercise/physical activity programs for the
treatment of KOA might provide a signi�cant, but insu�cient, and not clinically meaningful improvement in physical activity.

Effectiveness on physical function

For the improvement of physical function, the meta-analysis of 18 RCTs favoured the telehealth-based intervention with g = −0.51 (n = 2373; 95% CI −0.98 to
−0.05; p = 0.0004; I2 = 87%; forest plot Fig. 2C). The calculated MID of physical function was 5.3, which was lower than the reported MID (10.1 units for the
WOMAC physical function subscale).51 Overall, there was low-certainty evidence that telehealth-based exercise/physical activity programs might lead to a
moderate, signi�cant, but not clinically meaningful improvement in physical function.

Effectiveness on secondary outcomes

Better secondary outcomes, such as quality of life (n = 1301; g = 0.25; 95% CI 0.14 to 0.36; p <0.00001; I2 = 5%; Supplementary Fig. 2), self-e�cacy for pain (n
= 1337; g = 0.72; 95% CI 0.53 to 0.91; p < 0.00001; I 2= 4%; Supplementary Fig. 2), and global improvement (n=1042; odds ratios [OR] = 2.69; 95% CI 1.41 to
5.15; p=0.0005; I2 = 79%; Supplementary Fig. 2) were observed with the intervention groups compared with control groups, but with a non-signi�cant trend and
moderate heterogeneity between studies for self-e�cacy for physical function (n = 578; g = 0.14; 95% CI −0.26 to 0.53; p = 0.50; I2 = 52%; Supplementary Fig.
2). Overall, there was moderate-certainty evidence that telehealth-based exercise/physical activity programs improved the quality of life and self-e�cacy for
pain, and low-certainty evidence that telehealth-based intervention might provide bene�t in global improvement, but not signi�cant in self-e�cacy for physical
function.

Sensitivity analyses
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After removing one study29, the overall signi�cant effect size for pain relief was still small with g = −0.28 (n = 2448; 95% CI −0.44 to −0.11; p=0.0003;
Supplementary Fig. 3) and a lower heterogeneity (I2 = 69%), which was a robust result. Moreover, after omitting the study29, the overall signi�cant effect size
for physical function improvement was small with g = −0.30 (n = 2309; 95% CI −0.47 to −0.13; p = 0.0002; Supplementary Fig. 3) with a lower heterogeneity (I2

= 69%).

Subgroup analysis

The result of the meta-regression test is listed in Supplementary Table 4. According to the World Health Organization (WHO) classi�cation, studies were
divided into (1) interventions for clients subgroup, (2) interventions for healthcare providers subgroup, and (3) interventions for clients and healthcare
providers subgroup. In subgroup that included interventions for clients and healthcare providers, the effects of the telehealth-based intervention on pain (g =
−0.29; 95% CI −0.49 to −0.09) and physical function (g = −0.36; 95% CI −0.63 to −0.08) were signi�cant. However, no signi�cant differences were found in both
pain (g = −0.73; 95% CI −1.47 to 0.01) and physical function (g = −0.98; 95% CI −2.21 to 0.26) in interventions for clients subgroup. The interventions for
healthcare providers subgroup showed that participants in the intervention group had no improvement in pain relief (g = 0.21; 95% CI −0.20 to 0.62) and
physical function (g = 0.20; 95% CI −0.21 to 0.61) compared with the control group, either. The subgroup differences were signi�cant in pain (p = 0.039) and
physical function (p = 0.04), although heterogeneity was still signi�cant in some of these sub-groups (I2>50%, Fig. 3).

As for the type of digital technologies in intervention group, the subgroup differences were signi�cant in pain (p = 0.003) and physical function (p = 0.012)
with high heterogeneity in mixed and SMS subgroup (I2 > 50%, Fig. 4). The subgroup analysis showed signi�cant relief in pain (mobile application subgroup: g
= −0.59 (95% CI −1.01 to −0.16); Internet subgroup: g = −0.25 (95% CI −0.43 to −0.07); and mixed type: g = −0.29 (95% CI −0.57 to −0.01)), and signi�cant
improvement in physical function (mobile application subgroup: g = −0.73 (95% CI −1.10 to −0.36); Internet subgroup: g = −0.42 (95% CI −0.80 to −0.04); and
mixed type: g = −0.28 (95% CI −0.54 to −0.02)). Nonetheless, interventions with telephone and SMS subgroup showed both non-signi�cant results in pain (g =
−0.08; 95% CI −0.34 to 0.18) and g = −1.41; 95% CI −4.54 to 1.73), respectively) and physical function (g = 0.01; 95% CI −0.22 to 0.23) and g = −2.45; 95% CI
−7.39 to 2.48, respectively).

The control treatments in included studies were divided into active controls (ie, exercise, physical therapy, and self-management) or inactive controls (ie,
education, usual care, and waitlist) with subgroup differences (pain p = 0.021; physical function p = 0.065, Fig. 5). Compared with the active control groups, no
statistically signi�cant difference in pain (g = −0.08; 95% CI −0.21 to 0.05) and physical function (g= −0.07; 95% CI −0.21 to 0.07) was determined. Compared
with inactive control groups, statistically signi�cant pain reduction (g = −0.63; 95% CI −1.08 to −0.18) and function improvement (g = −0.79; 95% CI −1.54 to
−0.03) were found in the intervention group.

Publication bias

Visual assessment of funnel plots for studies reporting pain relief, and improvement in physical activity and function did not suggest publication bias (see
Supplementary Fig. 4) and these were supported by Egger’s regression test for plot (see Table 2).

3. Discussion
We systematically reviewed the effectiveness of telehealth-supported exercise/physical activity programs on pain, physical activity, physical function, self-
e�cacy, quality of life, and global improvement among individuals with KOA. Overall, this review found low-certainty evidence that telehealth-supported
programs might show a small bene�t on pain, a very small effect on physical activity, and a moderated effect on physical function, although these changes of
primary outcomes were not signi�cant in clinical difference. Additionally, this review found moderate-certainty evidence that telehealth-supported
exercise/physical activity programs might provide a statistical improvement in quality of life and self-e�cacy for pain, and low-certainty evidence that
telehealth-supported interventions might increase global improvement. But we found low-certainty evidence suggesting that telehealth-supported
exercise/physical activity programs made no signi�cant improvement in self-e�cacy for physical function. Of studies that were categorized as interventions
for clients and healthcare providers according to WHO classi�cation (v1.0)52, the bene�ts in pain relief and physical function improvement were found. We
also found that digital technology affected the results, and positive effects were only delivered by mobile applications, Internet, and mixed type. Additionally,
our subgroup analysis of control interventions indicated that telehealth-supported exercise/physical activity programs had a greater increase in pain and
function than inactive intervention did. Although we thought the reminder, monitoring, and coaching should be important components of telehealth-supported
programs, no signi�cant subgroup difference was found. These �ndings suggest a de�nite role for telehealth-supported exercise/physical activity programs in
the management of KOA, and formative research is required to better understand the trend in telehealth technology, and the component of telehealth-
supported programs.

Although we reported the bene�ts of telehealth-supported exercise/physical activity programs, no improvements were determined in the self-e�cacy for
physical function. Self-e�cacy for physical function represented the perceived capability to improve physical function, which is subjective and causally
in�uences outcome expectancies, but not vice versa53. In our meta-analysis, more objective result by scales indicated that improvement in physical function
might exist. Nonetheless, the inconsistency with the results of self-e�cacy for physical function indicated participants who received the telehealth-supported
exercise/physical activity programs might have few motivations in increasing function. This condition might re�ect the in�uence of previous studies. Only two
meta-analyses22,23 reported the effects of telehealth-based exercise programs on physical function, and reported negative conclusions. These dispiriting
results might decrease the motivation for physical function. Moreover, exercise is one type of planned, structured, and repetitive physical activity54, it is more
essential to determine the effect of telehealth-based physical activity programs. Most telehealth-based programs contained strategies about improving
activities of sports, daily living, occupation, leisure, active transportation, and energy expenditure above resting levels, that aimed at improving physical
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activity. Therefore, our meta-analysis included studies involving telehealth-based exercise or physical activity interventions and changed the conclusion about
physical function.

Multiple factors affected the performance of telehealth-based interventions and resulted in high heterogeneity. We did sensitive and subgroup analysis to
explain the source of heterogeneity, and we found the study of Ra�q and the colleagues increased the heterogeneity because their results of telehealth-based
programs re�ected huge improvements. The improvements might be caused by telehealth-based strengthening exercise programs and the reminders to clients
that required clients to complete the exercise session29. Reminders may increase the effect of telehealth programs by improving adherence to telemedicine
potentially55. Nonetheless, our review did not identify evidence of heterogeneity and effect when comparing whether the telehealth-based programs with a
reminder, coaching, and monitoring or not. Consultations or coaching, as a professional continuous service, might play an important role in transmitting health
information and providing decision support56. Palamara and colleagues57 reported an improvement in well-being among female surgery residents who
received vital coaching over a web-based video platform. Nonetheless, Sieczkowska et al.58 revealed the available evidence is not of su�cient quality to
support the use of self-reported health coaching as a health care intervention for weight loss. Although face-to-face clinician contact might be considered
crucial for the delivery of available specialist knowledge, consultations or coaching between remote client and healthcare provider59, targeted alerts and
reminders to clients60, and remote monitoring of client61 could still be controversial. More studies with strict design should focus on the effect of remote
consultations, coaching, reminders, and monitoring to standardise the format components of telehealth-based exercise/physical activity programs and
understand the clinical importance of telehealth-supported exercise/physical activity programs.

Besides the components in programs, we found the targeted primary users, digital technology, and comparators were more important in our study. We have
classi�ed the telehealth-based programs with the WHO classi�cation (v1.0)52, which is a good and useful tool for identifying the characteristics of
telemedicine. Our results emphasized the interactions between clients and health providers contributed to improvement of pain and physical function. This
WHO classi�cation of digital health interventions matched the trend of digital technologies, and might will be developed to constrain smart technologies, such
as robotics-assisted training, physical therapy device, and exercise sensors via the Internet of things62. As for technology delivered the telehealth-based
programs, only two studies25,43 used wearables for personal data tracking, which was consistent with the conclusion that nonoperative osteoarthritis patients
were generally unreceptive to using wearable technologies63. Most recent trials employed mobile applications and the Internet, that re�ect personal
telemedicine devices might be the trend of delivery methods, recent societal and technological advances. It is easy to understand that the control interventions
may be a potential source of heterogeneity. We found patients in telehealth-based exercise/physical activity programs gained equivalent effects on pain
reduction and physical function with active controls, such as physical therapy and face-to-face exercise, and superior effects than inactive controls, such as
usual care and education. Therefore, patients might be inspired by the substantial bene�ts of telehealth achieved by results with convenient access and at low
cost under the condition of constrained medical resources64.

Our results updated evidence based on previous systematic review and meta-analysis by Yang et al.23, Chen et al.22, and McHugh and co-authors65. Yang et
al.23 and Chen et al.22 included nine studies about telehealth-based exercise intervention and 12 RCTs about technology-supported exercise programs
reporting up to June, 2021 and August, 2020, respectively. We focused more on the telehealth-based physical activity intervention, and determined the small,
but positive effect of telehealth-based exercise /physical activity programs on improvement in physical activity. Our results of physical function and quality of
life were positive and in contrast to these two meta-analyses, which might be due to more studies appeared recently. Our subgroup about digital technology
was similar to the review by Yang and co-authors23 that also analysed the delivery technology of telehealth-based programs, reporting seven of nine studies
used websites or telephones. Although the review by McHugh and co-authors65 analyzed the effectiveness of remote exercise programs in reducing knee pain
about varied comparators, they only described the difference between inactive comparators and active comparators without quantitative analysis, while we
completed an accurate analysis. Moreover, we provided the MIDs of pain, physical activity, and physical function, although the values were below the values
of clinical importance.

Although the effectiveness of telehealth-supported exercise/physical activity programs for KOA was proved bene�cial in this study, the variation in remote
technologies and management of data are still challenges for popularizing and applying for the telehealth-supported exercise/physical activity program as a
�rst-line therapy. Smart wearables, such as smartwatches and smart suits, seem to be the current innovation drivers, that are gradually widely used devices
worldwide. Although patients used to be unreceptive to using wearable technologies, the development of this technology increases rapidly, especially for
direct-to-consumer wearable tracking technologies66, and might increase the acceptance of wearable technologies, and help to facilitate the consistency in
remote technologies. The adaption of remote technologies and health information, the �uency of information transmission, the quality and consistency of
responses to clients based on the interpretation of individual data, and the cost of exploring new technologies67 gain more and more focus, and could boost
the bloom of telehealth-supported programs.

The key strengths of this study included the investigation of telehealth-supported exercise/physical activity programs on physical activity, and physical
function with self-e�cacy, to better illustrate the effects of telehealth-supported exercise/physical activity programs. Another strength was the comprehensive
systematic component of the literature review, which led to new evidence and identi�ed signi�cant factors that, if concentrated in future research, could
facilitate a better understanding and development of telehealth-supported exercise/physical activity programs. There are some limitations in our study. Firstly,
although the source of heterogeneity was partially identi�ed, there still was some heterogeneity in the included RCTs for insidious reasons. Secondly, the long-
term bene�ts of telehealth-supported exercise/physical activity program interventions were unknown, as few studies completed a long-term assessment after
interventions for more than 3 months. Lastly, it is di�cult for researchers to blind allocation for participants and personnel, and this might become another
factor contributing to the high heterogeneity.

4. Conclusion
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This systematic review found low certainty evidence that telehealth-supported exercise/physical activity programs for the treatment of KOA might provide a
very small to moderate, and not clinically meaningful improvement in pain intensity, physical activity, and physical function. Additionally, moderate-certainty
evidence suggested improvement in quality of life and self-e�cacy for pain, and low-certainty evidence suggested an increase in global improvement. But low-
certainty evidence suggested that telehealth-supported exercise/physical activity programs made no signi�cant improvement in self-e�cacy for physical
function. Future research needs to standardize the components of telehealth-supported exercise/physical activity programs and focus more on wearable
technologies to provide a high-level of evidence to support clinical practice.

5. Methods
The review protocol was registered with PROSPERO (CRD42022359658) and was performed according to the PRISMA recommendations (Preferred Reporting
Items for Systematic Reviews and Meta-analyses) 68.

Search strategy

In this systematic review and meta-analysis, we searched Embase (via OVID platform), MEDLINE (via OVID platform), CENTRAL (via the Cochrane Library),
Web of Science, PubMed, Scopus, and the Physiotherapy Evidence Database from inception to September 2022, for randomized controlled trials (RCTs)
published in English language peer-reviewed journals. The specialist register GreyNet (http:// www.greynet.org/) and medRxiv (https://www.medrxiv.org/) were
searched for grey literature. The reference lists in studies included for full-text screening were also hand-searched to identify potentially relevant articles. We
included studies that intervention group involved telehealth-supported exercise/physical activity programs (including the use of SMS, videos, email, Internet,
and applications with or without wearable devices) as the main treatment for KOA patients. The comparator groups included patients who did not receive a
telehealth-supported exercise/physical activity intervention. The key search terms included “telerehabilitation”, “exercise or physical activity”, “knee
osteoarthritis”, and “randomized controlled trial”. We developed a search strategy via OvidSP and the full search strategy is listed in the Supplementary Table
5.

Eligibility criteria

Studies were included if they met the following inclusion criteria:

Population: participants regardless of age with a diagnosis of KOA.

Intervention: telehealth-supported exercise/physical activity programs delivered by SMS, videos, email, Internet, or applications combined with wearable
devices as major intervention.

Comparator: included telehealth-supported programs without exercise or physical activity, or waiting list or non-telemedicine interventions (ie, usual care,
conventional exercise programs, patient education, etc.). Control interventions containing telehealth-supported programs with education were not excluded,
because achievable exercise/physical activity strategy was omitted.

Outcomes: pain measured by the WOMAC pain subscale, visual analogue scale, Knee Injury and Osteoarthritis Outcome Score (KOOS) pain subscale, or
Numeric Pain Rating Scale, physical activity measured by PASE, time spent in daily moderate-to-vigorous physical activity, International Physical Activity
Questionnaire, or International Physical Exercise Questionnaire, and physical function measured by WOMAC function subscale or KOOS function subscale.
The secondary outcomes were quality of life measured by KOOS Quality of Life subscale or Assessment of Quality of Life, self-e�cacy measured by Arthritis
Self-E�cacy Scale pain and function subscale, and overall global improvement.

Study types: randomised controlled trials.

Studies were excluded if they were cases, letters, comments, trial protocols, conference articles, editorials, reviews, or practice guidelines. Articles were
excluded if they did not investigate the changes in pain, physical activity, physical function, quality of life, self-e�cacy, or global improvement. In addition,
studies with other arthritis diseases and unclear statistical analysis or reporting of results were also excluded.

Selection criteria

Two authors (XNX and ZZW) independently performed the initial screening and study selection according to titles and abstracts. Any disagreements were
resolved by a discussion under the guidance of a third reviewer (SYZ). Both reviewers (XNX and ZZW) read the full texts of articles. Con�icts over inclusion
were adjudicated by a third reviewer (SYZ).

Data extraction

Our primary outcomes were pain, physical activity, and physical function. Our secondary outcomes included the quality of life, self-e�cacy for pain and
function, and global improvement. Two independent authors (ZZW and JYZ) extracted data with a standardized data template. The following data were
extracted: country, sampling methodology, sample size, participants’ age, detailed telehealth-supported exercise and comparator, time point, the WHO
classi�cation of digital health52, and statistical reporting of mentioned outcomes. If SDs were missing for continuous data, other statistics (ie, 95% con�dence
interval, standard errors, T/F/p-values, etc.) were used for the calculation of SD via the calculator tool from Review Manager, version 5.4 (Nordic Cochrane
Centre, Cochrane Collaboration). Disagreements between the two reviewers were resolved by consensus, and if necessary, by consultation with a third reviewer
(XNX).
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Data analysis

Data analysis was performed with Review Manager and R (version 4.2.1). For the continuous variable, Hedges’ g (g) with 95% con�dence interval (CI) was
used for the same measurement across studies for the speci�ed outcomes or not, respectively. Heterogeneity was assessed using Cochrane Q statistic
(signi�cance level at p < 0.05) and quanti�ed with I2 (signi�cance level at I2 > 50%)69,70. Random effects were used if the Q or I2 value was statistically
signi�cant, or a small number of studies were analysed. Otherwise, �xed effects were used. Egger’s regression test and funnel plot of the primary outcomes
were used to assess the possibility of publication bias71. If the test for asymmetry was signi�cant, trim-and-�ll method was used to adjust for possible bias by
obtaining an estimation of the pooled effect when accounting for missing studies. A sensitivity analysis was performed for primary outcomes to ensure
robustness72.

A meta-regression test was used for determining the factors which might explain the heterogeneity. The subgroup analysis of the primary outcomes was
reported based on: (1) the WHO classi�cation of digital health,52 (2) the category of telehealth technologies, and (3) the type of treatment (active or inactive
interventions) received by control groups. The Hedges’ g cut-off points of 0.20, 0.50, and 0.80 can be considered to represent a small, moderate, and large
effect, respectively. P value < 0.05 was considered statistically signi�cant. MIDs of primary outcomes were calculated on the Hedges’ g and pooled
represented SDs (pooled from the intervention and control groups in a trial that used the scale)73, and compared with reported MIDs. The anchor-based
estimates were used if there was no established MID74.

Quality assessment

The Cochrane Collaboration’s risk of bias tool was used to assess bias, we assessed each domain, as follows: selection bias, performance bias, detection bias,
attrition bias, reporting bias, and other sources of bias. Each component was recorded as low, unclear, or high risk of bias. Additionally, the quality of included
studies was measured by the Physiotherapy Evidence Database (PEDro) scale for preciseness.

Quality of evidence assessment

GRADE (Grading of Recommendations Assessment, Development, and Evaluation) approach was used to evaluate the certainty of evidence for each outcome.
For each of the outcomes, the overall certainty of evidence for each outcome was graded as high, moderate, low, or very low, and evidence was downgraded by
1 level from high quality for each serious problem found in the domains of risk of bias, inconsistency (substantial heterogeneity: I2 > 50%), indirectness,
imprecision (such as small sample size), and publication bias75.
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  Country Sample
size
(subjects
in
telehealth)

Age (yrs),
mean±SD,
I vs. C

Female
(%)

Intervention Types of
telehealth

Models of
delivery

Intervention
time
(weeks)

Comparato

Alasfour M et al.
2022

Saudi Arabia 40 (20) 53.7±4.0
vs.
55.2±4.6

100 Isometric/isotonic
quadriceps
exercise plus
remote monitoring

Mobile
app

In-person 6 Same
exercise pl
paper
materials

Allen KD et al.
2018

United States 350 (142) 65.3±11.5
vs.
65.7±10.3
vs.
64.3±12.2

71.7 Self-directed
exercise and
reminders plus
remote monitoring

Internet No
interacting
contacts

48 An
appropriat
home
exercise
program, P
and wait li

Allen KD et al.
2021

America 345 (230) 59.9±9.9
vs.
 60.2±11.1

15.4 Exercise, PA, and
PT plus coaching

Internet
and
telephone

No
interacting
contacts

 

Virtual
contact

 

In-Person

36 Education
via mail

Arfaei Chitkar SS
et al. 2021

Iran 60 (31) 57.8±8.6
vs.
58.5±6.3

100.0 How to increase PA Mobile
app

No
interacting
contacts

 

In-Person

8 Education
via face to
face

Baker K et al. 2020 Massachusetts 104 (52) 65.8±6.6

vs.

64.5±8.3

81.7 Exercise, reminder
plus remote
coaching and
monitoring

Telephone Virtual
contact

 

In-Person 

96 Exercise a
automated
phone
message
reminder

Bennell KL et al.
2017 (A)

Australia 168 (84) 61.1±6.9

vs.

63.4±7.8

63.1 Exercise,
education, and PA
intervention by
physical therapist
plus telephone
coaching and
monitoring

Telephone Virtual
contact

 

In-Person

24 Exercise,
education,
and PA
interventio
by physica
therapist

Bennell KL et al.
2017 (B)

United States 148 (74) 60.8±6.5
vs.
61.5±7.6

56.1 Exercise,
education, and PA
intervention plus
telephone
coaching and
monitoring

Internet Virtual
contact

36 Education

Bennell KL et al.
2020

Australia 110 (56) 61.7±6.7

vs.

62.9±6.8

67.3 Self-directed
exercise and
reminders

SMS No
interacting
contacts

24 Self-directe
Exercise
program
advised by
physical
therapists

Bennell KL et al.
2022 (A)

Australia 415 (347) 65.4±8.2
vs.
64.1±8.1
vs.
65.3±8.3

54.7 Exercise, tele-
education, PA, and
self-management
plus remote
coaching and
monitoring

Internet
and
wearables

Virtual
contact

24 Tele-exerci
and tele-
education 
diet and te
education

Bennell KL et al. Australia 212 (107) 62.8±8.2 69.8 Exercise and tele- Internet No 12 Tele-
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2022 (B) vs.
61.8±7.2

education plus
reminder

interacting
contacts

education

Egerton T et al.
2022

Australia 589 (296) median
(IQR):55
(50-62) vs.
54 (50-61)

65.9 How to increase PA Internet
access
videos

No
interacting
contacts

12 min Education

Gohir SA et al.
2021

England 105 (48) 65.2±9.7
vs.
68.0±8.6

67.1 Exercise and
education plus
remote reminder
and monitoring

Mobile
app 

Virtual
contact

6 Usual care

Hinman RS et al.
2020

Australia 175 (87) 62.4±9.1
vs.
62.5±8.1

62..9 Exercise,
education, and
how to increase PA
plus coaching or
not

Telephone
and
Internet 

Virtual
contact

24 Education

Hsu YI et al. 2021 China 66 (22) 65.6±3.9
vs.
64.2±4.1
vs.
66.0±3.9

60.6 Exercise plus
remote monitoring
and coaching

Telephone
and
Internet 

Virtual
contact

12 Self-
managem

Li LC et al. 2020 Canada 51 (26) 65.0±8.0
vs.
64.8±9.0

82.4 Education and how
to PA plus remote
monitoring
coaching

Telephone,
wearables,
and
Internet

Virtual
contact

 

In-Person

12 Waiting lis

Nelligan RK et al.
2021

Australia 206 (103) 60.3±8.2
vs.
59.0±8.5

61.2 Exercises, and how
to increase PA plus
remote reminders

Internet
and
Mobile
app

No
interacting
contacts

24 Education

O'Brien KM et al.
2018

Australia 119 (59) 63.0±11.1
vs
60.2±13.9

62.2 How to increase PA
and self-
management plus
coaching

Internet
and
telephone

Virtual
contact

24 Usual care

Odole AC et al.
2013

Nigeria 50 (25) 56.0±7.4
vs. 55.0 ±
7.8

48.0 Exercise plus
remote monitoring
and coaching

Telephone Virtual
contact

6 Exercise

Ra�q MT et al.
2021

England 114 (76) 53.5±4.4
vs.
54.0±4.4
vs.
52.9±4.6

56.1 Exercise and
education plus
remote reminder or
not

SMS Virtual
contact

12 Education

Thiengwittayaporn
S et al. 2021

Thailand 82 (40) 62.2±6.8
vs.
63.0±9.7

89.0 Exercise and
education plus
remote monitoring

Mobile
app

No
interacting
contacts

4 Education
handout

Azma K et al. 2018 Iran 54 (27) 55±5.2 vs.
56±5.1

60.2 Exercises,
education, and hot
pack plus remote
reminder and
coaching

Telephone Virtual
contact

 

In-Person

6 Hot pack,
face-to-fac
exercises
and
education
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Odole AC et al.
2014

Nigeria 50 (25) 56.0±7.4
vs.
55.0±7.8

48.0 Exercise plus
remote coaching

Mobile
app and
telephone

Virtual
contact

6 Exercise

Skrepnik N et al.
2017

United States 211 (107) 61.6±9.5
vs.
63.6±9.3

50.2 How to increase PA
plus remote
monitor

Mobile
app and
wearable
activity
monitor

No
interacting
contacts

12 How to
increase P

I = intervention group. C = control group. PA = physical activity

Table 2. Meta-analysis results of the primary effects of telehealth-based exercise/physical activity programs

  Number of
RCTs

g (95% CI) P value of Egger’s Regression
Test

Calculated
MID

Reported
MID

Quality of Evidence
(GRADE)

Pain 19 -0.39 (-0.67 to
-0.11)

0.4125 1.3 2.0 ⊕⊕⊝⊝

Physical
activity

9 0.13 (0.03 to 0.23) 0.4586 9.0 46.0 ⊕⊕⊝⊝

Physical
function

18 -0.51 (-0.98 to
-0.05)

0.1921 5.3 10.1 ⊕⊕⊝⊝

MID = minimal important difference

Figures
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Figure 1

See image above for �gure legend.

Figure 2

See image above for �gure legend.
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Figure 3

See image above for �gure legend.
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Figure 4

See image above for �gure legend.
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Figure 5

See image above for �gure legend.
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