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ABSTRACT 

Objectives: The COVID-19 pandemic has seen a rapid shift to telehealth delivered physical therapy services.  Common impairments after stroke 

create unique challenges when providing rehabilitation via telehealth, particularly when it involves activities undertaken in weight-bearing or 

standing positions, including walking training.  Our scoping review maps the evidence regarding safety, efficacy and feasibility of remotely 

supervised telehealth interventions involving activities undertaken in weight-bearing or standing positions for people after stroke. 

 

Methods: Searches of relevant databases for primary research studies were conducted using keywords relating to exercise and telehealth. 

Studies of stroke survivors undertaking interventions involving activities in weightbearing or standing positions, supervised in real-time via 

telehealth were included. Two reviewers independently appraised all studies. Data were charted by one reviewer, checked by another and results 

synthesized narratively. 

 

Results: Seven studies (two randomized trials, one mixed-methods and four pre-post studies) were included, involving 179 participants. Some 

studies included stroke survivors with cognitive impairment and two (29%) studies only included participants who walked independently.  

Adherence (reported in three studies) and satisfaction (reported in four studies) was good, and no serious adverse events (data from four studies) 

related to interventions were reported.  Strategies to overcome technological barriers were used to optimize intervention safety and feasibility, 

along with physiological monitoring, caregiver assistance and in-person exercise prescription.  However, there is limited high quality evidence 
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of efficacy.   

  

Conclusions: We identified  strategies used in research to date which can support current practice.  However, urgent research is needed to ensure 

that stroke survivors are receiving evidence-based, effective services. 

 

Impact:  The COVID-19 pandemic has necessitated a rapid shift to telerehabilitation services for people with stroke, but there is little evidence 

to guide best practice. Our review provides practical guidance and strategies to overcome barriers, and optimize safety and adherence for 

telehealth interventions involving activities in weightbearing or standing positions. 
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INTRODUCTION 

Our world is currently amid the COVID-19 pandemic.  Health systems are under pressure, and are implementing practices to minimize 

transmission and rationalize services in order to cope with the influx of COVID-19 patients.
1,2

  For people with stroke, this has meant shorter 

inpatient rehabilitation admissions and the suspension of, or reduced capacity of outpatient and home-based services.
3
  In response there has 

been a rapid shift to deliver rehabilitation services remotely via telehealth to optimize the safety of healthcare workers and their patients.
4,5

 

 

Rehabilitation is an essential service that optimizes function and reduces disability.
3,6

  However, people with stroke have been identified as a 

COVID19-vulnerable group and are being encouraged, if not mandated, to stay at home.  Precautionary isolation has resulted in a lack of 

accessible rehabilitation.  This has serious implications for stroke survivors’ recovery,
7
 and levels of physical activity which could increase their 

risk of further vascular events.
8
  Telehealth delivered rehabilitation is now essential.

3
  

 

Prior to the COVID-19 pandemic, telehealth was emerging as a potential alternative model of rehabilitation service delivery for people with 

stroke.
9-11

  Two recent systematic reviews 
9,10

 included interventions aimed at improving a range of post-stroke sequelae including arm activity, 

functional mobility, communication, depressive symptoms, caregiver support and case management.  These reviews were limited to randomized 

trials, and only a small number of included trials involved rehabilitation programs delivered in real time via telehealth including activities 

undertaken in weight-bearing or standing positions or involving walking training.  Our review specifically focusses on these interventions 



U
N

CO
RRE

CTE
D

 M
A
N

U
SC

RIP
T

 

because they are important for improving balance, walking ability, and cardiovascular fitness after stroke.
12,13

 We have included a broad range of 

study designs in order to identify and synthesize information regarding the unique safety and feasibility challenges of these interventions.   

 

Scoping reviews provide a mechanism for disseminating research findings to those who might otherwise lack the time or resources to undertake 

the work themselves and may identify gaps in research evidence.
14

  The aim of this scoping review was to synthesise findings from studies of 

telehealth-delivered interventions involving activities undertaken in weight-bearing or standing positions (including walking or pre-walking 

training) for people after stroke to inform the rapid transition to this mode of therapy resulting from the COVID-19 pandemic. Our specific 

research questions were:  

 

1. What are the key characteristics of the interventions delivered (including type, frequency, duration and intensity of exercise and 

telehealth modalities used)? 

2. What are the characteristics of the stroke survivor participants (including stroke severity, ability to stand and walk, cognitive function and 

communication ability)?  

3. What are the barriers and limitations to these interventions and what strategies were used to mitigate these? 

4. What strategies were used to optimise safety, feasibility, delivery and adherence? 

5. What is the effectiveness and cost-effectiveness of supervised telehealth interventions which involves activities undertaken in weight-
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bearing or standing positions after stroke? 

6. What are health professionals’, participants’, and caregivers’ experiences of, or attitudes towards, supervised exercise delivered via 

telehealth? 

 

 

METHOD 

The results from this paper are derived from a broader systematic scoping review, investigating supervised exercise delivered via telehealth in 

real time to manage chronic conditions in adults. The scoping review protocol is published (Ramage, 2019)
15

 and was conducted in accordance 

with the PRISMA extension for Scoping Reviews (PRISMA-ScR)
16

 and followed the Arksey and O’Malley framework.
14

  Following the onset 

of the COVID-19 pandemic, the authors made the decision to split the original scoping review
15

 to rapidly publish this first paper focussing on 

telerehabilitation for stroke survivors to address urgent questions being asked by clinicians.   

 

Data sources and searches 

A comprehensive, systematic search of Medline, CINAHL, Scopus, Cochrane, Pedro and Embase databases was conducted in September 2018. 

Searches included use of the relevant index terms and keywords for ‘exercise’ and ‘telehealth.’  After the decision to split the scoping review had 

been made, an updated search identifying studies using the relevant index terms and keywords for ‘exercise’ and ‘telehealth’ and ‘stroke’ was 
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conducted in May 2020.  Feasibility limitations of the review meant only studies published in English were included. No restrictions were placed 

on initial date of publication.  Full details of the Medline search strategies are shown in Supplementary Appendix 1. 

 

Study selection 

Titles and abstracts from all studies identified through the search strategy were independently reviewed by two authors, with conflicts resolved 

by a third. All authors were involved in screening of the title and abstracts.  The full text of all potential titles was reviewed against the inclusion 

criteria by two authors (ER, NF, or AP). Any conflicts were resolved by consensus or a third author (CE). Consistent with the iterative nature of 

scoping reviews and in response to the large amount of records arising from the initial searches, we refined the original inclusion and exclusion 

criteria
15

 to allow us to optimally address the research questions of the review (Tab. 1).  This involved the additional exclusion of research 

protocols, case reports, studies involving transcranial direct current stimulation, studies aimed at improving arm activity, and conference 

abstracts or papers.   

Reference lists of all included studies and relevant systematic reviews were searched. Experts in the field were contacted to identify any other 

pertinent research.  Author contact was attempted where further information was needed to clarify if studies met the inclusion criteria or 

regarding outcomes related to our research questions.   

 

Data extraction and quality assessment 
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A standardized data charting form was drafted by two authors (CE and ER), piloted by other authors and calibrated to ensure it would allow us to 

optimally answer our research questions. Data sought included characteristics of interventions, participants, barriers and limitations, feasibility, 

adherence, delivery, experience, attitudes, effectiveness, cost-effectiveness and safety, including adverse events related to the intervention.  Data 

charted is synthesized in Tables 2–5.  Data were charted for all studies by the lead author (ER) and checked by another author for accuracy with 

any discrepancies resolved by consultation.  While not an essential step for scoping reviews, we undertook assessment of research quality in 

order to inform the recommendations of this review.  Two authors critically appraised each randomized trial using The Cochrane 

Collaboration’s tool for assessing risk of bias
17

 and the mixed methods study using the Mixed Methods Appraisal Tool (MMAT) – Version 

2018.
18

   

 

Data synthesis and analysis 

Quantitative and qualitative data are presented in tabular format and synthesized narratively, prioritising information relevant to our research 

questions. 

 

RESULTS 

Flow of studies through the review 

We identified 28,522 titles and abstracts, reviewed 501 full text articles and included seven studies
19-25

 in our review (n=179 participants). Flow 
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of studies is summarized in the Figure 1. Studies were published between 2004 and 2019, with 5 (71%) published in the last 5 years. Sample 

sizes ranged from 15 to 54.  Four included studies were single group pre-post designs,
19,21-23

 two were randomized trials,
20,24

 and one was a 

mixed methods study.
25

 

 

Quality assessment 

A risk of bias assessment was carried out on the two included randomized trials
20,24

 (Suppl. Appendix 2).  Overall, the risk of bias was low in 

both trials.  Due to the nature of the telehealth interventions, blinding of participants and personnel was not possible.  The pre-post studies
19,21-

23,25
 included in the review are inherently at high risk of bias.

26
  Appraisal of the mixed-methods study

25
 found overall it was well conducted, but 

included a risk of non-response bias. 

 

Key characteristics of the telehealth interventions 

Four of the seven studies included involved balance exercises as part of their intervention.
20,23-25

 Other interventions included aerobic exercise,
21

 

strength training
23

 and functional exercises including walking training.
19,20

  Supervised exercise sessions lasted between 10-60 minutes per 

session, occurred between one and five days per week, and the intervention periods ranged from three weeks to three months. All studies utilized 

videoconferencing systems, and two utilized these in combination with gaming systems.
23-25

 Interventions in five of the seven studies were 

delivered in participants’ homes.   The remaining 2 interventions were delivered in groups with participants present in-person at the same 
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location, one took place in a long-term care facility
24

 (maximum of 2 participants per group), the other in a community centre (6-8 participants 

per group).
23

 One study provided opportunity for group delivered exercise sessions into participant’s individual homes via videoconference, 

however participants were unable so see or hear each other during sessions.
19

  Key study characteristics are summarized in Table 2. 

 

Characteristics of included participants 

The mean age of study participants ranged from 53
22

 to 75
24

 years. The inclusion criteria for one study required participants to be capable of 

sitting without support,
24

 two required participants to be able to walk without assistance,
21,23

 one modified the inclusion criteria during the study 

and required that participants be able to stand without support.
25

  Three studies did not specify a minimum mobility requirement.
19,20,22

  Mean or 

median scores on the Montreal Cognitive Assessment (MoCA) or Mini-Mental State Examinations (MMSE) reported in 4 studies were at
20,22,25

  

or just above
21

 the cut-off for cognitive impairment screening in people with stroke (23 or 24 for the MoCA and 26 or 27 for the MMSE).
27

  One 

study excluded stroke survivors with cognitive deficits and/or the absence of a caregiver who could provide informal care,
19

 four studies applied 

inclusion or exclusion criteria which ensured a minimum level of cognition,
20,23-25

 and four studies applied criteria related to the ability to follow 

instructions.
21,22,24,25

 One study excluded stroke survivors with significant communication barriers,
23

 two studies excluded people with impaired 

vision
24,25

 and one excluded people with impaired hearing.
24

  One study specifically included participants who were less than three months post 

stroke,
20

 three studies required participants to be at least three months post stroke,
21,23,24

 two studies included a mixture of subacute and chronic 

stroke participants,
19,25

 and one study did not specify time post stroke in their inclusion criteria.
22
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Barriers and limitations  

Technical barriers prevented the enrolment of 6% of stroke survivors expressing interest in the study of Galloway et al (2019),
21

 and two 

otherwise eligible participants from the study by Palmcrantz et al (2017).
25

 Thirty-three percent of participants enrolled in the study by Huzmeli 

et al (2016)
22

 didn’t complete the intervention due to technical difficulties (Tab. 3). Bernocchi et al (2016) found the lack of an available 

caregiver for the intervention period prevented the enrolment of 39% of stroke survivors screened for their study.
19

 Galloway et al (2019) 

reported 14% of those expressing interest in the study were ineligible due to a lack of another suitable person to be present during exercise 

sessions
21

 (Tab. 3).  Two studies addressed barriers experienced during intervention delivery (Tab. 3).
21,25

 Technology related barriers identified 

included internet issues; inadequate sound and visual quality during videoconferences; and issues with the technical equipment used including 

bespoke telehealth systems and heart rate monitors. Palmcrantz et al. (2017)
25

 reported most participants needed help from caregivers to manage 

technology, and Galloway et al. (2019)
21

 found 6 (29%) participants were unable to operate the telehealth system independently.  

 

Adherence, attitudes, and experience of health professionals, participants, and caregivers  

Measures of adherence varied. One study reported the mean number of sessions performed (87%)
25

, another reported overall attendance (87%) 
23

 

and a third reported the percentage of scheduled sessions that occurred via telehealth (85%).
21

  Drop-outs were reported in all studies and ranged 

from 4%
24

 to 33%.
22

   Four studies reported participant satisfaction, which overall appeared to be good
19,21,23,24

 (Tab. 3).  Galloway et al (2019)
21
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found a minority (29%) of participants would have preferred to go to a central venue rather than exercise at home if they had transport and 19% 

of participants reported disliking some technological aspects of the intervention, particularly the heart rate monitors. Two of the seven studies in 

the review involved group therapy; participants in these studies reported no preference for face-to-face over telehealth-delivered sessions
23

 and 

no difference in satisfaction between telehealth and in-person interventions.
24

  One study reported no significant difference in caregiver stress 

between the telehealth and centre-based interventions
20

 and another reported the majority of caregivers reported reduced levels of burden and 

strain over the intervention period
19

.  

 

Strategies used to optimize safety, feasibility, and experience 

Strategies for optimising safety and feasibility in the seven included studies (Tab. 4) included: in-person initial exercise prescription (five 

studies);
19-22,25

  non-health professional in-person supervision or assistance (five studies)
19-22,24

 or a non-professional person on site during the 

exercise session (one study);
23

 physiological monitoring pre, post or during exercise sessions (four studies);
20,21,23,24

 and, in-person education or 

demonstration of the telehealth system (three studies).
20,21,25

  Five studies excluded people with one or more co-morbidities that would likely 

limit their ability to safely participate in exercise
20,21,23-25

 (Tab. 4), with cardiac conditions the most common co-morbidity identified as a reason 

for exclusion. Details of all inclusion and exclusion criteria are reported in Supplementary Appendix 3.  One study required participants to have 

medical clearance to exercise prior to participation.
21

  Only three studies (n =93) specifically reported adverse events,
20,21,25

 with only one 

adverse event related to an intervention reported (a fall requiring medical attention).
21

  Bernocchi et al (2016)
19

 did not formally report adverse 
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events, however three participants did not complete the intervention due to hospitalisation (one fractured femur, one subarachnoid haemorrhage 

following a fall, and one due to respiratory problems), although none of these events were related to the study intervention.  Strategies used to 

optimize participant adherence and experience (Suppl. Appendix 4) included provision of support by caregivers, therapist and technicians; 

ensuring participants had access to a suitable exercise environment; provision of individualized exercise; provision of an intervention that was 

convenient and accessible.   

 

The effectiveness and cost-effectiveness of telehealth interventions 

Key results of included studies are summarized in Table 5.  There were no significant differences in the effect of interventions delivered via 

telehealth compared with face to face for activities of daily living and balance (2 randomized trials, n = 78)
20,24

 and caregiver burden (1 

randomized trial, n=54).
20

 In the included pre-post studies, improvements were found in balance (3 studies, n=62),
19,22,23

 and activities of daily 

living (one study),
19

 but not exercise capacity (1 study, n = 21).
19

  Self-reported quality of life were measured in two pre-post studies,
22,23

 with 

significant improvements found in most items in one study,
23

 but no change in the other.
22

  No studies addressed cost effectiveness of 

interventions. 

 

DISCUSSION 
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We identified a small number of published primary research studies (excluding case reports) involving activities undertaken in weight-bearing or 

standing positions, supervised via telehealth for people with stroke.  This included two randomized trials
20,24

 all with small sample sizes.  The 

types of exercise delivered in the included studies included balance, aerobic, strength, walking training and functional exercises. Most studies 

specified a minimum mobility requirement for participation, ranging from the ability to sit without support
24

 to being able to walk 

independently.
21,23

  Participants generally reported good or high levels of satisfaction, although the measures used, and their focus (e.g. overall or 

telehealth modality satisfaction) varied between each study.  Comparable results were found in trials evaluating telehealth and in-person 

delivered exercise, results from pre-post studies identified  improvements in some participant outcome’s such as balance and function, and there 

was an absence of reported serious adverse events. All bar one of the studies included people 3 months or more post-stroke.  We were unable to 

determine the number of participants more than 6 months post stroke in our review because a lack of reporting on this characteristic.  However, 

it is plausible that a substantial proportion of included participants were greater than 6 months post stroke and this may explain the minimal 

gains found for some outcomes, as recovery rates tend to slow after 6 months.
28

  Overall, the use of telehealth to deliver supervised interventions 

involving activities undertaken in weight-bearing or standing positions appear promising for some people after stroke.  However, there is limited 

evidence for effectiveness, due to the lack of adequately powered trials. 

 

The overall paucity of evidence limits any firm conclusions regarding the efficacy and safety of supervised interventions involving activities 

undertaken in weight-bearing or standing positions  delivered via telehealth after stroke.  Broader systematic reviews regarding telerehabilitation 

after stroke suggest that it may not be inferior to usual care or in-person therapy, but consistent with our review, there is insufficient evidence to 
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draw definitive conclusions.
9,10

  However, in-person therapy is limited during the COVID-19 pandemic.  This raises questions around the need 

for current research to address non-inferiority.  We would advocate research should be focused on evaluating the safety and effect of telehealth 

delivered, supervised exercise programs.  The few studies in our review that measured adverse events reported that these rarely occurred, but 

more research is needed to confirm the safety of telehealth delivered interventions involving activities undertaken in weight-bearing or standing 

positions after stroke.  These findings are consistent with a recent review,
10

 and highlight the urgent need for the evaluation of services that are 

shifting rapidly to telehealth delivered services.  

 

Effective strategies to optimize the safety and feasibility of interventions involving activities undertaken in weight-bearing or standing positions 

delivered via telehealth are likely to vary with activity type, the environment, and participant’s health and ability.  Our review found caregiver 

assistance was a potential strategy to increase safety and overcome technological barriers, but also a barrier to participation for those without 

access to a caregiver. Therefore, strategies used should reflect the risks of individual stroke survivors, rather than employing a one-size fits all 

approach – for example making access to caregiver support a prerequisite of therapy.  Technology related barriers were prominent in our review 

with three studies reporting they prevented the enrolment of some stroke survivors.  However, satisfaction and adherence (when measured) of 

enrolled participants was good or high, suggesting barriers could be mitigated in most studies.  An exception to this was the study by Huzmeli et 

al. (2017),
22

 who did not measure adherence or satisfaction but reported 33% of enrolled participants did not complete the study due to technical 

issues.  Strategies which may help moderate barriers to technology identified in our review included high speed internet, in-person training 
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regarding the telehealth system, appropriate positioning of technology in participants’ homes, telehealth support (from a health care professional 

or technician) via phone or in-person, and caregiver assistance.  Barriers such as inadequate internet, and facilitators such as technician support, 

highlight that successful intervention delivery relies on infrastructure and resources beyond a clinician’s control.  It is vital that healthcare and 

government policy aligns to support the provision of telehealth delivered services to ensure the delivery of stroke care is not restricted by a lack 

of cohesion between policy and practice. 

 

 

Falls and other adverse events are common after stroke.
29-32

  Physical therapists routinely prescribe stroke survivors exercises or activities to be 

undertaken in weightbearing or standing positions without health professional supervision, thus it may be reasonable to assume the risks 

associated with remotely supervised exercise are similar. However, individualized home exercise is traditionally prescribed in-person for stroke 

survivors so therapists can undertake ‘hands on’ physical assessment and treatment. It remains unclear if this is necessary to ensure the safe 

prescription of some, or all, exercise types to stroke survivors, or specific subpopulations of stroke survivors.  Most studies in our review 

provided in-person assessment and exercise prescription.  While we did not specifically search for assessment via telehealth, none of the studies 

we reviewed reported assessment via telehealth.  Current restrictions related to the COVID-19 pandemic limit in-person assessment and exercise 

prescription, thus research regarding assessment via telehealth is a priority for future research.  Along with in-person exercise prescription, other 

strategies identified to optimize safety in our review included physiological monitoring and someone available to supervise or assist during 
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sessions.  A review by Piotrowicz et al (2016) regarding telerehabilitation for people with heart failure similarly identified strategies involving 

caregivers accompanying patients, patient monitoring, and individualized approaches to tailoring of exercise as factors influencing 

telerehabilitation safety.
33

 In addition to this, Piotrowicz et al (2016) identified risk stratification and initial education sessions (self-evaluation) 

as factors influencing telerehabilitation safety.
33

 Such strategies appear generalizable to the stroke population and may warrant further 

investigation. 

 

 

Because studies identified in our review were published prior to the COVID-19 pandemic it is plausible that some reported telehealth barriers 

may no longer be current.  In the study of Galloway et al (2019) for example, over a quarter of participants would have preferred in-person 

therapy if they had transport, and some stroke survivors declined participation due to an inability, unwillingness or concern about their ability to 

operate telehealth systems.  During the COVID-19 pandemic, in-person therapy is restricted and carries new risks for stroke survivors. 

Furthermore, the use of telehealth has expanded rapidly and its benefits, particularly for vulnerable populations, are becoming better recognized.  

This may sway both health professional and consumer preferences for these types of interventions.  

 

 

Strengths and Limitations 
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Our review used a comprehensive search strategy and detailed data extraction to map the evidence regarding supervised interventions involving 

activities undertaken in weight-bearing or standing positions, delivered via telehealth after stroke.  Unlike previous systematic reviews in stroke 

telehealth, this scoping review focused on strategies used to optimize safety and feasibility to provide much needed practical information to 

researchers and clinicians responding to the challenges of COVID-19.  However, we recognize reporting these outcomes was not the primary 

purpose of the included papers and therefore information regarding these outcomes is likely incomplete.  We acknowledge that, in addition to 

supervised exercise delivered via telehealth, many of the interventions in our review included other aspects of support or therapy such as 

telesurveillance, social support, unsupervised home exercise and electromyography triggered neuromuscular stimulation, which may have 

confounded our findings.  The majority of studies included exercise that was individualized to participants’ abilities, and exercise programs 

consisted of a variety of exercises undertaken in a variety of starting positions (for example, sitting or standing).  We could not determine what 

proportion of the program was undertaken in weightbearing or standing positions.   

 

Walking retraining forms an important part of rehabilitation after stroke, yet only one study described including this as one (of many) 

components in their intervention,
20

  while another described walking as an exercise prescribed to some participants.
19

 Over half of the included 

studies’ criteria for inclusion required a minimal level of cognition. This potentially limits the generalizability of our results.  Therefore, in 

clinical practice the delivery of these types of interventions to people with cognitive deficits after stroke requires caution.  Furthermore, 

clinicians should consider that the strategies used to optimise safety and feasibility identified in this study may not apply to interventions 
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primarily aimed at walking retraining. Only one study included a follow-up period
20

 and therefore the long-term impact of supervised telehealth 

exercise interventions after stroke is unknown. 

 

Future Implications 

During the COVID-19 pandemic there is rapid and necessary transition to supervised exercise delivered via telehealth for stroke survivors.  Our 

review identifies that there is a lack of evidence to support or refute the safety and efficacy of interventions involving activities undertaken in 

weight-bearing or standing positions that are delivered via telehealth.  In the absence of evidence, clinicians must rely strongly on clinical 

reasoning skills, however the strategies identified in this review may inform delivery of a safe, feasible model of telehealth care.  There is an 

urgent need for researchers to work with clinicians to evaluate the efficacy and safety of these interventions.  Outcomes that reflect patient 

performance are needed as part of this evaluation. The use of wearable technology may provide a solution to objective assessments, particularly 

where validated in-person assessment opportunities are limited.  Furthermore, research should consider stroke survivors of all physical, cognitive 

and communication abilities, and the potential need for remote assessment and remote exercise prescription.  Beyond the COVID-19 pandemic 

this research will provide important information to overcome barriers to rehabilitation after stroke which include distance and transport.
34,35
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Table 1. 

Inclusion and Exclusion Criteria 

 

Parameter Inclusion Criteria Exclusion Criteria 

Population Stroke 

Adult, 18 years and older 

 

Intervention Superviseda exerciseb delivered via telehealthc where: 

The majority of supervised exercise is delivered via telehealth and 

this supervision involves observation in real-time (visual, or via other 
continuous physiologic monitoring) 

The exercise sessions provide opportunity for participant and health 

professional feedback to ensure exercises are carried out correctly 

and safely 

The exercise delivered involves activities undertaken in 

weightbearing or standing positions (including walking or pre-
walking training) 

Exercise delivered to participants located onsite at a health-care facility 

Exercise occurring with a health professional present at the participant’s site 

(e.g. expert remotely supervising novice health professional on telehealth) 

Exercise not supervised by a health professional 

The intervention is primarily aimed at improving arm activity 

Comparison Any Nil exclusion criteria 

Outcome All Nil exclusion criteria 

Publication type Published primary research studies, including both qualitative and 
quantitative research 

Text 

Opinion papers  

Letters 

Literature reviews 

Systematic reviews  

Meta-analyses 

Not published in English 

Protocols  

Abstracts of unpublished studies  

Conference papers  

Case reports 
aSupervision forms part of the inclusion criteria and is defined as real-time monitoring (visual or through other continuous physiologic monitoring, such as echocardiogram or heart rate) by a 

health professional with the opportunity for participants to receive and provide health professionals feedback in real time to ensure the exercise is being carried out safely. 
bExercise encompasses any weight-bearing (standing) physical activity. 
cTelehealth is defined as the application of telecommunications and virtual technology to provide health care outside of conventional health care facilities. 
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Table 2. 
Key Characteristics of Included Participants and Telehealth-Delivered Interventions

a
 

 

Study 
(Country) 

Design, n Participant Characteristics Intervention (Planned) Adverse Events 
Related to the 
Intervention 

Type Dose 

Bernocchi et 
al (2016)

19 

Italy 

Single group, pre-
post 

n = 26 

Dropouts: 3 (12) 

Subacute (<12 mo poststroke), n = 15 

Chronic (>12 mo poststroke), n = 11 

Age, y: 70 (10) 

Sex, F: 10 (38%) 

Modified BI: 65 (23)
b
 

BBS: 32 (13)
b
 

FIM: 77 (17) 

Motor FIM: 49 (15) 

6MWT: 155 (98)
b
 

>3 cardiovascular risk factors: 17 (65%) 

Needing support in mobility 19 (73%) 

Telehealth exercise: Personalized 
program and a selection of funtional 
exercises of the arms, legs and trunk in 
lying, sitting and standing positions, 
including walking, turning, stairs and 
activities of daily living 

+ 

Unsupervised sessions 

+ 

Telesurveillance and advice 

+ 

Tele-psychological support (n = 2) for 
participants with moderate depression 

Supervised: session 
duration NR x >1/wk x 3 
mo 

Intensity not stated 

Nilc 

Chen et al 
(2017)

 20
 

China 

Randomized trial 

n = 54 

Dropouts: 3 (6%) 
at 12 wk, 1 (2%) at 
24-wk (follow-up) 

Subacute (14–90 d) 

Age, y: 66 (12)d 

Sex, F: 21 (39%)d 

NIHSS: 7 (3)d 

Modified BI: 55 (13)d 

BBS: 32 (5)d 

MMSE: 27 (2)d 

Leg, arm, motor imagery, balance 
exercises, walking and functional task 
training 

+ 
EMG-triggered NMS 

Exp: via telehealth 

Con: face to face 

Exercise:  
60 min x unclear (5 or 

10)
e
/wk x 12 wk 

Intensity not stated 

 

EMG-triggered NMS: 
20 min x unclear (5 or 

10)
e
/wk x 12 wk 

Nil 

Galloway et 
al (2019)

 21
 

Australia 

Single group pre-
post study 

n = 24 

Dropouts: 3 (13%) 

Chronic (3 mo–18 y) 

Age, y: 62 (11)
b
 

Sex, F: 9 (43%)
b
 

mRS: range = 0–3
b
 

MoCA: 25 (3)
b
 

Telehealth exercise: Aerobic, (arms 
and legs) typical exercises included 
standing up, squats, marching on spot 
and step ups 

10–25 minc x 3/wk x 8 wk 
Intensity moderate to 
vigorous 

1 adverse event: 
fall during a 
supervised 
exercise session 
requiring medical 
assistance 

Huzmeli et al 
(2017)

22 
Single group, pre-
post 

Inclusion criteria did not specify time post-
stroke 

Telehealth exercise: Exercises in 
supine, sitting and standing positions 

Session duration NR x 
3/wk x 3 wk 

NR 



U
N

CO
RRE

CTE
D

 M
A
N

U
SC

RIP
T

 

Turkey n = 15 

Dropouts = 5 
(33%) 

Age, y: 53 (6)
b
 

Sex, F: 4 (40%)
b
 

MMSE: 27 (15–30)b,f 

for the legs, arms and trunk Intensity not stated 

Lai et al 
(2004)

23 

Hong Kong, 
China 

Single group, pre-
post 

n = 21 

Dropouts = 2 
(10%) 

Chronic (≥ 6 mo) 

Age, y: 70 (6) 

Sex, F: 9 (43%) 

Telehealth exercise:Warm up, strength 
and balance, cool down  
+ 
Education and social support 
+ 
Home exercise encouraged > 3/wk 

30 min x 1/wk x 8 wk 
Intensity not stated 

NR 

Lin et al 
(2014)

 24
 

Taiwan 

Randomized trial 

n = 24 

Dropout = 1 (4%) 

Chronic (>6 mo), living in long-term care 
facility (>3 mo) 

Age, y: 75 (10)d,g 

Sex, F: 7 (29%)d,g 

BI: 55 (29)d,g 

Balance training, progressions 
involving: changing body position 
(sitting to standing and static to 
dynamic exercises); changing 
environment (from firm to foam seat); 
and using arms 

Exp = via telehealth (including 
animation exercise video and 
interactive touch screen games) 

Con = face to face 

Exp 
50 min x 3/wk x 4 wk 

No planned intensity
h
 

Con 
50 min x 3/wk x 4 wk 
Intensity not stated 

NR 

Palmcrantz 
(2017)

25 

Sweden 

Single group, pre-
post 

Mixed methods 

n = 15 

Dropout: 1 (7%) 

Stroke (subacute or chronic) 

Age, y: 66 (16) 

Sex, F: 7 (47%) 

NIHSS: 4 (0–13)
f
 

BI: 95 (55–100)
f
 

MoCA: 24 (11–28)
f
 

Telehealth exercise: Leg, arm and 
balance (weight shifting, steppping and 
reaching) exercises. Exercises were 
computer game-based 
+ 
9 additional unsupervised sessions 

Duration NR x 2/wk x 3 
wk 

Intensity not stated 

Nil 

a
Values are reported as mean (SD) unless otherwise stated. BBS = Berg Balance Scale; BI = Barthel Index; Con = control; Exp = experimental; EMG = electromyography;  F = 

female; FIM = Functional Independence Measure; MMSE = Mini-Mental State Examination; MoCA = Montreal Cognitive Assessment; mRS = modified Rankin Scale; 6MWT = 
6-min walk test; NIHSS = National Institutes of Health Stroke Scale; NMS = neuromuscular stimulation; NR = not reported. 
b
Data for participants who completed the study only. 

cInformation derived from author correspondence. 
dMean (SD) values were calculated from Exp and Con group data using standard formulae. 
e
Undertaken “twice in a working day for 12 weeks, a total of 60 sessions”; however, calculating x 2 (sessions) x 5 (working days) x 12 weeks would equal 120 sessions. 

f
Median (range). 

g
SD based on conversion from SE using standard formula. 

h
Therapist could monitor the sequence and duration with light to moderate exercise intensity (Borg Scale score = 12–14). 
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Table 3. 
Key Barriers and Limitations to Adherence and Satisfaction and Mitigation Strategies

a
 

 

Study Factors Preventing Participation in 
Telehealth Trials 

Key Factors That May Inhibit Adherence or 
Experience 

Adherence/Satisfaction 

Bernocchi et al 
(2016)

19
 

226 of 252 (90%) stroke survivors 
screened and not eligible included: 

 98 (39%) no caregiver available 

 23 (9%) poor cognitive status 

 17 (7%) unable to videoconference 

 7 (3%) unable to undertake 
telephone contacts 

 31 (12%) refused 

 50 (20%) other 

 Adherence: not specifically stated; physiotherapist performed 

9.5 (2.8) video conference sessions per patient scheduled for 
once per week from the second week of the 3-mo intervention 

Dropouts: 3 (12%) 

Satisfaction: 

Of participants regarding the overall service: 

 60% very satisfied 

 40% satisfied 

 Access to the service helped patient and family: very much 
(27%), a lot (40%), enough (27%) 

Huzmeli et al 
(2017)

22
 

5 (33%) of participant did not 
complete the intervention due to 
technical difficulties 

Not reported Adherence: not stated 

Dropouts: 5 (33%) 

Satisfaction: not addressed 

Galloway et al 
(2019)

21 

66 stroke survivors expressed interest 
42 (64%) declined or ineligible: 

 9 (14%) unable to nominate an 
adult to be present 

 2 (3%) unwilling/ unable/concerned 
about ability to operate telehealth 
systems 

 2 (3%) not suitable internet 

Internet issues (5% of all sessions) 

Computer issues (2% all sessions) 

Videoconference software issues (1% all 
sessions) 

Lack of audio or visual quality 

Lack of caregiver support or assistance: 6 (29%) 
participants reported an inability to independently 
use the telehealth system: 

 4 (19%)  technical familiarity score ranked in the 
lowest third of study participants 

 2 (10%) indicated a higher level of physical 
impairment 

Some technology aspects (19%) particularly the 
heart rate monitors 

Illness, scheduling conflicts, minor injury/soreness 

Adherence: 476 (94%) of scheduled sessions completed, 

408 (85%) of these scheduled sessions completed via 
telehealth 

 Videoconference = 372 (78%) 

 Phone = 20 (4%) 

 Videoconference and phone = 16 (3%) 

Dropouts: 3 (13%) 

Satisfaction: 

Of 20 participants who completed the telehealth intervention 

(1 (5%) participant unable to manage telehealth connection 

completed the intervention through in-person training) 

 95% would recommend program 

 100% participants would use telehealth exercise again 

 100% agreed (or strongly agreed) they felt safe during 
sessions 

29% would have preferred to exercise in a central venue if 
they had transport 

Chen et al  Not reported Adherence: not stated 
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(2017)
20

 Dropouts: 3 (6%) prior to the 12-wk evaluation, 1 (2%) further 
dropout at 24-wk (follow-up) evaluation 

Satisfaction: not addressed 

Lai et al 
(2004)

23
 

Not reported Not reported Adherence: overall attendance rate = 87% 

Dropouts: 2 (10%) 

Satisfaction: 

 Participants rated clinical effectiveness of telerehabilitation 
as good or excellent 

 No preference for face-to-face or telehealth 

Lin et al 
(2014)

24
 

Not reported Not reported Adherence: not stated 

Dropout: 1 (4%) 

Satisfaction: good, with no significant difference in the 

common dimensions between face to face and telehealth.  
Mean telehealth participant ratings ranging from ~3.5 to 4/5 
for system environment satisfaction, perceived satisfaction of 
system, perceived usefulness, perceived ease of use, and 
attitude towards using the telerehabilitation system 

Palmcrantz et 
al (2017)

25
 

Insufficient internet access meant 2 
eligible participants were excluded 
before intervention start (total included 
participants = 15) 

Technical issues including: 

 Sound and visual quality of the 
videoconferencing 

 Difficulties operating the bespoke telehealth 
system (initially) 

Difficult and stressful to learn to use the system 

Adherence: participants performed a mean of 13 of the 

planned 15 (87%) supervised (6) and unsupervised (9) 
session. Training session (supervised and unsupervised) 
duration (min) = 19.5 (9.4) 

Dropout: 1 (7%) 

a
Values are reported as mean (SD) or no. (%). 
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Table 4. 
Key Strategies for Optimizing Safety and Feasibility of Telehealth Intervention

a
 

 

Study Equipment Key Participant Inclusion/Exclusion 
Criteria 

Telehealth Exercise Setup and Supervision 

Bernocchi et al. 
(2016)

 19
 

Videoconferencing system (therapists able 
to view multiple participants, participants 
able to view therapist only) 

DVD: physiotherapist demonstrating 
activities and stroke education 

1 lead electrocardiography device (not used 
in exercise sessions) 

Telephone 

Activity diary 

Inclusion: 
Functional upper limb deficit, no minimum 
mobility requirement 

Exclusion: 
Cognitive deficits and/or the absence of a 
caregiver to provide informal care for the 
entire period of home rehabilitation 

Exercise prescription conducted face to face 

Exercise sessions performed at home 

Caregivers available throughout the intervention period 
(unclear if all patients had a caregiver as not mandatory 
requirement if no cognitive deficits) 

No physiological monitoring during exercise sessions 
(monitored through separate telesurveillance sessions) 

Opportunity for group exercise sessions (ratio not described), 
participants unable to see/hear other participants during group 
sessions 

Training re: telehealth equipment not described 

Chen et al 
(2017)

20 

China 

Videoconferencing system 

Electronic medical records system 
(therapist end) 

Muscle electricity biofeedback instrument, 
and physiological data collection system 
and training log (participant end) 

Inclusion: 

Hemiplegia, with motor function adequate 
to allow participation, with no specific 
minimum mobility requirement 

NIHSS scores from 2 to 20 

Exclusion: 
Co-morbidity that may limit safe 
participation in exercise 

 Glasgow Coma Scale <15 

 Dementia “based on MMSE assessment” 
(no specific cut-off number identified), 
cognitive disorder 

Exercise prescription conducted face to face 

Exercise sessions performed at home 

Caregivers supervised and assisted exercises at home 

Physiological monitoring (heart rate, respiratory rate, 
temperature, blood pressure, oxygen saturation) 

Health professional to participant ratio appears 1:1 

In-person demonstration of telerehabilitation system prior to 
hospital discharge (and intervention start) 

Galloway et al 
(2019)

 21
 

 

Australia 

Videoconferencing system  

Physiological monitoring device 

Telephone 

Inclusion: 
Medical clearance, independent ambulator 
Access to internet and suitable exercise 
space  

Exclusion: 
Unable to understand 2 simple commands 

Co-morbidity that may limit safe participation 
in exercise 

Exercise prescription conducted face to face 

Exercise sessions performed at home 

Person available at home in case of emergency, assisted 
participant in some cases 

Physiological monitoring (heart rate, Borg rating of perceived 
exertion) 

Health professional to participant ratio 1:1 

Home visit prior to telehealth or risk assessment of exercise 
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space, exercise prescription and education re: use telehealth 
and monitoring equipment 

Huzmeli et al 
(2017)

 22
 

Turkey 

Videoconferencing system Inclusion: 
Able to comprehend and follow verbal 
instructions 

Video communication equipment at home 

3
rd

 or higher Brunnstrom stages 

No minimum mobility requirement 

Exclusion: nil 

Exercise prescription conducted face to face 

Exercise sessions performed at home 

Caregivers supervised or assisted exercises at home 

No physiological monitoring 

Health professional to participant ratio 1:1 

Training re: telehealth equipment not described 

Lai et al 
(2004)

23
 

Hong Kong, 
China 

Videoconferencing system 

Two screens allowed viewing of a slide 
presentation and the clinician (on separate 
screens) 

Exercise logbook 

Inclusion: 

Independent ambulator 

Exclusion criteria: 
MMSE score of <18, significant 
communication barriers 

Co-morbidity that may limit safe participation 
in exercise 

Exercise prescription: NR 

Exercise sessions performed in community centre 

No in-person supervision of exercises, volunteer to assist with 
running of session 

Physiological monitoring (blood pressure and heart rate 
measured pre and post session) 

Health professional to participant ratio 1:6–8 

Training re: telehealth equipment not described 

Lin et al 
(2014)

24
 

Taiwan 

 

Bespoke telehealth system including: 

- Videoconferencing 

-Physiological monitoring with therapist able 
to view vital signs on their screen 

- Participant has two screens (one for video 
communications and one touch screen) 

Inclusion: 
Active movement in the proximal upper limb 
(Brunnstrom stage upper extremity ≥ 3) 

Able to sit without hand support for >30 s 

Able to follow instruction (cognitive screen 
using Mini-Cog test) 

Able to communicate and follow 3-step 
command 

Exclusion:  
Blindness or deafness 

Co-morbidity that may limit safe 
participation in exercise 

Exercise prescription (in-person or remotely): NR 

Exercise sessions performed in long term care facility 

Volunteer or non-medical person supervised or assisted with 
the program in the care facility 

Physiological monitoring (heart rate, blood pressure and 
oxygen saturation, Borg rating of perceived exertion) 

Health professional to participant ratio 1:2 

Training re: telehealth equipment not described 

Palmcrantz 
(2017)  

Sweden 

Bespoke telehealth system including: 

- Videoconferencing (with large screen for 
participant) 

- Motion capture system (Kinect sensor) to 
facilitate evaluation of exercises 

Inclusion:  
Impaired motor function after stroke limiting 
ADLs 

Ability to stand without support >2 min and 
perform a forward reach >12 cm (this 
criterion was introduced after the enrolment 

Exercise program devised using information from face to face 
assessment and performance of the prototype exercise 
(program introduced and evaluated at the first telehealth 
session) 

Exercise sessions performed at home 

In-person supervision of exercises by caregiver not reported 
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of the 3
rd

 participant) 

Exclusion: 
Severe cognitive and/or speech impairment 
limiting the ability to follow instructions  
Impaired vision preventing orientation and 
reading instructions on a screen 

Co-morbidity that may limit safe participation 
in exercise 

Limited internet access 

Checking ‘safety aspects’ of exercise (especially in the first 
week and when exercises were altered) 

No physiological monitoring 

Health professional to participant ratio 1:1 

Home visit prior to telehealth delivery also included: 
Technology installed in patient’s homes by technician and 
physiotherapist (advised where to do exercises), instruction re: 
telehealth equipment 

a
Key strategies identified by the research team only; for further information on strategies, see individual studies (eg, comprehensive list on inclusion/exclusion criteria and 

equipment used). ADLs = activities of daily living; MMSE = Mini-Mental State Examination; NIHSS = National Institutes of Health Stroke Scale; NR = not reported. 
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Table 5. 
Effectiveness of Telehealth-Delivered Exercise

a
 

 

Outcome Group Difference Within Group(s)
b
: 

Postintervention Minus Baseline 
Difference Between 

Group(s)
b 

Post 
intervention Baseline Postintervention 

Chen et al (2017)
 20 c

 Exp (n = 27) Con (n = 27) Exp (n = 26) Con (n = 25) Exp Con Exp minus Con 

Modified Barthel Index 
(score, range = 0–100) 

55.6 (12.8) 54.3 (13.4) 61.4 (12.9) 59.8 (12.3) 5.8 (-1.3 to 12.9) 5.5 (-1.7 to 12.7) 1.6 (−5.5 to 8.7) 

Berg Balance Scale (score, 
range = 0–56) 

33.1 (4.0) 31.7 (5.9) 37.0 (3.8) 36.1 (5.3) 3.9 (1.8 to 6.1) 4.4 (1.3 to 7.5) 0.9 (−1.7 to 3.5) 

Caregiver Strain Index 
(score, range = 0–13) 

6.0 (1.7) 6.3 (2.5) 4.2 (1.5) 4.5 (2.1) -1.8 (-2.7 to –0.9) -1.8 (-3.1 to -0.5) -0.3(-1.32 to 0.72) 

Lin et al (2014)
d 24

 Exp (n = 12) Con (n = 12) Exp (n = 12) Con (n = 12) Exp (n = 12) Con (n = 12) Exp minus Con 

Berg Balance Scale (score, 
range = 0–56) 

20.4 (17.0) 22.4 (18.4) 24.6 (18.4) 26.9 (18.0) 4.2 (-10.8 to 19.2) 4.5 (-10.9 to 19.9) -2.3 (-17.7 to 13.1) 

Barthel Index (score, range = 
0–100) 

52.9 (32.9) 57.9 (26.7) 57.9 (3.1) 60.8 (22.5) -5.0 (-14.8 to 24.8) 2.9 (-18.0 to 23.8) -2.9 (-16.5 to 10.7) 

Self Care (subscore 
range = 0–40) 36.7 (18.7) 39.2 (18.6) 40.0 (17.3) 41.3 (14.5) 

3.3 (-12.0 to 18.6) 2.1 (-12.0 to 16.2) -1.3 (-14.8 to 12.2) 

Mobility (subscore range 
= 0–60) 16.3 (15.9) 18.8 (11.9) 17.9 (15.9) 19.6 (311.1) 

1.6 (-11.9 to 15.1) 0.8 (-8.9 to 10.5) -1.7 (-13.1 to 9.9) 

Lai et al (2004)
23

 n = 19 n = 19    

Berg Balance Scale (score, 
range = 0–56) 

42.2 (6.7) 49.0 (6.5) 6.8 (2.5 to 11.1)   

36-Item Short Form Health 

Survey (SF-36); each item 

score range = 0–100 

     

Physical functioning 49.0 (15.7) 71.6(21.7) 22.6(10.1 to 35.1)   

Role, physical 18.4(32.1) 79.0(41.9) 60.6(36.0 to 85.2)   
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Bodily pain 57.4(29.3) 86.0(24.3) 28.6 (10.9 to 46.3)   

General health 35.0(20.3) 53.2(17.7) 18.2(5.7 to 30.7)   

Vitality 40.8(16.3) 66.3(17.7) 25.5(14.3 to 36.7)   

Social functioning 68.4(22.2) 88.8(19.5) 20.4(6.7 to 34.2)   

Role, emotional 45.6(38.8) 93.0(23.8) 47.4(26.2 to 68.6)   

Mental health 65.3(22.2) 77.7(17.4) 12.4(-0.7 to 25.5)   

State of Self-Esteem Scale 
(score, range = 5–100) 

64.8 (12.3) 79.8 (12.8) 15.0 (6.7 to 23.2)   

Stroke knowledge test (score, 
range = 0–10) 

4.8(1.7) 8.7(1.5) 3.9(2.9 to 5.0)   

Bernocchi et al (2016)
 19

 n = 23 n = 23    

Berg Balance Scale (score, 
range = 0–56) 

32 (13) 42 (13.8) 10 (2.3 to 17.7)   

Tinetti Scale (score, range = 
0–28) 

4(2.8) 6(3) 2(0.3 to 3.7)   

Modified Barthel Index 
(score, range = 0–100) 

65(22.5) 85(22.5) 20(6.63 to 33.7)   

6-min walk test, m (n = 15) 
155(98) 210(85) 55(-13.3 to 123.4)   

Motricity Index paretic side 
(score, range = 0–100) 

55(15.16) 74.5(22.6) 19.5(8.1 to 30.9)   

Huzmeli et al (2017)
 22

 Median (range) (n = 10) Median (range) (n = 10)   P 

Berg Balance Scale (score, 
range = 0–56) 

35 (18 to 48) 36.5 (21 to 50)   .03 

36-Item Short Form Health 

Survey (SF-36); each item 

score range = 0–100 

     

Physical functioning 42.5 (0 to 65) 42.5 (0 to 75)   .18 

Physical role limitation 12.5 (0 to 100) 12.5 (0 to 100)   1.0 

Bodily pain 36.5 (10 to 84) 37 (12 to 84)   .89 
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General health 
perceptions 

40 (10 to 77) 48.5 (10 to 72)   .07 

Vitality 57.5 (30 to 85) 55 (30 to 85)   .56 

Social role functioning 25 (0 to 75) 37.5 (0 to 75)   .10 

Emotional role 
functioning 

0 (0 to 100) 0 (0 to 100)   .32 

Mental health 72 (48 to 80) 70 (48 to 76)   .24 

Mini-Mental State 
Examination 

26.5 (15 to 30) 28 (15 to 30)   .07 

a
Mean (SD) of groups, mean (SD) difference within groups, and mean (95% CI) difference between groups unless otherwise stated. Bold type indicates statistical significance. 

Con = control; Exp = experimental. 
b
Within- and between-group mean differences and 95% CIs were calculated from baseline and postintervention means and SDs using standard formulae. 

c
Postintervention data reported here were for the 12-wk assessment (not the 24-wk follow-up assessment). 

d
Calculations from this study were based on conversion of the SE to the SD using a standard formula. 
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Figure 1. 

Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flowchart. 

 


