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Abstract

Background: Real-time telerehabilitation (TR) isanew strategy for delivering rehabilitation interventions to older adults with
muscul oskeletal conditions, to provide continuity to conventional services and mitigate travel-related barriers.

Objective: We aimed to examine the effectiveness of treatment delivered via real-time TR services compared to conventional
services among older adults with musculoskeletal conditions, in terms of physical performance, treatment adherence, and
cost-effectiveness.

Methods: A literature search of randomized controlled trials (RCTs) published from January 2000 to April 2022 was conducted
in six online databases: Cochrane Library, PubMed (ie, MEDLINE), PEDro, ClinicaKey, EBSCO, and ProQuest. The main
eligibility criterion for articleswasthe use of real-time TR among older adults with muscul oskeletal conditionsto improve physical
performance. Two reviewers screened 2108 abstracts and found 10 studies (n=851) that met the eligibility criteria Quality
assessment was based on version 2 of Cochrane'srisk-of-biastool for RCTs, in order to assess the methodol ogical quality of the
selected articles. Resultswere pooled for meta-analyses, based on the primary outcome measures, and were reported as standardized
mean differences (SMDs) with 95% Cls. A fixed model was used, and subgroup analysis was performed to check for possible
factors influencing TR’s effectiveness based on different treatments, controls, and outcome measures.

Results: The search and screening process identified 10 papers that collectively reported on three muscul oskeletal conditions
inolder adultsand three types of TR programs. Aggregate results suggested that real-time TR, compared to conventional treatment,
was more effective at improving physical performance regarding balance (SMD 0.63, 95% CI 0.36-0.9; 12=58.5%). TR was
dightly better than usual care at improving range of motion (SMD 0.28, 95% CI 0.1-0.46; I2=0%) and muscle strength (SMD
0.76, 95% CI 0.32-1.2; 12=59.60%), with moderate to large effects. Subgroup analyses suggested that real-time TR had medium
to large effects favoring the use of smartphones or tablets (SMD 0.92, 95% CI 0.56-1.29; 12=45.8%), whereas the use of personal
computers (SMD 0.25, 95% Cl —0.16 to 0.66; 12=0%) had no effect on improving balance and was comparable to conventional
treatment.

Conclusions: We found that real-time TR improved physical performancein older adults with muscul oskeletal conditions, with
an effectiveness level equal to that of conventional face-to-face treatment. Therefore, real-time TR services may constitute an
aternative strategy for the delivery of rehabilitation services to older adults with musculoskeletal conditions to improve their
physical performance. We also observed that the ideal devicefor delivering TR is the smartphone. Results suggested that the use
of smartphones for TR is driven by ease of use among older adults. We encourage future studiesin areas related to rehabilitation
in older adults, in addition to examination of physical performance outcomes, to gain additional knowledge about comprehensive
care.

https://rehab.jmir.org/2022/3/€36028 JMIR Rehabil Assist Technol 2022 | vol. 9 |iss. 3|€36028 | p. 1
(page number not for citation purposes)


mailto:santhanee.k@allied.tu.ac.th
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIRREHABILITATION AND ASSISTIVE TECHNOLOGIES

Jirasakulsuk et d

Trial Registration: PROSPERO CRD42021287289; https://www.crd.york.ac.uk/prospero/display_record.php?Recordl D=287289

(JMIR Rehabil Assist Technol 2022;9(3):€36028) doi: 10.2196/36028

KEYWORDS

telerehabilitation; internet-based intervention; older adults; physical performance; physical therapy

Introduction

Telerehabilitation (TR) wasintroduced to modify rehabilitation
servicesthat can be delivered to patients through interventions.
It is currently used to increase the effectiveness of long-term
treatment. There are various ways of receiving these
interventions; technology helps in facilitating two-way
communication via phone, video conferencing, and chat and
health care apps. TR interventions have resulted in clinical
outcomes being similar to or better than face-to-face (FTF)
treatments; they are aso in high compliance with home
programs [1-4]. Previous systematic reviews evaluated TR for
people with different health conditions in terms of feasibility,
efficacy, and costs. The reviews supported the effectiveness of
TR as an dternative to FTF interventions [5-8].

Muscul oskeletal conditions affect 25% of theworld’s popul ation
and are the leading cause of pain and disability [9]. This study
defines musculoskeletal conditions as any diagnosed primary
muscul oskeletal condition, including those requiring operations.
These disorders are more common among older adults[6], and
their prevalence ranges from 5% to 74%, depending on the
particular musculoskeletal disease. Older adults have been
defined as people 60 years of age or above [10]. From a health
care perspective, there is an increasing demand for health care
among the ol der adult popul ation; as such, health care providers
recognize this burden on the heath care system and have
increased their awareness of the health and disability of this
population. Consequently, thereisaneed for better rehabilitation
services to address the current magnitude and impact of
muscul oskeletal conditions, as the number of patients grows.

It has been found that older adults who closely follow
physiotherapy recommendations experience better treatment
outcomes [11]. However, many older adult patients with
geographical isolation or who lack local service availability
continue to experience restrictions in appropriate and timely
careasaresult of increasesin cost and wait timesfor orthopedic
health services, aswell aspoor accessto these services[12-14].
Older adultstypically also have low adherence to home exercise
programs [15]. This leads to a need for real-time interventions
through, for example, the use of phone calls or video
conferencing to deliver exercise information without a need to
meet physiotherapistsat the clinic. Anincreased awareness and
understanding of different learning styles [16,17] and the
emergence of new technologies have created opportunities for
real-time TR instructionsto be provided through awider variety
of formats; this could promote better adherence and, ultimately,
better functional outcomes.

https://rehab.jmir.org/2022/3/e36028

Recently, there have been many studies on the effectiveness of
TR in the management of health conditions, such as stroke
[18,19], chronic obstructive pulmonary disease (COPD) [20,21],
and heart disease[22,23]. However, those studiesrarely explored
the management of musculoskeletal conditions among older
adults through TR. This became a hindrance to the
implementation of TR as another way to deliver health care
services. Previous systematic reviews about musculoskeletal
conditions in older adults [6,24,25] examined studies with
different conclusions. The aim of this systematic review wasto
(1) determine whether older adults with musculoskeletal
conditions can improve physical performanceviareal-time TR
and whether theresults are effective compared with conventional
services and (2) compare adherence to and cost-effectiveness
of real-time TR with that of conventional treatments.

Methods

We systematically conducted and reported results of our review
in accordance with the PRISMA (Preferred Reporting Itemsfor
Systematic Reviews and Meta-Analyses) guidelines [26]. This
review wasregistered at PROSPERO (International prospective
register of systematic reviews, CRD42021287289).

Search Strategy

An eectronic literature search was conducted on April 10, 2022,
in six online databases: Cochrane Library, PubMed (ie,
MEDLINE), PEDro, ClinicalKey, EBSCO, and ProQuest. The
literature search was limited to articles written in English and
Thai languages that were published from January 1, 2000, to
the date of the search. Studies in other languages were not
compiled. We used a search strategy that combines Medical
Subject Headings with free keywords and connected them with
Boolean conjunctions (ie, OR and AND). Keywords included
“real-time telerehabilitation,” “real-time internet-based,” and
“remote exercise” The search strategy and keywords were
developed through discussion and peer review between two
authors (NJ and PS); keywords included specific search terms
related to research objectives. Details of the search strategy and
keywords are given in Multimedia Appendix 1.

Eligibility Criteria

In this systematic review, we included only randomized
controlled trials (RCTs) that studied the effects of real-time TR
interventions on the physical performance of older adults with
muscul oskeletal conditions. The specific eligibility criteriaused
for selecting studies were established; these were based on the
PICO (population, intervention, comparison, and outcome)
framework (Table 1 [27]).
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Table 1. Eligibility criteriafor inclusion of articlesin the study.
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Criterion type

Inclusion criteria

Exclusion criteria

Study design

Population

Intervention

Comparison

Outcome

Randomized controlled trials

Community-dwelling older adults with musculoskeletal conditions, aged 60 years
and over, receiving exercise interventions for health conditions

Physical therapy exercise instructions provided using real-time TR?, definition of
real-time TR was quoted from a previous study [27] describing the interventions
as follows: provided by means of any kind of technological device alowing for
health care professional—patient interaction online, provided by health care profes-
sionalsor caregiversthrough remote supervision, and including at |east one specific
intervention targeted to rehabilitation (eg, teletraining, TR, telehealth, and internet
based)

Comparators included either usual physical therapy rehabilitation interventions,
which were provided in personin ahospital or institution setting; educational inter-
ventions; or no specific interventions

Any kind of physical function or motor performance outcome (eg, mobility, balance,
strength, and walking), adherence outcome (eg, completerate), or cost-effectiveness

Systematic reviews
Case studies
Cross-sectional studies

People not actively seeking or ac-
cessing health care

Services targeting recipients of
health promotion measures,
screening, and so on

General information not tailored or
selected specifically for individual
patients

Telemedicine using multimediaap-
proaches, with an intention for pa-
tient action or behavior change

N/AP

Clinician outcomes
Service-level outcomes

outcome

Questionnaire results
Self-report results

3TR: telerehabilitation.

BN/A: not applicable; the comparison criterion type did not have any exclusion criteria.

Study Selection

In a standardized blinded manner, two authors (NJ and PS)
independently identified potentially relevant papers and
performed eligibility assessments. This process was divided
into two phases. First, titles and abstracts were screened
independently by two reviewers (NJ and PS). They assessed
the relevance of each article and rated each one as definitely
relevant, possibly relevant, or not relevant. Second, they
screened the full text of the articles that had been judged in the
first phase as definitely relevant or possibly relevant, and they
made a final judgement on the articles as relevant or not
relevant. In both phases, disagreement between the two
reviewers was resolved through discussion until consensuswas
reached or through consultation with athird reviewer (SK). To
assess the degree of agreement between authors, we cal culated
K statistics for both phases. As part of our calculations,
categories of definitely relevant and possibly relevant in the
first phase were merged into the category definitely or possibly

relevant. "<.05 was considered statistically significant.

Data Extraction

Extracted information for each article in this study included
authors, publication year, study setting (ie, country or region),
sample characteristics (eg, age, gender, and medical conditions),
duration of study, description of interventions for both control
and experimental groups (eg, information and communications
technology [ICT] devices and platforms, intervention formula,
presence or absence of in-person intervention during TR,
compared intervention, and effects), outcome data from both

https://rehab.jmir.org/2022/3/e36028

processes (eg, intervention completion rate, reasons for
withdrawal from the intervention, and adverse events during
the intervention), and patient outcomes (eg, impairment,
activities, and participation). Data extraction was completed by
one reviewer (NJ) and checked for accuracy by the second
reviewer (PS).

Quality Assessment

Risk of bias was assessed using version 2 of Cochrane's
risk-of-bias tool (RoB 2) for randomized trials [28]. Two
reviewers (NJand PS) assessed all five domainsindependently.
The domains are as follows: (1) bias arising from the
randomi zation process, (2) bias dueto deviationsfrom intended
interventions, (3) bias due to missing outcome data, (4) biasin
measurement of the outcome, and (5) bias in selection of the
reported result. Each domain contains several signaling
guestions for assigning one of three risk-of-bias levels to each
domain: low risk of bias, some concerns, or high risk of bias.
These assessments allow the assessor to judge the overal risk
of biasin each trial. Lower-quality articles were not excluded
from the meta-analysis.

Statistical Analysis

Continuous data are presented as the mean difference or
standardized mean difference (SMD) with 95% CI, whereas
dichotomous data are presented as the risk ratio with 95% CI.
If the studies did not adjust for clustering, we attempted to adjust
their standard errors using the methods described in the
Cochrane Handbook for Systematic Reviews of Interventions
[29].

JMIR Rehabil Assist Technol 2022 | vol. 9 |iss. 3|€36028 | p. 3
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIRREHABILITATION AND ASSISTIVE TECHNOLOGIES

The I? test was used to identify heterogeneity: homogeneity was

set at 12<50%. The data were pooled by a fixed-effects model
if eligible studies were included. In addition, Forest plots for
the meta-analysis were conducted if morethan 2 eligible RCTs
were included. We conducted a sensitivity meta-analysis that
was restricted to recently published (ie, in 2000 or later) RCTs
with an overall low risk of bias (ie, low risk of biasin all 10

criteria). Otherwise, 12>50% was regarded as having substantial
heterogeneity. Under such situations, a fixed model was used,
and subgroup analysis was conducted to check for any possible
reasons that could have caused substantial heterogeneity based
on the different treatments, controls, and outcome
measurements. After subgroup analysis, if the heterogeneity
was still significant, anarrative summary was presented instead
of pooled data and a meta-analysis.

Additionally, sensitivity analyseswere also performed to check
the robustness of the pooled results, depending on the different
methodological qualities, and the dtatistical models.

Figure 1. Flow of studiesthrough the review.
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Furthermore, funnel plotswere created, and the Begger test was
carried out to identify any reporting biasesif a sufficient number
of eligible studies were included in the study.

Results

Study Selection

The study selection process is shown in Figure 1. This was
carried out through aliterature search and identification of 2395
articles without duplication. The screening categorized 225 of
the articles as being definitely relevant or potentially relevant,
whereas the remainder were not considered relevant in the first
phase. After screening the full text of 225 articlesin the second
phase, the reviewers found that 10 studies were eligible for
inclusion in this systematic review. K statistics for judgement

in the first and second phases were 0.619 ("<.001) and 0.667

(P<.001), respectively. All conflicts regarding the judgments
were reconciled through negotiations between the authors.

(n=2108)

=
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,g PEDro, ClinicalKey, EBSCO, and ProQuest
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)
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Nonexercise
Nonmusculoskeletal conditions
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» Age range (<60 years)

2
=
=
b

(n=225) + Non-real-timeintervention
+ Nonexercise
* Nonmusculoskeletal conditions
° Studies assessing effectiveness of * Total knee arthroplasty (n=8)
3 real-time telerehabilitation * Sarcopenia(n=1)
E (n=10) Community-dwelling older adults (n=1)

Characteristics of the Studies

The 10 eligible RCTs are summarized in Table 2 [30-39]. All
studies were conducted in South Korea, Canada, Portugal, the
United States, and Australia. The participants health conditions,
sample sizes, and sex ratios varied widely across the studies.
Health conditionsincluded patientswith pre- and postoperative
total knee arthroplasty (TKA) or total hip arthroplasty as well
as community-dwelling older adults with sarcopenia. The total
sample size was 851 participants, of which 351 (41.2%) were
males. The ICT devicesused in real-time TR were smartphones
and persona computers. Out of 10 studies, 7 (70%) had
developed a specific platform to administer their real-time TR;
2 (20%) used Skype, a free telecommunications app; and 1
(10%) used video conferencing.

https://rehab.jmir.org/2022/3/e36028
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The main components of the real-time TR interventions from
the 10 studiesincluded exercise regimensthat varied acrossthe
studies: resistance exercise, combination resistance and range
of motion (ROM) exercise, ROM exercise, and balance program
exercise. Out of 10 studies, 2 (20%) included an educational
intervention about self-management during real-time TR.

The interventions that were compared in the studies included
in-clinic physical therapy, home visit rehabilitation, home
exercise programs, education for general health, and nutrition.
Because of the heterogeneity in the study characteristics, it was
not appropriate to carry out a meta-analysis. Thus, a narrative
analysis of the 7 eligible studies was conducted.
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Table 2. Characteristics of the 10 eligible randomized controlled trials.

Author, year Population Intervention Outcome report
Size,n Mean age Device Platform Type of intervention
(vears)
Anetal,2021[30] 36 70.51 Smartphone Video conferenc-  Preoperative rehabilita- Quadriceps strength
Ing tion of TKA? ROMP of knee flexion

Timed Up and Go test

Doiron-Cadrinetal, 34 65.97 Smartphone or Skype Preoperative rehabilita- Timed Up and Go test

Fernandoetal, 2018 59 68.65 Smartphone or Specially devel-  Postoperative rehabilita- ROM of kneeflexion

[32] tablet oped platform tion of TKA Timed Up and Go test

Hong et al, 2017 23 81.85 Personal computer  Skype Resistance and balance Timed Up and Go test

[33] exercises Chair stand test

Prvu Bettger et al, 287 65.25 Personal computer  Specially devel-  Postoperative rehabilita- Total cost

2020 [34] oped platform tion of TKA ROM of knee flexion

Russell et al, 2003 21 67 Personal computer  Specially devel-  Postoperative rehabilita- ROM of kneeflexion

[35] oped platform tion of TKA Timed Up and Go test
Knee extensor strength

Russell et al, 2011 65 67.9 Personal computer  Specialy devel-  Postoperative rehabilita- ROM of kneeflexion

[36] oped platform tion of TKA Timed Up and Go test
Knee extensor strength

Sparrow et a, 2011 100 71 Personal computer Specially devel-  Resistance exercise pro- Knee extensor strength

[37] oped platform gram Single-leg stance

Tousignant et al, 41 66 Personal computer  Specially devel-  Postoperative rehabilita- ROM of kneeflexion

2011 [38] oped platform tion of TKA Berg Balance Scale
30-second chair stand test

Tousignant et al, 197 66 Personal computer  Specialy devel-  Postoperative rehabilita- Total cost

2015 [39] oped platform tion of TKA Cost per time

3TKA: total knee arthroplasty.
bROM: range of mation.
°THA: total hip arthroplasty.

Risk-of-Bias Assessment

The results of the risk-of-bias assessment, based on the RoB 2,
are summarized in Figure 2. The risk of biasin 1 study was
high, 5 studies had some concerns, and 4 studies were
categorized as having alow risk of bias. Regarding the risk of
bias caused by the randomization process (domain 1), 4 studies
used a nonconcealment approach, and the baseine
characteristicswere different between groups because they may

https://rehab.jmir.org/2022/3/e36028

have had some selection bias. Thus, regarding domain 1, most
studies were assessed as having arisk of bias of some concern.
The risk of bias due to deviations from intended interventions
(domain 2) was judged to be low in 7 studies, which were
assessed as having arisk of bias of some concern. Regarding
the risk of bias due to missing outcome data (domain 3),
outcome measurement (domain 4), and sel ection of the reported
results (domain 5), all studies were judged as having alow risk
of bias.
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Figure2. Summary of the the risk-of-bias assessment. A red circle with aminus sign indicates a high risk of bias, ayellow circle with a question mark
indicates there are some concerns, and a green circle with aplus sign indicates alow risk of bias.
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Effects of Real-Time Telerehabilitation

Range of Motion

The ROM of kneeflexion was assessed in only 5 triads, astheir
primary outcomes were able to be pooled [30,32,34,36,38].

0000000000
00000000
00000000

@

Data from only 498 participants were able to be pooled due to
insufficient datain the ROM of knee flexion. Aggregate results
showed a small effect in favor of real-time TR as compared to
conventional service (SMD 0.28, 95% Cl 0.1-0.46; 1°=0%:
Figure 3).

Figure3. Meta-analysis comparing the effect of real-time telerehabilitation on range of motion of knee flexion following interventionsfor al conditions.

SMD: standardized mean difference; TR: telerehabilitation.

Experiment Control SMD, SMD,
Study or Subgroup Mean 5D Total Mean SD Total Weight Fixed, 95% C1 Fixed, 95% C1
Anetal, 2021 114.41 6.26 18 107.18 10.23 18 6.7% 0.83 (0.15 t0 1.52)
Fernando Dias et al, 2018 101.5 9.6 38 97 11.3 31 13.6% 0.43 (-0.05 to 0.91) +—
PrvuBettgeretal, 2020 114.5 15.3 143 1114 16 144 58.3% 0.20 (-0.03 t0 0.43) Hill-
Russell etal, 2011 86.1 1.3 31 824 151 34 13.1% 0.27 (-0.22 t0 0.76) —
Tousignantetal, 2011 86.1 13.7 21 83.9 11.7 20 8.3% 0.17 (-0.44 10 0.78) e —
Total (95% C1) 251 247 100% 0.28 {0.10 to 0.46) .
Heterogeneity: \°=3.49, df=4 (P=.48); [°=0% . . .
Test for overall effect: 7=3.09 (P=.002) -2 1 0 1 2
Favor Control Favor TR
Subgroup analyses were conducted for specific musculoskeletal  Muscle Strength

conditions and type of TR medium (ie, personal computer,
smartphone, tablet, and platform). For rehabilitation of
postoperative TKA, the pooled results of 4 trials[32,34,36,38]
suggested that TR interventionswerelessfavorable (SMD 0.24,

95% CI 0.06-0.42; 1°=0%); while 3 RCTs had arisk of bias of
some concern [34,36,38], they did not favor real-time TR for
the improvement of ROM of knee flexion following

postoperative TKA (SMD 0.21, 95% CI 0.01-0.4; 1°=0%).
Regarding the intervention medium of real-time TR, 2 trids
[30,32] that used smartphones or tablets showed a moderate

effect favoring TR (SMD 0.56, 95% Cl 0.18-0.95; 1°=0%),
whereas 3 studies that used personal computers with specific
software [34,36,38] yielded asmall effect in favor of TR (SMD

0.21, 95% Cl 0.01-0.4; 12=0%).

https://rehab.jmir.org/2022/3/e36028
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Data from 3 trials assessing muscle strength as a primary
outcome were able to be pooled. One trial used knee extensor
strength [30], whereas 2 trials presented physical function data
intheform of lower-limb strength from the sit-to-stand test [ 33]
or the stair test [31]. Aggregate results of substantial statistical
heterogeneity suggested that real-time TR had more moderate
to large effects favoring the TR intervention as compared to

usual care (SMD 0.76, 95% Cl 0.32-1.2; 12=59.60%).

Balance

In total, 5 trials assessed balance using the Timed Up and Go
(TUG) test as a primary outcome. Data from only 216
participants were able to be pooled due to insufficient data.
Aggregate results showed a moderate effect that favored
real-time TR for the improvement of TUG test results (SMD
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0.63, 95% Cl 0.36-0.9; 1°=58.5%; Figure 4) [30-33,36].
Meanwhile, 3 RCTs with alow risk of bias [30-32] had large
effectsthat favored real-time TR (SMD 0.92, 95% CI 0.56-1.29;
12=45.8%).

Subgroup anayses further suggested that red-time TR
interventions with medium to large effects favoring smartphones
or tablets (SMD 0.92, 95% Cl 0.56-1.29; 12=45.8%) [30-32] or

Jirasakulsuk et d

personal computers (SMD 0.25, 95% CI —0.16 to 0.66; 12=0%)
[33,36] have an equal effect on improvement of balance.

Finaly, results from 4 trials that examined rehabilitation
following preoperative TKA [30,31] or postoperative TKA
(SMD 0.43, 95% CI 0.09-0.77; 1°=45.4%) [32,36] specifically
showed that TR was more favorable than usual rehabilitation
care.

Figure 4. Meta-analysis comparing the effect of real-time telerehabilitation on balance following interventions for all conditions. SMD: standardized

mean difference; TR: telerehabilitation.

Experiment Control

Study or Subgroup Mean sD Total Mean sD

Total

SMD,
Fixed, 95% Cl

SMD,

Weight Fixed, 95% C1

Anetal, 2021 10.61 126 18 13.34 213

Doiron-Cadrin et al, 2022 8.5 10.6 2.9

Fernando Dias etal, 2018 78 2.7 38 10.1 4.1

Hongetal, 2017 8.1 2.2 1 9.7 5

Russell etal, 2011 125 10.94 31 14.61 10.12

Total (95% C1) 110

Heterogeneity: y°=9.17, df=4 (P=.06);[*=56%

Test for overall effect: 7=4.42 (P<.001)

Feasibility and Acceptance of Real-Time
Telerehabilitation

Completion rates, reasons for withdrawal, and adverse events
are shown in Table S1 in Multimedia Appendix 2. Completion
rates were reported in all studies: mean 91.09% (SD 5.77%;
range 85%-100%) in the experimental group and 94.89% (SD
5.18%; range 83.3%-100%) in the control group. Most studies
described the reasons for withdrawal, including dropout, lack
of follow-up, and hospitalization as a result of other diseases.
However, these reasons were not described clearly in all studies.
In total, 3 studies [31,32,37] reported that adverse events
occurred during real-time TR, whereas the other 7 studies did
not specifically describe adverse events.

Only 2 studies reported cost-effectiveness analysis, which
evaluated the total costs of rehabilitation in older adults with
osteoarthritis of the kneein the postoperative phase. Total costs
of real-time TR (mean US $1502.98, SD $278.98) and usua
care (mean US $3006.89, SD $1519.89) had moderate effects

favoring real-time TR (SMD 0.69, 95% CI 0.51-0.88; 1°=0%).

Potential Contributing Factorsto Feasibility

We summarized the data from factors potentially contributing
to safety and feasibility based on treatments via video
conference, as seen in Table S1 in Multimedia Appendix 2. For
safety measures in 2 studies [33,37] in which
community-dwelling older adultswere recruited, dataregarding
the rate of perceived exertion were collected from atolerance
exercise program; the 2 studies also used the patients own
records of pain, falls, and readmission to hospitals. Patients
were accompanied by a caregiver when giving reports during
the postoperative TKA treatment period. Finally, we found that
6 studies set minimum internet speeds ranging from 18 kbpsto
10 Mbps, whereas 4 studies did not report this information.

https://rehab.jmir.org/2022/3/e36028

18 13.6% -153 (-228t0-0.77) ———
11 10.3% -0.90 (-1.77 to -0.04) —
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12 113% 039 (-L12t00.43) —_—
34 32.4% —0.20 (-0.69 to 0.29) —.—
106 100%  —0.63 (—0.90 to—0.35) ‘
[ i i +
-2 1 0 1 2
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Principal Findings

Themain finding of this study wasthat, following noninferiority
analysis, one particular treatment is not inferior to the current
standard treatment for a particular health condition [40]. Post
hoc noninferiority analysis was undertaken to compare results
between cohorts from the examined interventions when
sufficient datawere found for subgroup analyses. Results of the
noninferiority analysis supports aconclusion that physiotherapy
exercisesfor the TKA populationviarea-time TR isequivalent
and not inferior to FTF care.

Thisstudy isthefirst systematic review that focuseson real-time
TR services using phone calls or video conferencing for
home-based exercising to improve physical performance and
adherence to treatment in older adults with muscul oskeletal
conditions. These results showed that TR had similar or better
effects, as compared to usual care, on older adults physical
performance, including balancing ability, strength, and ROM.
Furthermore, when compared to conventiona care, small to

moderate, but significant ("<.001), effects could be seenin favor
of real-time TR, suggesting that real-time TR is superior to
conventional services with respect to physical performance.
Subgroup meta-analysesin thisreview showed small statistical
heterogeneity across the studies due to trials that used

smartphones or tablets (1=0%). However, in those studies that
only provided real-time TR treatment via personal computer or
videoconferencing software, rea-time TR still produced
favorable outcomes, albeit to a small extent, as compared to

FTF carefollowing theintervention (12=0%). Regardless of the
musculoskeletal condition or by which medium the rea-time
TR was delivered, improvements in balance were also seen to
be comparabl e between cohorts.

The primary findings in this review were similar to those of
previous systematic reviews that reported positive benefits in
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patients following TKA [8], cardiac disease [3,41], and COPD
[42] among community-dwelling older adults [43]. Articles
from asystematic review and meta-analysis[8] on TR for TKA
reported strong positive effects from a TR program (mean

difference 1.14, 95% CI —0.61 to 2.89; 1°=0%) and improvement
in active knee flexion status that were similar to those among
patients with improving health conditions in the conventional
therapy group. TR seems to be a practical aternative to
conventional FTF rehabilitation therapy in patients who
underwent TKA. Similarly, a previous systematic review [6]
aimed to examine TR for musculoskeletal conditions and
evaluated the effectiveness of TR as compared to usual carein
improving physical function and disability; a moderate effect
was observed in favor of TR (SMD 0.45, 95% CI 0.20-0.70;

12=56%). In this review, only the selected primary outcome
measures were pooled to estimate the effects of treatment
interventions, in which the TUG test served as a validated
assessment tool that was simple, quick, and able to be applied
in a short time to measure physical performance in a TKA
population. Therefore, improvement in physical function has
been added to the growing body of evidence for the efficacy of
real-time TR in older adults with musculoskel etal conditions.

In our review of adherence data across the selected studies, the
intervention completion rate was available in all of them, with
adherence reported to be 91% (range 85%-100%) in the
experimental group. Thisfigure is comparable with previously
reported completion rates of real-time TR among older adults
with COPD in Australia (95%) [44], those with hemiplegiain
China (96%) [45], those with heart failure in Australia (95%)
[46], and those suffering from peripheral artery disease in the
United States (85%) [47]. However, a direct comparison of
findings between studiesisdifficult due to discrepancies across
the countries, participants' conditions, and intervention
regimens. Our findings imply that real-time TR interventions
might constitute an acceptable rehabilitation strategy for older
adults.

In contrast, there was|ess emphasis on other reporting regarding
adherence, such as specific reasons for withdrawal from
interventions and adverse events during interventions. In-depth
interviews in a previous study [48] described specific reasons
for withdrawal from their TR service among older adults, such
as" one person withdrew because of the need to train at thelocal
center” and “one person withdrew [from] the program after
finding the technol ogy too difficult to use the computer and IT
platform.” These descriptions allow readers the opportunity to
vary programs in order to simulate adherence or to design a
program and judge the appropriateness of the intervention in
order to make it more feasible for their clinical practice or
research project. Future studies documenting this relevant
information can improve real-time TR services.

Comparison to Prior Work

Although the effectiveness of real-time TR among older adults
with muscul oskeletal conditionsis apparent, findings from this
review still need to be supported by additional studies. Thus,
the interpretation of our findings require careful consideration.
The poor methodological quality and heterogeneity in
telehealth-related studies were also reported in previous
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systematic reviews[1,27,41,49]. A previous systematic review
[43] insisted that thereisacritical need for high-quality studies
investigating the impact of TR interventions in older adults.
Consequently, it is crucia that these issues be taken into
consideration when further studies are conducted.

Potential Future Directions

This study showed that the technologies used during real-time
TR interventions varied across the included studies. In the
examined studies, we observed variations in the hedth
conditions of older adults, various kinds of technologies being
used, and specific trends.

First, we observed that an app’'s ease of use was important
during real-time TR services among older adults with a health
condition. Previous studies [50,51] found that interactive app
use during individual interviews helped identify content for
creating aprototype before designing amobile health (mHealth)
app. Thus, mHealth apps that are used for TR focus on user
characteristics.

Second, health care providers are able to motivate and increase
the self-confidence of older adultsduring real-time TR services.
Previous studiesthat conducted in-depth interviewswith patients
found that motivational techniques, including giving feedback
to patients regarding exercise during the intervention, were
important for helping patients improve [52,53]. If a
physiotherapist cannot give older adult patients clear and
sufficient advice regarding their health conditions in order to
improvetheir physical performance, the patients could losetheir
self-confidence and treatments could become ineffective. On
the other hand, effective communication can enhance
participants’ confidence and ensure positive outcomes from the
treatment programs.

Finally, based on our findings, there was amoderate effect with

asignificant difference (SMD 0.69, 95% CI 0.51-0.88; 12=0%)
on cost-effectiveness as a result of real-time TR as compared
to usua care. It is reasonable to believe that the costs of
real-time TR interventions can be lower than those incurred
from conventiona treatmentswith FTF communication between
physiotherapists and patients [34,39]. The cost-effectiveness
measureis an important factor for the treatment of patients, and
it can vary depending on patients’ conditions during rea-time
TR interventions.

Limitations

There were four limitations in our study. First, we had limited
accessto research databases and articlesin different languages,
preventing us from reviewing some research studies. Other
research databases, such as Embase and ScienceDirect, were
not used due to accessibility issues. Moreover, our review did
not cover articleswrittenin other languages. Thisselection bias
may seriously have impacted our results and must be
acknowledged when interpreting them.

Second, the focus of our review was limited to the outcome
measures of physical performance and intervention adherence.
Furthermore, other subjective outcome measures, such as pain
scales, activities of daily living, quality of life, and feasibility
indexes, should also be evaluated in future studies.
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Third, caution was taken when we made conclusions about the
overall effects of the management of muscul oskeletal conditions.
Because almost all of the trials examined interventions that
followed common orthopedic surgery proceduresin areaswhere
access to conventional FTF interventions are limited, TR isan
alternative treatment that could provide patients with sufficient
availability of health care services.

Finally, as mentioned earlier, the number of selected studies
with alow risk of biaswas small, so real-time TR interventions
must have high-quality methodologies to ensure that their
effectiveness and results can be generalized to varioustreatments
at clinics.
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Conclusions

Thisstudy showed that thereis strong evidenceto conclude that
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conditions.

This work was supported by the Master of Science Program in Physical Therapy of Thammasat University.

Conflictsof I nterest
None declared.

Multimedia Appendix 1

Search strategy.
[PDFE File (Adobe PDF File), 94 KB-Multimedia Appendix 1]

Multimedia Appendix 2

Summary of completion rates, reasons for withdrawal, and adverse eventsin the included studies.

[PDE File (Adobe PDF File), 115 KB-Multimedia Appendix 2]

References

1. Emmerson KB, Harding KE, Taylor NF. Providing exercise instructions using multimedia may improve adherence but not
patient outcomes: A systematic review and meta-analysis. Clin Rehabil 2019 Apr;33(4):607-618. [doi:

10.1177/0269215518819706] [Medline: 30582358]

2. 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. [doi: 10.1080/09638280802062553]

[Medline: 18720118]

3. BaeJ WooS, Lee], Park S, Kwon SW, Choi SH, et al. mHealth interventions for lifestyle and risk factor modification in
coronary heart disease: Randomized controlled trial. IMIR Mhealth Uhealth 2021 Sep 24;9(9):€29928 [FREE Full text]

[doi: 10.2196/29928] [Medline: 34559058]

Bentley CL, Powell L, Potter S, Parker J, Mountain GA, Bartlett YK, et al. The use of a smartphone app and an activity

tracker to promote physical activity in the management of chronic obstructive pulmonary disease: Randomized controlled
feasibility study. IMIR Mhealth Uhealth 2020 Jun 03;8(6):€16203 [FREE Full text] [doi: 10.2196/16203] [Medline;

32490838]

5. Block VAJ, Pitsch E, Tahir P, Cree BAC, Allen DD, Gelfand JM. Remote physical activity monitoring in neurological
disease: A systematic review. PLoS One 2016;11(4):€0154335 [FREE Full text] [doi: 10.1371/journal.pone.0154335]

[Medline: 27124611]

6. Cottrell MA, GaleaOA, O'Leary SP, Hill AJ, Russall TG. Real-timetelerehabilitation for the treatment of muscul oskel etal
conditions is effective and comparable to standard practice: A systematic review and meta-analysis. Clin Rehabil 2017
May;31(5):625-638. [doi: 10.1177/0269215516645148] [Medline: 27141087]

7.  Frederix |, Vanhees L, Dendale P, Goetschalckx K. A review of telerehabilitation for cardiac patients. J Telemed Telecare

2014 Dec 04;21(1):45-53. [doi: 10.1177/1357633x14562732]
8.  ShuklaH, Nair SR, Thakker D. Role of telerehabilitation in patients following total knee arthroplasty: Evidence from a
systematic literature review and meta-analysis. J Telemed Telecare 2017 Feb;23(2):339-346. [doi:

10.1177/1357633X 16628996] [Medline: 26843466]

9. GBD 2016 Disease and Injury Incidence and Preval ence Collaborators. Global, regional, and national incidence, prevalence,
and years lived with disability for 328 diseases and injuries for 195 countries, 1990-2016: A systematic analysis for the

https://rehab.jmir.org/2022/3/e36028

JMIR Rehabil Assist Technol 2022 | vol. 9 |iss. 3|€36028 | p. 9
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=rehab_v9i3e36028_app1.pdf&filename=d5cdd2b01ca6c29b60bcd0eb896a13ff.pdf
https://jmir.org/api/download?alt_name=rehab_v9i3e36028_app1.pdf&filename=d5cdd2b01ca6c29b60bcd0eb896a13ff.pdf
https://jmir.org/api/download?alt_name=rehab_v9i3e36028_app2.pdf&filename=94b529161259ec5fae3a715581423e18.pdf
https://jmir.org/api/download?alt_name=rehab_v9i3e36028_app2.pdf&filename=94b529161259ec5fae3a715581423e18.pdf
http://dx.doi.org/10.1177/0269215518819706
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30582358&dopt=Abstract
http://dx.doi.org/10.1080/09638280802062553
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18720118&dopt=Abstract
https://mhealth.jmir.org/2021/9/e29928/
http://dx.doi.org/10.2196/29928
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34559058&dopt=Abstract
https://mhealth.jmir.org/2020/6/e16203/
http://dx.doi.org/10.2196/16203
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32490838&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0154335
http://dx.doi.org/10.1371/journal.pone.0154335
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27124611&dopt=Abstract
http://dx.doi.org/10.1177/0269215516645148
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27141087&dopt=Abstract
http://dx.doi.org/10.1177/1357633x14562732
http://dx.doi.org/10.1177/1357633X16628996
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26843466&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIRREHABILITATION AND ASSISTIVE TECHNOLOGIES Jirasakulsuk et al

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

Global Burden of Disease Study 2016. Lancet 2017 Sep 16;390(10100):1211-1259 [FREE Full text] [doi:
10.1016/S0140-6736(17)32154-2] [Medline: 28919117]

Fejer R, Ruhe A. What is the prevalence of musculoskeletal problemsin the elderly population in devel oped countries? A
systematic critical literaturereview. Chiropr Man Therap 2012 Sep 24;20:31 [FREE Full text] [doi: 10.1186/2045-709x-20-31]
Chen CY, Neufeld PS, Feely CA, Skinner CS. Factorsinfluencing compliance with home exercise programs among patients
with upper-extremity impairment. Am JOccup Ther 1999;53(2):171-180. [doi: 10.5014/aj0t.53.2.171] [Medline: 10200840]
Comans T, Raymer M, O'Leary S, Smith D, Scuffham P. Cost-effectiveness of a physiotherapist-led service for orthopaedic
outpatients. J Health Serv Res Policy 2014 Oct;19(4):216-223. [doi: 10.1177/1355819614533675] [Medline: 24819380]
Daker-White G, Carr AJ, Harvey |, Woolhead G, Bannister G, Nelson |, et a. A randomised controlled trial. Shifting
boundaries of doctors and physiotherapists in orthopaedic outpatient departments. J Epidemiol Community Health 1999
Oct;53(10):643-650. [doi: 10.1136/jech.53.10.643] [Medline: 10616677]

Oldmeadow LB, Bedi HS, Burch HT, Smith JS, Leahy ES, Goldwasser M. Experienced physiotherapists as gatekeepers
to hospital orthopaedic outpatient care. Med JAust 2007 Jun 18;186(12):625-628. [doi: 10.5694/j.1326-5377.2007.tb01079.X]
[Medline: 17576177]

Pickering RM, Fitton C, Ballinger C, Fazakarley L, Ashburn A. Self reported adherence to ahome-based exercise programme
among people with Parkinson's disease. Parkinsonism Relat Disord 2013 Jan;19(1):66-71. [doi:
10.1016/j.parkreldis.2012.07.006] [Medline: 22878222]

Cuevas J. Islearning styles-based instruction effective? A comprehensive analysis of recent research on learning styles.
Theory Res Educ 2015 Oct 06;13(3):308-333. [doi: 10.1177/1477878515606621]

Rohrer D, Pashler H. Learning styles: Where's the evidence? Med Educ 2012 Jul;46(7):634-635. [doi:
10.1111/j.1365-2923.2012.04273.x] [Medline: 22691144]

Johansson T, Wild C. Telerehabilitation in stroke care--A systematic review. J Telemed Telecare 2011;17(1):1-6. [doi:
10.1258/jtt.2010.100105] [Medline: 21097560]

Laver KE, Adey-Wakeling Z, Crotty M, Lannin NA, George S, Sherrington C. Telerehabilitation services for stroke.
Cochrane Database Syst Rev 2020 Jan 31;1:CD010255 [FREE Full text] [doi: 10.1002/14651858.CD010255.pub3] [Medline:
32002991]

Lundell S, Holmner A, Rehn B, Nyberg A, Wadell K. Telehealthcarein COPD: A systematic review and meta-analysis on
physical outcomes and dyspnea. Respir Med 2015 Jan;109(1):11-26 [FREE Full text] [doi: 10.1016/j.rmed.2014.10.008]
[Medline: 25464906]

McLean S, Nurmatov U, Liu J, Pagliari C, Car J, Sheikh A. Telehealthcare for chronic obstructive pulmonary disease.
Cochrane Database Syst Rev 2011 Jul 06(7):CD007718. [doi: 10.1002/14651858.CD007718.pub?2] [Medline: 21735417]
Clarke M, Shah A, Sharma U. Systematic review of studies on telemonitoring of patients with congestive heart failure: A
meta-analysis. J Telemed Telecare 2011;17(1):7-14. [doi: 10.1258/jtt.2010.100113] [Medline: 21097564]

Dalleck LC, Schmidt LK, Lueker R. Cardiac rehabilitation outcomesin aconventional versustelemedicine-based programme.
JTelemed Telecare 2011;17(5):217-221. [doi: 10.1258/jtt.2010.100407] [Medline: 21508077]

Agostini M, Moja L, Banzi R, Pistotti V, Tonin P, Venneri A, et al. Telerehabilitation and recovery of motor function: A
systematic review and meta-analysis. J Telemed Telecare 2015 Feb 22;21(4):202-213. [doi: 10.1177/1357633x15572201]
Pietrzak E, Cotea C, Pullman S, Nasveld P. Self-management and rehabilitation in osteoarthritis: Is there a place for
internet-based interventions? Telemed J E Health 2013 Oct;19(10):800-805. [doi: 10.1089/tm].2012.0288] [Medline:
24003979

Liberati A, Altman DG, Tetzlaff J, Mulrow C, Ggtzsche PC, loannidis JP, et al. The PRISMA statement for reporting
systematic reviews and meta-analyses of studiesthat evaluate health care interventions: Explanation and elaboration. JClin
Epidemiol 2009 Oct;62(10):e1-e34 [FREE Full text] [doi: 10.1016/j.jclinepi.2009.06.006] [Medline: 19631507]
D'Haeseleer M, Eelen P, Sadeghi N, D'Hooghe M B, Van Schependom J, Nagels G. Feasibility of real time internet-based
teleconsultation in patients with multiple sclerosis: Interventional pilot study. JMed Internet Res 2020 Aug 13;22(8):€18178
[FREE Full text] [doi: 10.2196/18178] [Medline: 32447274]

Sterne JAC, Savovi¢ J, Page MJ, Elbers RG, Blencowe NS, Boutron I, et al. RoB 2: A revised tool for assessing risk of
bias in randomised trials. BMJ 2019 Aug 28;366:14898. [doi: 10.1136/bm;.I4898] [Medline: 31462531]

Higgins JPT, ThomasJ, Chandler J, Cumpston M, Li T, PageMJ, et a, editors. Cochrane Handbook for Systematic Reviews
of Interventions. Second Edition. Hoboken, NJ: John Wiley & Sons, Inc; 2019.

AnJ RyuH, LyuS, Yi H, Lee B. Effects of preoperative telerehabilitation on muscle strength, range of motion, and
functional outcomesin candidates for total knee arthroplasty: A single-blind randomized controlled trial. Int JEnviron Res
Public Health 2021 Jun 04;18(11):6071 [FREE Full text] [doi: 10.3390/ijerph18116071] [Medline: 34199913]
Doiron-Cadrin P, Kairy D, Vendittoli P, Lowry V, Poitras S, Desmeules F. Feasibility and preliminary effects of a
tele-prehabilitation program and an in-person prehablitation program compared to usual carefor total hip or knee arthroplasty
candidates: A pilot randomized controlled trial. Disabil Rehabil 2020 Apr;42(7):989-998. [doi:
10.1080/09638288.2018.1515992] [Medline: 30638076]

https://rehab jmir.org/2022/3/e36028 JMIR Rehabil Assist Technol 2022 | vol. 9 | iss. 3| 36028 | p. 10

(page number not for citation purposes)


https://linkinghub.elsevier.com/retrieve/pii/S0140-6736(17)32154-2
http://dx.doi.org/10.1016/S0140-6736(17)32154-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28919117&dopt=Abstract
https://chiromt.biomedcentral.com/track/pdf/10.1186/2045-709X-20-31.pdf
http://dx.doi.org/10.1186/2045-709x-20-31
http://dx.doi.org/10.5014/ajot.53.2.171
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10200840&dopt=Abstract
http://dx.doi.org/10.1177/1355819614533675
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24819380&dopt=Abstract
http://dx.doi.org/10.1136/jech.53.10.643
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10616677&dopt=Abstract
http://dx.doi.org/10.5694/j.1326-5377.2007.tb01079.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17576177&dopt=Abstract
http://dx.doi.org/10.1016/j.parkreldis.2012.07.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22878222&dopt=Abstract
http://dx.doi.org/10.1177/1477878515606621
http://dx.doi.org/10.1111/j.1365-2923.2012.04273.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22691144&dopt=Abstract
http://dx.doi.org/10.1258/jtt.2010.100105
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21097560&dopt=Abstract
https://europepmc.org/abstract/MED/32002991
http://dx.doi.org/10.1002/14651858.CD010255.pub3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32002991&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0954-6111(14)00358-8
http://dx.doi.org/10.1016/j.rmed.2014.10.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25464906&dopt=Abstract
http://dx.doi.org/10.1002/14651858.CD007718.pub2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21735417&dopt=Abstract
http://dx.doi.org/10.1258/jtt.2010.100113
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21097564&dopt=Abstract
http://dx.doi.org/10.1258/jtt.2010.100407
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21508077&dopt=Abstract
http://dx.doi.org/10.1177/1357633x15572201
http://dx.doi.org/10.1089/tmj.2012.0288
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24003979&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0895-4356(09)00180-2
http://dx.doi.org/10.1016/j.jclinepi.2009.06.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19631507&dopt=Abstract
https://www.jmir.org/2020/8/e18178/
http://dx.doi.org/10.2196/18178
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32447274&dopt=Abstract
http://dx.doi.org/10.1136/bmj.l4898
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31462531&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph18116071
http://dx.doi.org/10.3390/ijerph18116071
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34199913&dopt=Abstract
http://dx.doi.org/10.1080/09638288.2018.1515992
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30638076&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIRREHABILITATION AND ASSISTIVE TECHNOLOGIES Jirasakulsuk et al

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45,

46.

47.

48.

49,

50.

51.

Correia FD, Nogueira A, Magalhdes |, Guimardes J, Moreira M, Barradas |, et al. Home-based rehabilitation with a novel
digital biofeedback system versus conventional in-person rehabilitation after total knee replacement: A feasibility study.
Sci Rep 2018 Jul 26;8(1):11299 [FREE Full text] [doi: 10.1038/s41598-018-29668-0] [Medline: 30050087]

Hong J, Kim J, Kim SW, Kong H. Effects of home-based tel e-exercise on sarcopenia among community-dwelling elderly
adults: Body composition and functional fitness. Exp Gerontol 2017 Jan;87(Pt A):33-39. [doi: 10.1016/].exger.2016.11.002]
[Medline: 27838369]

Prvu Bettger J, Green CL, Holmes DN, Chokshi A, Mather RC, Hoch BT, et al. Effects of virtual exercise rehabilitation
in-home therapy compared with traditional care after total knee arthroplasty. JBone Joint Surg 2019 Nov 18;102(2):101-109.
[doi: 10.2106/jbjs.19.00695]

Russell TG, Buttrum P, Wootton R, Jull GA. Low-bandwidth telerehabilitation for patients who have undergone total knee
replacement: Preliminary results. J Telemed Telecare 2003;9 Suppl 2:$44-347. [doi: 10.1258/135763303322596246]
[Medline: 14728759]

Russell TG, Buttrum P, Wootton R, Jull GA. Internet-based outpatient telerehabilitation for patients following total knee
arthroplasty. J Bone Joint Surg 2011;93(2):113-120. [doi: 10.2106/jbjs.i.01375]

Sparrow D, Gottlieb DJ, Demolles D, Fielding RA. Increases in muscle strength and balance using a resistance training
program administered via a telecommunications system in older adults. J Gerontol A Biol Sci Med Sci 2011
Nov;66(11):1251-1257 [FREE Full text] [doi: 10.1093/gerona/glr138] [Medline: 21852283]

Tousignant M, Moffet H, Boissy P, Corriveau H, Cabana F, Marquis F. A randomized controlled trial of home
telerehabilitation for post-knee arthroplasty. J Telemed Telecare 2011;17(4):195-198. [doi: 10.1258/]tt.2010.100602]
[Medline: 21398389]

Tousignant M, Moffet H, Nadeau S, Mérette C, Boissy P, Corriveau H, et al. Cost analysis of in-home telerehabilitation
for post-knee arthroplasty. JMed Internet Res 2015 Mar 31;17(3):e83 [FREE Full text] [doi: 10.2196/jmir.3844] [Medline:
25840501]

Hahn S. Understanding noninferiority trials. Korean J Pediatr 2012 Nov;55(11):403-407 [EREE Full text] [doi:
10.3345/kjp.2012.55.11.403] [Medline: 23227058]

Batalik L, Dosbaba F, Hartman M, Batalikova K, Spinar J. Benefits and effectiveness of using awrist heart rate monitor
asatelerehabilitation devicein cardiac patients: A randomized controlled trial. Medicine (Baltimore) 2020 Mar;99(11):€19556
[FREE Full text] [doi: 10.1097/M D.0000000000019556] [Medline: 32176113]

Vorrink SN, Kort HS, Troosters T, Lammers JJ. A mobile phone app to stimulate daily physical activity in patients with
chronic obstructive pulmonary disease: Devel opment, feasibility, and pilot studies. IMIR Mhealth Uhealth 2016 Jan
26;4(1):e11 [FREE Full text] [doi: 10.2196/mhealth.4741] [Medline: 26813682]

Saito T, |zawa KP. Effectiveness and feasibility of home-based tel erehabilitation for community-dwelling elderly people
in Southeast Asian countries and regions: A systematic review. Aging Clin Exp Res 2021 Oct;33(10):2657-2669 [FREE
Full text] [doi: 10.1007/s40520-021-01820-3] [Medline: 33765258]

Tsai LLY, McNamaraRJ, Moddel C, Alison JA, McKenzie DK, McKeough ZJ. Home-based tel erehabilitation viareal-time
videoconferencing improves endurance exercise capacity in patients with COPD: The randomized controlled TeleR Study.
Respirology 2017 May;22(4):699-707 [EREE Full text] [doi: 10.1111/resp.12966] [Medline: 27992099]

Chen J, Jin W, Dong WS, Jin Y, Qiao FL, Zhou YF, et al. Effects of home-based tel esupervising rehabilitation on physical
function for stroke survivors with hemiplegia: A randomized controlled trial. Am J Phys Med Rehabil 2017
Mar;96(3):152-160. [doi: 10.1097/PHM .0000000000000559] [Medline: 27386808]

Hwang R, Morris NR, Mandrusiak A, Bruning J, Peters R, Korczyk D, et a. Cost-utility analysis of home-based
telerehabilitation compared with centre-based rehabilitation in patients with heart failure. Heart Lung Circ 2019
Dec;28(12):1795-1803. [doi: 10.1016/j.hlc.2018.11.010] [Medline: 30528811]

McDermott MM, Spring B, Berger JS, Treat-Jacobson D, Conte MS, Creager MA, et al. Effect of a home-based exercise
intervention of wearable technology and tel ephone coaching on walking performance in peripheral artery disease: The
honor randomized clinical trial. JAMA 2018 Apr 24;319(16):1665-1676 [FREE Full text] [doi: 10.1001/jama.2018.3275]
[Medline: 29710165]

Jargensen BB, Gregersen M, Pallesen SH, Damsgaard EM. A group-based real-time videoconferencing telerehabilitation
programme in recently discharged geriatric patients: A feasibility study. Eur Geriatr Med 2021 Aug;12(4):801-808 [FREE
Full text] [doi: 10.1007/s41999-020-00444-6] [Medline: 33544388]

Velayati F, Ayatollahi H, Hemmat M. A systematic review of the effectiveness of telerehabilitation interventions for
therapeutic purposesin the el derly. Methods Inf Med 2020 May;59(2-03):104-109. [doi: 10.1055/s-0040-1713398] [Medline:
32629502]

Kantorova L, Kantor J, Hot'gjSi B, Gilboa A, Svobodova Z, Lipsky M, et al. Adaptation of music therapists practice to the
outset of the COVID-19 pandemic—Going virtual: A scoping review. Int J Environ Res Public Health 2021 May
12;18(10):5138 [FREE Full text] [doi: 10.3390/ijerph18105138] [Medline: 34066197)

Stitz T, Emsenhuber G, Huber D, Domhardt M, Tiefengrabner M, Oostingh GJ, et al. M obile phone-supported physiotherapy
for frozen shoulder: Feasibility assessment based on a usability study. IMIR Rehabil Assist Technol 2017 Jul 20;4(2):e6
[FREE Full text] [doi: 10.2196/rehab.7085] [Medline: 28729234]

https://rehab jmir.org/2022/3/e36028 JMIR Rehabil Assist Technol 2022 | vol. 9 | iss. 3| 36028 | p. 11

(page number not for citation purposes)


https://doi.org/10.1038/s41598-018-29668-0
http://dx.doi.org/10.1038/s41598-018-29668-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30050087&dopt=Abstract
http://dx.doi.org/10.1016/j.exger.2016.11.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27838369&dopt=Abstract
http://dx.doi.org/10.2106/jbjs.19.00695
http://dx.doi.org/10.1258/135763303322596246
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14728759&dopt=Abstract
http://dx.doi.org/10.2106/jbjs.i.01375
https://europepmc.org/abstract/MED/21852283
http://dx.doi.org/10.1093/gerona/glr138
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21852283&dopt=Abstract
http://dx.doi.org/10.1258/jtt.2010.100602
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21398389&dopt=Abstract
https://www.jmir.org/2015/3/e83/
http://dx.doi.org/10.2196/jmir.3844
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25840501&dopt=Abstract
https://e-cep.org/journal/view.php?doi=10.3345/kjp.2012.55.11.403
http://dx.doi.org/10.3345/kjp.2012.55.11.403
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23227058&dopt=Abstract
https://doi.org/10.1097/MD.0000000000019556
http://dx.doi.org/10.1097/MD.0000000000019556
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32176113&dopt=Abstract
https://mhealth.jmir.org/2016/1/e11/
http://dx.doi.org/10.2196/mhealth.4741
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26813682&dopt=Abstract
https://europepmc.org/abstract/MED/33765258
https://europepmc.org/abstract/MED/33765258
http://dx.doi.org/10.1007/s40520-021-01820-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33765258&dopt=Abstract
https://doi.org/10.1111/resp.12966
http://dx.doi.org/10.1111/resp.12966
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27992099&dopt=Abstract
http://dx.doi.org/10.1097/PHM.0000000000000559
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27386808&dopt=Abstract
http://dx.doi.org/10.1016/j.hlc.2018.11.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30528811&dopt=Abstract
https://europepmc.org/abstract/MED/29710165
http://dx.doi.org/10.1001/jama.2018.3275
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29710165&dopt=Abstract
https://europepmc.org/abstract/MED/33544388
https://europepmc.org/abstract/MED/33544388
http://dx.doi.org/10.1007/s41999-020-00444-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33544388&dopt=Abstract
http://dx.doi.org/10.1055/s-0040-1713398
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32629502&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph18105138
http://dx.doi.org/10.3390/ijerph18105138
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34066197&dopt=Abstract
https://rehab.jmir.org/2017/2/e6/
http://dx.doi.org/10.2196/rehab.7085
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28729234&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIRREHABILITATION AND ASSISTIVE TECHNOLOGIES Jirasakulsuk et al

52. Pfaeffli DaleL, Whittaker R, Dixon R, Stewart R, Jiang Y, Carter K, et al. Acceptability of amobile health exercise-based
cardiac rehabilitation intervention: A randomized trial. J Cardiopulm Rehabil Prev 2015;35(5):312-319. [doi:
10.1097/HCR.0000000000000125] [Medline: 26181037]

53. Zanaboni P, Dinesen B, Hjalmarsen A, Hoaas H, Holland AE, Oliveira CC, et a. Long-term integrated tel erehabilitation
of COPD patients. A multicentre randomised controlled trial (iTrain). BMC Pulm Med 2016 Aug 22;16(1):126 [FREE Full
text] [doi: 10.1186/s12890-016-0288-z] [Medline: 27549782]

Abbreviations

COPD: chronic obstructive pulmonary disease

FTF: face-to-face

ICT: information and communications technology
mHealth: mobile health

PICO: population, intervention, comparison, and outcome
PROSPERO: International prospective register of systematic reviews
RCT: randomized controlled trial

RoB 2: version 2 of Cochrane's risk-of-bias tool

ROM: range of motion

SMD: standardized mean difference

TKA: total knee arthroplasty

TR: telerehabilitation

TUG: Timed Up and Go

Edited by T Leung; submitted 06.01.22; peer-reviewed by H Ayatollahi, N Chekin, BF Kocyigit; commentsto author 09.03.22; revised
version received 14.06.22; accepted 02.08.22; published 01.09.22

Please cite as:

Jirasakulsuk N, Saengpromma P, Khruakhorn S

Real-Time Telerehabilitation in Older Adults With Muscul oskeletal Conditions: Systematic Review and Meta-analysis
JMIR Rehabil Assist Technol 2022;9(3): 36028

URL: https://rehab.jmir.org/2022/3/e36028

doi: 10.2196/36028

PMID:

©Nathaphon Jirasakulsuk, Pattaridaporn Saengpromma, Santhanee Khruakhorn. Originally published in IMIR Rehabilitation
and Assistive Technology (https://rehab.jmir.org), 01.09.2022. This is an open-access article distributed under the terms of the
Creative Commons Attribution License (https.//creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution,
and reproduction in any medium, provided the origina work, first published in IMIR Rehabilitation and Assistive Technology,
is properly cited. The complete bibliographic information, alink to the original publication on https://rehab.jmir.org/, as well as
this copyright and license information must be included.

https://rehab,jmir.org/2022/3/e36028 JMIR Rehabil Assist Technol 2022 | vol. 9 | iss. 3| €36028 | p. 12
(page number not for citation purposes)

RenderX


http://dx.doi.org/10.1097/HCR.0000000000000125
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26181037&dopt=Abstract
https://bmcpulmmed.biomedcentral.com/articles/10.1186/s12890-016-0288-z
https://bmcpulmmed.biomedcentral.com/articles/10.1186/s12890-016-0288-z
http://dx.doi.org/10.1186/s12890-016-0288-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27549782&dopt=Abstract
https://rehab.jmir.org/2022/3/e36028
http://dx.doi.org/10.2196/36028
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

