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Abstract

Background: Telerehabilitation involves the delivery of rehabilitation services through communication technologies. In contrast
to traditional in-person rehabilitation, telerehabilitation can help overcome barriers including geographic distance and facility
use. There is evidence to suggest that telerehabilitation can lead to increased patient engagement and adherence to treatment
plans. However, limited research exists on the association of telerehabilitation with adverse events, potentially hindering its
broader adoption and utilization in healthcare.

Objective: This systematic review of randomized controlled trials aims to summarize existing research on adverse events related
to telerehabilitation delivery.

Methods: This review was conducted according to the methodological framework outlined by the Joanna Briggs Institute.
Studies were identified from MEDLINE ALL, EMBASE, APA PsycINFO, CENTRAL, and CINAHL. Included studies were
randomized controlled trials published between 2013 and 2023, written in English, and had no geographic or delivery mode
restrictions. Data extraction utilized the Template for Intervention Description and Replication (TIDieR) framework, along with
authors, publication year, sample size, specific telerehabilitation modes, and the incidence, type, severity, and relatedness of
reported adverse events. Methodological quality was assessed using the Cochranerisk of bias toal.

Results: Search results identified 9,022 references, of which 37 randomized controlled trials met the criteria for inclusion. There
were atotal of 3,166 participants, with a mean age of 57.4 years, and 32.3% being female. Various delivery modes were utilized,
with videoconferencing emerging as the most frequently employed method. A total of 201 adverse events were recorded during
65,352 sessions (0.31% or 3.1/1000 sessions). These events were predominantly physical (e.g., fals, palpitations), non-
serious/mild, and not directly attributed to the telerehabilitation intervention. Additionaly, 92.2% of included studies
implemented various safety practices including vital signs monitoring, safety checklists, and scheduled check-ins with study
personnel.

Conclusions: This review demonstrates that telerehabilitation exhibits a generally safe profile as an alternative to in-person
rehabilitation, with most reported adverse events being rare, non-serious/mild, and unrelated to telerehabilitation protocols.
However, more extensive research with detailed reporting on adverse events characteristics is needed. Moreover, future research

https://preprints.jmir.org/preprint/68681 [unpublished, peer-reviewed preprint]
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should evaluate the effectiveness of different safety practices and their association with adverse events. An enhanced
understanding of potential risks in telerehabilitation can foster broader adoption while ensuring its safe implementation among
healthcare providers and patients.

(IMIR Preprints 14/11/2024:68681)
DOI: https://doi.org/10.2196/preprints.68681
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Abstract

Introduction: Telerehabilitation involves the delivery of rehabilitation services over a distance
through communication technologies. In contrast to traditional in-person rehabilitation,
telerehabilitation can help overcome barriers including geographic distance and facility use.
There is evidence to suggest that telerehabilitation can lead to increased patient engagement and
adherence to treatment plans. However, limited research exists on the association of
telerehabilitation with adverse events, potentially hindering its broader adoption and utilization

in healthcare.

Objective: This systematic review of randomized controlled trials aims to summarize existing

research on adverse events related to telerehabilitation delivery.

Methods: This review was conducted according to the methodological framework outlined by
the Joanna Briggs Institute. Studies were identified from MEDLINE ALL, EMBASE, APA
PsycINFO, CENTRAL, and CINAHL. Included studies were randomized controlled trials
published between 2013 and 2023, written in English, and had no geographic or delivery mode
restrictions. Data extraction utilized the Template for Intervention Description and Replication
(TIDieR) framework, along with authors, publication year, sample size, specific
telerehabilitation modes, and the incidence, type, severity, and relatedness of reported adverse
events. Methodological quality was assessed using the Cochrane risk of bias tool and the

certainty of evidence was evaluated using the GRADE tool.

Results: Search results identified 9,022 references, of which 37 randomized controlled trials met
the criteria for inclusion. There were a total of 3,166 participants, with a mean age of 57.4 years,
and 32.3% being female. Various delivery modes were utilized, with videoconferencing
emerging as the most frequently employed method. A total of 201 adverse events were recorded
during 65,352 sessions (0.31% or 3.1/1000 sessions). These events were predominantly physical
(e.g., falls, palpitations), non-serious/mild, and not directly attributed to the telerehabilitation
intervention. Additionally, 92.2% of included studies implemented various safety practices

including vital signs monitoring, safety checklists, and scheduled check-ins with study personnel.

Conclusion: This review demonstrates that telerehabilitation exhibits a generally safe profile as

https://preprints.jmir.org/preprint/68681 [unpublished, peer-reviewed preprint] 3
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an alternative to in-person rehabilitation, with most reported adverse events being rare, non-
serious/mild, and unrelated to telerehabilitation protocols. However, more extensive research
with detailed reporting on adverse events characteristics is needed. Moreover, future research
should evaluate the effectiveness of different safety practices and their association with adverse
events. An enhanced understanding of potential risks in telerehabilitation can foster broader

adoption while ensuring its safe implementation among healthcare providers and patients.
Protocol Registration: PROSPERO (CRD42024518902)

Keywords: Telerehabilitation; Telehealth; Remote healthcare; Safety; Exercise
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Introduction

Telerehabilitation refers to the delivery of rehabilitation services through communication
technologies, allowing patients to connect with therapists remotely without needing to be in the
same physical space [1, 2]. These services can be provided synchronously, with live therapist
interactions, or asynchronously, where patients perform therapeutic activities independently [3,
4]. Telerehabilitation has been successfully implemented across various rehabilitation fields,
including physical therapy, occupational therapy, and speech language therapy, and its benefits
have been described in neurological populations as well as during the early stages of the
COVID-19 pandemic [5, 6].

In recent years, telerehabilitation has gained rapid popularity due to its ability to
overcome barriers such as geographic distance, mobility limitations, and scheduling constraints,
while also reducing costs by minimizing facility and resource use [7, 8]. For example, the
American Physical Therapy Association found that telerehabilitation is superior to in-person
rehabilitation with respect to adherence for certain health conditions [9]. The surge in utility was
accelerated by the COVID-19 pandemic, which increased the demand for remote and easily
accessible healthcare solutions [10].

Despite these advantages, telerehabilitation is not without risks. For instance, patients
could incur a burn while cooking during a video-based occupational therapy session or sustain
soft-tissue injuries from over-exercising during an asynchronous text or phone-based
physiotherapy session. A mixed methods study on individuals with chronic knee pain found that
36% of participants initially expressed negative feelings about telerehabilitation due to doubts
about its effectiveness, the inability of physiotherapists to physically assess them, and concerns
about difficulty communicating using technology [11].

Assessing the safety of telerehabilitation is important for guiding decisions made by

https://preprints.jmir.org/preprint/68681 [unpublished, peer-reviewed preprint] 5
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patients, providers, and funders. For patients, a clearer understanding of its safety can offer
reassurance and encourage broader adoption of telerehabilitation [12]. Providers rely on safety
data to tailor treatments to individual conditions and refine protocols to minimize adverse events
[13]. Funders rely on this information to justify coverage decisions and guide the allocation of
resources and financial support [14]. Additionally, patients in rehabilitation often have physical
or cognitive deficits that make them more vulnerable to risks compared to general telemedicine
users, making the evaluation of telerehabilitation safety even more critical for preventing
exacerbating existing conditions or for introducing new risks [15].

A scoping review by Yau and colleagues explored the association between
telerehabilitation and adverse events [16]. They found that adverse events were reported in 0.3%
of sessions, with most being physical, non-serious/mild, and unrelated to the telerehabilitation
intervention. While scoping reviews identify broad patterns in the literature, they do not offer in-
depth assessments of study outcomes or assess the quality of individual studies. A systematic
review can follow a scoping review when a more detailed and specific understanding of
outcomes is required. Therefore, the objective of this systematic review is to assess the safety of
telerehabilitation by examining the incidence, type, severity, and relatedness of adverse events
reported in randomized controlled trials. Moving from a scoping review to a systematic review
aligns with the purpose of a scoping review, as it builds on the initial broad exploration by

transitioning into a more detailed examination of specific research questions [17].

Methods

This systematic review was registered with PROSPERO (CRD42024518902) and drafted
in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses

statement (PRISMA) [18].

Eligibility Criteria

The inclusion criteria for this review encompassed randomized controlled trials of any
type (e.g., parallel, crossover, cluster) that (1) evaluated telerehabilitation interventions, (2)
reported on any adverse events that occurred, and (3) were published between 2013 and 2023, as

2013 marked the beginning of significant advancements and widespread adoption of video

https://preprints.jmir.org/preprint/68681 [unpublished, peer-reviewed preprint] 6
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communication technologies [19]. Studies that assessed a variety of patient populations (e.g.,
cardiac rehabilitation, postoperative rehabilitation) and modes (e.g., asynchronous, synchronous,
hybrid) of telerehabilitation were included. We excluded studies that (1) only provided home-
based exercise programs without interactions from a therapist to adjust or monitor the exercise

program and (2) were not written in English.

Search Strategy and Information Sources

Literature search strategies were developed by an experienced health sciences librarian
with input from the investigators. Search terms included Medical Subject Headings (MeSH),
EMTREE terms, American Psychological Association (APA) thesaurus terms, and Cumulative
Index to Nursing and Allied Health Literature (CINAHL) headings and text words related to
telerehabilitation and adverse events. The search strategy was tested in MEDLINE ALL and
reviewed by the research team. Once the MEDLINE ALL test strategy was agreed upon, it was
translated using the command language, controlled vocabulary, and appropriate search fields for
each database and search platform. Studies were then identified by searching the following
databases on the Ovid platform: MEDLINE ALL, EMBASE, APA PsycINFO, and Cochrane
Central Register of Controlled Trials (CENTRAL). The CINAHL database was searched on the
EBSCOhost platform. This search strategy was first implemented in the scoping review by Yau
and colleagues from January 2013 to June 2023 on June 26, 2023 [16]. The current research team
then identified the randomized controlled trials from the extracted studies and confirmed their
eligibility for this systematic review. On January 8, 2024, the search was repeated and extended
to include studies published between June 2023 and December 2023. The same search strategy
was used, although it was restricted to randomized controlled trials. The search strategy used for

each database can be viewed in Appendix 1.

Study Selection and Data Extraction

Two reviewers (HS and JC) performed a pilot test and then completed the title and
abstract screening independently and in duplicate. The full texts of potentially relevant articles
were subsequently retrieved and screened (also independently and in duplicate). At all stages of
the review, conflicts were resolved by using discussion to reach consensus or by a third party

(TY).

https://preprints.jmir.org/preprint/68681 [unpublished, peer-reviewed preprint] 7
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Reviewers HS and JC then independently piloted the extraction form with a random
sample of studies and made necessary revisions. Data extracted from publications included study
characteristics, participant characteristics, intervention characteristics, and adverse events. Data
extraction on intervention characteristics aligned with the Template for Intervention Description
and Replication (TIDieR) framework [20]. Information on the incidence, type, severity, and
relatedness of adverse events, safety measures implemented for the telerehabilitation

interventions, as well as information on adverse events within control groups was also collected.

Data Synthesis

Data from the extraction form were summarized descriptively using counts, proportions,
and incidence rates where applicable. Subgroup analyses based on study characteristics (e.g.,
rehabilitation population) were conducted to explore patterns in adverse event reporting. This
involved aggregating reported event rates and comparing distributions across categories to
identify potential trends in the findings.

A meta-analysis was not conducted due to substantial heterogeneity in study populations,

interventions, and outcome reporting.

Risk of Bias Assessment

Five reviewers (HS, JC, TY, AK, and MG) independently evaluated the risk of bias in the
included studies. Version 2 of the Cochrane risk-of-bias tool for randomized trials (RoB 2) was
used to appraise all randomized controlled trials [21]. For each included study, reviewers worked
through individual domains within the tool and then assigned an overall risk-of-bias judgement.
All studies were evaluated based on five key methodological elements: randomization process,
blinding of participants and assessors, completeness of outcome data, validity of outcome

measurement, and selection of reported results.

Certainty of Evidence Evaluation

The certainty of evidence was evaluated using the GRADE tool, which considers factors
including study design, risk of bias, inconsistency in results, indirectness of evidence,
imprecision of results, publication bias, effect size, plausible confounding, and dose response

gradient.

https://preprints.jmir.org/preprint/68681 [unpublished, peer-reviewed preprint] 8
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Results

Study Selection

The search of all databases resulted in 9,022 articles, of which 1,008 were removed for
duplication. A total of 7,754 were excluded following a review of the title and abstract, and 223
were excluded following full text review. The selection process with reasons for article exclusion
at each stage is presented in Figure 1. Ultimately, 37 articles met the inclusion criteria for data

extraction and risk of bias assessment (Figure 1).

Identification of studies via databases and registers Identification of studies via other methods
— _
Records identified from:
g Databases (n = 665)
E-] Records removed before i
8 CENTRAL (n = 240) | screening: Re‘i‘j’rds 'delm‘f'ed from:
"g' Embase (n = 207) i Duplicate records remaved (:E ;;]a - SCOPINg Teview
) MEDLINE (n = 160) [n=175) -
= CINAHL (n = 47)
PsycINFO (n=11)
| S
[ l
Records screened »| Records excluded
{n = 490) T (n=408)
2
[=
: !
3
;ﬂi';i;;reports assessed for Reporis excluded: 67
(= 82) Wrong cutcomes (n = 22)
= Wrong intervention (n = 10)
Wrong study design (n = 3)
Wrong comparator (0 = 2)
Study ongoing (n = 8)
Full text not available {n = 19)
Duplicate (n=3)

New studies included in review

(n=15)
|

Total studies included in review
n=37) -

Figure 1: PRISMA flow diagram.

Description of the Included Studies

All of the included articles were randomized controlled trials. The studies were conducted
in 22 countries, with the three most common countries being China [22-27], the USA [28-32],
and Australia [33-36]. The majority of articles were published following the COVID-19
pandemic, with 30 (81%) published from 2020 onward [22, 23, 25-32, 34-53].

The included studies spanned a number of rehabilitation populations: 11 (30%) focused

https://preprints.jmir.org/preprint/68681 [unpublished, peer-reviewed preprint] 9
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on musculoskeletal conditions involving interventions like balance, stretching, strengthening,
and aerobic exercises [25, 29, 30, 32, 37, 40, 44, 50, 51, 54, 58], nine (24%) focused on cardiac
conditions [23, 24, 28, 33, 39, 43, 46, 53, 56], six (16%) focused on stroke [26, 27, 35, 38, 45,
52], six (16%) focused on other areas of neurorehabilitation [41, 42, 47, 49, 55, 57], three (8%)
focused on pulmonary conditions [22, 31, 34], one (3%) focused on cancer [48], and one (3%)
focused on burns [36].

A total of 3,166 participants were represented across the studies, with 1,620 and 1,546 in
the intervention and control groups respectively. There were 1,023 female participants,
accounting for 32% of the overall sample size. The participants in the intervention and control
groups were similar at baseline in all studies. The mean age of participants ranged from 28.2 to

74.9 years. Appendix 2 provides a summary of the participant and intervention characteristics.

Intervention Characteristics

In 68% (n = 25) of the studies, the rehabilitation intervention was provided exclusively
by a physiotherapist, occupational therapist, or their respective assistants. Three studies (8%)
[23, 27, 48] utilized a physician to deliver the rehabilitation, which included exercise training
and counseling, while four studies (11%) involved an interdisciplinary team. In one study
examining pulmonary rehabilitation with esophageal cancer participants [22], the
interdisciplinary team included the head of the nursing department in thoracic surgery, at least
one doctor who participated in the surgery, and three experienced nurses. Another study
investigating cardiac rehabilitation in patients with heart failure in China [24] featured
telerehabilitation delivered by a multidisciplinary team comprised of physiotherapists, cardiac
nurses, and psychiatric nurses.

In 36 studies (97%), participants completed therapy sessions from their respective homes,
with only one study having participants complete rehabilitation at a fitness center [58]. Thirty-
two (89%) rehabilitation protocols were entirely virtual and five (13%) [28, 34, 45, 55, 56]
included an in-person component. In 15 studies (40%) [23, 24, 26, 28, 29, 31, 33, 34, 36, 38, 39,
41, 44, 47, 51], therapists connected with patients synchronously, while 22 studies (60%) used
asynchronous telerehabilitation. The intervention period ranged from three weeks to one year,
with a 3-month protocol being the most common. Of the 27 studies (73%) that reported

adherence, two achieved a 100% adherence rate [44, 47].

https://preprints.jmir.org/preprint/68681 [unpublished, peer-reviewed prepri nil]o
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In 29 studies (78%), study personnel tailored the intervention to participants based on
factors such as interest in physical exercise, rehabilitation goals, heart rate zones, and functional
ability [23-29, 31-34, 36-39, 42, 45, 47-58]. Two (5%) interventions carried out standardized
testing before the intervention and used these results to personalize the rehabilitation protocol
[50, 53]. For example, Cerdan de las Heras and colleagues used a baseline 6-minute walk test
and an interview focused on participants’ daily activity to individualize the telerehabilitation
program for sarcoidosis participants [50]. Twenty-two (59%) interventions utilized devices such
as smartwatches, heart rate belts, electrocardiograms (ECGs), blood pressure cuffs, pulse
oximeters, pedometers, and various software tools to virtually monitor participants’ progress [22-
24, 27-31, 33-35, 37, 38, 40, 41, 45, 46, 49-51, 54, 56]. In eight of these interventions, therapists
used the collected data to adjust the rehabilitation protocol throughout the study period or to
ensure that the protocol was being carried out safely [24, 27, 30, 33, 40, 41, 50, 51].

Aside from vital signs monitoring, 54% (n = 20) of the studies used additional risk
mitigation strategies. Eleven studies (30%) implemented strategies to mitigate risks including
scheduled follow-up times to review adverse events or general questions [22, 23, 29, 30, 35, 43,
46, 48, 53, 57, 58], on-call availability of study personnel for addressing concerns [31, 39, 44,
47, 52], educational sessions on pain and injury prevention [24, 29, 32, 36], and the presence of
caregivers to assist in case of emergencies [24, 41]. A study by Capin and colleagues, which
provided high-intensity strength training and aerobic exercise to 13 COVID-19 survivors [29],
described how the therapists optimized participants’ home environments to enhance safety, such
as by instructing them to perform balance exercises near a bed to prevent falls.

A summary of the distribution of rehabilitation populations, synchronous versus
asynchronous protocols, and full versus hybrid telerehabilitation interventions is presented in

Figure 2.

https://preprints.jmir.org/preprint/68681 [unpublished, peer-reviewed prepri ng} 1
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Musculoskeletal

Neuro

Stroke

Cardiac

Full telerchabilitation

Synchronous

Asynchronous

Figure 2: Intervention characteristics. A. Distribution of rehabilitation populations represented
across all included studies. B. Distribution of interventions using full versus hybrid
telerehabilitation. C. Distribution of interventions using synchronous versus asynchronous

telerehabilitation.

Control Characteristics
In 30 studies (81%), the control group received usual care or center-based rehabilitation
[22-24, 26-28, 30-39, 42-47, 49-54, 56, 58]. Five studies (13%) [40, 41, 48, 51, 57] provided

control participants with booklets offering guidance on independent exercises. Three studies

https://preprints.jmir.org/preprint/68681 [unpublished, peer-reviewed prepri nil] 2
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(8%) included education sessions or scheduled follow-ups with study personnel [25, 29, 44].

Incidence of Adverse Events

Appendix 3 summarizes the adverse events reported in the included telerehabilitation
interventions. A total of 201 adverse events were recorded during 65,352 sessions (0.31 adverse
events/100 sessions). All studies reported information on the incidence of adverse events. In
contrast, information on the type, severity, and relatedness of adverse events to the
telerehabilitation intervention was infrequently documented. Among the nine studies (24%) that
provided severity details, seven classified their adverse events as mild or non-serious, while the
other two classified them as severe or serious. Mild adverse events included dizziness [26],
fatigue [26, 52], and dry eyes [26], with the most frequently cited being physical issues such as
pain [41, 51, 52, 55] and falls [28, 41, 52, 57]. A study by Snoek and colleagues which delivered
cardiac telerehabilitation asynchronously to 65 elderly patients [53] reported three serious
adverse events over the intervention period, including vestibular disorder, vasovagal collapse,
and knee injury during gardening that required surgery. These adverse events were ultimately
determined to be unrelated to the telerehabilitation intervention. Of the 11 studies (30%) that
documented relatedness, eight [27, 31, 39, 41, 42, 52, 55, 56] determined that their adverse
events were unrelated to the intervention, while three studies for cardiac [28], neurological [55],
and musculoskeletal [51] rehabilitation populations reported a relation or possible relation. For
example, Nuevo and colleagues found a potential link between ReHub®, an interactive
telerehabilitation system, and a fall [51]. However, no studies reported a serious adverse event
that was related to telerehabilitation. A summary of the incidence, severity, and relatedness of
adverse events across various rehabilitation populations is illustrated in Figure 3.

Regarding the control groups, a total of 137 adverse events were recorded during 29,688
sessions (0.46 adverse events/100 sessions). As with the intervention groups, information on the
type, severity, and relatedness of adverse events was infrequently provided. Among the 12
studies (32%) that documented adverse events, nine offered additional details. Most of these
adverse events were mild or non-serious, including diaphoresis [33], flu symptoms [41], and pain
[41, 55]. One study by van der Kolk and colleagues, which provided asynchronous
telerehabilitation to 23 patients with Parkinson’s disease [55], reported four serious adverse

events: supraventricular tachycardia, hip fracture, fall-related injury, and severe dyskinesias.
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These events were determined to be unrelated to the control group protocol. Conversely, the

same study also identified four non-serious adverse events related to back pain, which were

found to be potentially related to the control group protocol.
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Adverse events. A. Incidence of adverse events per 100 sessions across rehabilitation
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populations. B. Distribution of adverse event severity across rehabilitation populations. C.

Distribution of adverse event relatedness to the intervention across rehabilitation populations.

Risk of Bias Assessment

The risk of bias assessment is detailed in Figure 4. Thirty-six studies (97%) demonstrated
adequate randomization and allocation concealment, although one study [28] did not meet the
criteria due to an insufficient description of the randomization process (Appendix 4). Regarding
blinding, it is often impractical to blind participants and personnel delivering the intervention in
telerehabilitation studies [9]. However, six studies (16%) [31, 41, 47-50] successfully blinded
trial personnel to participants’ group assignments. In 31 studies (84%), the absence of blinding
did not lead to deviations from the intended interventions. Potential bias was identified in two
studies (5%) [29, 45] where deviations were mainly attributed to missing information. With
respect to the availability of outcome data, 34 studies (92%) were rated as low risk. Regarding
outcome measurement, nine studies (24%) [28, 33, 34, 39, 44-46, 52, 58] had potential bias due
to either outcome assessors being aware of participant assignments or missing information.
Thirty-six studies (97%) had no risk of bias related to the selection of reported results. Overall,
26 studies (70%) were assessed as having a low risk of bias [22-27, 29, 30, 32, 34-38, 40-43, 47-
51, 54, 55, 57], nine (24%) had a moderate risk of bias [31, 33, 39, 44-46, 53, 56, 58], and two
(5%) had a high risk of bias [28, 52].

Bias arising from the randomization process

Bias due to deviations from intended interventions
Bias due to missing cutcome data

Bias in measurement of the outcome

Bias in selection of the reported result

Overall risk of bias

0% 25% 50% 75% 100%

. Liowy risk D Same concarms . Hig risk

Figure 4: Risk of bias assessment. Red denotes high risk, yellow unclear risk, and green low risk.

Certainty of Evidence Evaluation

For the adverse event outcome, there was serious inconsistency in the results; however,
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the risk of bias, indirectness of evidence, and imprecision of results were not considered serious.

Overall, this led to a moderate certainty of evidence.

Discussion

Principal Findings

The objective of this systematic review was to determine the association between
telerehabilitation and adverse events reported in randomized controlled trials. These findings
build on a recent scoping review by Yau and colleagues [16] and provide a more in-depth
analysis of adverse events and study rigour. To our knowledge, this is the first systematic review
to provide a comprehensive summary of adverse events in telerehabilitation across numerous
patient populations. Overall, 68% (n = 25) of the included studies reported no adverse events in
either their telerehabilitation interventions or control groups. Among the studies that did report
adverse events, the majority were classified as non-serious/mild and physical in nature. With
respect to safety and monitoring, 59% (n = 22) of studies used tools such as smartwatches and
online software to allow virtual tracking and monitoring by rehabilitation personnel.
Additionally, 54% (n = 20) of studies incorporated further risk-mitigation strategies, such as

patient education sessions and adjustments to activities for safety within the home environment.

Comparison to Prior Work

When comparing these findings to in-person rehabilitation, outcomes vary depending on
the type of rehabilitation and patient populations involved. The most frequent form of
telerehabilitation in this review was musculoskeletal-related, including strengthening, stretching,
and balance exercises. Niemeijer and colleagues conducted a systematic review and meta-
analysis of 773 studies that evaluated the relative risk (RR) of adverse events for musculoskeletal
rehabilitation in various in-person settings, including outpatient centers, hospitals, and long-term
care homes [59]. Compared to control groups, in-person rehabilitation did not increase the risk of
serious adverse events. However, there was an RR of 1.19 (95% CI 1.09 to 1.30) for non-serious
adverse events, translating to a number needed to harm of six. With respect to cardiac
rehabilitation, Dalal and colleagues conducted a systematic review and meta-analysis of 23

randomized controlled trials comparing center-based and home-based cardiac rehabilitation [60].
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They found no significant differences in outcomes such as mortality and cardiac events. Other
systematic reviews on in-person pulmonary rehabilitation in chronic obstructive pulmonary
disease patients [61] and burn rehabilitation [62] reported comparable findings, including a
generally low incidence of adverse events, most of which were mild/non-serious. Therefore,
across various patient populations, telerehabilitation appears to have a safety profile similar to
that of in-person rehabilitation. Although adverse events are generally infrequent, mild/non-
serious incidents cannot be entirely excluded.

The majority of reported adverse events in this systematic review were classified as
physical in nature, with 111 of the 201 adverse events falling into this category. The most
frequently reported physical adverse events were “falls” and “pain”. These findings align with a
systematic review of clinical outcomes in telerehabilitation for individuals with physical
disabilities, which also identified “falls” as a common adverse event across 22 studies [63]. This
prevalence may stem from the clinical conditions or baseline risk factors of individuals requiring
rehabilitation, which heighten susceptibility to incidents like falls. Therefore, regular check-ins
focused specifically on pain management and fall prevention strategies may be particularly
beneficial in telerehabilitation. It is also important to note that the definition of a “physical”
adverse event varied significantly among studies, with some including “fatigue” and “tiredness”
within this classification. These symptoms are expected following participation in therapy and
exercise, and may not be consistently classified as adverse events by investigators across all
studies. Future research should establish standardized definitions for adverse events in

telerehabilitation to enhance comparability across studies.

Implications of Findings

Adverse events also differed among studies that featured real-time interactions between
patients and their therapists compared to those utilizing asynchronous methods, during which
therapy and feedback occurred at different times. Specifically, 45 adverse events across 2,972
sessions (1.52/100 sessions) were reported in synchronous telerehabilitation, compared to 156
adverse events across 37,960 sessions (0.41/100 sessions) in asynchronous telerehabilitation.
This difference may be attributed to the more immediate and direct observation of adverse events
in synchronous interventions, where therapists can witness and report events in real time.

Additionally, real-time interactions in synchronous sessions may encourage patients to be more
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active or engage in higher-intensity activities, potentially leading to more frequent adverse
events. In contrast, some asynchronous interventions, such as the cardiac telerehabilitation
program by Snoek and colleagues [53], relied on scheduled check-ins where patients self-
reported adverse events. Other asynchronous interventions, such as a strengthening intervention
by Hume and colleagues [37], allowed patients to record adverse events in a notebook at any
time. Future research is needed to better understand how the mode of communication in
telerehabilitation influences the reporting and recognition of adverse events.

An important consideration in evaluating adverse events is whether they are directly
attributable to the intervention or incidental to the patient’s underlying conditions. Of the 12
interventions (32%) reporting adverse events, nine provided information on their relatedness to
the intervention: one was deemed related, three had mixed causality, and five were unrelated. For
instance, Keteyian and colleagues [28] reported a fall related to their remote cardiac
rehabilitation program, although they did not explore which specific aspects of the intervention
may have contributed to this event. Van der Kolk and colleagues [55] found that 74% of adverse
events in their aerobic exercise telerehabilitation program for patients with Parkinson’s disease
were unrelated to the intervention, though a potential relationship could not be excluded in the
remaining cases, as these events may have represented a worsening or recurrence of the patient’s
pre-existing conditions. Notably, all potentially related adverse events were classified as non-
serious. Further research is needed to clarify which specific components of telerehabilitation
interventions may account for the varying relationships observed between the interventions and
adverse events. Moreover, standardized reporting frameworks should be implemented in future
studies to capture all relevant characteristics of adverse events, including their relatedness and
severity.

The included studies utilized a range of approaches to deliver telerehabilitation, from
various technologies to more traditional methods like booklet-based exercise programs. Studies
employing videoconferencing reported the highest rate of adverse events, with 1.96 events per
100 sessions. This may be due to the real-time nature of videoconferencing, which could lead to
increased reporting from therapists compared to methods that rely on patient self-report. The
second-highest rate was observed in studies where patients followed independent exercise
programs (1.23 events per 100 sessions), possibly due to reduced therapist monitoring of safety.

Studies involving technologies such as virtual reality and exergaming software had 0.77 events
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per 100 sessions, though they were only utilized in two studies (5%), likely because they are
newer technologies. In contrast, studies that implemented monitoring devices (e.g., heart rate
monitors, ECGs, motion sensors) and uploaded their data to a mobile or web platform for review
by rehabilitation personnel had the lowest rate of adverse events (0.31 events per 100 sessions).
The abundance of quantitative data these devices provided may have facilitated more thorough
monitoring and detection of potential issues, allowing for timely intervention. These findings
suggest a potential benefit in utilizing telerehabilitation methods with greater therapist oversight
or continuous data monitoring, though further research is needed to fully understand these
relationships, especially given the novelty of some technologies.

A significant aspect of reducing adverse events in telerehabilitation is the implementation
of safety measures, and 32 studies (86%) provided practical examples of how these were
integrated into their interventions. For instance, in a pulmonary telerehabilitation program for
COVID-19 survivors, Capin and colleagues [29] required physiotherapists to complete a
systematic safety checklist before each session, which included reviewing participants’
emergency contact information, vital signs, and any adverse events (e.g., emergency room visits,
hospitalizations, new or worsening symptoms) since the last visit. Similarly, Peng and colleagues
[24] conducted a 60-minute education session on exercise before rehabilitation and requested
that patients’ caregivers be present during the sessions. Notably, both of these studies reported
zero adverse events across 1,904 telerehabilitation sessions. Among the 11 studies (30%) that
implemented scheduled safety check-ins with rehabilitation personnel, only two recorded
adverse events [53, 57]. Additionally, five studies (13%) required the on-call availability of
personnel, with just two reporting any adverse events [39, 52]. These findings suggest a potential
association between the implementation of defined safety strategies and a reduced number of
adverse events during telerehabilitation. However, more research is needed to objectively
evaluate the efficacy of these measures. Professional organizations, including the American
Physical Therapy Association, have emphasized the need for further research into the
effectiveness of specific safety protocols for telerehabilitation, such as standardized assessments
and checklists [9]. This underscores the importance of developing and continuously updating
evidence-based guidelines to ensure patient safety in telerehabilitation programs as they continue

to expand in use.

https://preprints.jmir.org/preprint/68681 [unpublished, peer-reviewed prepri n‘tl]9



JMIR Preprints Shnitzer et a

Strengths and Limitations

The strengths of this study stem from a comprehensive search strategy created in
collaboration with a health sciences librarian. The review process adhered to PRISMA best
practice guidelines, with all phases, including data screening and extraction, conducted
independently and in duplicate by two investigators. Additionally, an analysis of study quality
using the Cochrane RoB 2 tool showed that 70% (n = 26) of the included studies had a low risk
of bias.

However, this study also has limitations. First, 76% (n = 28) of included studies provided
insufficient reporting on adverse events, particularly regarding severity and relatedness. This
limitation may have hindered our ability to capture a comprehensive understanding of adverse
events in telerehabilitation settings. This issue has been well documented in other reviews [65-
67]. Therefore, it is essential to emphasize the importance of thorough data collection on adverse
events and to develop standardized reporting frameworks. Second, there was a small sample size
in some studies, with five studies having intervention groups of fewer than 10 participants. The
limited statistical power of these studies may have reduced their ability to detect significant
differences in adverse event incidence between the intervention and control groups. Future
research should prioritize larger, well-powered randomized controlled trials to improve the
reliability of findings and allow for more robust conclusions regarding the safety of
telerehabilitation. Third, there was an underrepresentation of certain telerehabilitation settings
(e.g., burn rehabilitation, cancer rehabilitation), as well as younger and older age groups.
Notably, only 12 studies (32%) had a mean participant age over 65, and none had a mean age
below 18. This may limit the generalizability of the findings to specific telerehabilitation settings
and age groups. Efforts were made to mitigate this limitation by including telerehabilitation
interventions across a range of patient populations. Broadening the search criteria to explore
databases specializing in pediatric or geriatric populations may enhance the applicability of the
results. Fourth, the participants in randomized controlled trials often represent “ideal” patients
without complex health profiles or comorbidities, limiting the applicability of our findings to the
general public. This may lead to an overestimation of the safety and effectiveness of
telerehabilitation. Fifth, this study did not include a meta-analysis, which may have limited the
ability to draw more precise conclusions regarding the safety of telerehabilitation. Future

systematic reviews should include meta-analyses to better quantify the incidence, type, severity,
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and relatedness of adverse events associated with telerehabilitation. Sixth, only studies written in
English were included, which may have led to language bias and the exclusion of relevant
studies published in other languages. To address this, future research could expand the inclusion
criteria to allow for non-English studies or utilize translation services to capture a broader range

of evidence.

Conclusions

This systematic review examining adverse events in telerehabilitation found that
telerehabilitation can be a safe alternative to in-person rehabilitation. A total of 37 studies were
included, with 25 (68%) reporting zero adverse events across 24,450 sessions. Among those that
did report adverse events, most were physical, non-serious, and unrelated to the telerehabilitation
intervention. Additionally, the included studies identified several safety practices that may
enhance telerehabilitation delivery. However, further research is needed to determine the impact
of specific protocols on telerehabilitation safety. Future studies should also prioritize the
development of standardized reporting for adverse events to address the underreporting observed

in current randomized controlled trials.

https://preprints.jmir.org/preprint/68681 [unpublished, peer-reviewed prepri na 1



JMIR Preprints Shnitzer et a

Acknowledgements
All the authors (HS, JC, TY, MM, AA, AK, MB, CFL, MG, and SM) have made substantial
contributions to the study design, analysis, and interpretation of the paper, drafted and critically

revised the paper, and have approved the submitted version.

Conflicts of Interest
The authors declare no conflicts of interest. The authors declare that no competing financial

interests exist.

Abbreviations

APA: American psychological association

CENTRAL: Cochrane central register of controlled trials

CINAHL: cumulative index to nursing and allied health literature

ECGs: electrocardiograms

MeSH: medical subject headings

PRISMA: preferred reporting items for systematic reviews and meta-analyses
RoB 2: risk of bias 2

RR: relative risk

TIDieR: template for intervention description and replication

https://preprints.jmir.org/preprint/68681 [unpublished, peer-reviewed prepri n%2



JMIR Preprints Shnitzer et a

References

1. Muiioz-Tomas MT, Burillo-Lafuente M, Vicente-Parra A, Sanz-Rubio MC, Suarez-Serrano C,
Marcén-Roman Y, Franco-Sierra MA. Telerehabilitation as a Therapeutic Exercise Tool versus
Face-to-Face Physiotherapy: A Systematic Review. Int J Environ Res Public Health.
2023;20(5):4358. PMID: 36901375 doi:10.3390/ijerph20054358

2. Nuara A, Fabbri-Destro M, Scalona E, Lenzi SE, Rizzolatti G, Avanzini P. Telerehabilitation in
response to constrained physical distance: an opportunity to rethink neurorehabilitative routines.
J Neurol. 2022;269(2):627-638. PMID: 33449202 doi:10.1007/s00415-021-10397-w

3. Tenforde AS, Borgstrom H, Polich G, Steere H, Davis IS, Cotton K, O’Donnell M, Silver JK.
Outpatient Physical, Occupational, and Speech Therapy Synchronous Telemedicine: A Survey
Study of Patient Satisfaction with Virtual Visits During the COVID-19 Pandemic. Am J Phys
Med Rehabil. 2020;99(11):977-981. PMID: 32804713 doi:10.1097/PHM.0000000000001571

4. Tanhan A, Ozer AY, Timurtas E, Batirel A, Polat MG. Is asynchronous telerehabilitation equal to
synchronous telerehabilitation in COVID-19 survivors with classes 4-6? J Telemed Telecare.
2023:1357633X231189761. PMID: 37545432 doi:10.1177/1357633X231189761

5. Hailey D, Roine R, Ohinmaa A, Dennett L. The status of telerehabilitation in neurological
applications. J Telemed Telecare. 2013;19(6):307-310. PMID: 24163293
doi:10.1177/1357633X13501775

6. Nguyen G, King K, Stirling L. Telerehabilitation use and experiences in occupational and
physical therapy through the early stages of the COVID-19 pandemic. PLoS One.
2023;18(11):e0291605. PMID: 37939089 doi:10.1371/journal.pone.0291605

7. Zheng J, Hou M, Liu L, Wang X. Knowledge Structure and Emerging Trends of
Telerehabilitation in Recent 20 Years: A Bibliometric Analysis via CiteSpace. Front Public
Health. 2022;10:904855. PMID: 35795695 doi:10.3389/fpubh.2022.904855

8. McCue M, Fairman A, Pramuka M. Enhancing Quality of Life through Telerehabilitation. Phys
Med Rehabil Clin N Am. 2010;21(1):195-205. PMID: 19951786 doi:10.1016/j.pmr.2009.07.005

9. Lee AC, Deutsch JE, Holdsworth L, Kaplan SL, Kosakowski H, Latz R, McNeary LL, O’Neil J,

https://preprints.jmir.org/preprint/68681 [unpublished, peer-reviewed prepri n%S



JMIR Preprints Shnitzer et a

10.

11.

12.

13.

14.

15.

16.

17.

Ronzio O, Sanders K, Sigmund-Gaines M, Wiley M, Russell T. Telerehabilitation in Physical
Therapist Practice: A Clinical Practice Guideline From the American Physical Therapy
Association. Physical Therapy. 2024;104(5):pzae045. PMID: 38513257 doi:10.1093/ptj/pzae045
Kocyigit BF, Assylbek MI, Yessirkepov M. Telerehabilitation: lessons from the COVID-19
pandemic and future perspectives. Rheumatol Int. 2024;44(4):577-582. PMID: 38321330
doi:10.1007/s00296-024-05537-0

Lawford BJ, Bennell KL, Kimp A, Campbell PK, Hinman RS. Understanding Negative and
Positive Feelings About Telerehabilitation in People With Chronic Knee Pain: A Mixed-Methods
Study. J Orthop Sports Phys Ther. 2024;54(9):594-607. PMID: 39207737
doi:10.2519/jospt.2024.12383

Tyagi S, Lim DSY, Ho WHH, Koh YQ, Cai V, Koh GCH, Legido-Quigley H. Acceptance of
Tele-Rehabilitation by Stroke Patients: Perceived Barriers and Facilitators. Arch Phys Med
Rehabil. 2018;99(12):2472-2477. PMID: 29902469 doi:10.1016/j.apmr.2018.04.033

Luxton DD, Sirotin AP, Mishkind MC. Safety of Telemental Healthcare Delivered to Clinically
Unsupervised Settings: A Systematic Review. Telemed E-Health. 2010;16(6):705-711. PMID:
20583951 doi:10.1089/tmj.2009.0179

Del Pino R, Diez-Cirarda M, Ustarroz-Aguirre I, Gonzalez-Larragan S, Caprino M, Busnatu S,
Gand K, Schlieter H, Gabilondo I, Gomez-Esteban JC. Costs and effects of telerehabilitation in
neurological and cardiological diseases: A systematic review. Front Med. 2022;9:832229. PMID:
36523783 doi:10.3389/fmed.2022.832229

Brennan DM, Barker LM. Human factors in the development and implementation of
telerehabilitation systems. J Telemed Telecare. 2008;14(2):55-58. PMID: 18348747 doi:10.1258/
jtt.2007.007040

Yau T, Chan J, McIntyre M, Bhogal D, Andreoli A, Leochico CFD, Bayley M, Kua A, Guo M,
Munce S. Adverse events associated with the delivery of telerehabilitation: A scoping review
protocol. PLoS One. 2024;19(2):e0297908. PMID: 38381732 doi:10.1371/journal.pone.0297908
Tricco AC, Lillie E, Zarin W, O’Brien KK, Colquhoun H, Levac D, Moher D, Peters MDJ,
Horsley T, Weeks L, Hempel S, Akl EA, Chang C, McGowan J, Stewart L, Hartling L, Aldcroft
A, Wilson MG, Garritty C, Lewin S, Godfrey CM, Macdonald MT, Langlois EV, Soares-Weiser
K, Moriarty J, Clifford T, Tuncalp O, Straus SE. PRISMA Extension for Scoping Reviews
(PRISMA-ScR): Checklist and Explanation. Ann Intern Med. 2018;169(7):467-473. PMID:

https://preprints.jmir.org/preprint/68681 [unpublished, peer-reviewed prepri n?]4



JMIR Preprints Shnitzer et a

18.

19.

20.

21.

22.

23.

24.

25.

26.

30178033 doi:10.7326/M18-0850

Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group. Preferred reporting items for
systematic reviews and meta-analyses: the PRISMA statement. BMJ. 2009;339:b2535-b2535.
PMID: 19622551 doi:10.1136/bmj.b2535

Jalali MS, Landman A, Gordon WJ. Telemedicine, privacy, and information security in the age of
COVID-19. J Am Med Inform Assoc. 2021;28(3):671-672. PMID: 33325533 doi:10.1093/jamia/
ocaa310

Hoffmann TC, Glasziou PP, Boutron I, Milne R, Perera R, Moher D, Altman DG, Barbour V,
Macdonald H, Johnston M, Lamb SE, Dixon-Woods M, McCulloch P, Wyatt JC, Chan AW,
Michie S. Better reporting of interventions: template for intervention description and replication
(TIDieR) checklist and guide. BMJ. 2014;348:g1687-g1687. PMID: 24609605
doi:10.1136/bmj.g1687

Sterne JAC, Savovic¢ J, Page MJ, Elbers RG, Blencowe NS, Boutron I, Cates CJ, Cheng HY,
Corbett MS, Eldridge SM, Emberson JR, Hernan MA, Hopewell S, Hrdbjartsson A, Junqueira
DR, Jiini P, Kirkham JJ, Lasserson T, Li T, McAleenan A, Reeves BC, Shepperd S, Shrier I,
Stewart LA, Tilling K, White IR, Whiting PF, Higgins JPT. RoB 2: a revised tool for assessing
risk of bias in randomised trials. BMJ. 2019:14898. PMID: 31462531 doi:10.1136/bm;j.14898
Chen K, Yao F, Chen X, Lin Y, Kang M. Effectiveness of telerehabilitation on short-term quality
of life of patients after esophageal cancer surgery during COVID-19: a single-center,
randomized, controlled study. J Gastrointest Oncol. 2021;12(4):1255-1264. PMID: 34532085
doi:10.21037/jgo-21-385

Song Y, Ren C, Liu P, Tao L, Zhao W, Gao W. Effect of Smartphone-Based Telemonitored
Exercise Rehabilitation among Patients with Coronary Heart Disease. J Cardiovasc Transl Res.
2020;13(4):659-667. PMID: 31820334 doi:10.1007/s12265-019-09938-6

Peng X, Su'Y, Hu Z, Sun X, Li X, Dolansky MA, Qu M, Hu X. Home-based telehealth exercise
training program in Chinese patients with heart failure: A randomized controlled trial. Medicine.
2018;97(35):e12069. PMID: 30170422 doi:10.1097/MD.0000000000012069

Hong QM, Wang HN, Liu XH, Zhou WQ, Zhang X, Luo XB. Home-based exercise program and
Health education in patients with patellofemoral pain: a randomized controlled trial. BMC
Musculoskelet Disord. 2023;24(1):896. PMID: 37980477 doi:10.1186/s12891-023-07027-z

Liu Z, He Z, Yuan J, Lin H, Fu C, Zhang Y, Wang N, Li G, Bu J, Chen M, Jia J. Application of

https://preprints.jmir.org/preprint/68681 [unpublished, peer-reviewed prepri n%S



JMIR Preprints Shnitzer et a

27.

28.

29.

30.

31.

32.

33.

Immersive Virtual-Reality-Based Puzzle Games in Elderly Patients with Post-Stroke Cognitive
Impairment: A  Pilot Study. Brain Sciences. 2022;13(1):79. PMID: 36672060
doi:10.3390/brainsci13010079

Guo L, Wang J, Wu Q, Li X, Zhang B, Zhou L, Xiong D. Clinical Study of a Wearable Remote
Rehabilitation Training System for Patients With Stroke: Randomized Controlled Pilot Trial.
JMIR Mhealth Uhealth. 2023;11:e40416. PMID: 36821348 d0i:10.2196/40416

Keteyian SJ, Grimshaw C, Brawner CA, Kerrigan DJ, Reasons L, Berry R, Peterson EL, Ehrman
JK. A Comparison of Exercise Intensity in Hybrid Versus Standard Phase Two Cardiac
Rehabilitation. J Cardiopulm Rehabil Prev. 2021;41(1):19-22. PMID: 33351540
doi:10.1097/HCR.0000000000000569

Capin JJ, Jolley SE, Morrow M, Connors M, Hare K, MaWhinney S, Nordon-Craft A, Rauzi M,
Flynn S, Stevens-Lapsley JE, Erlandson KM. Safety, feasibility and initial efficacy of an app-
facilitated telerehabilitation (AFTER) programme for COVID-19 survivors: a pilot randomised
study. BMJ Open. 2022;12(7):e061285. PMID: 35882451 doi:10.1136/bmjopen-2022-061285
Master H, Coronado RA, Whitaker S, Block S, Vanston SW, Pennings JS, Gupta R, Robinette P,
Stephens B, Abtahi A, Schwarz J, Archer KR. Combining Wearable Technology and Telehealth
Counseling for Rehabilitation After Lumbar Spine Surgery: Feasibility and Acceptability of a
Physical Activity Intervention. Physical Therapy. 2024;104(2):pzad096. PMID: 37478463
doi:10.1093/ptj/pzad096

Polo J, Basile MJ, Zhang M, Ordonez K, Rodriguez D, Boye-Codjoe E, Williams M, Tsang D,
Medina R, Jacome S, Mir P, Khanijo S, Pekmezaris R, Hajizadeh N. Application of the RE-AIM
framework to evaluate the implementation of telehealth pulmonary rehabilitation in a
randomized controlled trial among African-American and Hispanic patients with advanced stage
Chronic Obstructive Pulmonary Disease. BMC Health Serv Res. 2023;23(1):515. PMID:
37218000 doi:10.1186/s12913-023-09492-7

Pak SS, Janela D, Freitas N, Costa F, Moulder R, Molinos M, Areias AC, Bento V, Cohen SP,
Yanamadala V, Souza RB, Correia FD. Comparing Digital to Conventional Physical Therapy for
Chronic Shoulder Pain: Randomized Controlled Trial. J] Med Internet Res. 2023;25:e49236.
PMID: 37490337 doi:10.2196/49236

Hwang R, Bruning J, Morris NR, Mandrusiak A, Russell T. Home-based telerehabilitation is not

inferior to a centre-based program in patients with chronic heart failure: a randomised trial. J

https://preprints.jmir.org/preprint/68681 [unpublished, peer-reviewed prepri n?]6



JMIR Preprints Shnitzer et a

34.

35.

36.

37.

38.

39.

40.

41.

Physiother. 2017;63(2):101-107. PMID: 28336297 doi:10.1016/j.jphys.2017.02.017

Cox NS, Dal Corso S, Hansen H, McDonald CF, Hill CJ, Zanaboni P, Alison JA, O’Halloran P,
Macdonald H, Holland AE. Telerehabilitation for chronic respiratory disease: a randomised
controlled  equivalence  trial. = Thorax.  2022;77(7):643-651.  PMID: 34650004
doi:10.1136/thoraxjnl-2021-216934

Wilson PH, Rogers JM, Vogel K, Steenbergen B, McGuckian TB, Duckworth J. Home-based
(virtual) rehabilitation improves motor and cognitive function for stroke patients: a randomized
controlled trial of the Elements (EDNA-22) system. J NeuroEngineering Rehabil.
2021;18(1):165. PMID: 34823545 doi:10.1186/s12984-021-00956-7

Plaza A, Paratz J, Cottrell M. A six-week physical therapy exercise program delivered via home-
based telerehabilitation is comparable to in-person programs for patients with burn injuries: A
randomized, controlled, non-inferiority clinical pilot trial. Burns. 2023;49(1):55-67. PMID:
36115795 doi:10.1016/j.burns.2022.08.014

Hume E, Muse H, Wallace K, Wilkinson M, Heslop Marshall K, Nair A, Clark S, Vogiatzis I.
Feasibility and acceptability of a physical activity behavioural modification tele-coaching
intervention in lung transplant recipients. Chron Respir Dis. 2022;19:147997312211165. PMID:
36306548 doi:10.1177/14799731221116588

@ra HP, Kirmess M, Brady MC, Partee I, Hognestad RB, Johannessen BB, Thommessen B,
Becker F. The effect of augmented speech-language therapy delivered by telerehabilitation on
poststroke aphasia—a pilot randomized controlled trial. Clin Rehabil. 2020;34(3):369-381.
PMID: 31903800 doi:10.1177/0269215519896616

Lundgren KM, Langlo KAR, Salvesen @, Zanaboni P, Cittanti E, Mo R, Ellingsen @, Dalen H,
Aksetagy IA. Feasibility of telerehabilitation for heart failure patients inaccessible for outpatient
rehabilitation. ESC  Heart  Failure. 2023;10(4):2406-2417. PMID: 37221704
doi:10.1002/ehf2.14405

Fioratti I, Miyamoto GC, Fandim JV, Ribeiro CPP, Batista GD, Freitas GE, Palomo AS, Reis
FJJD, Costa LOP, Maher CG, Saragiotto BT. Feasibility, Usability, and Implementation Context
of an Internet-Based Pain Education and Exercise Program for Chronic Musculoskeletal Pain:
Pilot Trial of the ReabilitaDOR Program. JMIR Form Res. 2022;6(8):e35743. PMID: 35776863
doi:10.2196/35743

Pastana Ramos LF, Vilacorta-Pereira TDCS, Duarte JDS, Yamada ES, Santos-Lobato BL.

https://preprints.jmir.org/preprint/68681 [unpublished, peer-reviewed prepri na 7



JMIR Preprints Shnitzer et a

42.

43.

44.

45.

46.

47.

48.

49.

Feasibility and effectiveness of a remote individual rehabilitation program for people with
Parkinson’s disease living in the Brazilian Amazon: a randomized clinical trial. Front Neurol.
2023;14:1244661. PMID: 37693755 doi:10.3389/fneur.2023.1244661

Donkers SJ, Nickel D, Paul L, Wiegers SR, Knox KB. Adherence to Physiotherapy-Guided Web-
Based Exercise for Persons with Moderate-to-Severe Multiple Sclerosis. Int J MS Care.
2020;22(5):208-214. PMID: 33177956 doi:10.7224/1537-2073.2019-048

Batalik L, Dosbaba F, Hartman M, Batalikova K, Spinar J. Benefits and effectiveness of using a
wrist heart rate monitor as a telerehabilitation device in cardiac patients: A randomized
controlled trial. Medicine. 2020;99(11):e19556. PMID: 32176113
doi:10.1097/MD.0000000000019556

Ozturk B, Duruturk N. Effect of telerehabilitation applied during COVID-19 isolation period on
physical fitness and quality of life in overweight and obese individuals. Int J Obes.
2022;46(1):95-99. PMID: 34504288 doi:10.1038/s41366-021-00965-5

Jarbandhan A, Toelsie J, Veeger D, Bipat R, Vanhees L, Buys R. Feasibility of a home-based
physiotherapy intervention to promote post-stroke mobility: A randomized controlled pilot study.
PLoS One. 2022;17(3):e0256455. PMID: 35255091 doi:10.1371/journal.pone.0256455

Saitoh M, Takahashi T, Morisawa T, Honzawa A, Yokoyama M, Abulimiti A, Kagiyama N, Kasai
T, Minamino T, Asai T, Fujiwara T, Daida H. Remote Cardiac Rehabilitation in Older Cardiac
Disease: A Randomized Case Series Feasibility Study. Cardiol Res. 2022;13(1):57-64. PMID:
35211224 doi:10.14740/cr1346

Swarnakar R, Yadav S, Wadhwa S, Venkataraman S. Effectiveness of Telerehabilitation in
Persons With Spinal Cord Injury During the COVID-19 Pandemic (TELE-SCOPE): A Single-
Center, Double-Blind, Randomized Controlled Trial. Cureus. 2023;15(7):e41513. PMID:
37551233 doi:10.7759/cureus.41513

Park HY, Nam KE, Lim JY, Yeo SM, Lee JI, Hwang JH. Real-Time Interactive Digital Health
Care System for Postoperative Breast Cancer Patients: A Randomized Controlled Trial. Telemed
J E Health. 2023;29(7):1057-1067. PMID: 36454316 doi:10.1089/tmj.2022.0360

Goffredo M, Baglio F, DE Icco R, Proietti S, Maggioni G, Turolla A, Pournajaf S, Jonsdottir J,
Zeni F, Federico S, Cacciante L, Cioeta M, Tassorelli C, Franceschini M, Calabro RS;
RIN_TR_Group. Non-Immersive Virtual Reality Telerehabilitation System Improves Postural

Balance in People with Chronic Neurological Diseases. JCM. 2023;12(9):3178. PMID:

https://preprints.jmir.org/preprint/68681 [unpublished, peer-reviewed prepri n%8



JMIR Preprints Shnitzer et a

50.

51.

52.

53.

54.

55.

56.

37176618 doi:10.3390/jcm12093178

Cerdan de las Heras J, Balbino F, Catalan-Matamoros D, Hilberg O, Lgkke A, Bendstrup E.
Effect of a telerehabilitation program in sarcoidosis. Sarcoidosis Vasc Diffuse Lung Dis.
2022;39(1):e2022003. PMID: 35494172 doi:10.36141/svdld.v39i1.12526

Nuevo M, Rodriguez-Rodriguez D, Jauregui R, Fabrellas N, Zabalegui A, Conti M, Prat-
Fabregat S. Telerehabilitation following fast-track total knee arthroplasty is effective and safe: a
randomized controlled trial with the ReHub® platform. Disabil Rehabil. 2024;46(12):2629-2639.
PMID: 37403684 doi:10.1080/09638288.2023.2228689

Alhusayni Al, Cowey ES, Coulter E, Barber M, Paul L. Personalised Online Upper-Limb
Physiotherapy for Stroke Survivors during the Inpatient Phase: A Feasibility Study. Healthcare.
2023;11(18):2582. PMID: 37761779 doi:10.3390/healthcare11182582

Snoek JA, Prescott EI, van der Velde AE, Eijsvogels TMH, Mikkelsen N, Prins LF, Bruins W,
Meindersma E, Gonzalez-Juanatey JR, Pefa-Gil C, Gonzalez-Salvado V, Moatemri F, Iliou MC,
Marcin T, Eser P, Wilhelm M, Van’t Hof AWJ, de Kluiver EP. Effectiveness of Home-Based
Mobile Guided Cardiac Rehabilitation as Alternative Strategy for Nonparticipation in Clinic-
Based Cardiac Rehabilitation Among Elderly Patients in Europe: A Randomized Clinical Trial.
JAMA Cardiol. 2021;6(4):463. PMID: 33112363 doi:10.1001/jamacardio.2020.5218

Gehring K, Kloek CJ, Aaronson NK, Janssen KW, Jones LW, Sitskoorn MM, Stuiver MM.
Feasibility of a home-based exercise intervention with remote guidance for patients with stable
grade II and III gliomas: a pilot randomized controlled trial. Clin Rehabil. 2018;32(3):352-366.
PMID: 28882061 doi:10.1177/0269215517728326

van der Kolk NM, de Vries NM, Kessels RPC, Joosten H, Zwinderman AH, Post B, Bloem BR.
Effectiveness of home-based and remotely supervised aerobic exercise in Parkinson’s disease: a
double-blind, randomised controlled trial. Lancet Neurol. 2019;18(11):998-1008. PMID:
31521532 doi:10.1016/S1474-4422(19)30285-6

Piotrowicz E, Pencina MJ, Opolski G, Zareba W, Banach M, Kowalik I, Orzechowski P,
Szalewska D, Pluta S, Glowczynska R, Irzmanski R, Oreziak A, Kalarus Z, Lewicka E, Cacko A,
Mierzynska A, Piotrowicz R. Effects of a 9-Week Hybrid Comprehensive Telerehabilitation
Program on Long-term Outcomes in Patients With Heart Failure: The Telerehabilitation in Heart
Failure Patients (TELEREH-HF) Randomized Clinical Trial. JAMA Cardiol. 2020;5(3):300.
PMID: 31734701 doi:10.1001/jamacardio.2019.5006

https://preprints.jmir.org/preprint/68681 [unpublished, peer-reviewed prepri n%g



JMIR Preprints Shnitzer et a

57.

58.

59.

60.

61.

62.

63.

64.

65.

Paul L, Renfrew L, Freeman J, Murray H, Weller B, Mattison P, McConnachie A, Heggie R, Wu
O, Coulter EH. Web-based physiotherapy for people affected by multiple sclerosis: a single
blind, randomized controlled feasibility study. Clin Rehabil. 2019;33(3):473-484. PMID:
30514108 doi:10.1177/0269215518817080

Piraux E, Reychler G, Forget P, Yombi JC, Caty G. Feasibility and Preliminary Effects of a
Telerehabilitation Program for People Living With HIV: A Pilot Randomized Study. J Assoc
Nurses AIDS Care. 2019;30(2):176-185. PMID: 30822290 doi:10.1097/JNC.0000000000000005
Niemeijer A, Lund H, Stafne SN, Ipsen T, Goldschmidt CL, Jgrgensen CT, Juhl CB. Adverse
events of exercise therapy in randomised controlled trials: a systematic review and meta-
analysis. Br J Sports Med. 2020;54(18):1073-1080. PMID: 31563884 doi:10.1136/bjsports-2018-
100461

Dalal HM, Zawada A, Jolly K, Moxham T, Taylor RS. Home based versus centre based cardiac
rehabilitation: Cochrane systematic review and meta-analysis. BMJ. 2010;340:b5631. PMID:
20085991 doi:10.1136/bmj.b5631

Zhang D, Zhang H, Li X, Lei S, Wang L., Guo W, Li J. Pulmonary Rehabilitation Programmes
Within Three Days of Hospitalization for Acute Exacerbation of Chronic Obstructive Pulmonary
Disease: A Systematic Review and Meta-Analysis. COPD. 2021;16:3525-3538. PMID:
34992360 doi:10.2147/COPD.S338074

Flores O, Tyack Z, Stockton K, Ware R, Paratz JD. Exercise training for improving outcomes
post-burns: a systematic review and meta-analysis. Clin Rehabil. 2018;32(6):734-746. PMID:
29320878 doi:10.1177/0269215517751586

Kairy D, Lehoux P, Vincent C, Visintin M. A systematic review of clinical outcomes, clinical
process, healthcare utilization and costs associated with telerehabilitation. Disabil Rehabil.
2009;31(6):427-447. PMID: 18720118 doi:10.1080/09638280802062553

Grigorovich A, Xi M, Lam N, Pakosh M, Chan BCF. A systematic review of economic analyses
of home-based telerehabilitation. Disabil Rehabil. 2022;44(26):8188-8200. PMID: 34965827
doi:10.1080/09638288.2021.2019327

Jansson MM, Rantala A, Miettunen J, Puhto AP, Pikkarainen M. The effects and safety of
telerehabilitation in patients with lower-limb joint replacement: A systematic review and
narrative  synthesis. J Telemed Telecare. 2022;28(2):96-114. PMID: 32316837
doi:10.1177/1357633X20917868

https://preprints.jmir.org/preprint/68681 [unpublished, peer-reviewed prepri nTQ] 0



JMIR Preprints Shnitzer et a

66. Hwang R, Bruning J, Morris N, Mandrusiak A, Russell T. A Systematic Review of the Effects of
Telerehabilitation in Patients With Cardiopulmonary Diseases. J Cardiopulm Rehabil Prev.
2015;35(6):380. PMID: 26034937 doi:10.1097/HCR.0000000000000121

67. Wu YQ, Long Y, Peng WJ, Gong C, Liu YQ, Peng XM, Zhong YB, Luo Y, Wang MY. The
Efficacy and Safety of Telerehabilitation for Fibromyalgia: Systematic Review and Meta-
analysis of Randomized Controlled Trials. J Med Internet Res. 2023;25(1):e42090. PMID:
37097721 doi:10.2196/42090

https://preprints.jmir.org/preprint/68681 [unpublished, peer-reviewed prepri n?] 1



JMIR Preprints Shnitzer et a

Supplementary Files

https://preprints.jmir.org/preprint/68681 [unpublished, peer-reviewed preprint]



JMIR Preprints Shnitzer et a

Figures

https://preprints.jmir.org/preprint/68681 [unpublished, peer-reviewed preprint]



JMIR Preprints Shnitzer et a

PRISMA flow diagram.

Fasczesn iderified frome
Oimatanas jr = BES)
CEMTRAL [n = D43 5| BomEning Rmcnecn identifed froms
Embass in = 3 Dus it reconds remarvad ;"":;;-mm
MEDCLINE {7 = 180 ife 178 AE )
CREHL in = &7}
PaycINFC (= 11
] | oot sumisies
r= 433 [LEE ]
Ful-imd saports ansamsec o Pt R
:?B? ey DuETer (= 32
=& \WIoneg Emneaion (= 10
WWivore) by cesige, in = 1]
Wery cormpatEled (n = 1
Sny ongeeng (n = )
Fulll ima e granilaiies | 100
Chspdicaia in = 7]
hii adiies nohalsg i revisw
LR
Totnl wusdisn irciaded in revies

[LEE o — -

https://preprints.,jmir.org/preprint/68681 [unpublished, peer-reviewed preprint]



JMIR Preprints Shnitzer et a

Intervention characteristics.

Fulremary il

Sier

Anymehronoes

https://preprints.jmir.org/preprint/68681 [unpublished, peer-reviewed preprint]



JMIR Preprints

Adverse events.

Shnitzer et al

a0

o0

b ol pdvene

Feeooninge of shems everts

n

Porveeisge of svens ovests

j_—_l‘"“

Tantiw  Mesulsdkoliud Pt Fehar Fulmsasry Heriics

Nl apiited I Misswebiacs-wrnias [ Madaws [ Sereea

Wotapeeried ] Unrclded [ Prienmally reisied [l Bclsca

https://preprints.,jmir.org/preprint/68681

[unpublished, peer-reviewed preprint]



JMIR Preprints Shnitzer et a

Risk of bias assessment.

Bias arising fram the randamizalion process

Bias due o devialicns Inom nlendad inbarsentions
Bias due o missing culcome data

Bias in measuramant af he outcoma

Bias in salection of tha raporiad resul

Crwerall risk of bias

Ed
L]
]
_II
-
-
=

%%

https://preprints.jmir.org/preprint/68681 [unpublished, peer-reviewed preprint]



JMIR Preprints Shnitzer et a

Multimedia Appendixes

https://preprints.jmir.org/preprint/68681 [unpublished, peer-reviewed preprint]



JMIR Preprints Shnitzer et a

Search strategy.
URL.: http://asset.jmir.pub/assets/9b3ebcaadh96659d1ac2ef ef 7223cadf .docx

Participant and intervention characteristics.
URL.: http://asset.jmir.pub/assets/b58553af 76adbccalb56ff2a310ec21a.docx

Adverse eventsin the intervention and control groups.
URL: http://asset.jmir.pub/assets/6172b0512ea7e10389c5222a7fc70065.docx

Risk of bias assessment of individual studies.
URL: http://asset.jmir.pub/assets/c8ab0625229d17618e605ebe71d1c231. pdf

https://preprints.jmir.org/preprint/68681 [unpublished, peer-reviewed preprint]


http://www.tcpdf.org

	Table of Contents
	Original Manuscript
	Supplementary Files
	Figures
	Figure 1
	Figure 2
	Figure 3
	Figure 4

	Multimedia Appendixes
	Multimedia Appendix 1
	Multimedia Appendix 2
	Multimedia Appendix 3
	Multimedia Appendix 4



