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Abstract

Background: Telerehabilitation can be an appropriate alternative to face-to-face rehabilitation for adults; however, it is
uncertain whether it is safe and effective for older adults.
Objective: This review aimed to determine the effect of physiotherapist-led, exercise-based telerehabilitation for older adults
on patient outcomes (health-related quality of life, activity limitation, functional impairment) and health service costs.
Methods: Randomised or non-randomised controlled trials including community-dwelling older adults (mean age ≥ 65 years)
who received exercise-based telerehabilitation led by a physiotherapist were eligible. Cumulative Index to Nursing and Allied
Health Literature (CINAHL), Medline, PubMed and Cochrane Library were searched from the earliest available date to
August 2022. Methodological quality was assessed using the Physiotherapy Evidence Database scale. Data were synthesised
with inverse variance, random-effects meta-analyses to determine standardised mean differences and 95% confidence intervals.
Certainty of evidence was determined by applying Grading of Recommendations, Assessment, Development and Evaluation
criteria.
Results: Eleven studies (10 randomised) with 1,400 participants (mean age 65–74 years) experiencing musculoskeletal and
cardiopulmonary conditions were included. Telerehabilitation was safe, effective and well adhered to. Telerehabilitation was
non-inferior to face-to-face physiotherapy in relation to range of movement, strength, 6-min walk distance (6MWD), timed
up and go test (TUGT) and quality of life and had lower health-care costs compared with face-to-face physiotherapy.
Compared with no intervention, telerehabilitation participants had significantly better range of motion, strength, quality
of life, 6MWD and TUGT speed.
Conclusion: Physiotherapist-led, exercise-based telerehabilitation is non-inferior to face-to-face rehabilitation and better than
no intervention for older adults with musculoskeletal and cardiopulmonary conditions.
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Key Points

• Physiotherapist-supervised, exercise-based telerehabilitation for older adults is safe.
• Supervised, exercise-based telerehabilitation is non-inferior to face-to-face rehabilitation for improving patient outcomes.
• Telerehabilitation may cost less than face-to-face rehabilitation.
• Telerehabilitation significantly improves patient outcomes compared with no intervention.
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Introduction

Regular exercise is important for achieving healthy active
ageing [1] and is an effective component of physiotherapy
interventions for people with musculoskeletal, neurologi-
cal and cardiopulmonary health conditions [2]. However,
older adults may experience barriers to accessing exercise
programmes because of poor health and mobility, as well as
environmental constraints such as proximity to health and
fitness centres [3, 4]. Telerehabilitation may be a suitable
alternative to face-to-face rehabilitation for exercise in older
adults who face these challenges. During the coronavirus
disease of 2019 pandemic, physiotherapists in outpatient
and community settings had to rapidly transition away from
face-to-face service delivery and exercise programmes to
telerehabilitation [5]. However, it is unknown if exercise-
based telerehabilitation provided via synchronous videocon-
ferencing is as effective as traditional physiotherapy for older
adults.

Telerehabilitation may include a range of interventions
(therapeutic exercise, assessment and monitoring, functional
training and education), provided via webpages, instant mes-
saging services, telephone calls or videoconference, which
may be delivered either synchronously (i.e. in real time)
or asynchronously. A rapid review of 53 systematic reviews
on different modalities of telerehabilitation in physiotherapy
found that it was comparable to face-to-face rehabilitation
for adults with various conditions [6]. Only three of the
included reviews were limited to synchronous interventions
and only two focussed on older adults (both in total knee
arthroplasty (TKA) populations) [6]. No previous reviews
have focussed on exercise-based telerehabilitation provided
via synchronous videoconferencing for older adults with a
variety of health conditions.

Older adults are less likely to use technology for health
purposes compared with younger cohorts because of barriers
such as lower levels of education and income, accessibility,
usability, training and technical support, and issues around
privacy and data management [7]. It may be particularly
difficult to deliver exercise-based rehabilitation online as
close supervision is required to ensure correct set-up and per-
formance of exercises for safety and efficacy, particularly for
older adults who may experience greater health complexity
[8]. Therefore, it may be more difficult for older adults to
benefit from exercise interventions if they are delivered via
telerehabilitation. Although necessary during the pandemic,
the continued availability of telerehabilitation may have
benefits for older adults in terms of access for those living
far from physiotherapy clinics, or with inadequate transport,
as well as those who may be immunocompromised. Telere-
habilitation may also be a cost-effective alternative to centre-
based and home-based physiotherapies [9, 10]. With an age-
ing population and a growing demand for physiotherapy in
the community, health services must ensure that physiother-
apy is delivered in a safe, effective and sustainable manner.

This systematic review aimed to determine the effective-
ness of physiotherapist-led, exercise-based telerehabilitation

for older adults compared with usual physiotherapy care in
terms of patient and health service outcomes.

Methods

Protocol and registration

This systematic review and meta-analysis was reported with
reference to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) statement [11] and
was prospectively registered in the PROSPERO database of
systematic reviews (registration ID: CRD42022352899).

Eligibility criteria

To be eligible for inclusion, studies had to be randomised
(RCT) or non-randomised controlled trials (non-RCT)
that included community-dwelling older adults (mean
age ≥ 65 years) who received exercise-based telerehabili-
tation led by a physiotherapist in a group or individual
format compared with usual care (either face-to-face or no
intervention). For the purpose of this systematic review,
telerehabilitation was defined as synchronous videoconfer-
encing between a physiotherapist and their patient/s. All
conditions treated with exercise-based physiotherapy were
included. Studies were included if they measured patient
(participation, activity or impairment) and/or health service
outcomes (e.g. cost).

Studies were excluded if the telerehabilitation was not
delivered by a physiotherapist, if there was only one physio-
therapy consultation or the physiotherapy intervention was
an assessment only. Interventions delivered only via tele-
phone, an application, virtual reality or virtual rehabilitation
systems, or gaming devices, or where monitoring was the
only intervention were excluded.

Information sources

Electronic databases Cumulative Index to Nursing and
Allied Health Literature (CINAHL) Complete, OVID
Medline, PubMed and Cochrane Library were searched
from the earliest available date to August 2 2022. Using the
population, intervention, comparison, outcome format, the
search strategy focussed on the ‘intervention’ component as
we were interested in multiple populations, comparisons
and outcomes. Therefore, search terms and synonyms
for the key elements of the intervention (i.e. exercise,
physiotherapy and telerehabilitation) were developed. Terms
within a component were searched with the OR operator
and categories were combined with the AND operator
(Supplementary Appendix 1). We also searched reference
lists of included papers for additional articles.

Study selection

Search results were exported into Covidence and duplicates
were removed. Two reviewers (M.W. and C.L.P.) indepen-
dently screened the remaining articles by title and abstract
using the predefined eligibility criteria. Articles that did
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Figure 1. Flow of trials through the review

not meet the eligibility criteria were excluded, and the full
text articles of those remaining were examined in further
detail. The two reviewers independently reapplied the eligi-
bility criteria, using discussion to reach a consensus where
required. If consensus could not be reached, a third reviewer
was consulted (A.M.D.). Reviewer responses were recorded
and agreement between reviewers calculated using the kappa
statistic (κ), with a κ of 0.21–0.40 indicating fair agree-
ment, 0.41–0.60 moderate agreement, 0.61–0.80 substan-
tial agreement and 0.81–0.99 almost perfect agreement [12].

Data collection process

Excel spreadsheets were developed and used to extract data
on participant characteristics (age, clinical diagnosis and
education status), intervention details (type, delivery and
dose), outcomes related to the World Health Organisation—
International Classification of Functioning, Disability and
Health categories of participation, activity and impairment
[13], and results (patient and health service). One reviewer
(M.W.) extracted data and a second reviewer (A.M.D.)
checked extracted data for accuracy.

Risk of bias in individual studies

All studies were independently appraised for methodological
quality and risk of bias by two reviewers (M.W. and C.L.P.)

using the Physiotherapy Evidence Database (PEDro) scale.
The PEDro scale is an 11-item scale with 10 items scored for
internal validity. It has been shown to be a valid measure of
the methodological quality of clinical trials [14], with a score
of 6 or more out of 10 considered high-quality.

Summary measures and synthesis of results

Where there were sufficient data, post-intervention means
and standard deviations (SD) from RCT were pooled in
meta-analyses using random-effects models and inverse vari-
ance methods using Hedges’ g in RevMan 5. Mean dif-
ferences (MD) and 95% confidence intervals (CIs) were
calculated when outcomes were presented in the same unit of
measurement and standardised mean differences (SMD) and
95% CIs were calculated when outcomes were similar but
presented in different units. A SMD of 0.2 was considered
a small effect, 0.5 a moderate effect and 0.8 a large effect
[15]. We hypothesised that telerehabilitation would be non-
inferior to face-to-face rehabilitation and specified that tel-
erehabilitation would be considered non-inferior if the lower
band of the SMD CI was no < −0.20 or if the upper band
was no > +0.2 (depending on the direction of the outcome)
indicating a small effect [15]. Inconsistency was assessed
using the I 2 statistic with an I 2 > 50% suggesting significant
statistical heterogeneity [16]. Trials were pooled based on
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outcome measures (e.g. pain) and control group conditions
(e.g. face-to-face rehabilitation or no intervention). Data
from non-RCT were not included in meta-analyses but were
described narratively.

Risk of bias across studies

The Grading of Recommendations, Assessment, Devel-
opment and Evaluation (GRADE) approach was used to
determine the certainty of evidence for each meta-analysis
conducted in this review [17]. The GRADE approach
involved downgrading the certainty of evidence from
‘high’ to ‘moderate’, ‘low’ and ‘very low’ each time the
following criteria applied: (i) the PEDro score was <6 for
the majority of trials included in the meta-analysis (risk of
bias), (ii) there were high levels of statistical heterogeneity
between trials (I 2 ≥ 50%) (inconsistency), (iii) there was
evidence of indirect comparisons between populations,
interventions or outcomes (indirectness), (iv) there were
large CIs (>0.80 for SMD or more than the minimal
clinically important difference for MD) (imprecision) and
(v) there was funnel plot asymmetry if ≥10 trials were
included in the meta-analysis (publication bias).

Results

Study selection

The database search identified 584 records, and one further
record was found through manual searching of reference
lists. After removal of duplicates, 388 records were screened
by title and abstract. Agreement between reviewers was
substantial when screening titles and abstracts (κ = 0.66,
95% CI 0.55–0.77). A total of 56 full-text articles were
then assessed against the eligibility criteria, with 14 articles
meeting inclusion [18–31] (Figure 1). Agreement between
reviewers at full text review was almost perfect (κ = 0.85,
95% CI 0.69–1.0). The 14 included studies reported data
from 10 RCT and one non-RCT [21] (Table 1). Five studies
reported results from two trials; therefore, throughout the
review, we will refer to the main trial papers [23, 25] when
referring to study results.

Study characteristics

A total of 1,400 participants were included in this review.
The mean age of participants ranged from 65 to 74 years.
Trials included mostly females (Table 1). Most interventions
targeted people with musculoskeletal conditions including
TKA [18, 20, 25, 28, 29], knee osteoarthritis [19] and total
shoulder arthroplasty [21]. Two trials investigated telereha-
bilitation in chronic obstructive pulmonary disease [23, 31],
and two in heart failure [24, 27] (Table 1). In two trials, most
participants (64%) reported they were very comfortable
using technology at baseline [20, 31].

In eight trials, exercise-based physiotherapy delivered via
synchronous videoconferencing was delivered 1:1 [18–21,
25, 27–29]. In three trials, physiotherapy was delivered in

an online group setting [23, 24, 31] with two of these
trials specifying up to four participants per group [24, 31].
Physiotherapist-supervised exercise sessions varied from 20
to 60-min duration, and were delivered between three times
per week to once per month for between 3 and 26 weeks
(Table 2). The seven trials including participants with mus-
culoskeletal conditions mostly focussed on range of motion
(ROM) and progressive, muscle strengthening, whereas the
four trials for participants with cardiopulmonary conditions
included aerobic and strengthening exercises (Table 2).

Control group conditions included face-to-face home
[20, 21, 25, 29] or clinic-based [22–24, 28] physiotherapy,
or usual care and advice only without supervised exercise
training from a physiotherapist [18, 19, 27, 31].

Risk of bias within studies

The median PEDro score was 7 (range 5–8). Nine of the
11 studies were rated as high quality (Table 1). In 10 tri-
als, allocation was random, and nine trials had concealed
allocation. Seven of the 11 trials had blinded assessors.
Intention to treat analysis was conducted in eight trials
(Supplementary Appendix 2).

Adherence

Three trials reported higher attendance in the telerehabilita-
tion groups compared with face-to-face rehabilitation [20,
23, 24]. Another two trials reported no between group
difference in compliance with the exercise programme [27,
28]. In one trial, two participants in the telerehabilitation
group discontinued because of the high intensity of the
exercise programme [18].

Adverse events

Six trials reported no differences between the control and
intervention groups in adverse events [19, 23–25] or falls
[18, 20]. In one trial, 24 technical issues (12%) related to
the use of technology (e.g. poor internet connection) were
reported [31].

Effect of telerehabilitation on patient outcomes

Participation restriction

There was moderate certainty evidence from three trials with
249 participants [23, 24, 28] that telerehabilitation was
non-inferior to face-to-face rehabilitation for quality of life
(SMD 0.07, 95% CI −0.17 to 0.32, I 2 0%) in older adults
post-knee arthroplasty or in cardiopulmonary rehabilitation
(Figure 2 and Table 3).

When compared with no intervention, there was moder-
ate certainty evidence from three trials with 275 participants
that older adults with musculoskeletal and cardiopulmonary
conditions who participated in telerehabilitation had mod-
erately higher quality of life (SMD 0.43, 95% CI 0.12–0.75,
I 2 25%).
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Figure 2. SMD (95% CI) for effect of telerehabilitation on quality of life when compared with: (a) face-to-face rehabilitation (three
trials, n = 249) and (b) no intervention (three trials, n = 275)

Activity limitation

Six-min walk distance

There was moderate certainty evidence that telerehabilitation
was non-inferior to face-to-face rehabilitation in two trials
with 248 participants with musculoskeletal and cardiopul-
monary conditions on the 6MWD (MD 1.01 metres, 95%
CI −33.83 to 35.85, I 2 41%) (Table 3 and Supplemen-
tary Appendix 3). When compared with no intervention,
there was moderate certainty evidence from 232 participants
in two trials that telerehabilitation increased 6MWD by
MD 12.71 m (95% CI 9.58–15.84, I 2 = 0%) (Table 3 and
Supplementary Appendix 3).

Timed up and go test

There was low certainty evidence from two trials with 115
participants with musculoskeletal and cardiopulmonary con-
ditions that telerehabilitation was non-inferior to face-to-
face rehabilitation in terms of the timed up and go test
(TUGT; MD −1.67 s, 95% CI −4.53 to 1.2, I 2 25%)
(Table 3 and Supplementary Appendix 3).

Compared with no intervention, one trial reported that
participants of telerehabilitation were significantly faster in
the TUGT (MD −2.73 s, 95% CI −3.87 to −1.59) com-
pared with participants who did not receive intervention
[18].

Functional impairment

Pain

Five trials measured pain using various outcome measures
including the numeric rating scale (NRS) [19], visual

analogue scale (VAS) [21, 28], pressure pain threshold [18]
and a 0–10 point score [20].

There was high certainty evidence from two trials with
369 participants post-knee arthroplasty that telerehabili-
tation was inferior to face-to-face rehabilitation for pain
(SMD 0.09, 95% CI −0.22 to 0.41, I 2 39%) (Table 3
and Supplementary Appendix 3). When compared with no
intervention, there was low certainty evidence from two trials
with 66 participants post-knee arthroplasty of no difference
in pain (SMD −0.06, 95% CI −0.77 to 0.65, I 2 51%)
(Table 3 and Supplementary Appendix 3).

In one study, not included in meta-analysis as it was
not a RCT [21], participants post-shoulder hemiarthro-
plasty who received telerehabilitation reported significantly
less pain compared with those who received face-to-face
physiotherapy (P = 0.002).

Range of motion

There was high certainty evidence from three trials with 567
participants post-knee arthroplasty that telerehabilitation
was non-inferior to face-to-face rehabilitation for improving
knee flexion ROM (SMD 0.09, 95% CI −0.11 to 0.28, I 2

22%) (Table 3 and Supplementary Appendix 3).
In one study [21], not included in meta-analysis as it

was not a RCT, participants post-shoulder hemiarthroplasty
who received telerehabilitation had greater shoulder flexion
ROM compared with participants who received face-to-face
rehabilitation (P = 0.002) [21].

Compared with no intervention, one trial reported that
participants who received telerehabilitation had significantly
greater knee flexion ROM post-intervention (MD 7.23
degrees, 95% CI 1.69–12.77) [18].
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Strength

There was moderate certainty evidence from three trials [24,
25, 28] with 313 participants that telerehabilitation was non-
inferior to face-to-face rehabilitation for quadriceps strength
(SMD 0.20, 95% CI −0.09 to 0.49, I 2 31%) (Table 3 and
Supplementary Appendix 3) [24].

Compared with no intervention, participants in one study
who received telerehabilitation prior to TKA had signifi-
cantly greater quadriceps strength (MD 15.13 N-m, 95%
CI 6.64–23.62) [18].

Long-term effect of telerehabilitation on patient outcomes

Three of the trials assessed outcome measures 6–12 months
post-intervention [19, 22, 24]. In one trial, compared with
no intervention, the telerehabilitation group of older adults
with knee osteoarthritis had superior outcomes for pain,
function, quality of life and physical activity levels 6 months
post-intervention [19].

In two trials where telerehabilitation was compared with
face-to-face rehabilitation for people with chronic heart fail-
ure [24] and severe COPD [22], there were no significant dif-
ferences in 6MWD or quality of life at 6 [24] or 12 months
[22] and no difference in risk of hospitalisation or mortality
[22].

Effect of telerehabilitation on health service costs

There was moderate certainty evidence from two trials
[20, 30] with 484 participants post-knee arthroplasty of
a moderate-to-large effect of lower health-care costs for
telerehabilitation (SMD −0.69, 95% CI −0.88 to −0.51,
I 2 0%) compared with face-to-face rehabilitation (Table 3
and Supplementary Appendix 3).

Discussion

This review found that physiotherapist-led, exercise-based
telerehabilitation is safe, well adhered to and effective for
older adults with musculoskeletal or cardiopulmonary con-
ditions. Telerehabilitation was not inferior to face-to-face
physiotherapy and better than no intervention for patient
health outcomes of quality of life, 6-min walk distance
(6MWD), TUGT, knee flexion ROM and knee extensor
strength. There was some evidence of sustained effects at 6
and 12 months and telerehabilitation was associated with
lower health-care costs compared with face-to-face phys-
iotherapy. Although there were no significant differences
between groups, telerehabilitation was inferior to face-to-
face physiotherapy in terms of pain and did not reduce pain
more than no intervention. This review adds to previous
findings that telerehabilitation is acceptable to [32] and
can be as effective as face-to-face physiotherapy [33–35] by
demonstrating non-inferiority and cost savings in a broader
range of conditions in an at-risk older adult population.

This review found that telerehabilitation is safe and
well adhered to by older adults with musculoskeletal or

cardiopulmonary conditions. Previous studies have reported
that clinicians have concerns about patient safety and lack of
close physical supervision in telerehabilitation [36]. This is
particularly important in the older population where older
adults may experience more issues with mobility and falls
[37]. This review found that older adults participating in
physiotherapy-led telerehabilitation do not appear to be at
greater risk of adverse events or falls compared with older
adults who were completing their rehabilitation face-to-face.
This may be because the telerehabilitation interventions
were supervised by trained physiotherapists who could
modify and tailor exercises to ensure safety. This review
also found that adherence to exercise sessions was better
via telerehabilitation compared with face-to-face which
may be attributed to the removal of common barriers to
accessing face-to-face rehabilitation such as transportation,
physical access, fatigue and mobility issues [38]. These
findings contrast to common opinion that older adults
may be unable or not willing to engage in technology [39].
Rehabilitation providers should therefore be confident to
provide telerehabilitation as an option for older adults to
improve access and adherence.

Since older adults were able to safely engage in
physiotherapist-led, exercise-based telerehabilitation, they
also improved their physical function, activity outcomes
and quality of life. Given that telerehabilitation was not
inferior to face-to-face rehabilitation across a variety of
patient outcomes (quality of life, 6MWD, TUGT, knee
flexion ROM and knee extensor strength), it appears
that the mode of physiotherapy delivery (i.e. face-to-
face versus videoconferencing) is less important than
the content of rehabilitation programmes for improving
outcomes. Contrary to all other outcomes, pain outcomes in
telerehabilitation were inferior to face-to-face rehabilitation
and not better than any rehabilitation. This may partially be
explained by a low number of studies in the meta-analyses
and high variability in the data. However, this may also
be explained by important elements known to impact pain
(e.g. touch, peer support and therapist–patient relationship
[40]) being absent in telerehabilitation. Overall, the results
are promising given the common perception physiotherapy
cannot be delivered successfully via telerehabilitation as
it requires ‘hands on therapy’ [39]. Therefore, this allows
potential for greater access to physiotherapy services for older
people.

Delivery of telerehabilitation by physiotherapists demon-
strated potential cost savings compared with face-to-face
rehabilitation. This has positive, widespread implications for
older adults who may have difficulty accessing physiotherapy
in a clinic setting because of travel and cost and therefore
missing out on vital interventions. By utilising telerehabil-
itation, health services can improve accessibility and better
meet growing demand for services because of an ageing pop-
ulation by increasing the capacity of the services by providing
high quality physiotherapy to a greater volume of patients
[9]. Productivity gains and cost savings can be achieved by
reducing travel by health service staff [9] enabling staff to
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offer more consultations to more patients. Telerehabilitation
may also reduce the physical strain on health services by
reducing the need for space required to deliver face-to-face
services (e.g. gymnasium space, car parking, etc.). There-
fore, health services should consider offering exercise-based
physiotherapy services via telehealth to improve access and
patient health outcomes and reduce delivery costs.

Orientation and education of service providers and older
patients would further reduce the digital divide and increase
the reach of telerehabilitation. This could include initial
face-to-face assessment in the patient’s home, with com-
prehensive assessment of the patient including falls risk,
their home environment and technology set up, followed
by written education material and coaching to mitigate
safety and adherence risks [41]. Engagement with supportive
carers and family members can promote the patient’s long-
term adherence [41]. Using the patient’s own device can
also promote long term adherence and sustainability [41].
Promotion of telerehabilitation by other health profession-
als including general practitioners could improve patient
engagement and knowledge. Although this review included
older adults with musculoskeletal and cardiopulmonary con-
ditions, there is potential for the use of telerehabilitation with
other conditions including oncology [42] and neurological
[43] conditions.

Strengths

This review was the first to evaluate telerehabilitation exclu-
sively in older adults—a vulnerable population who may
be excluded from telehealth research. This review was reg-
istered prospectively in PROSPERO and was conducted
and reported using the PRISMA guidelines [11]. Robust
methods were employed to extract, assess and analyse the
data, and certainty of evidence was evaluated using GRADE
[17].

Limitations

A limited range of age and health conditions were evaluated
in the included trials therefore, it is unknown whether the
results of this review could be translated to the broad range
of health conditions affecting older adults, especially those
with greater comorbidities and complexity and those at a
high risk of falls and frailty. Selection bias could be another
limitation whereby patients who are more confident and
interested in using technology are more likely to adhere to a
telerehabilitation exercise programme and therefore receive
greater benefit. We also did not include trials of telerehabil-
itation programmes delivered by other health professionals
or fitness trainers as the main focus of this review was on
physiotherapy supervision. There was significant heterogene-
ity in intervention characteristics such as frequency and
duration of sessions across trials that may make it difficult
to implement programmes in practice; however, results were
largely homogenous.

Conclusion

Physiotherapist-supervised, exercise-based telerehabilitation
for older adults with musculoskeletal or cardiopulmonary
conditions is safe, effective and non-inferior to face-to-face
rehabilitation for improving patient outcomes and reducing
health care costs. These findings, in conjunction with further
robust research in the area, may have widespread implica-
tions to improve access to rehabilitation for older adults
through the provision of telerehabilitation.

Supplementary Data: Supplementary data mentioned in
the text are available to subscribers in Age and Ageing online.
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