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Abstract
Background
Approximately 30% of stroke survivors report unmet lower extremity (LE) recovery
needs after returning to community living. Telerehabilitation can be used to mitigate
issues surrounding accessibility and provide ongoing support, however, evidence in this
area is limited. The overall purpose of this thesis is to develop a better understanding of
telerehabilitation for LE recovery post-stroke.
Objectives
Chapter 2: To describe telerehabilitation interventions for LE recovery following stroke;
and to quantitatively assess their effects on LE recovery.
Chapter 3: To determine the feasibility of TRAIL among individuals with stroke, including
estimating the effects of TRAIL on clinical outcomes.
Methods
Chapter 2: All interventional studies investigating telerehabilitation for LE recovery poststroke were included from MEDLINE, EMBASE, PSYCInfo, and Cochrane. Quality was
assessed for all included studies. RCTs were meta-analyzed using RevMan 5.4.
GRADE was performed for each outcome.
Chapter 3: 32 individuals were recruited in this single group pre-post study. Feasibility
outcomes were treated as binary outcomes based on pre-defined indicators. Clinical
outcomes (TUG, FMA-Tele, 30s S2S, ABC, SIS, FR, TS and GAS) were analyzed using
Wilcoxon signed-rank test for statistically significant differences (p<0.05).
Results
Chapter 2: 21 studies were included for the qualitative analysis and 12 RCTs were
included for the meta-analysis. A moderate body of evidence indicated that
telerehabilitation was as effective as usual care for improving balance (MD = 1.67 [95%
CI = 0.52, 2.82], I2 = 0%, p = 0.004) and motor impairment (SMD = 3.73 [95% CI = 2.12,
5.33, I2 = 27%, p < 0.00001).
iii

Chapter 3: The following effect sizes were observed: TUG (0.57, p = 0.02); FMA-Tele
(0.76, p = 0.001); 30s S2S (0.89, p = <0.001); ABC (0.60, p = 0.015); GAS (0.95, p =
<0.001); SIS-ADL (0.52, p = 0.038); SIS-Mobility (0.59, p = 0.017). Seven out of eleven
(63.6%) threshold criteria of feasibility were considered a success.
Conclusion
The information from the review allows for practical recommendations for future
research, such as identifying knowledge gaps. The TRAIL feasibility study offered
insight into understanding the key factors that contribute to a successful
telerehabilitation intervention for LE recovery.
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Lay Summary
Stroke is one of the leading causes of adult disability in Canada, often resulting in motor
impairments. Telerehabilitation, defined as the use of technologies such as phone or
internet to deliver rehabilitation at a distance, may allow for greater to promote further
recovery post-stroke. However, there is a lack of research specific to lower extremity
recovery. The first study provided a comprehensive review of telerehabilitation
interventions focusing on improvements in lower extremity function. Results from the
review highlighted gaps for future research. Second, we completed a proof-of-concept
study looking at the feasibility of a program called TeleRehabilitation with Aims to
Improve Lower extremity recovery post-stroke (TRAIL). We found that the TRAIL
intervention was effective in improving functional mobility, motor impairment, lower
extremity strength, self-efficacy, goal setting, and quality of life. Overall, this thesis
provided a greater understanding of the use of telerehabilitation for improving lower
extremity recovery after stroke.
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Chapter 1: Introduction
1.1 What is Stroke?
Stroke is a leading cause of disease burden and death worldwide with over 10 million
new strokes and 6.5 million stroke deaths each year1. A stroke is defined as a focal
neurologic deficit caused by a local disturbance in cerebral circulation – either an
obstruction of cerebral blood (ischemic) or a rupture to a vessel wall supplying blood to
the brain (hemorrhagic)2.
Globally, ischemic stroke accounts for approximately 60% of strokes and hemorrhagic
strokes (both intracerebral and subarachnoid) accounts for approximately 40% of
strokes3. However, this ratio varies from country to country, especially depending on the
country income level3. While most of the initial recovery occurs during a “critical window”
of up to 6 months of heightened neuroplasticity, the recovery timeline can continue far
beyond this window4.
While stroke itself is an acute event, the long-term health and social consequences may
be devastating. The long-term effects of stroke are determined by the location, size, and
initial recovery5 and these complications may continue to occur weeks to months after
discharge from hospital6. In fact, some stroke survivors may develop complications
several years after the stroke. Some examples of the most common acute impairments
post-stroke were limb weakness, urinary incontinence, dysphagia, impaired
consciousness, and cognitive impairment7. Other consequences include medical (e.g.,
seizures), musculoskeletal (e.g., spasticity), and psychosocial complications (e.g.,
depression)6.
Stroke predominantly affects older people with about 10% of adults aged 65 years and
older having experienced a stroke8. In Canada alone, there is an estimated 405,000
individuals living with stroke, a number that is projected to increase to 726,000 by
20389. Significant risk factors for stroke include older age, lower socioeconomic status,
1

as well as behavioural (e.g., inactivity, poor dietary habits, smoking) and physiological
factors (e.g., high blood pressure and cholesterol levels), ischemic heart disease, and
atrial fibrillation10. Despite the increasing stroke occurrences in older individuals, there
are lower stroke fatality rates associated with better acute stroke care11 and better
management of modifiable risk factors12. Therefore, as a result of more people surviving
strokes and returning to independent community living, the prevalence of stroke
survivors with long-term impairments and ongoing care costs continue to increase11. For
example, the Canadian government spends approximately 3% of the national
healthcare expenditure on stroke, with 1-year per patient costs to be approximately
$17,769 for transient ischemic attacks (TIA), $53,576 for ischemic strokes, and $56,573
for hemorrhagic strokes13.

1.2 Impacts of Stroke on Lower Extremity
The most common and widely recognized deficit caused by stroke is motor impairment,
regarded as a loss or limitation of function in mobility, that can be seen in up to 80% of
stroke survivors14. Deficits in lower extremity function following stroke are especially
concerning as research shows associations with impaired mobility, limitations in daily
life activities, and reduced participation in society such as their ability to return to
professional activities15. In fact, regaining the ability to walk is of great importance and is
usually the primary goal of people post-stroke5, 16. Therefore, it is important to have a
thorough understanding of the impacts of stroke on lower extremity recovery. The
following discusses disability from a biopsychosocial perspective in the context of lower
extremity impairment following stroke.
1.2.1 International Classification of Functioning, Disability and Health (ICF)
The International Classification of Functioning, Disability and Health (ICF) model17
(Figure 1) is a comprehensive biopsychosocial model that conceptualizes disability and
functioning in the context of health conditions and contextual factors. The ICF puts
forward the notion of disability occurring in three broad domains, including at the i) body
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level (i.e., body impairment); ii) person level (i.e., activity limitation); and iii) societal level
(i.e., participation restriction).

Figure 1. ICF Model (World Health Organization, 2002)17

I.

Impairments refers to any loss or deviations from normal body functions and
structures18. Lower extremity impairment, such as muscle weakness and
impaired gait, is described in the literature to be caused by injury to the motor
cortex, pre-motor cortex, motor tracts, or associated pathways in the cerebrum or
cerebellum19. Approximately 80% of stroke survivors are likely to experience
hemiparesis20, thus resulting in weakness of the lower extremities, which in turn
has been shown to cause activity limitations and participation restrictions21, 22.

II.

Activity limitation refers to difficulties in executing tasks by the individual, and the
tasks are typically associated with activities of daily living (ADL), both static and
dynamic balance, and functional mobility (such as walking and moving around
their environment)23. Activities of daily living (ADLs), including feeding, dressing,
and continence24, have been found to be limited among stroke survivors with
lower extremity impairment, as these deficits are one of the most important
predictors of the ability to carry out ADL25, 26. Approximately 50% of stroke
survivors make full recovery for basic ADL such as feeding, dressing, and
toileting27. Similarly, 83% of stroke survivors experience balance issues28 which
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is a prerequisite for regaining the ability to walk independently and carry out
ADLs. Mobility impairments also lead to fear of falling, falls29, and disability in
basic ADLs30.
III.

Participation restrictions refers to difficulties in involvements in life roles, such as
self-care, domestic life, and community, social and civic life17, 31. Research
indicates that many individuals experience participation restrictions32-35 may be
due to interactions with the other domains of the ICF, such as impairment (i.e.,
motor coordination issues36 and strength deficits35) and activity limitations (i.e.,
ADL issues)37 . Out of the impairment variables, strength deficit of the lower
extremity muscles was found to best explain participation restrictions poststroke35. Functional ability – assessed by the Modified Barthel Index (mBI) – was
found to have the largest direct effect on participation restrictions37. Desrosiers et
al. (2006) reported lower extremity coordination, age, comorbidity, and affect
were the best predictors of participation post-stroke both short-term (6 months
post-stroke) and long-term (2-4 years post-stroke)36.

While there are contextual factors that also play a role in stroke recovery, for the
purposes of this thesis, the 3 broad domains will be primarily used to categorize and
organize outcomes. In summary, participation and activity can be optimized in stroke
survivors by addressing the underlying body impairments, which is also supported by
empirical evidence. For example, motor weakness in the lower extremities (i.e., body
impairment) adversely affects functional mobility38 (i.e., activity limitation) and several
lower extremity-related issues such as balance issues39 and high incidence of falls40-42,
thereby affecting mobility-related daily tasks and social roles (i.e., participation
restrictions)43, 44. Similarly, lower extremity strength difference between the two lower
extremities is reported as a significant predictor for gait speed, gait endurance, and
functional balance45. Furthermore, the ICF components are bidirectional in nature and
can influence each other in any order. For example, increased participation in social
roles may improve mobility and thus increasing lower extremity strength. Therefore,
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lower extremity rehabilitation should be an important target for clinical interventions to
improve activity function and social participation in people with stroke46, 47.

1.3 Rehabilitation for Lower Extremity Recovery After Stroke
When a patient with a stroke is admitted to hospital, the primary targets are to stabilize,
make a diagnosis using specialized imaging, and to provide treatment. Different
interventions may be carried out depending on the type of stroke48. Rehabilitation can
be described as a progressive, dynamic, goal-orientated process aimed at enabling a
person with impairment to regain physical and social functioning and can be started as
soon as the patient is medically stable49. Once stabilized, patients may be moved to an
inpatient rehabilitation centre, long-term care facility, or back home to the community. In
Canada, approximately 58% of patients return home after discharge from acute care,
19% to an inpatient rehabilitation facility, and 10% to a long-term care facility50.
Although patients with moderate to severe stroke benefit the most from rehabilitation,
only 37% of patients in these categories are discharged from acute care to a
rehabilitation facility50. Out of the 71% of patients who return home after inpatient
rehabilitation, 30% of individuals have no further rehabilitation services planned –
leaving a huge gap in transitional support.
The time of transition between hospital to home has been recognized as a period of
great uncertainty. This is due to the needs of the patients becoming more complex postdischarge51, and patients and their caregivers developing a greater understanding of
how their lives have changed post-stroke52. Upon returning home, more than half of the
patients with stroke require on-going care or in-home services50. Walking ability is a
priority for most stroke survivors53 and is achieved in approximately 80%54. However,
the occurrence of falls while walking can be as high as 73% among those who recover
the ability to walk, often occurring within the first few months of returning home from
rehabilitation55-57. Falls have severe consequences both physically and psychosocially
as stroke survivors have an increased risk of hip fractures on the paretic side58 often
leading to restricted participation42 and a fear of falling, which could lead to decreased
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physical activity, social deprivation, and loss of independence59. Falls in older adults
result in substantial medical costs, adding up to $10.3 billion in 201860. As stroke
survivors transition from rehabilitation back to the community, they face challenges such
as distance/transportation issues61 and wait lists62 if they want to continue receiving
care at specialized rehabilitation centres that are typically located in large urban
centres. Unfortunately, as a result of general increases in demand on our health and
rehabilitation systems, stroke survivors receive inadequate follow-up rehabilitation
during the transition back home.63 This consequently leads to substantial unmet needs
with regards to ongoing lower extremity recovery64, 65.
Some community-based rehabilitation programs have been developed to provide
more opportunities for rehabilitation after moving back home. Examples include:
•

Getting Better Together consists of workshops to build confidence to manage a
variety of health conditions, such as arthritis, asthma, diabetes, stroke,
Parkinson’s Disease, and other health issues. Topics covered during the
sessions include action planning, emotion regulation, pain management,
communication, and healthy eating. This program is currently offered virtually
once a week for 2 hours.

•

After Stroke by March of Dimes is a personalized recovery program that helps
survivors and their families move forward from a stroke. Activities include
creating a personalized recovery plan, connecting with resources in the
community, and a network of support to navigate the recovery journey.

•

Virtual Stroke Recovery Group by Stroke Recovery of BC includes activities to
promote stroke recovery such as information and education, cognitive activities,
physical exercise, and social connections on a weekly ongoing basis virtually.

•

Together in Movement and Exercise (TIME™) consists of exercises designed to
improve balance and mobility in a in-person group setting of 1 staff-to-4
participants. Unfortunately, due to COVID-19, the TIME™ programs have been
interrupted. However, they also offer a TIME™ at Home, a series of pre-recorded
exercise videos hosted by a live facilitator.

•

Fitness and Mobility Exercise (FAME) is a group exercise program developed to
enhance mobility and fitness for people living with stroke. Due to COVID-19,
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many community centres that typically offered FAME were shut down. However,
there is an alternative program called FAME @ Home, where individuals living
with stroke can download resources and exercise independently.
Currently, the virtually offered programs focus more on management, education, and
peer support, rather than exercise. TIME™ is offering an alternative series of prerecorded exercise videos that are hosted by a live facilitator and FAME offers an
asynchronous adaptation where individuals can follow along and exercise
independently using manuals and exercise handout. However, no programs include a
synchronous exercise program targeting lower extremity combined with an actionplanning/self-management component to include strategies to manage on their own
after the formal program has ended. Therefore, innovative solutions that address this
gap in current community-based programs that focus on lower extremity recovery for
stroke survivors are warranted to ultimately extend rehabilitation beyond the hospital
settings, especially during the transition back to the community.

1.4 Telerehabilitation for Stroke Recovery
Telerehabilitation, defined as the use of information and communication technologies to
deliver rehabilitation services at a distance66, can be used to address the gap in support
that is not adequately supported by current means for stroke survivors.
Telerehabilitation has been used in several fields that are involved in stroke recovery
including physiotherapy67, speech-language pathology68, and occupational therapy69.
The use of consumer technologies, such as computers, Internet, or telephones, for the
delivery of rehabilitation services has been found to be both practical and desirable as
an alternative when in-person rehabilitation is neither accessible nor possible70.
This method of delivering rehabilitation services virtually may be an effective modality
that can increase accessibility, decrease cost, and extend the continuum of effective
rehabilitation into the community, especially when in-person therapy is not possible.
Telerehabilitation can be used to improve accessibility in underserved or rural regions71
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as well as for patients who face barriers associated with in-person care (e.g., mobility,
transportation, childcare, etc.)72. Clients can access physical therapists with unique
competencies, regardless of the physical location. In fact, 90% of physical therapists
were employed in urban areas, whereas only 3.6% of Canada’s geography is urban73.
Telerehabilitation may be more cost-effective74, but there is very limited data reported
on health resource utilization and cost of intervention75. The cost of telerehabilitation
includes a variety of costs, such as the technology (e.g., computer), applications,
internet access or communication service, and the cost of the healthcare professional76.
On the contrary, in-person rehabilitation services would require travel expense, time
spent travelling to the rehabilitation centre (indirect cost), time spent by caregiver(s)
during travel and rehabilitation, as well as the cost of the healthcare professional76, 77.
Although the results are mixed in published studies, there have been numerous studies
reporting reduced costs associated with telerehabilitation compared to in-person
rehabilitation due to the reduced time burden for patients and caregivers78, 79.
Furthermore, patients have reported satisfaction with telerehabilitation services, despite
technical difficulties and concerns about having fewer direct interactions and
socializations with healthcare professionals and peers80. Patients receiving
telerehabilitation have generally reported high usability and satisfaction rating with the
use of technology. Although some patients prefer direct human contact, others also
favoured the increased convenience of telerehabilitation74.
Currently, studies have suggested that telerehabilitation is not inferior to in-person
programs and may be used to supplement and support the gap when in-person therapy
is not feasible to prolong the continuum of care. For example, Appleby et al. (2019)
found that telerehabilitation may have a positive impact that is equally beneficial as
usual care for motor function, ADLs, independence, satisfaction, and quality of life for
stroke survivors81. Laver et al. (2020) found low to moderate quality of equal
improvements in ADL and balance of telerehabilitation compared to in-person therapy
programs75.
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However, as telerehabilitation for lower extremity recovery is a developing field, there is
a limited number of studies investigating its effectiveness. In fact, most studies
investigating telerehabilitation interventions for stroke have focused on upper limb
recovery82-86, as it is a slightly more common deficit relative to lower limb impairment7,
safer to administer interventions. Upper extremity telerehabilitation interventions are
typically facilitated while in a seated position87, 88, thus reducing the risk of falls.
Nevertheless, recent studies focusing on the effect of telerehabilitation on stroke care75,
81

suggest that telerehabilitation may be at least equally as beneficial as conventional

rehabilitation to improve balance, mobility, and other lower extremity outcomes in
chronic stroke.
Overall, these studies demonstrate the feasibility, efficacy, and high level of acceptance
of telerehabilitation for community-dwelling stroke survivors89. Furthermore, with the
onset of the COVID-19 pandemic, the forced transition into telerehabilitation in clinical
practice coupled with accelerated interest in continuing to offer services virtually90 has
made the need for robust evidence-based interventions clear. Telerehabilitation can be
an effective modality in supporting stroke survivors as they transition back to the
community, but more research needs to be done on telerehabilitation in general, and
specifically for lower extremity recovery after stroke.

1.5 Purpose of Thesis
Telerehabilitation, combining the benefits of continued care into the community and
accessibility, may provide benefits for lower extremity recovery and can be used to fill
the existing gap in the stroke recovery continuum of care as stroke survivors transition
back home. Therefore, the overarching purpose of this thesis is to develop a greater
understanding of telerehabilitation for lower extremity recovery through two studies. The
specific objectives of this research are:
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1. To describe existing telerehabilitation interventions for lower extremity recovery
and quantitatively assess their effects on post-stroke recovery in a systematic
review and meta-analysis (Chapter 2)
2. To determine the feasibility of a novel community-based telerehabilitation
program (TeleRehabilitation with Aims to Improve Lower extremity recovery poststroke (TRAIL)), and to estimate preliminary effects of TRAIL on lower extremity
clinical outcomes in a single group pre-post study (Chapter 3)
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Chapter 2: Telerehabilitation for Lower Extremity Recovery
Post-Stroke: A Systematic Review and Meta-Analysis
2.1 Introduction
Stroke is a leading cause of disease burden and death worldwide91 with over 10 million
new strokes and 6.5 million stroke deaths each year1. As the population ages, the
prevalence of stroke is anticipated to increase 20% over the next 10 years11. The most
common and widely recognized deficit caused by stroke is motor impairment resulting in
a loss or limitation of functional mobility, that can be seen in up to 80% of individuals
with stroke14. Lower extremity motor impairment post-stroke has shown to lead to
activity limitations, such as mobility47, and participation restrictions35. Additionally, there
is a high risk of falls among stroke survivors with such impairment. Specifically, the
occurrence of falls while walking can be as high as 73% among those who recover
some ability to walk post-stroke, with most falls occurring within the first few months of
returning home from rehabilitation55-57. Thus, regaining lower extremity function and
walking ability is a priority for most stroke survivors53, as optimal recovery may be
associated with better long term health and well-being outcomes47.
Despite evidence supporting the importance of continued rehabilitation for lower
extremity recovery, stroke survivors face substantial barriers, such as limited finances
and traveling distance/transportation issues,61, 92, 93 in accessing ongoing rehabilitation
after hospital discharge. Moreover, due to decreasing length of stays for inpatient stroke
rehabilitation94-96, alternative methods for ongoing, accessible, and cost-effective
rehabilitation programs that extend opportunities for lower extremity recovery beyond
hospital settings are becoming increasingly important.
One such solution to increase the accessibility of rehabilitation services for lower
extremity recovery is using personal technologies, such as phones and computers. As
of January 2021, there were more than 4.6 billion active internet users (59.5% of the
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global population); out of this total, 92.6% accessed the internet via mobile devices97.
This rapid growth in the use of the Internet and mobile technologies has opened an
array of possibilities through which people can remotely access specialized
rehabilitation within their homes and communities. Quantitative and descriptive findings
of various studies overall showed that personal technologies offer unique opportunities
and benefits to deliver rehabilitation to patients at home with various conditions, such as
chronic obstructive pulmonary disease (COPD), heart failure, and stroke89, 98-101.
Telerehabilitation, defined as the delivery of rehabilitation services using information
and communication technologies66, is a possible solution to mitigate issues surrounding
accessibility of rehabilitation services and provide additional support during the
transition back to the community71, 102. Research indicates that people attending
traditional rehabilitation are also willing to receive telerehabilitation, especially if they
were already regular users of technology devices103 in addition to high levels of patientreported satisfaction of telerehabilitation104-106. Telerehabilitation is also more costefficient when compared with traditional inpatient or person-to-person rehabilitation107.
Despite rapid advances in technology-based rehabilitation in stroke, many of the recent
studies focus on upper extremity108-110. Potential reasons for this relate to practical
barriers (such as costs, internet access), as well as safety barriers regarding strokerelated deficits. Lower extremity rehabilitation typically requires additional precautionary
measures to prevent falls, and patients requiring re-training of the lower extremities may
require a higher level of hands-on assistance which is not traditionally possible by
telerehabilitation. Therefore, the programs for lower-extremity recovery that focus on
mobility and balance have been typically delivered in-person to manage safety issues
and risks of falls. Thus, while telerehabilitation interventions have been used effectively
for check-in sessions, education, and counselling after stroke75, 111, there is minimal
evidence on the use of telerehabilitation for lower extremity recovery post stroke.
Furthermore, while telerehabilitation reviews exist71, 75, 81, 112, none have a specific focus
on lower extremity recovery post-stroke, largely because, up until recently, there hasn’t
been enough literature on the topic area. In fact, findings from various telerehabilitation
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investigations are just now beginning to emerge on lower-extremity recovery
outcomes113-115.

2.2 Objectives
The objectives of this systematic review and meta-analysis are to systematically review
the research evidence focusing on telerehabilitation for lower extremity recovery poststroke in individuals living in the community to:
1. Describe telerehabilitation interventions for lower extremity recovery following
stroke
2. Quantitatively assess their effects on clinical outcomes in the areas of function
and impairment, activity, and participation.

2.3 Methods
The reporting in this review follows the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) 2020 guidelines116 (Appendix 1). The study
protocol was registered with the International Prospective Register of Systematic
Reviews (PROPSERO) on June 26, 2021 (Registration Number: CRD 42021246886). A
version of the protocol has been accepted for publication: Park S, Tang A, Pollock C,
Sakakibara BM. Telerehabilitation for lower extremity recovery post-stroke. A systematic
review and meta-analysis protocol. BMJ Open. 2022; (in-press).
2.3.1 Eligibility Criteria
Studies for review were selected using the following eligibility criteria, categorized by
study design, participants, interventions, comparators/control, and outcomes.
Study Design: This review aimed to both describe interventions and assess the effects
of telerehabilitation interventions for lower extremity recovery post-stroke. Therefore, we
included randomized controlled trials (RCTs) as the primary study design, including
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cluster trials. However, non-RCT interventional studies were also included for a
comprehensive overview of all telerehabilitation interventions. For mixed method
studies, only the quantitative data was used in the review for analysis. Only studies
published in peer-reviewed journals and in English were included in the review.
Observational or descriptive study designs, including cohort studies, case series, case
reports, or cross-sectional studies were excluded. Study protocols, reviews, and
abstract-only records were also excluded.
Participants: The review included research on community-living individuals with stroke,
≥19 years of age. Studies included patients of any level of stroke severity and stage of
post-stroke recovery. If studies reported on mixed samples, they were only included if
results specific to the stroke sample were provided or if the sample was comprised of at
least 50% of individuals with stroke.
Interventions: The review included studies that involved the use of telerehabilitation to
promote recovery of the lower extremity post-stroke. Telerehabilitation was defined as
the remote delivery of rehabilitation services via information and communication
technologies (telecommunication) which includes, but are not limited to, the telephone,
internet, videoconferencing, mobile devices, and monitoring via sensors or wearable
devices. The interventions were able to be delivered by professionals (e.g.,
physiotherapists, occupational therapists, kinesiologists) or by people who have
received training by professionals, such as paid or unpaid carers of individuals with
stroke or the individuals with stroke themselves. Interventions that used a combination
of telerehabilitation and in-person rehabilitation were included, provided that at least
50% of the intervention (e.g., number of sessions) was delivered via telerehabilitation.
The review also included studies completed in any physical or geographical location.
Studies were excluded if the intervention only had one session, or if the primary focus
was on stroke sequelae other than lower extremity recovery (e.g., upper extremity,
cognition, communication, swallowing). This was determined by the primary objective
of the study, as assessed by the primary outcome, or based on the intervention
description.
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Comparators or Control (Specific to RCTs): This review included studies that had a
comparator, which could be any of the following: another type of telerehabilitation, usual
care, or no intervention. Usual care was defined as the rehabilitation that a stroke
patient would normally receive as part of undergoing stroke rehabilitation.
Outcomes: The review included studies that focus on the outcomes of body function
and structure and activities that are associated with lower extremity recovery. Outcomes
associated with participation will also be included if the intervention is focused on lower
extremity recovery. Assessments that may be used, but not limited to, include the Timed
Up and Go (TUG), 6-Minute Walk Test (6MWT), Fugl-Meyer Assessment (FM), Berg
Balance Scale (BBS), Stroke Impact Scale (SIS), Activities-specific Balance Confidence
Scale (ABC), and gait speed.
The outcomes are classified according to the domains of the International Classification
of Functioning, Disability and Health (ICF)117 and were defined as the following for the
purpose of this review:
•

Body function and structure refer to the physiological function of body systems
and the anatomical parts of the body, along with the problems in body function or
structure such as significant deviation or loss

•

Activity refers to the execution of a task or action by an individual, along with any
difficulties.

•

Participation refers to the involvement in a life situation, and any problems
experienced during these involvements.

Other outcomes that did not fall within the ICF domains above that were also included
for evaluation included self-efficacy in lower extremity related activities and quality of
life. While these could be categorized under contextual factors, for the sake of outcome
organization, only body function and structure, activity, and participation were used as
the primary organizer headings.
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2.3.2 Search Strategy and Information Sources
The search was carried out in 4 databases: MEDLINE, EMBASE, PsycInfo, and
CINAHL for articles published prior to May 2021. Reference lists of all included papers
were examined for additional studies of interest. The Cochrane Database of Systematic
Reviews and PROSPERO was searched in addition to the electronic databases to
identify relevant, recently completed reviews on the use of telerehabilitation post-stroke.
The search strategy detailed in Appendix 2 was developed in collaboration with a
university librarian for MEDLINE and was adapted and approved for sure in the other
databases. The search strategy consisted of four major categories: (1) stroke; (2)
rehabilitation, (3) technology; (4) lower extremity. No limits were placed on the
electronic search. The search terms were established using Medical Subject Headings
(MeSH) or keywords.
2.3.3 Study Selection & Data Management
A multi-stage process was used for study selection. All titles from the electronic
database search were imported into Covidence118 and duplicate studies were removed
automatically through the program. The title and abstract of the retrieved studies were
screened for eligibility by two reviewers (SP, NK). In the event of conflict, a third review
author (BMS) was consulted for resolution. The full papers of those studies of interest
after the title search were read by the two members of the research team to determine
final eligibility. All removed studies were documented with specific reasons regarding
their exclusion using the PRISMA flow diagram116.
2.3.4 Data Extraction
Data from all eligible papers identified through the study selection process were
extracted by the two study team members (SP, NK) who independently performed data
extraction using a study specific data extraction form. The form focused on general
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study characteristics, study methods, participant characteristics, intervention
description, outcomes, and results (Appendix 3). The form was piloted independently by
the lead author. The corresponding authors of studies included for review were
contacted by email to obtain missing data – such as pre-post or change data of the
outcomes relevant to the review – or further information for comparison by two
members of the research team.
2.3.5 Assessment of Risk of Bias in Included Studies
Two reviewers (SP, NK) assessed the methodological quality of each included study.
Quality of RCTs were assessed using both the 11-item Physiotherapy Evidence
Database Scale (PEDro) (https://pedro.org.au) and the Cochrane Risk of Bias 2 tool
(ROB2)119, as previous research indicated that summary scores of the two tools provide
complementary, yet distinct information120.
The total score on PEDro ranges between 0-10 points, where each item contributes one
point except for item 1, which pertains to external validity. The ROB2 tool consists of 5
domains, consisting of randomization process, deviations from intended interventions,
missing outcome data, measurement of the outcome, and selection of the reported
results. Scoring sheets for both the PEDro and the ROB2 can be found in Appendix 4.
For each domain, the two reviewers responded to a series of prompts or questions
(e.g., “Was the allocation sequence random?”) using the following response options:
‘yes’, ‘probably yes’, ‘probably no’, ‘no’, or ‘no information’. Using a pre-determined
algorithm, these responses were used to determine the resulting risk of bias
assessment of ‘high risk’, ‘some concerns’, or ‘low risk119’. Visualization of the ROB2
assessment were created using the robvis visualization tool121.
For non-randomized controlled trials, study quality was assessed using the 9-item
Johanna Briggs Institute (JBI) Critical Appraisal Tool122 checklist for Quasi-Experimental
Studies, and single-group pre-post studies were assessed using the 12-item National
Institutes of Health (NIH) Study Quality Assessment checklist123. Any discrepancies in
scores were resolved through discussion with the third review author (BMS).
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2.3.6 Assessment of Reporting/Publication Bias
Reporting bias was examined using a Funnel plot and an Egger regression test124. A
funnel plot is a scatter plot of estimated treatment effects from individual studies (x-axis)
against a measure of sample size (y-axis), if more than 10 studies were included in the
meta-analysis model125. If there is little to no bias, the results from smaller sample size
studies would scatter widely at the bottom of the graph with the spread narrowing
among larger studies. Publication bias may show as asymmetrical funnel plots and can
be used as a mean to examine small study effects126. Publication bias may occur due to
reasons such as excluding eligible studies (e.g., restricting publications to be in English,
not searching gray literature). However, if there are less than 10 studies included, the
power of the tests is too low for the plot to be carried out. In addition, additional factors
may also account for the asymmetry of a Funnel plot, such as poor methodological
quality and sheer chance, and cannot be used as a diagnostic for the presence of nonreporting bias124, 125. The Egger regression test regresses the standardized effect size
on their precision and in the absence of publication bias, the regression intercept would
be zero127.

2.4 Data Analysis
2.4.1 Descriptive Analysis
All interventional studies included for the review were described with study design,
participant characteristics and sample size, intervention description, comparator (for
RCTs and non-randomized controlled trials) and outcomes (where reported). This
review also assessed whether the interventions were sufficiently reported according to
the Template for Intervention Description and Replication (TIDieR) checklist128 of the
included studies. TIDieR checklist was developed as a 12-item checklist to improve the
completeness of reporting and replicability of interventions as an extension of the
CONSORT 2010 and SPIRIT 2013 statements129. The items include the brief name,
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why, what (materials), what (procedure), who provided, how, where, when and how
much, tailoring, modifications, how well (planned), and how well (actual).
In the descriptive analysis, studies were divided based on study design: (i) randomized
controlled trials, (ii) non-randomized controlled trials, and (iii) single group pre-post
study design. For all studies included, the key characteristics of the studies in the areas
of study design, sample, intervention (and comparator/control group if applicable), and
outcomes were reported.
2.4.2 Meta-Analysis
A meta-analysis was performed on all outcomes that had pre-post or change data from
at least 2 RCTs that demonstrated sufficient homogeneity across studies. Authors were
contacted by email if the change data of the outcomes relevant to the review were not
reported. The results of the individual outcomes were pooled quantitatively using the
random effects meta-analysis model. Continuous values were expressed as a mean
difference (MD) if studies all reported the outcome using the same scale, or the
standardized mean difference (SMD) if different scales assessing the same construct or
outcomes are used, along with 95% confidence intervals (CI). The SMD is the
difference in mean outcome between groups divided by the standard deviation of
outcome among the participants at baseline125. As there were numerous measures
used to measure similar lower extremity outcomes, it was important to assess the
summary outcome by standardizing the results to a uniform scale before they were
meta-analyzed. The measures being combined will conceptually be assessing the same
constructs (e.g., Timed Up and Go (TUG), Short Physical Performance Battery (SPPB),
and the Modified Functional Ambulation Classification (MFAC) combined under
“Mobility”). If there were multiple measures for the same outcome in one study, the
outcome listed as the primary objective was used. If both measures were secondary,
the outcome that aligned with most of the outcome measures from the other studies
were used. The SMD is also known as Cohen’s d and can be used to assess effect
size130. A guideline for interpreting effect sizes for Cohen’s d are as follows: 0.20, 0.50,
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and 0.80 for small, medium, and large effects131. Dichotomous values were expressed
as risk ratios and 95% CI125. RevMan 5.4132 was used for meta-analyses.
2.4.2.1 Heterogeneity
Heterogeneity refers to the variability in the intervention effects being evaluated in the
different studies. There are several possible sources of heterogeneity: (i) clinical
heterogeneity, (ii) methodological heterogeneity, and (iii) statistical heterogeneity.
Clinical heterogeneity can be defined as differences in participant characteristics, types
of timing of outcome measurements and intervention characteristics133 and
methodological heterogeneity is variability due to differences in trial design and quality.
Both were determined subjectively by the two reviewers independently and described in
the narrative for each model. Statistical heterogeneity is variability in summary
treatment effects between trials. I2 statistic was used to determine statistical
heterogeneity across the included studies. Random effects model was used if the I2
value was greater than 50%125. A rough estimate of interpreting the I2 statistic is as
follows125:
•

0% to 40%: might not be important

•

30% to 60%: may represent moderate heterogeneity

•

50% to 90%: may represent substantial heterogeneity

•

75% to 100%: considerable heterogeneity

The heterogeneity in random effect models was controlled for using the DerSimonian
and Laird method available in RevMan 5.4132 to weigh studies based on the extent of
their heterogeneity. A p-value of 0.1 or less was considered to have statistically
significant heterogeneity. This value is used instead of the conventional 0.05 as the I2
value commonly is low powered in meta-analyses where studies have small sample
sizes or are few in number, highlighting the importance that the significance value
cannot be the sole decision guide when determining if there is a problem with
heterogeneity134.
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2.4.2.2 Sensitivity Analysis
To determine how robust the findings are from the main analyses, we performed
sensitivity analyses by excluding RCTs of poor quality as determined by a PEDro score
of 3 or less135, 136 and/or studies with a “high” risk of bias as determined by the ROB2.
2.4.2.3 Subgroup Analysis
Several different sociodemographic factors have been shown to moderate stroke
outcomes. For example, female sex has been found to be mildly unfavourable in
recovery137 therefore a subgroup analysis was planned for each outcome by sex if the
data allows (critical number of studies (n = 2) report based on sex). In addition, other
factors such as age138-146, severity of stroke142, 146, 147, and number of comorbidities148-150
have shown mixed evidence in influencing post-stroke recovery, therefore a subgroup
analysis was also planned to be carried out for each of the factors if data allow. Finally,
if the data allowed, we planned on performing subgroup analyses to examine
differences in outcomes by technology used for the delivery of telerehabilitation and the
type of synchrony of intervention delivery.
2.4.2.4 Quality of the Evidence
Assessment of the strength of the evidence for each outcome was performed using the
Grading of Recommendations Assessment, Development and Evaluation (GRADE)151,
152

approach. Only randomized controlled trials were included. The GRADE system

classifies overall quality of evidence into four levels: high, moderate, low, and very low.
For systematic reviews, quality refers to our confidence in the estimates of effect. The
overall certainty of evidence (Summary of Findings) was graded using the GRADEpro
Guideline Development Tool (GDT) software153 for nine outcomes: motor impairment,
strength, mobility, balance, ADL, gait, walking endurance, walking speed, and social
participation. Importance is determined as critical, important but not critical, or of limited
importance154. Certainty is established based on study design and adjusted based on
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the presence of risk of bias, inconsistency, indirectness, imprecision, publication bias,
along with other considerations125. The certainty levels of evidence are defined by
Guyatt et al (2008)151 as follows:
•

High Quality: Further research is very unlikely to change our confidence in the
estimate of effect

•

Moderate Quality: Further research is likely to have an important impact on our
confidence in the estimate of effect and may change the estimate

•

Low Quality: Further research is very likely to have an important impact on our
confidence in the estimate of effect and is likely to change the estimate

•

Very Low Quality: Any estimate of effect is very uncertain

The five GRADE domains include risk of bias155, imprecision156, inconsistency157,
indirectness158, and publication bias159 for rating down, and could be rated up160 for
large magnitude of effect, dose-response gradient, and the presence of any residual
confounding effects that would decrease the magnitude of effect. Two reviewers rated
the certainty of evidence independently by examining the five domains.
1. Risk of bias, or study limitations, assesses what is commonly referred to in
publications as internal validity. Limitations are that are assessed in randomized
trials include: (i) lack of allocation concealment, (ii) lack of blinding, (iii)
incomplete accounting of patients and outcome events, (iv) selective outcome
reporting bias, (v) other limitations including stopping early for benefit, use of
unvalidated outcome measures, carryover effects in crossover trials, and
recruitment bias in cluster-randomized trials155. The study limitation was
assessed using the Cochrane ROB2 tool, and therefore was deemed as not
serious if there are no studies are classified as high risk; very serious if there is
more than one study included that are classified as high risk; and serious if
studies fall between not serious and very serious.
2. Inconsistency assesses the relative treatment effects in binary and dichotomous
outcomes and is downgraded in quality if the studies show inconsistent results.
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There are four criteria for assessing: (1) point estimates vary widely across
studies, (2) confidence intervals (CI) show minimal or no overlap, (3) the
statistical test for heterogeneity (I2) has a low p-value, and (4) I2 value is large157.
Therefore, the outcomes included were considered not serious if they have 0,
serious if they 1, and very serious if both of the following: (1) statistical
heterogeneity (I2) greater than 50% regardless of p-value, and (2) minimal/no
overlap of the confidence intervals.
3. Indirectness is a potential problem that could lead to downgrading the quality of
evidence. Directness refers to research that directly compares interventions
which we are interested delivered to the relevant populations and measures
impactful outcomes for patients158. Indirectness can occur due to four aspects:
population, intervention, outcomes, and indirect comparisons. As only RCTs
were assessed, the evidence for the outcome was downgraded one level for the
presence of each of the following: (1) difference in population, (2) difference in
intervention (3) difference in outcome measure, and (4) indirect comparisons.
4. Imprecision, or random error, is a factor for rating down the quality of evidence.
Imprecision was assessed through the size of confidence intervals (CI). If the CI
is sufficiently narrow around the estimate of treatment effect, the quality will not
be downgraded156. The wider the confidence interval, the more serious the
imprecision was graded.
5. Publication Bias is referring to bias when the probability that a result is reported
depends on the result obtained161. The risk of publication bias is higher for
reviews based on smaller number of RCTs. Publication bias was downgraded 1
point for either: (i) having mostly or likely to be industry sponsored studies, (ii) or
when evidence for an outcome consists of several small studies.
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2.5 Results
2.5.1 Descriptive Analysis
2.5.1.1 Study Characteristics
As seen in Figure 2, our search returned a total of 8,779 titles. After screening for
eligibility, a total of 21 studies were included for the descriptive review. Out of those
studies, 12 studies were RCTs and thus included for meta-analyses. All study details
are listed in Tables 1-3.
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Figure 2. PRISMA Diagram for Included Studies

Screening

Identification

Identification of studies via databases and registers

Records identified from:
Databases (n = 8779)
Registers (n = 0)

Records removed before screening:
Duplicate records removed through
Covidence software (n = 1839)

Records screened
(n = 6940)

Records excluded
(n = 6630)

Studies sought for retrieval
(n = 310)

Studies not retrieved
(n = 0)

Included

Studies assessed for
eligibility
(n = 310)

Studies included in review
(n = 21)

Studies excluded:
Inadequately described/ineligible
intervention (n = 88)
Abstract only (n = 60)
Wrong setting (n = 54)
Not interventional study (n = 44)
Wrong outcomes (n = 20)
Not in English (n = 9)
Wrong patient population (n = 7)
Duplication (n = 2)
Not peer-reviewed journal (n = 2)
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2.5.1.2 Participants
Overall, a total of 732 participants were included in the identified trials (n = 21). The
sample sizes ranged from 10162, 163 to 79164. Included studies were from Chile162,
China89, 113, 165-167, USA168-172, Taiwan173, Sweden164, UK174, Canada175, 176, Uganda177,
Italy178, 179, Switzerland180, Turkey163. Ages of participants ranged from 57162 to 72181
years.
Time post-stroke was reported in 18 studies, and this ranged from 14 days165 to 4.1
years175 post-stroke. Stroke type was reported in 10 studies, and out of the 431
individuals with stroke (total sample that reported), 329 individuals had ischemic stroke,
88 had hemorrhagic stroke, 13 experienced a transient ischemic attack and 1 individual
had a stroke that was reported as “unknown”177. The affected side of the stroke was
also reported in 14 studies, and out of the 392 reported individuals, 182 had deficits on
the left side, 207 had deficits on the right side, 1 had deficits bilaterally, and 2
individuals had no deficits. Stroke severity was not reported as commonly (n= 6). The
National Institutes of Health Stroke Scale (NIHSS) score ranged from 5165 to 11.52167,
as measured in 3 studies. Stroke severity was also measured using the Canadian
Neurological Scale168, 169 and the Scandinavian Stroke Scale177.
2.5.1.3 Intervention
The most common type of telerehabilitation for lower extremity recovery was delivered
using videoconferencing (n = 8). The remaining interventions were delivered using
phone (n = 7), a specialized device such as a modified tablet, dedicated software, or
specialized robotic device (n = 5), and virtual reality (n = 1). The length of interventions
ranged from 20 days170 to 12 weeks113, 164, 165, 168, 169, 172, 178-180 with the frequency of
sessions ranging between one session/week89 to 10 sessions/week165. Thus, the total
time of the included interventions ranged from 3 hours (3 1-hour tele-visits, in addition to
bi-weekly phone calls)168 to 160 hours113, 165. Out of 21 included studies, five
interventions were delivered by a therapist 89, 113, 163, 165, 167, seven interventions were
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primarily self-guided (with or without a caregiver) using the device but were monitored
by a therapist162, 168, 169, 171-174, 177, 178, 180, three interventions were solely self-guided164,
166, 170

, one intervention was delivered by a nurse179, and two interventions were

delivered by trained health professional facilitators175, 176. Only three studies were
delivered in a group setting89, 175, 176. Furthermore, most of the interventions were
delivered asynchronously (n = 13)162, 164, 166, 168-174, 177, 178, 180.
When assessing for adherence to the TIDieR checklist in our included studies, we
recorded the information under the various categories of the checklist. Yamato et al.
(2018) found that an overall TIDieR summary score could be used as an indicator of
completeness of reporting for previous physiotherapy trials. However, because the
study by Yamato still required replication, an overall score was not calculated for this
review182. While most of the studies provided the brief name, why, and what, how, and
where, the rest of the categories were variable in reporting consistency. Furthermore,
no trial adhered to all 12 checklist items. All 21 trials included a name or phrase
describing the intervention, as well as rationale, theory, or goal of the intervention. The
full breakdown can be seen in Table 4.
2.5.1.4 Comparator / Control
Out of the 14 RCT and non-randomized controlled trials, the majority had a control
group consisting of standard care at a healthcare facility (n = 7)162, 164, 167-169, 173, 174.
Other control groups included comparisons to the same program in-person (n = 3)113, 165,
171

, same program with no technology at home (n = 1)166, a different telerehabilitation

program (n = 1)170, and no care/waiting list (n = 2)175, 177.
2.5.1.5 Outcomes
Organized by the ICF, the following constructs were assessed in the body function and
structure, activity, and participation:
•

Body Function and Structure: lower extremity function, strength
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•

Activity: mobility, balance, activities of daily living (ADL), gait, walking speed,
walking endurance

•

Participation: social participation

Each of the studies included at least one outcome focused on lower extremity recovery.
The most used outcome measure across the included studies were Berg Balance Scale
(n = 11). Measurement timepoints pre-dominantly included baseline and postintervention, and the longest follow-up period was 24 weeks follow-up113, 168, 169.
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Table 1. Study Characteristics of Included RCTs (n = 12)
Author (Year);
Country; Sample
Size; PEDro Score
Burgos (2020)
Chile; N = 10
PEDro = 4

Chen (2017)
China; N = 54
PEDro = 7

Sample Characteristics
Intervention (N = 6)
Mean Age (SD): 57 (6.6)
Male (%): 3 (50)
Time Post-Stroke: NR
Stroke Type, N (%)
•
Ischemic: 4 (67)
•
Hemorrhagic: 2 (33)
Affected Side, N (%)
•
Right: 2 (33.3)
•
Left: 4 (66.6)
Stroke Severity: NR
Control (N = 4)
Mean Age (SD): 67.75 (8.3)
Male (%): 3 (75)
Time Post-Stroke: NR
Stroke Type, N (%)
•
Ischemic: 4 (100)
Affected Side, N (%)
•
Right: 3 (75)
•
Left: 1 (25)
Stroke Severity: NR
Intervention (N = 27)
Mean Age (SD): 66.52 (12.08)
Male (%): 18 (67)
Time Post-Stroke (days): 24.96 ± 5.62
Stroke Type, N (%)
•
Ischemic: 24 (88.9)
•
Hemorrhagic: 3 (11.1)
Affected Side: NR
Stroke Severity, Score (SD):
•
NIHSS: 6.78 (2.67)
Control (N = 27)
Mean Age (SD): 66.15 (12.33)
Male (%): 15 (55.6)
Time Post-Stroke (days): 26.85 ± 4.68
Stroke Type, N (%)
•
Ischemic: 22 (81.5)

Intervention Description, Duration & Frequency
Intervention
Description: Standard rehabilitation treatment at hospital (same as
control) + Exergames on smartphones, inertial sensors, cloud
database
# of Sessions: 9 sessions/week
Duration of Each Session: 30 mins
Length of Intervention: 4 weeks
Total Dose: 8 hours (standard rehabilitation) + 18 hours
(exergames) = 26 hours

Outcome Measures
of Interest

Measurement
Timepoints

•
•
•

BBS
MBT
BI

Baseline, PostIntervention (4
weeks)

•
•
•
•

MBI
BBS
MRS
RMS

Baseline, PostIntervention (12
weeks), and 24
weeks

Control
Description: Standard rehabilitation treatment at the hospital
# of Sessions: 3 sessions/week
Duration of Each Session: 40 mins
Length of Intervention: 4 weeks
Total Dose: 8 hours

Intervention
Description: Physical exercises and electromyography-triggered
neuromuscular stimulation (ETNS) via videoconferencing
telerehabilitation system: video-audio system, muscle electricity
biofeedback instrument, and physiological data collection system
(patient); Video-audio system, remote control system, electronic
medical records (therapist)
# of Sessions: 10 sessions/week
Duration of Each Session: 60 mins (exercise) + 20 mins (ETNS) =
80 mins
Length of Intervention: 12 weeks
Total Dose: 160 hours
Control
Description: Physical exercises and ETNS face-to-face in outpatient
rehabilitation
# of Sessions: 10 sessions/week
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Author (Year);
Country; Sample
Size; PEDro Score

Chen (2020)
China; N = 52
PEDro = 8

Sample Characteristics
•
Hemorrhagic: 5 (18.5)
Affected Side, N (%): NR
Stroke Severity, Score (SD):
•
NIHSS: 7.70 (2.55)
Intervention (N = 26)
Mean Age (SD): 64.19 (9.42)
Male (%): 14 (53.8)
Time Post-Stroke, days (IQR): 14 (13.0,
16.0)
Stroke Type, N (%): NR
Affected Side, N (%):
•
Left: 10 (38.5)
•
Right: 16 (61.5)
Stroke Severity, Score (IQR):
•
NIHSS: 5 (3.0, 6.0)
Control (N = 26)
Mean Age (SD): 59.42 (10.00)
Male (%): 12 (46.2)
Time Post-Stroke, days (IQR): 14 (12.6,
16.0)
Stroke Type, N (%): NR
Affected Side, N (%):
•
Left: 13 (50.0)
•
Right: 13 (50.0)
Stroke Severity, Score (IQR):
•
NIHSS: 5 (3.8, 8.0)

Chumbler (2012)*
USA; N = 48
PEDro = 8

Intervention (N = 25)
Mean Age (SD): 67.1 (9.5)
Male (%): 24 (96.0)
Time Post-Stroke, days (IQR): 26 (4150)
Stroke Type, N (%): NR
Affected Side, N (%): NR
Stroke Severity, Mean Score (SD):
•
Canadian Neurological Scale
(CNS) – Goldstein and Chilukuri
algorithm183: 6.7 (1.3)
Control (N = 23)
Mean Age (SD): 67.7 (10.0)
Male (%): 23 (100.0)

Intervention Description, Duration & Frequency
Duration of Each Session: 60 mins (exercise) + 20 mins (ETNS) =
80 mins
Length of Intervention: 12 weeks
Total Dose: 160 hours
Intervention
Description: Physical therapy (PT) and occupational therapy (OT)
and ETNS via videoconferencing telerehabilitation system under
the therapists’ guidance
# of Sessions: 10 sessions/week
Duration of Each Session: 60 mins (PT/OT) + 20 mins (ETNS) = 80
mins
Length of Intervention: 12 weeks
Total Dose: 160 hours

Outcome Measures
of Interest

Measurement
Timepoints

•
•

FMA
mBI

Baseline,
Post-Intervention
(12 weeks), and
24 weeks

•

FONEFIM Motor
LLFDI –
Overall
LLFDI –
Basic LE
Function
LLFDI –
Advanced
LE Function
LLFDI –
Disability

Baseline,
Post-Intervention
(3 months), and
6 months

Control
Description: PT/OT and ETNS face-to-face in outpatient
rehabilitation
# of Sessions: 10 sessions/week
Duration of Each Session: 60 mins (PT/OT) + 20 mins (ETNS) = 80
mins
Length of Intervention: 12 weeks
Total Dose: 160 hours

Intervention
Description: Multi-faceted intervention consisting of home visits
(televisit), daily use of a messaging device to self-report symptoms
of depression, self-care/mobility, and falls, and telephone
intervention calls
# of Sessions: 3 home visits (every 12-16 days), 5 telephone calls
(every 14 days starting 10-14 days after televisit 1)
Duration of Each Session: 1 hour (televisits); duration of telephone
calls not reported
Length of Intervention: 3 months
Total Dose: 3 hours (min)

•
•
•
•
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Author (Year);
Country; Sample
Size; PEDro Score

Chumbler (2015)*
USA; N = 48
PEDro = 8

Chung (2020)
China; N = 56
PEDro = 7

Sample Characteristics
Time Post-Stroke, days (IQR): 74 (3149)
Stroke Type, N (%): NR
Affected Side, N (%): NR
Stroke Severity, Mean Score (SD):
•
Canadian Neurological Scale
(CNS) – Goldstein and Chilukuri
algorithm183: 6.8 (1.4)
Intervention (N = 25)
Mean Age (SD): 67.1 (9.5)
Male (%): 24 (96.0)
Time Post-Stroke, days (IQR): 26 (4150)
Stroke Type, N (%): NR
Affected Side, N (%): NR
Stroke Severity, Mean Score (SD):
•
Canadian Neurological Scale
(CNS) – Goldstein and Chilukuri
algorithm183: 6.7 (1.3)
Control (N = 23)
Mean Age (SD): 67.7 (10.0)
Male (%): 23 (100.0)
Time Post-Stroke, days (IQR): 74 (3149)
Stroke Type, N (%): NR
Affected Side, N (%): NR
Stroke Severity, Mean Score (SD):
Canadian Neurological Scale (CNS) –
Goldstein and Chilukuri algorithm183: 6.8
(1.4)
Intervention (N = 27)
Mean Age (SD): 66.9 (14.0)
Male (%): 14 (51.9)
Time Post Stroke, days (SD): 41.3 (16.5)
Stroke Type, N (%):
•
Ischemic: 22 (81.5)
•
Hemorrhagic: 23 (79.3)
Affected Side, N (%):
•
Left: 11 (40.7)
•
Right: 16 (59.3)
Stroke Severity, Mean Score (SD): NR
Control (N = 29)

Intervention Description, Duration & Frequency
Control
Description: Usual Veterans Affairs (VA) or non-VA care, such as
home health care
# of Sessions: NR
Duration of Each Session: NR
Length of Intervention: NR
Total Dose: NR
Intervention
Description: Multi-faceted intervention consisting of home visits
(televisit), daily use of a messaging device to self-report symptoms
of depression, self-care/mobility, and falls, and telephone
intervention calls
# of Sessions: 3 home visits (every 12-16 days), 5 telephone calls
(every 14 days starting 10-14 days after televisit 1)
Duration of Each Session: 1 hour (televisits); duration of telephone
calls NR
Length of Intervention: 3 months
Total Dose: NR

Outcome Measures
of Interest

Measurement
Timepoints

•

FES

Baseline,
Post-Intervention
(3 months), and
6 months

•
•
•

SEE
MFAC
mBI
(Chinese)

Baseline, 1
month, 3 months

Control
Description: Usual Veterans Affairs (VA) or non-VA care, such as
home health care
# of Sessions: NR
Duration of Each Session: NR
Length of Intervention: NR
Total Dose: NR
Intervention
Description: Mobile video-guided home exercise program
# of Sessions: 1-3 sessions/day
Duration of Each Session: 10-30 mins
Length of Intervention: NR
Total Dose: NR
Control
Description: Pamphlet-based home exercise program
# of Sessions: 1-3 sessions/day
Duration of Each Session: 10-30 mins
Length of Intervention: NR
Total Dose: NR
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Author (Year);
Country; Sample
Size; PEDro Score

Deng (2012)
USA; N = 16
PEDro = 6

Hsieh (2019)
Taiwan, N = 56
PEDro = 6

Sample Characteristics
Mean Age (SD): 72.5 (15.5)
Male (%): 17 (58.6)
Time Post Stroke, days (SD): 37.9 (14.2)
Stroke Type, N (%):
•
Ischemic: 23 (79.3)
•
Hemorrhagic: 6 (20.7)
Affected Side, N (%):
•
Left: 14 (48.3)
•
Right: 15 (51.7)
Stroke Severity, Mean Score (SD): NR
Intervention (N = 8)
Mean Age (IQR): 52.0 (47, 60)
Male (%): 3 (37.5)
Time Post Stroke, months (IQR): 66 (32,
102)
Stroke Type, N (%): NR
Affected Side, N (%):
•
Left: 5 (62.5)
•
Right: 3 (37.5)
Stroke Severity, Mean Score (SD): NR
Control (N = 8)
Mean Age (IQR): 58.0 (54, 64)
Male (%): 8 (100)
Time Post Stroke, months (IQR): 16.5 (5,
32.5)
Stroke Type, N (%): NR
Affected Side, N (%):
•
Left: 6 (75)
•
Right: 2 (25)
Stroke Severity, Mean Score (SD): NR
Intervention (N = 28)
Mean Age (SD): 58.3 (12.3)
Male (%): 17 (60.7)
Time Post Stroke, months (SD): 12.1 (6.4)
Stroke Type, N (%): NR
Affected Side, N (%):
•
Left: 10 (35.7)
•
Right: 18 (64.3)
Stroke Severity, Mean Score (SD): NR

Intervention Description, Duration & Frequency

Intervention
Description: Computerized complex movement training (track
group) consisting of a modified laptop computer, electrogoniometer
with a potentiometer for ankle tracking; Teleconferencing between
therapist and participant using videoconferencing
# of Sessions: 60 blocks/day (each block consists of 3 trials) + 2
teleconferencing calls/week
Duration of Each Session: 5, 10, 15, and 20 second trials
(movement training)
Length of Intervention: 20 days (movement training)
Total Dose: 3600 trials (5-20 hours)

Outcome Measures
of Interest

Measurement
Timepoints

•
•

10MWT
Gait
Assessment

Baseline, PostIntervention (20
days)

•
•

10MWT
CoP sway
area

Baseline, PostIntervention (10
weeks)

Control
Description: Simple movement training (move group) consisting of a
modified laptop computer, electro-goniometer with a potentiometer
for ankle tracking.
# of Sessions: 60 blocks/day (each block consists of 3 trials)
Duration of Each Session: 5, 10, 15, and 20 second trials
Length of Intervention: 20 days
Total Dose: 3600 trials (5-20 hours)
Intervention
Description: Videogame (VG) with adaptive footswitch both in-clinic
and at home
# of Sessions: 7 sessions/week (1 at the clinic, 6 at home)
Duration of Each Session: 30 minutes/session
Length of Intervention: 10 weeks
Total Dose: 35 hours (5 hours in-clinic, 30 hours at home)
Control
Description: Standard rehabilitation and walking as daily homework
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Author (Year);
Country; Sample
Size; PEDro Score

Llorens (2015)
USA, N = 30
PEDro = 7

Sample Characteristics
Control (N = 28)
Mean Age (SD): 59.3 (11.9)
Male (%): 16 (57.1)
Time Post Stroke, months (SD): 13.0 (7.1)
Stroke Type, N (%): NR
Affected Side, N (%):
•
Left: 8 (28.6)
•
Right: 20 (71.4)
Stroke Severity, Mean Score (SD): NR
Intervention (N = 15)
Mean Age (SD): 55.47 (9.63)
Male (%): 10 (66.7)
Time Post Stroke, days (SD): 334.13
(60.79)
Stroke Type, N (%):
•
Ischemic: 9 (60.0)
•
Hemorrhagic: 6 (40.0)
Affected Side, N (%):
•
Left: 9 (60.0)
•
Right: 6 (40.0)
Stroke Severity, Mean Score (SD): NR
Control (N = 15)
Mean Age (SD): 55.6 (7.29)
Male (%): 7 (46.7)
Time Post Stroke, days (SD): 316.73
(49.81)
Stroke Type, N (%):
•
Ischemic: 10 (66.7)
•
Hemorrhagic: 5 (33.3)
Affected Side, N (%):
•
Left: 9 (60.0)
•
Right: 6 (40.0)
Stroke Severity, Mean Score (SD): NR

Vahlberg (2021)
Sweden, N=79
PEDro = 7

Intervention (N = 40)
Mean Age (SD): 63.9 (10.1)
Male (%): 24 (60.0)
Time Post Stroke, days (SD): NR
Stroke Type, N (%):

Intervention Description, Duration & Frequency

Outcome Measures
of Interest

Measurement
Timepoints

# of Sessions: 1 session/week (PT)
Duration of Each Session: NR
Length of Intervention: NR
Total Dose: NR

Intervention
Description: Virtual Reality (VR)-based program at home that
consists of a television, computer, and Microsoft Kinect for balance
recovery. Participants steps were represented on the screen with a
central circle that represented the centre of the virtual environment.
Individuals had to step on various items with their nearest foot while
maintaining the other foot within the boundaries of the circle and to
bring the extended foot close to the body.
# of Sessions: 3 sessions/week (VR) + 2 sessions/week
(conventional PT in clinic)
Duration of Each Session: 45 mins (VR); conventional PT hours NR
Length of Intervention: 8 weeks?
Total Dose: NR
Control
Description: Virtual Reality (VR)-based program at clinic that
consists of a television, computer, and Microsoft Kinect for balance
recovery. Participants steps were represented on the screen with a
central circle that represented the centre of the virtual environment.
Individuals had to step on various items with their nearest foot while
maintaining the other foot within the boundaries of the circle and to
bring the extended foot close to the body.
# of Sessions: 3 sessions/week (VR) + 2 sessions/week
(conventional PT in clinic)
Duration of Each Session: 45 mins (VR); conventional PT hours NR
Length of Intervention: 8 weeks
Total Dose: NR
Intervention
Description: Daily mobile-phone delivered instructional text
messages (SMS), training diaries, and pedometers to increase
walking performance and improve lower body strength. Sit-to-stand

•
•
•
•

BBS
POMA-B
POMA-G
BBA

Baseline, PostIntervention (8
weeks), 12 weeks

•
•

6MWT
Chair-Stand
Test
10MWT
SPPB

Baseline, PostIntervention (3
months)

•
•
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Author (Year);
Country; Sample
Size; PEDro Score

Sample Characteristics
•
Ischemic: 29 (72.5)
•
Hemorrhagic: 11 (27.5)
•
TIA: 7 (17.5)
Affected Side, N (%): NR
Stroke Severity, Mean Score (SD): NR

Vloothuis (2019)
UK, N = 66
PEDro = 8
Based on protocol
(2018)184

Control (N = 39)
Mean Age (SD): 63.9 (10.8)
Male (%): 26 (66.6)
Time Post Stroke, days (SD): NR
Stroke Type, N (%):
•
Ischemic: 28 (71.8)
•
Hemorrhagic: 5 (12.8)
•
TIA: 6 (15.4)
Affected Side, N (%): NR
Stroke Severity, Mean Score (SD): NR
Intervention (N = 32)
Mean Age (SD): 60.53 (14.82)
Male (%): 21 (65.6)
Time Post Stroke, days (SD): 36 (28-57)
Stroke Type, N (%):
•
Ischemic: 22 (68.8)
•
Hemorrhagic: 10 (31.3)
•
SAH: 0 (0)
Affected Side of Brain, N (%):
•
Left: 16 (50)
•
Right: 16 (50)
•
Brainstem: 0 (0)
Stroke Severity, Mean Score (SD): NR
Control (N = 34)
Mean Age (SD): 59.26 (15.01)
Male (%): 20 (58.8)
Time Post Stroke, days (IQR): 37 (26-55)
Stroke Type, N (%):
•
Ischemic: 28 (82.4)
•
Hemorrhagic: 4 (11.8)
•
SAH: 2 (5.9)
Affected Side of Brain, N (%):
•
Left: 12 (35.3)
•
Right: 21 (61.8)

Intervention Description, Duration & Frequency

Outcome Measures
of Interest

Measurement
Timepoints

exercises were described in the text messages. Pedometer was
used during the first and last week of the intervention.
# of Sessions: NR
Duration of Each Session: 10-30 mins (walking) + NR (LE exercise)
Length of Intervention: 3 months (SMS)
Total Dose: 3 months
Control
Description: Standard-of-care (primary care follow-up)
# of Sessions: NR
Duration of Each Session: NR
Length of Intervention: NR
Total Dose: 3 months

Intervention
Description: CARE4STROKE is a care-giver mediated exercise
program with e-health support. Exercises were chosen by a trained
physical therapist during weekly sessions
# of Sessions: 5 sessions/week
Duration of Each Session: 30 mins/session
Length of Intervention: 8 weeks
Total Dose: 20 hours (CARE4STROKE) + usual care (NR)
Control
Description: Usual care that includes exercises recommended to
improve functional outcomes such as standing balance, physical
condition, and walking competence
# of Sessions: NR
Duration of Each Session: NR
Length of Intervention: 8 weeks
Total Dose: NR

•
•
•
•
•
•
•
•
•
•
•

SIS 3.0 –
Mobility
FMA – LE
MI
6MWT
10MWT
TUG
BBS
RMI
BI
Nottingham
Extended
ADL
mRS

Baseline, PostIntervention (8
weeks), 12 weeks
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Author (Year);
Country; Sample
Size; PEDro Score
Wu (2020)
China, N = 61
PEDro = 7

Sample Characteristics
•
Brainstem: 1 (2.9)
Stroke Severity, Mean Score (SD): NR
Intervention (N = 30)
Mean Age (SD): 56.73 (11.85)
Male (%): 19 (63.3)
Time Post Stroke, days (SD): NR
Stroke Type, N (%):
•
Ischemic: 20 (66.7)
•
Hemorrhagic: 10 (33.3)
Affected Side, N (%):
•
Left: 12 (40.0)
•
Right: 18 (60.0)
Stroke Severity, Mean Score (SD):
•
NIHSS: 10.47 (2.66)
Control (N = 31)
Mean Age (SD): 59.10 (8.60)
Male (%): 17 (54.8)
Time Post Stroke, days (SD): NR
Stroke Type, N (%):
•
Ischemic: 24 (77.4)
•
Hemorrhagic: 7 (22.6)
Affected Side, N (%):
•
Left: 11 (37.7)
•
Right: 20 (62.3)
Stroke Severity, Mean Score (SD):
•
NIHSS: 11.52 (3.76)

Intervention Description, Duration & Frequency

Intervention
Description: Home remote rehabilitation based on collaborative
care model using videoconferencing – system consisted of a
projector, camera, and a data storage system
# of Sessions: NR
Duration of Each Session: NR
Length of Intervention: NR
Total Dose: NR

Outcome Measures
of Interest

•
•
•
•
•
•

FMA
BBS
TUG
6MWT
mBI
SS-QoL

Measurement
Timepoints

Baseline, 4
weeks, 8 weeks,
12 weeks

Control
Description: Routine rehabilitation and nursing measures
# of Sessions: NR
Duration of Each Session: NR
Length of Intervention: NR
Total Dose: NR

Abbreviations: BBS = Berg Balance Scale; MBT = Mini-BESTest; BI = Barthel Index; MBI = Modified Barthel Index; FMA = Fugl Meyer Assessment; FONEFIM = Functional Independence
Measure – Telephone Version; LFFDI = Late Life Function and Disability Instrument; FES = Falls Efficacy Scale; SEE = Self-Efficacy for Exercise; MFAC = Modified Functional Ambulatory
Classification Scale; 10MWT = 10 Meter Walk Test; CoP = Centre of Pressure; POMA-B = Performance-Oriented Mobility Assessment – Balance; POMA-G = Performance-Oriented Mobility
Assessment – Gait; BBA = Brunel Balance Assessment; 6MWT = 6 Minute Walk Test; SPPB = Short Physical Performance Battery; SIS = Stroke Impact Scale; FMA-LE = Fugl Meyer Assessment
– Lower Extremity; MI = Motricity Index; TUG = Timed Up and Go; RMI = Rivermead Mobility Index; ADL = Activities of Daily Living; SES = Self-Efficacy Scale; SS-QoL = Stroke-Specific Quality of
Life; NR = Not Reported
*Same sample (Chumbler 2012, Chumbler 2015)
^median (IQR)
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Table 2. Study Characteristics of Included Non-Randomized Controlled Trials (n = 2)
Author (Year); Country;
Sample Size
Huijbregts (2009)
Canada, N =18

Kamwesiga (2018)
Uganda, N = 30

Sample Characteristics

Intervention Description, Duration &
Frequency

Intervention (N = 10)
Mean Age (SD): 61.8 (9.8)
Male (%): 5 (50)
Time Post Stroke, years (SD): 4.1 (3.4)
Stroke Type, N (%): NR
Affected Side, N (%):
•
Left: 7 (70)
•
Right: 3 (30)
Stroke Severity, Mean Score (SD): NR

Intervention
Description: Moving On after Stroke (MOST) is a
self-management program. Participants learn
about stroke-related issues, problem-solving and
goal-setting skills. First hour of each session is
discussion and second hour is exercise.
# of Sessions: 2 sessions/week
Duration of Each Session: 2 hours
Length of Intervention: 9 weeks
Total Dose: 36 hours

Control (N = 8)
Mean Age (SD): 65.6 (4.7)
Male (%): 3 (37.5)
Time Post Stroke, years (SD): 3.2 (3.0)
Stroke Type, N (%): NR
Affected Side, N (%):
•
Left: 4 (50)
•
Right: 4 (50)
Stroke Severity, Mean Score (SD): NR
Intervention (N = 13)
Mean Age (SD): 61.2 (15.0)
Male (%): 2 (15.4)
Time Post Stroke, days (SD):
•
3-6 months: 10 (76.9)
•
7-11 months: 3 (23.1)
•
1-2 years: 0
Stroke Type, N (%):
•
Ischemic: 10 (76.9)
•
Hemorrhagic: 3 (23.1)
Affected Side of Brain, N (%):
•
Left: 5 (38.5)
•
Right: 8 (61.5)
Stroke Severity, Median Score (1st, 3rd
Quartile):
•
Scandinavian Stroke Scale: 38 (39,
44)

Control
Description: Waiting list.
# of Sessions: N/A
Duration of Each Session: N/A
Length of Intervention: N/A
Total Dose: N/A

Intervention
Description: F@ce intervention used the TargetPlan-Perform-Prove strategy and developed 3
targets and strategies to reach these targets. The
targets were sent to participants via SMS.
Participants also had calls from the OT twice a
week. Participants also received information about
stroke and advice to promote independent
functioning, blood pressure, and balls for training
hand strength. Participants were able to
participate in other rehabilitation services
concurrently.
# of Sessions: 2 SMS reminders/day
Duration of Each Session: NR
Length of Intervention: 8 weeks
Total Dose: NR

Outcome
Measures of
Interest
•
RNL
•
BBS
•
CMSA-AI
•
GAS

•
•
•

COPM
SISUganda
BI

Measurement
Timepoints

Results

Baseline, postintervention (2
weeks)

Statistically
significant
between-group
differences for the
BBS. None of the
other outcomes
had significant
between-group
differences.

Baseline,
PostIntervention (8
weeks)

All outcomes were
not significant.

Control

Control (N = 15)
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Author (Year); Country;
Sample Size

Sample Characteristics
Mean Age (SD): 58.5 (14.0)
Male (%): 5 (33.3)
Time Post Stroke, number of individuals (SD
in days):
•
3-6 months: 10 (66.7)
•
7-11 months: 3 (20.0)
•
1-2 years: 2 (13.3)
Stroke Type, N (%):
•
Ischemic: 11 (73.3)
•
Hemorrhagic: 3 (20.0)
•
Unspecified: 1 (6.7)
Affected Side of Brain, N (%):
•
Left: 4 (26.7)
•
Right: 11 (73.7)
Stroke Severity, Median Score (1st, 3rd
Quartile):
•
Scandinavian Stroke Scale: 45 (40,
49.3)

Intervention Description, Duration &
Frequency

Outcome
Measures of
Interest

Measurement
Timepoints

Results

Description: Participants received information
about stroke and advice to promote independent
functioning, blood pressure, and balls for training
hand strength. Participants were able to
participate in other rehabilitation services
concurrently.
# of Sessions: NR
Duration of Each Session: NR
Length of Intervention: NR
Total Dose: NR

Abbreviations: RNL = Reintegration to Normal Living Index; BBS = Berg Balance Scale; CMSA-AI = Chedoke-McMaster Stroke Assessment Activity Inventory; GAS = Goal Attainment Scaling;
COPM = Canadian Occupational Performance Measure; SIS = Stroke Impact Scale; BI = Barthel Index
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Table 3. Study Characteristics of Included Single-Group Pre-Post Studies (n = 7)
Author (Year);
Country; Sample
Size
Bellomo (2020)
Italy; N = 22

Bernocchi (2015)
Italy; N = 26

Cramer (2020)
Switzerland; N =13

Sample Characteristics
Intervention (N = 22)
Mean Age (SD): 55.364 (8.644)
Male (%): 15 (68)
Time Post Stroke, months (SD): 11.5
(2.4)
Stroke Type, N (%): NR
Affected Side, N (%):
•
Left: 9 (41)
•
Right: 13 (59)
Stroke Severity, Mean Score (SD): NR
Intervention (N = 26)
Mean Age (SD): 70 (10)
Male (%): 16 (62)
Time Post Stroke, days (SD): 265 (99)
Stroke Type, N (%):
•
Ischemic: 23 (88)
•
Hemorrhagic: 3 (12)
Affected Side of Brain, N (%):
•
Left: 14 (53.8)
•
Right: 12 (46.2)
Stroke Severity, Mean Score (SD): NR

Intervention (N = 13)
Median Age (IQR): 61 (52-65.5)
Male (%): 9 (68.2)
Time Post Stroke, days (IQR): 129 (52486)
Stroke Type, N (%): NR
Affected Side, N (%):
•
Left: 10 (76.9)
•
Right: 3 (23.1)
Stroke Severity, Mean Score (SD): NR

Intervention Description, Duration &
Frequency

Outcome
Measures

Measurement
Timepoints

Results

Intervention
Description: WeReha consists of an Android
tablet and a Bluetooth sensor equipped with an
accelerometer, gyroscope, and magnetometer
as well as objects for interactive games.
# of Sessions: 3+sessions/week
Duration of Each Session: 15 mins+
Length of Intervention: 12 weeks
Total Dose: 9 hours+

•
•
•

BBS
BI
FMA

Baseline, postintervention (3
months), 12
week follow up

BI scores improved
significantly post-treatment
(quadratic trend regression
analysis) and BBS scores
improved based on linear
trend regression analysis. For
FM and mRS, both linear and
quadratic trends showed
significant results.

Intervention
Description: Home-based tele surveillance and
rehabilitation (HBTR) program consisted of
weekly telephone appointments, a portable 1lead electrocardiography device, and weekly
videoconferences to check in on the codeveloped home exercise program.
# of Sessions: 16.7 ± 5.2 calls with nurse, 1.6 ±
0.9 phone calls with PT, and 9.5 ± 2.5 video
conference sessions per patient, 33 ± 12
sessions of home exercises/week
Duration of Each Session: NR
Length of Intervention: 3 months
Total Dose: NR
Intervention
Description: Participants interacted with the
telerehabilitation system through 12 different
input systems to play games and exercise:
PlayStation Eye camera, motion game
controller, joystick, small buttons, large buttons,
toy pistol holding a Wii remote with
corresponding IR sensor bar, trackpad, grip
force cylinder, pinch force cube, rotating shuttle
wheel, steering wheel with gas/brake, and a 9DOF IMU containing a 3-axis accelerometer,
gyroscope, and magnetometer. This was
supplemented with 18 videoconferencing
sessions with a licensed therapist during the 12
weeks: 3 times/week during weeks 1-2, 2

•

Tinetti
Scale
6MWT
MBI

Baseline, postintervention (3
months)

There were statistically
significant improvements for
Tinetti Scale, BBS, Motricity
Index (paretic side), 6MWT
(n=15), and the Modified
Barthel Index.

10MWT
FMA –
LE
SIS ADL

Baseline, week
6, week 12
(postintervention)

Gait velocity improved by a
median of 0.15 (0.07-0.22) m/s
from baseline to week 12 (p =
0.0007). For the FMA-LE, the
change was statistically
insignificant. The mRS score
improved in 6 of the
participants, with scores
ranging from 2 to 3 at baseline
and from 1 to 2 at week 12.
The SIS-ADL scale showed
improvements over time albeit
narrowly missing significance
(p = 0.06).

•
•

•
•
•
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Author (Year);
Country; Sample
Size

Sample Characteristics

Housley (2016)
USA, N = 10

Intervention (N = 10)
Mean Age (SD): 70.6 (12.7)
Male (%): 10 (100)
Time Post Stroke, months (range): 19.4
(3.5-67.7)
Stroke Type, N (%): NR
Affected Side, N (%):
•
Left: 6 (60)
•
Right: 4 (40)
Stroke Severity, Mean Score (SD): NR

Huzmeli (2017)
Turkey, N = 10

Intervention (N = 10)
Mean Age (SD): 52.6 (6.45)
Male (%): 6 (60)
Time Post Stroke, months (SD): 10.30
(6.51)
Stroke Type, N (%): NR
Affected Side, N (%):
•
Left: 5 (50)
•
Right: 5 (50)
Stroke Severity, Mean Score (SD): NR

Lai (2004)
China, N = 21

Intervention (N = 21)
Mean Age (SD): 69.5 (6.1)
Male (%): 12 (57)
Time Post Stroke, years (range): 2 (1-7)
Stroke Type, N (%):
•
Ischemic: 16 (76)
•
Hemorrhagic: 5 (24)
Stroke Severity, Mean Score (SD): NR

Intervention Description, Duration &
Frequency
times/week during weeks 3-4, and 1 time/week
during weeks 5-12.
# of Sessions: 6 sessions/week
Duration of Each Session: 1 hour (minimum of
15 mins of functional games, 15 mins of
exercises, 5 mins of stroke education)
Length of Intervention: 12 weeks
Total Dose: 72 hours
Intervention
Description: Robotic rehabilitation using either
the Hand (HM) or Foot Mentor (FM) devices.
Participants used their affected extremity to
complete game-like activities to challenge motor
control in a progressive manner.
# of Sessions:
NR
Duration of Each Session: 1-2 hours
Length of Intervention: 3 months
Total Dose: NR
Intervention
Description: Participants were given equipment
(laptop with cameras, microphones, internet
connections) to connect with physiotherapists
via teleconferencing. Each session consisted of
exercises that were tailored to the individual’s
needs and demands.
# of Sessions: 3 sessions/week
Duration of Each Session: NR
Length of Intervention: 3 weeks
Total Dose: NR
Intervention
Description: This intervention consisted of
education, exercise, and social support. The
education component consisted of various
aspects of stroke including signs and symptoms,
rehabilitation, risk factors, support and safety.
The exercise component lasted about 30
minutes and comprised of warm-up, strength
and balance exercises, and cool-down. The

Outcome
Measures

Measurement
Timepoints

•
•
•

10MWT
6MWT
FIM

Baseline, postintervention (3
months)

•

BBS

Baseline, postintervention (9
weeks)

•

BBS

Baseline, postintervention (8
weeks)

Results

Participants using the FM
device demonstrated a
29.03% increase in gait speed,
from 0.31 to 0.40m/s (p =
0.197). There was also a
modest, non-significant
improvement in total distance
walked from baseline (59.7 ±
51.0) to post-intervention (77.7
± 32.9). There was no change
in FIM scores observed from
baseline (97.7) to postintervention (96.1) (p = 0.642).
Berg Balance Scores
improved significantly pre-post
intervention. The median (minmax) scores before and after
intervention were 35 (18-48) to
36.5 (21-50), p = 0.026.

Following the intervention,
there were significant
improvements observed in the
scores on the BBS, with
scores from 42.4 (6.7) to 49.0
(6.5), p < 0.001.
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Author (Year);
Country; Sample
Size

Taylor (2008)
Canada, N = 12

Sample Characteristics

Intervention (N = 12)
Mean Age (SD): 72.7 (14.4)
Male (%): 5 (42)
Time Post Stroke, months (SD): 16.3
(9.9)
Stroke Type, N (%): NR
Affected Side, N (%):
•
Left: 4 (33.3)
•
Right: 5 (41.7)
•
Both: 1 (8.3)
•
Neither: 2 (16.7)
Stroke Severity, Mean Score (SD): NR

Intervention Description, Duration &
Frequency
class size was about six to eight participants
and was delivered via videoconferencing.
# of Sessions: 1 session/week
Duration of Each Session: 1.5 hours
Length of Intervention: 8 weeks
Total Dose: 12 hours
Intervention
Description: The Moving On after Stroke
(MOST®) program aims to enhance community
reintegration of people with stroke and their
caregivers. These sessions consist of
discussions on stroke-related issues, problemsolving and goal-setting skills, and exercise. All
sessions are delivered via videoconferencing
# of Sessions: 2 sessions/week
Duration of Each Session: 2 hours (1 hour of
discussion, 1 hour of exercise)
Length of Intervention: 9 weeks
Total Dose: 18 hours

Outcome
Measures

•
•
•

ABC
BBS
6MWT

Measurement
Timepoints

Baseline, postintervention (9
weeks), 3
months follow
up

Results

Improvements were found in
ABC, BBS, and 6MWT. Only
improvements in 6MWT was
statistically significant (T1:
280.2 ± 96.9, T2: 300.2 ± 90.9,
T3: 251.4 ± 72.3, p = 0.02).

Abbreviations: BBS = Berg Balance Scale; SF-36 = Medical Outcomes Study 36-Item Short Form; MMSE = Mini Mental State Examination; CES-D = Center for Epidemiologic Studies
Depression (CES-D) Scale; FIM = Functional Independence Measure; 6MWT = 6 Minute Walk Test; 10MWT = 10 Meter Walk Test; BI = Barthel Index; MBI = Modified Barthel Index;
FMA = Fugl Meyer Assessment; MBI = Modified Barthel Index; FMA-LE = Fugl Meyer Assessment – Lower Extremity; SIS = Stroke Impact Scale; ADL = Activities of Daily Living; ABC
= Activities-Specific Balance Confidence Scale; NR = Not Reported
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Table 4. TIDieR Checklist Adherence

Study
(Year)

Bellomo
2020
Bernocchi
2016
Burgos
2020
Chen 2017
Chen 2020
Chumbler
2012
Chumbler
2015
Chung 2020
Cramer
2021
Deng 2012
Housley
2016
Hsieh 2018
Huijbregts
2009
Huzmeli
2017
Kamwesiga
2018
Lai 2004
Llorens
2015
Taylor 2008
Vahlberg
2021
Vloothuis
2019
Wu 2020

Brief
Name
Name
or
Phrase

Why

What

Who
Provided
Expertise,
background,
any specific
training

How

Rationale
Theory, or
Goal

Material

Procedure

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓
✓
✓

✓
✓
✓

✓
✓
✓

✓
✓
✓

✓
✓
✓

✓
✓
✓

✓
✓

✓
✓
✓

✓
✓
✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓
✓

✓
✓

✓
✓

✓
✓

✓
✓

✓
✓

✓
✓

✓
✓

✓
✓

✓
✓

✓
✓

✓
✓

✓
✓

✓

✓
✓

✓
✓

✓
✓

✓
✓

✓
✓

✓
✓

✓
✓

✓
✓

✓
✓

✓
✓

✓
✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓
✓

✓
✓

✓
✓

✓
✓

✓
✓

✓
✓

✓
✓

✓
✓

✓

✓
✓

✓
✓

✓
✓

✓
✓

✓
✓

✓
✓

✓
✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

Modes of
delivery;
Individual
or group

Where
Type(s) of
location(s)

When and How
Much
Number of times,
period of time (# of
sessions, schedule,
duration, intensity,
dose)

✓

Tailoring
If
personalized
, what, why,
when, how

Modification(s)
If modified,
what, when,
why, how

✓

How Well (if intervention
adherence/fidelity was assessed)
Planned: Describe
Actual: Describe the
how, by whom,
extent to which the
any strategies
intervention was
used to maintain
delivered as planned
or improve fidelity

✓

✓

✓

✓
✓
✓
✓
✓

✓
✓

✓
✓

✓

✓

✓

✓

✓

✓
✓

✓
✓

✓
✓

None

✓

✓

None

41

2.5.2 Risk of Bias in Included Studies
Cochrane Risk of Bias (CROB2):
Out of the 12 RCTs included, 3 were classified as high risk, 5 as having some concern
of risk, and 4 as low risk. None of the studies demonstrated missing outcome data
(Domain 3). Figure 3 includes the detailed breakdown of the risk of bias assessed in
each of the 5 domains for the included studies.
Figure 3. Cochrane Risk of Bias Assessments for Included RCTs

PEDro Scale:
With this scale, the scores ranged from 4 to 8 out of a maximum of 10 points, as seen in
Table 5.
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Table 5. PEDro Scale Scores of Included RCTs
Study

Burgos
2020
Chen
2017
Chen
2020
Chumbler
2012
Chumbler
2015
Chung
2020
Deng
2012
Hsieh
2019
Llorens
2015
Vahlberg
2021
Vloothuis
2019
Wu 2011

1.
Eligibility
criteria
was
specified*

2.
Subjects
were
randomly
allocated
to groups

Y

Y

Y

3.
Allocation
was
concealed

4. Groups
were
similar at
baseline
regarding
the most
important
prognostic
indicators

5.
Blinding
of all
subjects

6.
Blinding
of
therapists
who
administe
red the
therapy

7. Blinding
of all
assessors

8.
Measures
of at least
one key
outcome
obtained
from 85%+
of initially
allocated

N

Y

N

N

N

N

Y

Y

Y

N

N

Y

Y

Y

Y

Y

N

N

Y

Y

Y

Y

N

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

9. All
subjects
for whom
outcome
measures
were
available
received
treatment
as
allocated

10. Results
of betweengroup
statistical
comparisons
are reported
for at least
one key
outcome

11. Study
provides
both point
measures
and
measures
of
variability
for at least
one key
outcome

Total
Score
(/10)

N

Y

Y

4

Y

N

Y

Y

7

Y

Y

Y

Y

Y

8

N

Y

Y

Y

Y

Y

8

N

N

Y

Y

Y

Y

Y

8

Y

N

N

Y

Y

N

Y

Y

7

N

Y

N

N

Y

Y

N

Y

Y

6

Y

N

Y

N

N

Y

Y

N

Y

Y

6

Y

Y

Y

Y

N

N

Y

Y

N

Y

Y

7

Y

Y

Y

Y

N

N

N

Y

Y

Y

Y

7

Y

Y

Y

Y

N

N

Y

Y

Y

Y

Y

8

Y

Y

Y

Y

N

N

Y

Y

N

Y

Y

7

*Related to external validity, not used to calculate total score
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2.5.2.1 Non-Randomized Controlled Trials
The non-randomized controlled trials (NRCT) were assessed using the JBI Checklist for Quasi-Experimental Studies. This
assessment does not derive a total score but includes an overall judgement of either inclusion/exclusion/or requires
additional information.
Overall, the NRCTs were clear in determining cause and effect, having a control group, having similar outcomes
measured reliably, and using an appropriate statistical analysis. However, these studies typically only had one
measurement post-intervention. The full breakdown is in Table 6.
Table 6. JBI Quality Assessment

1. Is it clear in the study what is the 'cause' and what is the 'effect' (ie. There is no confusion about which
variable comes first)
2. Were the participants included in any comparisons similar?
3. Were the participants included in any comparisons receiving similar treatment/care, other than the
exposure or intervention of interest?
4. Was there a control group?

Huijbregts
2009

Kamwesiga
2018

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

No

5. Were there multiple measurements of the outcome both pre and post the intervention/exposure?
6. Was follow-up completed and if not, were the differences between groups in terms of their follow-up
adequately described and analyzed?
7. Were the outcomes of participants included in any comparisons measured the same way?

No

Yes

Yes

Yes

8. Were outcomes measured in a reliable way?

Yes

Yes

9. Was appropriate statistical analysis used?

Yes

Yes

Include

Include

OVERALL (include/exclude/seek further information)
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2.5.2.2 Single-Group Pre-Post Studies
All studies reported the study objective, eligibility, outcome measures, and statistical tests clearly. However, only one
study163 clearly justified the sample size. None of the included single-group pre-post studies had a blinded assessor or
offered multiple timepoints for outcome measures. The NIH Study Quality Assessment Tool did not derive a total score,
but rather included an overall quality rating of good, fair, or poor. The full breakdown is in Table 7.
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Table 7. NIH Study Quality Assessment Scores

1. Was the study question or objective clearly stated
2. Were eligibility/selection criteria for the study population
prespecified and clearly described?
3. Were the participants in the study representative of those
who would be eligible for the test/service/intervention in the
general or clinical population of interest?
4. Were all eligible participants that met the prespecified entry
criteria enrolled?
5. Was the sample size sufficiently large to provide confidence
in the findings?
6. Was the test/service/intervention clearly described and
delivered consistently across the study population?
7. Were the outcome measures prespecified, clearly defined,
valid, reliable, and assessed consistently across all study
participants?
8. Were the people assessing the outcomes blinded to the
participants' exposures/interventions?
9. Was the loss to follow-up after baseline 20% or less? Were
those lost to follow-up accounted for in the analysis?
10. Did the statistical methods examine changes in outcome
measures from before to after the intervention? Were statistical
tests done that provided p values for the pre-to-post changes?
11. Were outcome measures of interest taken multiple times
before the intervention and multiple times after the intervention
(i.e., did they use an interrupted time-series design)?
12. If the intervention was conducted at a group level (e.g., a
whole hospital, a community, etc.) did the statistical analysis
take into account the use of individual-level data to determine
effects at the group level?
Overall Quality Rating (Good, Fair, Poor)

Bellomo
2020
Y

Bernocchi
2015
Y

Cramer
2020
Y

Housley
2016
Y

Huzmeli
2017
Y

Lai
2004
Y

Taylor
2009
Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

NR

Y

CD

N

Y

N

NR

N

NR

Y

NR

N

Y

NR

NR

NR

NR

NR

NR

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

NR

NR

NR

NR

NR

NR

NR

N

N

N

NR

N

N

Y

Y

Y

Y

Y

Y

Y

Y

N

N

N

N

N

N

N

NA

NA

NA

NA

NA

NA

NA

Good

Fair

Fair

Fair

Fair

Fair

Fair

CD (cannot determine); NA (not applicable); NR (not reported)
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2.5.3 Reporting/Publication Bias
Reporting bias was originally planned to be examined using a Funnel plot and an Egger
regression test124, if there was a minimum of 10 studies would be included for each
outcome185 or else the power would be insufficient. For each of the domains we have
included in the meta-analysis, we did not reach the minimum threshold of 10 studies,
therefore neither funnel plot nor Egger regression test were completed.
2.5.4 Meta-Analysis
We categorized the outcomes into specific categories of motor impairment, strength,
mobility, balance, activities of daily living (ADL), gait, walking endurance, walking speed,
and social participation. Outcomes of interest were expressed as the mean change and
the standard deviation of the baseline score, as not all changes reported standard
deviations of the mean change. The results for the individual outcomes were pooled
quantitatively using random effects meta-analysis models due to the clinical and
methodological heterogeneity. There were high levels of clinical heterogeneity in both
the participants and the interventions, as described in the descriptive analysis.
Methodological heterogeneity was overall low-moderate with three studies deemed as
high risk of bias. The meta-analysis models are shown in Figures 4a to 4i, and
statistical heterogeneity ranged between 0 to 94% based on the I2 value.
Three studies165, 167, 174 with a total of 170 participants assessed the effects of
telerehabilitation on motor impairment using either the overall Fugl-Meyer assessment
or the Fugl-Meyer assessment for lower extremity. The effect was statistically significant
(MD = 3.73 [95% CI = 2.12, 5.33], I2 = 27%, p < 0.00001).
Two studies164, 174 with a total of 140 participants assessed the effects on strength. Both
the Chair-Stand Test and the Motricity Index were used as the assessment tools. The
effect size was small and not statistically significant (SMD = 0.28 [95% CI = -0.07, 0.62],
I2 = 5%, p = 0.11).
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Four studies164, 166, 167, 174 assessed mobility using the Modified Functional Ambulatory
Category, Short Physical Performance Battery (SPPB), and Timed Up and Go (TUG). A
total of 223 participants were included and the overall effect found was not statistically
significant (SMD = 0.36 [95% CI = 0.73 to 1.84], I2 = 80%, p = 0.26).
Five studies113, 162, 167, 171, 174, with a total of 216 participants, assessed balance. All five
studies used Berg Balance Scale as the assessment tool. The effect size was large and
significant (MD = 1.67 [95% CI = 0.52, 2.82], I2 = 0%, p = 0.004).
Seven studies113, 162, 165-168, 174 with a total of 337 participants assessed the effects of
telerehabilitation on ADL. The modified Barthel Index was used primarily (n = 4),
however, the regular version of Barthel Index (n = 2) and FONFEFIM, the telephone
version of the Functional Independence Measure (n = 1), were also used to compare
the effects of telerehabilitation on ADL. ADL was the construct most assessed across
telerehabilitation intervention RCTs focusing on lower extremity. The small effect was
not statistically significant (SMD = 0.21 [95% CI = -0.04, 0.47], I2 = 26%, p = 0.10).
Two studies170, 171 assessed gait using the ankle dorsiflexion and the POMA-Gait
subscale. There was a total of 46 participants and the overall effect was large but not
significant (SMD = 1.40 [95% CI = -0.68 to 3.48], I2 = 86%, p = 0.19).
Three studies164, 167, 174 assessed walking endurance using the 6 Minute Walk Test.
There was a total of 165 participants and the overall effect was not significant (MD =
7.37 [95% CI = -19.41, 34.15], I2 = 27%, p = 0.59).
Four studies164, 170, 173, 174 assessed walking speed using the 10 Meter Walk Test. There
was a total of 180 participants and the overall effect was not significant (SMD = 0.09
[95% CI = -0.01 to 0.18], I2 = 17%, p = 0.07). Deng et al. (2012)170 reported median and
interquartile range (IQR) values therefore this was converted to means and standard
deviations using the method outlined by Wan et al. (2014)186.
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Two studies168, 174 assessed participation using the Late Life Function and Disability
Instrument (LLFDI) – Disability Component and Stroke Impact Scale – Participation
subscale. A total of 104 participants were included and the overall effect was
insignificant (SMD = 0.05 [95% CI = -0.33, 0.44], I2 = 0%, p = 0.79).
Figure 4. Effect Sizes of Telerehabilitation by Outcome

a. Motor Impairment

b. Strength

c. Mobility
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d. Balance

e. Activities of Daily Living

f. Gait

g. Walking Endurance
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h. Walking Speed

i. Social Participation

2.5.5 Sensitivity Analysis
All the included RCTs had a PEDro score of 4 or higher, thus sensitivity analysis was
not performed with low quality studies removed (PEDro score of 3 or less). However, 3
studies162, 166, 170 were assessed as having overall “high risk” of bias by CROB2.
Therefore, the outcome domains that included these studies (Mobility, Balance,
Activities of Daily Living, and Walking Speed) were re-analyzed. These are shown in
Figures 5a to 5d.
For mobility, after removing one study166, a total of 91 participants resulted in an
increased overall effect but remained not significant (SMD = 0.45 [95% CI = -0.42,
1.31], I2 = 85%, p = 0.31)
For balance, after removing one study162 with high risk of bias, a total of 206 participants
resulted in a decreased overall effect but remained significant (MD = 1.60 [95% CI =
0.44 to 2.76], I2 = 0%, p = 0.007).
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For activities of daily living, after removing two studies162, 166, a total of 271 participants
resulted in a decreased overall effect and remained non-significant (SMD = 0.19 [95%
CI = -0.05 to 0.43], I2 = 0%, p = 0.12)
For walking speed, after removing one study170, a total of 164 participants resulted in a
decreased overall effect and remained non-significant (MD = 0.07 [95% CI = -0.05 to
0.19], I2 = 45%, p = 0.23).
Figure 5. Sensitivity Analysis of Effect by Outcome

a. Mobility

b. Balance

c. Activities of Daily Living
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d. Walking Speed

2.5.6 Subgroup Analysis
The data did not allow for a subgroup analysis by sex due to lack of sex-disaggregated
data. We did not reach the critical number of studies to include for stroke severity,
number of comorbidities, or type of stroke, therefore no subgroup analyses were carried
out for these factors.
Subgroup analysis by age was carried out for Activities of Daily Living. Subgroup
analysis by technology was carried out by both Activities of Daily Living and Mobility.
Synchronicity of intervention was also analyzed for Activities of Daily Living and Balance
outcomes. The forest plots are shown in Figures 6-8.
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Figure 6. Subgroup Analysis by Age

a. Activities of Daily Living
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Figure 7. Subgroup Analysis by Intervention Technology

a. Mobility

b. Activities of Daily Living
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Figure 8. Subgroup Analysis by Intervention Synchronicity

a. Balance

b. Activities of Daily Living

56

2.5.7 Quality of Evidence (GRADE)
A summary profile was created for nine different domains: motor impairment, strength,
mobility, balance, ADL, gait, walking endurance, walking speed, and social participation.
Certainty of the evidence ranged from very low to moderate across the domains. This is
shown in Table 8.
Table 8. GRADE Evidence Profile
№ of
patients

Certainty assessment
№ of
studies

Study
design

Risk of
bias

Inconsistency

Indirectness

Certainty

Importance

MD 3.73
higher
(2.12 higher
to 5.33
higher)

⨁⨁⨁◯
Moderate

CRITICAL

SMD 0.28
SD higher
(0.07 lower
to 0.62
higher)

⨁⨁◯◯
Low

CRITICAL

SOC

Relative
(95% CI)

Absolute
(95% CI)

86

84

-

72

68

-

Other
considerations

TR

seriousb

none

seriousb

none

Imprecision

Effect

Motor Impairment (assessed with: Fugl Meyer Assessment)
3

RCT

not
serious

not serious

not serious

Strength (assessed with: Chair-Stand Test, Motricity Index)
2

RCT

not
serious

seriouse

not serious

Mobility (assessed with: Modified Functional Ambulatory Category, Short Physical Performance Battery, Timed Up and Go)
4

RCT

seriousa

seriouse

not serious

seriousb

none

111

112

-

SMD 0.36
SD higher
(0.26 lower
to 0.97
higher)

⨁◯◯◯
Very low

CRITICAL

seriousb,c

noned

109

107

-

MD 1.67 SD
higher
(0.52 higher
to 2.82
higher)

⨁⨁◯◯
Low

CRITICAL

SMD 0.21
SD higher
(0.04 lower
to 0.47
higher)

⨁⨁⨁◯
Moderate

CRITICAL

Balance (assessed with: Berg Balance Scale)
5

RCT

seriousa

not serious

not serious

Activities of Daily Living (ADL) (assessed with: Barthel Index, Modified Barthel Index, FONEFIM Motor Subscale)
7

RCT

seriousa

not serious

not serious

not
seriousb

noned

170

167

-
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№ of
patients

Certainty assessment
№ of
studies

Study
design

Risk of
bias

Inconsistency

Indirectness

Certainty

Importance

SMD 1.40
SD higher
(0.68 lower
to 3.48
higher)

⨁◯◯◯
Very low

CRITICAL

-

MD 7.37 SD
higher
(19.41 lower
to 34.15
higher)

⨁⨁◯◯
Low

CRITICAL

-

SMD 0.09
SD higher
(0.01 lower
to 0.18
higher)

⨁⨁◯◯
Low

CRITICAL

⨁⨁◯◯
Low

CRITICAL

SOC

Relative
(95% CI)

Absolute
(95% CI)

23

23

-

none

83

82

none

91

89

Other
considerations

TR

seriousb

none

seriousb

seriousb

Imprecision

Effect

Gait (assessed with: paretic ankle dorsiflexion, POMA-Gait)
2

RCT

very
seriousa

seriouse

not serious

Walking Endurance (assessed with: 6 Minute Walk Test)
3

RCT

seriousa

not serious

not serious

Walking Speed (assessed with: 10 Meter Walk Test)
4

RCT

seriousa

not serious

not serious

Social Participation (assessed with: Stroke Impact Scale Participation Subscale, Late-Life Function and Disability Instrument)
2

RCT

not
serious

seriouse

not serious

seriousb

none
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-

SMD 0.05
SD higher
(0.33 lower
to 0.44
higher)

CI: confidence interval; MD: mean difference; SMD: standardized mean difference
a. Studies included were of some concerns or high risk of bias,
b. Studies had very small sample sizes.
c. Large confidence interval(s)
d. Due to the low number of studies included, we could not use the funnel plot to assess for publication bias.
e. Heterogeneity was high across studies both statistically (I2) and clinically

2.6 Discussion
This review characterized the current telerehabilitation interventions in the literature and
quantified the effects of these interventions on various lower extremity outcomes,
organized by the ICF domains of body function and structure, activity, and participation.
As access and usage of technology increases, this review provides valuable information
that will inform clinical practice, as well as future research focusing on telerehabilitation
for lower extremity recovery post-stroke. Overall, we found that telerehabilitation may be
effective for balance and motor impairment. In our review, we included non-RCT
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interventional studies to provide a comprehensive landscape of current interventions.
Our findings show that the included studies were variable in terms of technology used,
time post-stroke, and mean age. Videoconferencing was the most common means of
delivering rehabilitation remotely to adults with stroke in this review, and most of the
interventions were delivered for the chronic stage post-stroke. The positive impact of
telerehabilitation specifically for lower extremity function has been supported in previous
studies that also found positive outcomes in motor function, which have primarily
consisted of upper extremity outcomes71, 81.
Inadequate intervention descriptions hinder usability, replicability, and development of
rehabilitation interventions187. Since rehabilitation interventions are complex and are
typically tailored to a patient’s needs188, the intervention needs to be reported accurately
and with sufficient detail to be reciprocated, including all modifications. Clinicians who
may try to use the intervention in practice may not deliver the program exactly as it was
assessed; researchers who may try to replicate the study may not be able to do so; and
the quality of systematic reviews are diminished as details that determine interpretation
of meta-analyses are missing. In addition, with the lack of assessment of intervention
fidelity, significant results may be due to confounding variables that were unknowingly
added to the intervention or overlooked. Therefore, to assess intervention reporting of
the included studies in this review, we examined adherence to the TIDieR checklist. For
the most part, included studies tended to not be described comprehensively, as
demonstrated by the varied levels of adherence to the TIDieR checklist. In our review,
the included studies reported at least 8 of the 12 checklist items. We found that only the
brief name, why, what, and how TIDieR items were reported in all studies. The
commonly omitted checklist items included intervention tailoring, modifications, and
assessment of intervention fidelity. Similarly, a recent review of trials in orthopaedic
surgery journals found the same checklist items to be overlooked189. Since intervention
reporting can lead to serious consequences, it is important to highlight the reporting of
interventions in systematic reviews.
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We found a high level of heterogeneity in the study samples, which may explain some
of our study findings. For example, time post-stroke was reported in 18 out of 21
included studies, and this ranged from acute (first two weeks) to greater than 4 years
post-stroke (chronic). As previous research has highlighted the neuroplasticity and
spontaneous recovery for approximately the first 6 months190, this may have played a
role in the differences in improvements found in the included studies. Future studies
should include a correlational analysis to further explore possible relations between
factors such as neuroplasticity and the effects found. Furthermore, the number of
hemorrhagic strokes compared to ischemic strokes in this review were higher than the
average rate 10% hemorrhagic to 90% ischemic191. Patients with hemorrhagic stroke
typically present with a higher level of motor deficits and remain in rehabilitation settings
for longer periods of time than patients with ischemic stroke192. Due to the lack of
physical assistance available through telerehabilitation, individuals would typically
require a higher level of functioning and balance to ensure safety. This could mean that
the patients are further in their recovery journey, where improvements are less drastic
compared to the first few months. Therefore, due to the higher percentage of
participants experiencing hemorrhagic stroke in the telerehabilitation studies included in
our review, the duration and intensity of the telerehabilitation interventions may not have
been sufficient to see meaningful change. This further highlights another area that
requires further research – determining the optimal duration and intensity of
interventions for recovery in both hemorrhagic and ischemic strokes.
Our analyses demonstrated statistically significant results in improving the areas of
balance and motor impairment. The literature is currently mixed on the effects of
telerehabilitation on balance, with some showing lack of effect81 and others showing
significant improvements193. In Appleby et al. (2019)’s review of telerehabilitation in the
management of adults with stroke, the majority of the studies that assessed motor
function (including balance) were self-guided using a specialized rehabilitation device –
lacking a synchronous aspect with a therapist or healthcare professional. The review
found that 3 out of 5 instances of between group differences favouring the control
groups were related to balance. Thus, leading to the authors’ conclusion that balance
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should be improved through traditional models of care. However, our studies that
assessed balance all had interventions that were directly delivered by a therapist or had
active monitoring/supervision by a therapist or caregiver to ensure safety. This may
have added a sense of assurance and allowed for more progressive exercises to work
on balance during these interventions, ultimately leading to statistically significant
effects in our review.
Motor impairment, assessed by the Fugl-Meyer Assessment was also found to be
significant. This corroborates the findings of Cramer et al. (2021), where they found a
combination of home-based telerehabilitation of games, exercises, and
videoconferencing found significant improvements in motor function180. One potential
reason for the significance may be due to the three studies that assessed lower
extremity function were delivered using videoconferencing and the intervention duration
ranged between 8 to 12 weeks. This may suggest the significance of synchronous
communication for long interventions. The length of time may allow for building rapport
via telerehabilitation, and a better idea of the patient’s abilities for the therapist to push
for more progressive movements to challenge and improve the impairment.
An interesting finding in our review was the lack of statistical significance on strength.
Kim and Eng (2003) found that increased muscle strength can lead to improvements in
gait194 and previous research has demonstrated the positive effects of conventional
rehabilitation on improving lower limb strength195. However, it was also theorized that
small gains in strength could result in larger gait speed improvements in frail older
adults196, such as individuals with stroke. Furthermore, Olney et al. found that
supervised interventions showed greater improvements in self-reported gains in
physical activity and quality of life compared to unsupervised interventions197. The two
studies included for assessing strength were both primarily self-guided with therapists
as a monitor/supervisor. As rehabilitation professionals, such as therapists, often use a
variety of motivational strategies such as active listening, enjoyable communication, and
explaining the necessity of practice198, missing an active facilitator in an intervention
may have led to decreased improvements in strength. However, it is important to note
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that there were only two studies with 140 participants overall included in the metaanalysis model for strength. Despite being not statistically significant, there was a smallmedium effect size (SMD = 0.28). As more research is done in the field of
telerehabilitation, it is important to continue reporting findings on both the effect size and
statistical significance to provide a comprehensive overview of both the magnitude of
difference and whether the findings are likely due to chance199.
Overall, findings from this systematic review have shown that despite a range of low to
moderate certainty evidence, telerehabilitation focused on improving lower extremity
recovery post-stroke did improve in all areas but had statistically significant results in
balance and motor impairment.
2.6.1 Limitations
Although there has been a large increase in interest and usage of telerehabilitation with
the onset of restrictions due to the COVID-19 pandemic, the research focusing
specifically on lower extremity is still limited to randomized controlled trials with
moderate or high risk of bias, therefore the results should be interpreted with caution.
There are several additional limitations to consider. First, the heterogeneity of the
studies included – these ranged from the different outcomes used, types of technology,
and the length and duration of the interventions. Despite this, statistical heterogeneity
was in an acceptable range (< 75%) for most domains and was only ≥80% for mobility.
However, random effects model was used for all domains of lower extremity recovery
despite I2 values due to heterogeneity. Second, despite known factors that may
influence recovery and experience with telerehabilitation, such as sex, type of
technology, and duration of the program, subgroup analyses were unable to be
completed due to the inability to reach critical number of studies in each subgroup. This
also highlights the lack of sex-disaggregated data, despite calls for integration of sex
and gender into research design and practice200. The studies were also lacking in
intervention description, limiting comparisons due to lack of information on the timing
and dose of the interventions, as well as possible replication in the future. In addition,
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the longest follow-up period was 6 months, therefore highlighting the need for more
research to be done on the long-term benefits of telerehabilitation programs. Lastly, the
review only included studies in English therefore, relevant literature published in other
languages may have been excluded.

2.7 Conclusion
This systematic review highlights the variety of telerehabilitation interventions currently
delivered to community living individuals with stroke specifically to improve lower
extremity recovery. This review has identified a moderate body of evidence indicating
that telerehabilitation may be as effective as usual care for improving balance and motor
impairment. Thus, telerehabilitation for lower extremity recovery may potentially be an
alternative option when in-person therapy is not possible. However, due to small
number of studies and a high level of heterogeneity, clear recommendations cannot be
made until this field continues to grow and has an abundance of high quality RCTs to
clearly determine the effectiveness and optimal delivery.
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Chapter 3: Telerehabilitation with Aims to Improve Lower
Extremity Recovery Post-Stroke (TRAIL): Proof-of-Concept
Study
3.1 Bridging Point
As demonstrated in the results of the previous chapter, telerehabilitation interventions
focused on lower extremity recovery after stroke have been shown to improve areas of
balance and motor impairment. However, current interventions utilize sophisticated
technologies and programs that may be of little use in clinical practice or have limited
live face-to-face rehabilitation with a trained therapist. Therefore, there is a need to
develop an intervention that uses everyday personal technologies that can be readily
translated into clinical practice to support lower extremity recovery post-stroke. In this
study, we report on our preliminary investigation and proof of concept of the
TeleRehabilitation with Aims to Improve Lower Extremity Recovery Post-Stroke (TRAIL)
program, a novel exercise and self-management program for lower extremity recovery
post stroke, delivered by trained telerehabilitation therapists using video conferencing
technologies.
3.2 Introduction
Approximately 80% of individuals with stroke report residual motor impairment, such as
loss or limitation in motor control or mobility14. The lower limbs, a key component of
performing activities of daily life, is often impaired post-stroke, causing restrictions in
functional mobility. Mobility impairments have been strongly associated with decreased
quality of life201, increased fall risk, poorer psychological health, and poor health
status202. With higher numbers of people experiencing and surviving a stroke91,
rehabilitation is becoming increasingly important for individuals with stroke, especially
for lower extremity recovery.
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However, many individuals with stroke receive minimal to no follow-up recovery
services after being discharged home from hospital due to various barriers. Therefore,
many report unmet recovery needs, and ongoing activity limitations and participation
restrictions. As an example, in the context of lower extremity recovery, despite 65% of
stroke survivors with initial lower extremity impairment showing either partial or
complete motor improvement203, and 80% regaining walking ability54, fall risk is still
apparent in a quarter of the individuals one year post-discharge204. Clearly, work needs
to be done to facilitate ongoing recovery after people have returned to independent
community living.
Telerehabilitation, defined as the use of information and communication technologies to
provide rehabilitation services remotely66, is a plausible solution to extend the
rehabilitation continuum into the community. Telerehabilitation has many benefits,
including increased accessibility to specialized rehabilitation services for those with
geographic and transportation barriers, as well as the potential for increased efficiency
in the delivery of recovery services in group formats rather than on a one-to-one basis.
Moreover, during the COVID-19 pandemic, telerehabilitation was turned to as a solution
to provide rehabilitation while adhering to COVID-19 prevention strategies, such as
physical distancing. Despite a forced shift to virtual care due to the pandemic,
approximately 95% of physiotherapists expressed interest in either continuing or
considering offering telerehabilitation services beyond the pandemic205, thus suggesting
substantial increased use of and focus on telerehabilitation like never before.
Importantly, research is emerging on telerehabilitation for lower extremity recovery post
stroke. As reported in Chapter 2, our findings from the systematic review and metaanalyses indicate that telerehabilitation for lower extremity may benefit balance and
motor impairment. Despite these findings, our observations also indicated several
limitations, including large heterogeneity of the interventions studied in types of
technology, mode of delivery, length, and duration. For example, technologies used for
the delivery or telerehabilitation ranged from using specialized technology and sensors
to everyday technologies such as video-conferencing platforms and telephones. In
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addition, most of the interventions required pre-intervention training from healthcare
providers such as physiotherapists, however, only a handful of studies used a face-toface format to deliver the intervention synchronously. While telerehabilitation is
becoming more acceptable by clinicians, research is needed to both develop and
investigate telerehabilitation for lower extremity recovery that mirrors existing, evidencebased programs that can be used to meet the need of transition to the community and
continued exercise to promote further recovery.
Therefore, we developed the Telerehabilitation with Aims to Improve Lower Extremity
Recovery (TRAIL) post-stroke program. TRAIL is a progressive exercise and selfmanagement program delivered entirely via videoconferencing, designed for people
who have completed their formal rehabilitation (i.e., in- or outpatient). In this one-month
program, participants receive 8 telerehabilitation session with a trained telerehabilitation
physical therapist in a 2:1 participant-to-therapist ratio. The focus of TRAIL is on two
proven modalities to both improve lower extremity function (exercise) and maintain
improvements over time (self-management support), as follows:
Exercise, defined as a type of physical activity consisting of planned, structured, and
repetitive bodily movement done to improve or maintain one or more components of
physical fitness206, 207. Evidence indicates that exercise is critically important for the
optimization of lower extremity recovery after stroke209, showing that in-person exercise
improves walking210, balance210, and fitness210 post-stroke. Aerobic exercise has shown
benefits in cardiorespiratory fitness, cognitive function, and functional performance,
including balance, walking speed, and endurance211. Strength training has been shown
to improve muscle strength and endurance, walking performance and balance,
functional outcomes and other aspects such as respiratory and cognitive function211.
Overall, exercise programs can also improve self-confidence and perceived functional
abilities in chronic stroke subjects, help maintain certain aspects of independence in
their lives212, gain significant strength of the major groups of the affected lower
extremity, and beneficial effects in social participation213. However, it has been noted by
Galvin et al.214 that therapeutic benefits are not maintained if additional therapy is not
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sustained after the end of a formal program. Therefore, it is important to incorporate
self-management skills in post-stroke rehabilitation interventions to empower
participants to continue exercising to at least maintain the benefits of exercise after the
program ends.
Self-management, defined as the individual’s ability to manage the symptoms,
treatment, physical and psychosocial consequences and lifestyle changes inherent in
living with a chronic condition215. Self-management support is an evidence-based
method to empower individuals to optimize their own health, well-being and recovery.
The five core skills of self-management support interventions are problem solving216,
decision making216, resource utilization, healthcare provider partnership, and actiontaking217. Action taking can include strategies such as goal-setting218. There is evidence
in the stroke literature, that incorporating self-management support strategies as part of
the rehabilitation plan can have a positive impact on ADL and independence216, strokespecific quality of life219 and self-efficacy in self-management 220. For example, in a
randomized controlled pilot trial examining the effect of a stroke self-management
program that focused on increasing self-efficacy and engaging in secondary stroke risk
factor management, Damush et al. (2011) observed an increase in time spent in aerobic
activity and the stroke-specific quality of life (SS-QoL) in the self-management group
compared to the attention control group219. Overall, self-management programs aim to
improve health outcomes by enabling people to adapt to their circumstances through
newfound skills221, which could prevent or offset some of the difficulties individuals face
when discharged from formal rehabilitative care222.
The purpose of this study was to examine the proof-of-concept and feasibility of the
exercise and self-management-based TRAIL program among community-living
individuals with stroke.
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3.3 Objectives & Hypotheses
The objectives of this study were:
1. To examine the feasibility (e.g., safety, recruitment rate, retention rate, burden,
satisfaction) of the TRAIL program among community-living individuals with
stroke; and
2. To estimate the effect of TRAIL on clinical outcomes in the International
Classification of Functioning, Disability, and Health (ICF) domains of:
a. Body Structure & Impairments: (a) Motor Impairment, (b) Lower Extremity
Strength
b. Activities: (c) Functional Mobility, (d) Balance
c. Participation: (e) Social Participation
d. Other: (f) Health Status, (g) Goal Setting, (h) Self-Efficacy of Balance
We hypothesized that:
1. The TRAIL program will demonstrate proof-of-concept and sufficient feasibility to
support a larger, multi-site randomized controlled trial; and
2. Individuals with stroke who complete the 4-week telerehabilitation program will
improve in motor impairment, lower extremity strength, balance self-efficacy,
functional mobility, balance, social participation, health status, and goal setting.
3.4 Methods
3.4.1 Study Design & Eligibility Criteria
We used a single group pre-post design to address our study hypotheses. Individuals
were included for study if they: (1) were 19 years or older; (2) were within 18 months
post-stroke; (3) had hemiparesis of the lower extremity; (4) had a caregiver, friend, or
family member available to provide physical support during the assessment sessions;
(5) owned a computer or tablet with a large screen (at least 10.5”) and internet
capabilities of running video conferencing platforms (e.g., Zoom, Microsoft Teams) (6)
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had an email address; (7) were able to walk 10 metres independently either with or
without an assistive aid; (8) were able to tolerate 50 minutes of activity including rest
breaks as needed; (9) had cognitive-communicative ability to participate as per clinical
judgement; and (10) were able to provide informed consent.
Individuals were excluded from the study if they: (1) were currently receiving in- or
outpatient or home-based rehabilitation; (2) lived in long-term care; (3) had severe
vision or hearing loss; (4) had any significant medical conditions (e.g., severe
osteoarthritis); (5) had pain or other symptoms that significantly impact lower extremity
function; (6) had planned surgery that would preclude or affect participation in the
protocol; (7) had a neurological condition other than stroke.
Both the TREND (Transparent Reporting of Evaluations with Nonrandomized Designs)
and TIDieR (Template for Intervention Description and Replication) checklists were
used to improve the reporting throughout this chapter (Appendix 5, Appendix 6).
3.4.1.1 Sample Size
A total of 32 participants were recruited for this feasibility study. Sample sizes between
24 and 70 have been recommended223 and recruitment of at least 30 participants in pilot
studies is a guideline to obtain robust feasibility data that can be used to inform larger
trials224, 225.
3.4.2 Recruitment
Participants were recruited from outpatient rehabilitation units from five different sites
across Canada using the CanStroke Recovery Trials platform through convenience and
volunteer sampling. The CanStroke Recovery Trials platform is a multi-site national
clinical trials platform in stroke recovery that brings together clinicians and researchers
from across Canada to test new approaches, therapies, therapeutics, and technologies
to improve recovery after stroke. We recruited from five CanStroke sites, including:
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•

Halifax (Dalhousie University)

•

Toronto (University Health Network)

•

London (Parkwood Institute)

•

Winnipeg (Riverview Health Centre)

•

Vancouver (GF Strong Rehabilitation Centre)

At each site, a member of the potential participant’s circle of care (physical therapist or
physician) initially advised about the study, and if interested, the potential participant
provided consent to be contacted by a member of the research team. The site
coordinator then contacted the participant and provided the Letter of Initial
Contact/Information Letter. All participants were screened for eligibility during a
telephone session prior to participating. Electronic consent was obtained after any
questions were answered.
The study procedures were approved by all relevant university ethics boards across the
sites, including at UBC Clinical Research Ethics Board (H19-02940).
3.4.3 Baseline Assessment
All participants who consented were assigned a unique study ID and were scheduled to
undergo a two-part baseline assessment via videoconferencing with a trained outcomes
assessor. All outcome assessors were physical therapists who attended a 2-hour
training session to learn about the outcome measures and their virtual administration.
In order to assess our primary objective, feasibility indicators were organized into the
following four feasibility classifications: process, resources, management, and
scientific226 and collected throughout the study beginning at study enrolment. The
feasibility indicators are adapted from Thabane et al. (2010)226.
Clinical baseline assessments were divided into two days to reduce the burden on the
participants and were administered virtually to adhere to the COVID-19 physical
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distancing guidelines. All functional outcomes were set up with the assistance of a
caregiver (e.g., family or friend) of the participant. In doing so, the caregivers were
provided a manual that included details on how to set up the space for each functional
outcome measure, what equipment would be required, and a high-level overview of
what the outcome is assessing (Appendix 7). After completing the sociodemographic
and stroke history information, participants completed the following measures used for
descriptive purposes:
Modified Rankin Scale (mRS)227: A single item, global outcomes rating scale to
categorize the level of functional independence with reference to pre-stroke activities.
The scores range from 0 to 6, with a higher score indicating more severe disability or
dependence in daily activities. This valid measure is shown to have excellent test-retest
reliability in individuals with stroke (κ = 0.81 to 0.95)228, 229.
National Institutes of Health Stroke Severity Scale (NIHSS)230: A 15-item impairment
scale to evaluate neurological outcomes and degree of recovery for patients with stroke.
The scale assesses 10 areas of neurological outcomes including level of
consciousness, eye movements, integrity of visual fields, facial movements, arm and leg
muscle strength, sensation, coordination, language, speech, and neglect231. Each item
is scored from either 0-2, 0-3, or 0-4 by the assessor. The total score on the NIHSS
ranges from 0 to 42, with higher values indicating a more severe stroke. For this
assessment, the categories of best gaze, visual, limb ataxia, and sensory were modified
to be assessed virtually:
•

For best gaze, the outcome assessor held out a small object such as a pen and
moved it horizontally across the screen.

•

Visual fields were tested by opening and closing hands in the four quadrants of
the computer screen while asking the participant to lean in closer to the screen to
be able to observe eye movement.

•

Limb ataxia was assessed using the finger-nose test, but instead of the nose, the
participants were instructed to touch the camera lens on their device. The heelshin tests were performed as part of the modified FMA-Tele scale.
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•

Sensory is typically tested using a painful stimulus such as a pinprick, but due to
remote assessment, sensory deficits were self-reported.

Functional Comorbidity Index (FCI)232: An 18-item list of health conditions. This index
was able to show stronger association with physical function (model R2 = 0.29) than
other indices such as the Charlson (model R2 = 0.18), and Kaplan-Feinstein (model R2
= 0.07)232. The assessor asked the participant “Has a doctor told you that you have…”
followed by the list of health conditions. The response options are yes or no, and the
FCI is scored as a simple count of yes responses. The higher the number of yes
responses, the higher the number of comorbidities present.
Horton’s Short-Form Montreal Cognitive Assessment (SF-MoCA)233: A screening
instrument to detect mild cognitive impairment in 3 domains through delayed recall,
serial subtraction, and orientation. The outcome assessor objectively measures each
task. For the delayed recall task, the assessor reads out a list of 5 words for the
participant at the beginning to be recalled at the end of the entire assessment. Scoring
for this task is 0-5, based on the number of each item recalled. Serial subtraction is
assessed by asking the participant to count by subtracting seven from 100, with points
from 0 points (no correct subtractions) to 3 points (4 or 5 correct). Orientation is
assessed by asking the participant about the specific date, year, month, day of the
week, name of location and city. This task is scored from 0-6, which one point for each
item correctly answered. The assessment total is out of 14, and an additional point is
added to the total score if the participant had 12 years or less of formal education. The
Horton’s SF-MoCA has been shown to have This measure is shown to have high
sensitivity for detecting cognitive impairment within the stroke population (sensitivity =
0.90)234.
After completion of the above descriptive measures, participants were administered the
following outcome measures via video conferencing, that were used for pre-post
assessment of TRAIL.
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Primary Clinical Outcome Measure:
Timed Up and Go (TUG)235, 236 – Functional Mobility: The TUG is a performancebased measure of functional mobility. In this measure, the patient is observed and timed
while they rise from a chair, walks 3 meters, turns, walks back, and sits in the chair (all
at a comfortable walking pace). The timer starts when the patient rises from sitting
position on a chair, walks 3 meters, turns 180 degrees, walks back to the chair and
stops when the patient sits back down again. The minimum detectable change in TUG
is estimated at 3.53 seconds in individuals with stroke237. It has been shown to have
excellent test-retest reliability (ICC = 0.96)238 and found to be highly correlated with the
Berg Balance Scale (ρ = -.70)239. For the TUG, to adapt to virtual assessments, the
caregivers and the participants were instructed to measure 3 metres on an open space
and ready a chair in advance of the assessment.
Secondary Clinical Outcome Measures:
Fugl-Meyer-Telerehabilitation (FMA-Tele) Assessment240 – Motor Impairment: This
is a stroke specific, performance-based index of motor impairment. The FMA-Tele
scale, a virtual adaptation of the original Fugl-Meyer Assessment241, was found to be
feasible in a pilot study240 and was utilized in our assessments. The modified
assessment includes the following four domains: coordination, movement combining
synergies, extensor, and flexor synergies. Each domain has 2 to 4 items, and each item
is scored ranging from 0 to 2 with 0 being no motion, 1 being incomplete motion, and 2
being the complete motion. The total score ranges from 0 to 24 with the higher scores
indicating higher the motor functioning. The original Fugl-Meyer assessment (FMA) has
been shown to demonstrate excellent inter-rater and intra-rater reliability and construct
validity in stroke238.
30 Second Sit-to-Stand242, 243 – Lower Extremity Strength: This outcome measure
assesses functional lower extremity strength in older adults – specifically to test leg
strength and endurance. The participant is asked to sit in a chair with their arms across
their chest and to stand and sit as many times as possible within 30 seconds. The
number of stands completed during this time is recorded. This performance-based
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measure has been found to show excellent intra-rater (0.79-0.94) and interrater
reliability (ICC = 0.80-0.96) in the stroke population244.
Activities-Specific Balance Confidence (ABC) scale245 – Balance Self-Efficacy:
ABC Scale is a self-reported questionnaire measuring an individual’s self-efficacy in
performing activities without losing balance, such as walking on icy sidewalks and
getting into or out of a car. Each statement is prefaced by “How confident are you that
you will not lose your balance or become unsteady when you…” and answer options
range from 0 to100 in multiples of 10. The total score is the sum of the item responses
divided by the total number of items (16) to give a final score between 0 and 100%. The
higher the percentage, the higher the confidence an individual has about their balance
when performing various activities. Several studies focusing on the internal consistency
of individuals with chronic stroke found a high internal consistency (Cronbach’s ɑ =
0.94)246,247.
Functional Reach248 – Balance: This performance-based measure assesses dynamic
balance through maximal forward reach from a fixed base. The score ranges from 0 to
4, with 4 being able to reach more than 10 inches, 3 being able to reach more than 5
inches, 2 being able to reach more than 2 inches safely, 1 being able to reach forward
but needing supervision, and 0 needing help to keep from falling. Our virtual Functional
Reach was administered by having the participant standing beside a wall and marking
distance reached by either putting up sticky notes at the two distances measured or
marking a piece of printer paper. This test has been shown to be valid, correlating with
walking speed, tandem walk, and 1-footed stand249, as well as excellent test-retest (ICC
= 0.95) and intertester reliability (ICC = 0.99) in individuals with stroke250.
Tandem Stand251 – Balance: The Tandem Stand is a measure of standing balance to
assess steadiness while in a heel-to-toe position. The participant is asked to stand in
three different positions of increasing difficulty: side-by-side stand, semi-tandem stand,
and tandem stand. For the side-by-side and semi-tandem stand position, points are
scored based on whether the participant is able to hold the position for 10 seconds
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(0=no, 1=yes). For the tandem stand position, points are scored between 0 to 2, based
on the amount of time the participant can maintain their positioning. The total score is
out of 4, with the higher score indicating better the balance. This measure has been
shown to have 100% agreement in all aspects of reliability post-stroke250.
Stroke Impact Scale (SIS) Version 3.0252 – Health Status: The SIS is a strokespecific, self-reported health status measure designed to assess multidimensional
stroke outcomes. The domains assessed include strength, hand function, Activities of
Daily Living / Instrumental Activities of Daily Living (ADL/IADL), mobility,
communication, emotion, memory and thinking, and participation. Each of the domains
were found to have met or approached high internal consistency (Cronbach’s ɑ = 0.89
to 0.98) along with good test-retest reliability (ICC = 0.87-0.93, with the exception of the
emotion domain)253 post-stroke. Questions in each domain are prefaced by a general
description of the type of questions that will follow (e.g., “These questions are about the
physical problems which may have occurred as a result of your stroke”). Each group of
questions is also then given a statement with a reference to a specific period that is
repeated before each individual question (e.g., “In the past week, how would you
rate…”). The participants are asked to respond to each question with either the number
or text associated with the choices for individual questions (e.g., “5” or “Not difficult at
!"#$ &'"! ()*+" , -

all.”). Domain scores are calculated using !

.

" ∗ 100254. The higher item

scores indicate a lower level of difficulty experienced with the task except for 3 items in
the emotion domain: 3f (enjoy things as much as ever?), 3h (feel that life is worth
living?), and 3i (smile and laugh at least once a day?).
Goal Attainment Scale (GAS)255 – Goal Setting: The GAS is an individualized
outcome measure involving goal selection and scaling that is standardized to calculate
the extent to which a patient’s self-identified goals are met over the course of an
intervention. This is a collaborative effort between the participant and the therapist in 6
steps: (1) identify goals that could be accomplished through the intervention, (2) weigh
the goals by multiplying the importance by difficulty, (3) create a scale for the goal prior
to the onset of the intervention, (4) identify where the participant is on the scale at
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baseline, (5) implement the intervention, and (6) identify where the participant is on the
scale at post-intervention. The goal outcome scores are combined into a single,
standardized T-score that incorporates the weight and scores at the assessment
timepoints, where a mean T-score of 50 is a good indicator that the goals are
achievable256.
3.4.4 Intervention
The 4-week TRAIL program is comprised of evidence-based exercises and selfmanagement techniques that harness the expertise of clinical therapists and motivation
of community-living individuals with stroke to optimize lower extremity recovery. The
program was delivered in a ≤2-to-1 participant-to-therapist ratio using videoconferencing
(e.g., Zoom, Microsoft Teams) to minimize healthcare resources (e.g., therapist time).
Participant groupings were based on the order of recruitment. Each participant grouping
received two 60-90 minutes telerehabilitation sessions per week for 4 weeks focusing
on lower extremity recovery (total 8-12 hours), with a therapist trained in the use of
technology for the provision of rehabilitation.
Virtual Intake Session: Prior to beginning TRAIL, participants attended a 30-minute
Virtual Intake session either over phone or videoconferencing with their telerehabilitation
therapist on an individual basis. In this session, the therapist confirmed ability levels and
health status, obtained emergency contact information, and ensured that the room setup and technological equipment were properly functioning.
Upon completion of the virtual intake session, participants started TRAIL, a progressive
exercise and self-management support program for lower extremity recovery poststroke.
Exercise: Each session began with a warm-up that included exercises such as
shoulder rolls, shoulder raises, head and trunk rotation, ankle rotation, and slow
marching. Then, the participant completed the week-specific exercises. Each
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week had a different focus for the exercises with pre-specified number of sets
and repetitions. In Week 1, the focus was on ‘building a base’ with foundational
exercises. In Week 2, the focus was on building up to increased repetitions. In
Week 3, the focus was on developing exercise tolerance by increasing the
number of sets. In Week 4, the focus was on maximizing repetitions by
completing as many repetitions as possible for 30 seconds. The end of each
exercise session consisted of cool down exercises, including slow marching, calf
and hamstring stretch, head and trunk rotation, and deep breathing. Each
session was approximately 60-90 minutes in duration. Examples of the exercises
in the warm-up, weekly exercises, and cool down can be seen in Appendix 8.
Self-management: After completing the cool down exercises on the second day
of each week, the therapists collaboratively worked with participants to develop a
self-management plan for the participant to do independently in-between
telerehabilitation sessions. The aims of these self-managed exercise session
were to: (1) add exercise volume without using program resources and (2) build
capacity for self-management and independent exercise after the formal
program. The independent exercise session(s) included selected exercises from
that week. Exercises were jointly agreed upon by the participant and therapist to
ensure confidence. The participants also identified which days, when during the
day, and who they would be completing the exercises with. Confidence was also
assessed on a scale of 1 (least confident) to 10 (most confident), and for any
responses with a 7 or less, the therapist had an in-depth discussion to determine
strategies and modifications to increase the confidence rating to above 7.
Participant Resources:
All participants received a participant manual (Example included in Appendix 8) to
record the number of sets and repetitions, as well as an exercise manual (Appendix 9)
with detailed step-by-step instructions on how to carry out all the exercises included in
the program including warm-up and cool-down exercises – with key points, photos, and
tips to maintain proper form.
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Therapist Training and Resources:
All telerehabilitation therapists were physical therapists by background and were trained
on the telerehabilitation protocol by members of the research team. Training included a
comprehensive presentation on how to administer the exercises using
videoconferencing, as well as on the self-management protocol. Training also included
practice sessions with the research team for the therapists to practice delivering TRAIL
virtually.
In addition, therapists received several resource manuals – (1) a therapist manual that
included the rationale of the intervention (both exercises and self-management) and
example scripts for each telerehabilitation; (2) an exercise manual that included all of
the exercises with photos, detailed instructions, as well as various modifications and
progressions to challenge the participants at a suitable level, and (3) a participant log for
tracking the number of repetitions and sets the participant completed, a section to take
notes for any modifications, as well as the forms for independent exercise action
planning and debriefing. (Examples of each manual included in Appendices 11-13).
Both the outcome assessors and therapists were provided with access to the TRAIL
Study Website that was populated with resources that could be accessed at any point
during their involvement post-training sessions. Resources included sample videos of
exercise sessions for therapists and facilitating functional outcome measures virtually
for assessors.
TRAIL Check-Ins:
To support therapists throughout the program, monthly therapist check-ins were hosted
by the study coordinator and the project co-principal investigators (SP, BMS, AT) that
provided the opportunity for all therapists to discuss their experiences, ask any
questions, and share ongoing feedback regarding the TRAIL program to the research
team.
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3.4.5 Post-Intervention Assessment
Upon completion of the 4-week TRAIL program, participants attended a postintervention assessment with the same outcomes assessor that they worked with at
baseline. In addition to completing the same outcome measures as baseline,
participants also completed a 22-item satisfaction survey, as shown in Appendix 13.
This survey was comprised of various statements about staff communication and
facilitation, usefulness of the services, equipment, program structure, and perception of
the program. Each item was rated on a five-point Likert scale (strongly agree to strongly
disagree) with lower numbers indicated disagreement and higher numbers indicating
agreement with the various statements. One exception to the scoring is the statement “I
never knew what was going on” under staff communication and facilitation – the scoring
was reversed, where higher numbers indicated disagreement and lower numbers
indicated agreement. The last question was an open-ended question asking how they
felt about the program and if they had anything they would change.
3.5 Data Analysis
Descriptive statistics were used to summarize baseline demographic and stroke
information with continuous variables represented as medians and interquartile ranges
(Q1, Q3) and categorical variables represented as frequencies and percentages.
Objective 1: Study Feasibility
Feasibility indicators were treated as binary, with “success” indicating that it is
sufficiently robust to move forward with a randomized controlled trial with only small or
no adaptations required, and “revise” indicating a need for changes before proceeding.
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Table 9 includes the list of feasibility indicators and threshold criteria used for this trial.
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Table 9. Feasibility Criteria

Feasibility
Recruitment
Rate
Retention
Rate
Perceived
Benefit
Treatment
Fidelity and
Adherence

Participant
and
Assessor
Burden
Therapist
Burden
Equipment
Processing
Time
Safety
Treatment
Response
Treatment
Effect

Indicator
# of participants recruited
% of participants with follow-up data
Satisfaction survey at the postintervention visit
• Participation in all 8
telerehabilitation sessions
• Ability to complete all exercises in
each telerehabilitation session
• Attempts self-managed action
plan
Pre- and post-assessments

Threshold Criteria for Success
Mean of 4.5 participants /month
over 7 months
Complete retention: >80% of
participants
>85% of participants agree or
strongly agree
>85% of participants (attend all 8
sessions)
>85% of participants (all
exercises)
>85% of participants (all selfmanagement)
>85% of participants complete
each assessment session in ≤ 1.5
hours

Time spent administering the
telerehabilitation session
Downtime due to technical issues of
tablet and video conferencing
platform
Time from initial contact to enrolment

Mean telerehabilitation session is
60-90 minutes
>85% of telerehabilitation
sessions will not have any
downtime
Mean time of <5 days

Adverse events from the program
sessions or assessments
Wilcoxon signed-rank test

No major injuries or adverse
events reported
Significant pre-post difference in
clinical outcomes
Data on all relevant variables

Estimate of effect size (Cohen’s d)
and variance (IQR) for future sample
size calculations

Objective 2: Effect Estimates of TRAIL Program
Assumptions were tested for parametric testing (graphically using a Q-Q plot and the
value of Shapiro-Wilk Test, where significance below 0.05 is considered to deviate
significantly from a normal distribution), but due to violations to normal distribution of the
data (Appendix 14) in our primary clinical outcome (TUG), we decided to use the nonparametric Wilcoxon signed-rank test to test for significance (p< 0.05) for all clinical prepost outcome measures.
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The equations & = 2)√1 − ) / where ) =

0
√2

were used to estimate the effect size with

Cohen’s d-value257. All analyses were completed using SPSS258. For the observed
effect size, a guideline of 0.20, 0.50, and 0.80 were used to interpret the effect sizes as
small, medium, or large, respectively130.
3.6 Results
Recruitment took place between June 2020 and March 2021. A total of 47 individuals
were screened for inclusion across the five sites. Fifteen subjects who were screened
for the study were excluded due to their lack of interest, unable to follow-up, timing of
recruitment, withdrawal, and ineligibility. Therefore, a total of 32 participants consented
and completed the TRAIL program. Figure 9 outlines the flow of participants through the
study.
Participant characteristics are shown in Table 10. Across the five sites, there were 11
participants (34.4%) from Halifax, six (18.8%) participants from Toronto, four (12.5%)
participants from London, four (12.5%) participants from Winnipeg, and seven (21.9%)
participants from Vancouver. The median age of included participants was 64.5 years.
The participants were mostly male (78.1%) and experienced an infarct stroke (59.4%).
The median days post-stroke was 334.5. Almost half experienced stroke in the left
hemisphere (43.8%). Overall, the participants had relatively mild stroke impairment as
shown by a median score of 3.0 on the NIHSS, with levels of disability ranging from mild
to moderate with most participants having a score of 2 or 3 (90.7%) on the Modified
Rankin Scale (mRS). The median SF-MoCA score was 13.0 indicating a population with
mild cognitive impairment. Participants had a median of 3 comorbid conditions in
addition to stroke, as assessed by the Functional Comorbidity Index. Most of the
participants were white (68.8%), retired (50.0%), had more than 12 years of formal
schooling (78.1%), and used a laptop for the TRAIL program (78.1%).
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Enrollment

Screened for eligibility
(n = 47)

Allocation

Allocated to intervention
(n = 32)

Follow-Up

Lost to follow-up (n = 0)
Discontinued intervention
(n = 0)

Analysis

Figure 9. Participant Flow Diagram

Analyzed (n = 32)

•
•
•
•
•

Excluded (n = 15)
Not interested (n = 2)
Unable to contact (n = 1)
Recruitment closed (n = 1)
Withdrew after consent (n = 1)
Ineligible (n = 10)
o Significant comorbidity (n = 1)
o Severe vision/hearing loss (n = 1)
o Currently in rehabilitation (n = 2
o No caregiver available (n = 1)
o No hemiparesis of lower extremity (n = 1)
o No computer/tablet (n= 2)
o Combination of ineligibilities (n = 2)
§ No device, currently receiving
rehabilitation, living in long-term
care
§ No device, no email address,
living in long-term care
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Table 10. Baseline Characteristics of Participants
Characteristic
Age, median (Q1, Q3)
Females, N (%)
Years of formal education, N (%)
• < 12
• = 12
• > 12
Days post-stroke, median (Q1, Q3)
Stroke type, N (%)
• Infarct
• Hemorrhagic
• Other
Stroke location, N (%)
• Cortical
• Subcortical
• Brainstem
• Unknown
Brain hemisphere affected, N (%)
• Right
• Left
• Bilateral
Number of vessels affected, N (%)
• MCA
• ACA
• PCA
• Other
• Unknown
• Multiple
Limbs (right/left, upper/lower) affected by stroke, N (%):
• R limbs affected
o Upper and Lower
o Lower only
• L limbs affected
o Upper and Lower
o Lower only
• Bilateral limbs affected
• Not reported
Right dominant leg (prior to stroke), N (%)
Right dominant hand (prior to stroke), N (%)
Number of falls in past 6 months that required medical
attention, N (%)
Language Spoken, N (%)
• English
• French
• Mandarin/Cantonese
• Other

N = 32
64.5 (51.0, 72.0)
7 (21.9)
3 (9.4)
4 (12.5)
25 (78.1)
334.5 (200.0, 463.0)
19 (59.4)
8 (25.0)
5 (15.6)
8 (25.0)
12 (37.5)
4 (12.5)
8 (25.0)
16 (50)
14 (43.8)
2 (6.3)
7 (21.9)
2 (6.3)
2 (6.3)
17 (53.1)
1 (3.1)
3 (9.4)

13
1
16
0
1
1
26 (81.3)
28 (87.5)
2 (6.3)
29 (90.6)
1 (3.1)
0 (0.0)
2 (6.3)
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Characteristic
Ethnicity, N (%)
• White
• Indigenous
• Black
• Latin American
• South Asian
• East Asian
• More than one or other
Employment Status, N (%)
• Full-time work
• Part-time work
• Student
• Retired
• Housekeeping
• Sick leave/long term disability
• Unemployed, looking for work
• Other
Marital Status, N (%)
• Never married
• Married/common law
• Separated/divorced
• Widowed
Living Arrangements (prior to stroke), N (%)
• Alone in house or apartment
• With spouse/relatives/others in home or apartment
• Assisted living facility, nursing home, or other paid
caregiver
• Other
Device Used for TRAIL, N (%)
• Laptop
• Tablet
mRS, N (%)
• 1
• 2
• 3
NIHSS, median (Q1, Q3)
SF-MoCA, median (Q1, Q3)
FCI, median (Q1, Q3)

N = 32
22 (68.8)
0 (0.0)
1 (3.1)
2 (6.3)
3 (9.4)
3 (9.4)
1 (3.1)
2 (6.3)
0 (0.0)
0 (0.0)
16 (50.0)
2 (6.3)
11 (34.4)
0 (0.0)
1 (3.1)
3 (9.4)
23 (71.9)
6 (18.8)
0 (0.0)
6 (18.8)
26 (81.3)
0 (0.0)
0 (0.0)
25 (78.1)
7 (21.9)
3 (9.4)
15 (46.9)
14 (43.8)
2.50 (1.00, 4.00)
13.00 (11.25, 14.00)
3.00 (2.00, 4.75)

MCA = middle cerebral artery; ACA = anterior cerebral artery; PCA = posterior cerebral artery
mRS = Modified Rankin Scale; NIHSS = National Institutes of Health Stroke Scale; SF-MoCA = Short-Form Montreal
Cognitive Assessment; FCI = Functional Comorbidity Index
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3.6.1 Process Feasibility
An average of 4 participants per month were recruited over 8 months (June 2020 –
March 2021). Two months (November – December 2020) were excluded from
recruitment rate calculations as recruitment was on hold during this time to prevent
sessions being scheduled during the holiday break. The recruitment rate did not reach
the threshold criteria of 4.5 participants/month, therefore this indicator was deemed as
“Revise.” All participants who were enrolled in the study completed the study, therefore
the retention rate was deemed as “Success.”
All participants reported being satisfied with the program, indicating either agree
(28.1%) or strongly agree (71.9%) to the item asking “I was satisfied with the
telerehabilitation program” on the satisfaction survey. This surpassed the 85% threshold
criteria for perceived benefit, hence this indicator was also deemed as “Success.” Table
11 shows the breakdown of score for each of the questions.
When participants were asked about what they liked about the program, responses
included the progressive nature of the exercises and the variety of exercises. One
participant stated, “Good program, it exceeded my expectations. I just want to make it
[TRAIL program] longer.” Another participant mentioned, “The exercises are good. It
was definitely getting harder over the 4 weeks.” When the participants were asked
about what they did not like about the program and if they had any suggestions for
improvements, responses included having a lot of exercises targeting a specific muscle
that was tiring and having more exercises in certain aspects of lower extremity function.
One participant stated, “I wish there were more [exercises] for balance.” A different
participant mentioned, “There are a lot of sit-to-stands, especially in the latter weeks
and sometimes I felt too tired after the program.” Overall, when comparing
telerehabilitation to in-person rehabilitation, while most participants enjoyed the
accessibility of telerehabilitation, some preferred having the hands-on method and one
participant stated, “There’s nothing like in-person rehabilitation, but TRAIL would be
good as a substitute program.”
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Table 11. Satisfaction Survey Responses

Staff Communication and Facilitation
I always had a say in what was happening
I was treated with respect
I never knew what was going onb
There was adequate follow-up from one session to another
Things were explained to me in an understandable way
The telerehabilitation therapist listened carefully
Usefulness of the Services
I would recommend this program to others for rehabilitation
The program improved my mood
I spent less time sitting and lying down as a result of the telerehabilitation
exercise program
Equipment
I felt comfortable using the video-conferencing equipment
I could easily hear the staff person while using the equipment
The staff person could easily hear me while using the equipment
I could easily see the telerehabilitation therapist while using the equipment
The therapist could easily see me while using the equipment
The technology did not interfere with the telerehabilitation
Program Structure
There was enough time to work through the telerehabilitation sessions
There were sufficient sessions in the telerehabilitation program
I was satisfied with the length of time of telerehabilitation session
Perception of Program
I was satisfied with the telerehabilitation program
I would use telerehabilitation again
The telerehabilitation experience is as good as rehabilitation in-person
Overall, telerehabilitation experience was positive
a
b

Mean
Score
4.56
4.88
1.44
4.65
4.78
4.78
Mean
Score
4.75
4.38
4.13
Mean
Score
4.47
4.56
4.56
4.72
4.66
4.34
Mean
Score
4.66
4.00
4.59
Mean
Score
4.72
4.75
3.44
4.78

Responses ranged from 1 (strongly disagree) to 5 (strongly agree)
Reverse coded (1 is better than 5)

3.6.2 Resource Feasibility
Treatment fidelity and adherence was assessed using 3 indicators: participation in all
telerehabilitation sessions, ability to complete all exercises in each session, and
attempted all self-management action plans. Out of the 32 participants, 31 participants
(96.9%) completed all 8 telerehabilitation sessions and attempted the self-management
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action plan. However, only 25 participants (78.1%) were fully able to complete all
exercises in each of the sessions. Of the 7 participants who were unable to complete all
exercises, a total of 22 sessions had to be modified or stopped. The reasons for not
being able to fully complete were due to running out of time (n = 9), pain (n = 8), fatigue
(n = 2), no show/conflict with session (n = 2), technical issues (n = 1). Participation in
telerehabilitation sessions and self-management action plans were considered a
“Success” with 96.9% of participant completion, but completing all exercises were
deemed as “Revise” as the threshold criteria was not met.
Participant and assessor burden was assessed using the duration of each assessment
session with a threshold of 1.5 hours. Twenty-two participants (68.8%) had at least one
assessment session exceed the estimated 1.5-hour duration, therefore not meeting the
threshold criteria of 85% threshold of participants being able to complete the sessions in
1.5 hours or less and was considered as “Revise.”
Therapist burden, however, was considered a success as the mean session was 87
minutes, just under the upper bound of the estimated 60 to 90 minutes duration each
session.
3.6.3 Management Feasibility
Equipment did not cause significant down time due to technical issues. Out of 256 total
telerehabilitation sessions, 220 (85.9%) sessions did not experience any down time due
to technical difficulties. This rate surpassed the threshold criteria of 85% therefore being
considered as “Success.”
The processing time, considered the time from initial contact to enrolment, ranged from
0 to 173 days with an average of 19.6 days. The median was 3 days, and most
participants had a time of 0 days between initial contact/screening to
enrolment/consent. When the processing time is further analyzed by study site, the
mean processing time are as follows: 17.3 days in London, 7.7 days in Toronto, 0.27
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days in Halifax, 115 days in Winnipeg, and 7 days in Vancouver. The median
processing time are 2 days, 5.5 days, 0 days, 136.5 days, and 5 days in London,
Toronto, Halifax, Winnipeg, and Vancouver respectively. When the Winnipeg site is not
included in the calculation of processing time, the average processing time is 5.96 days,
and the median is 2 days. Overall, the threshold criteria of a mean time of < 5 days was
not met, therefore this indicator was considered as “Revise.”
3.6.4 Scientific Feasibility
3.6.4.1 Safety
While no major adverse events were reported, two participants experienced an adverse
event during the TRAIL program. One participant experienced muscle spasm following
an exercise session. After meeting with the physiatrist and telerehabilitation therapist,
the participant was advised to pause for 1 week before continuing, and the remaining
sessions were modified (not attempting or fully removing exercises from sessions on an
as-needed basis) to compensate for the muscle soreness. After discussion with the site
physician and development of modified exercise plans with the telerehabilitation
therapist, the participant was able to complete the program. The second participant
experienced dizziness at the end of a session that was resolved within 10 minutes of
rest. The telerehabilitation therapist followed up with a call 20 minutes after the onset of
dizziness and the patient reported that the dizziness had resolved. The participant was
able to complete the remainder of the program. As the threshold criteria was based on
number of major injuries or adverse events, the safety indicator was deemed as
“Success.” A summary of the feasibility indicators and results are shown in Table 12.
3.6.4.2 Treatment Response and Effect
Primary Outcome
There were improvements in functional mobility measured by the TUG (-2.335, p =
0.02). The Wilcoxon signed rank test showed a decrease in time (Z-value) to complete
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the TUG with an effect size of 0.57. The skewness of the two timepoints decreases from
3.454 to 2.958, which explains the increase in median score.
Secondary Outcomes
In our secondary outcomes, 30 Second Sit-to-Stand, Fugl-Meyer Lower Extremity
Assessment, Activities-Specific Balance Confidence Scale, and Goal Attainment Scale
demonstrated significant improvements over time. The Goal Attainment Scale scaling
was transformed into a T-score using the formula provided by Turner-Stokes (2009)256.
Within the 8 domains of the Stroke Impact Scale (SIS), activities of daily living, mobility,
and hand function showed improvement between the two assessment time points with
effect size ranging from 0.50 to 0.59. The last question of SIS is a visual analogue scale
assessing one’s perceived recovery post-stroke, and this score also showed an
increase from a median of 55.0 to 65.0 with an effect size of 0.70. There were no
changes observed between the baseline and post-intervention assessments for either
Tandem Stand or Functional Reach, and the effect sizes were 0.29 (small) and 0.42
(medium) respectively. The median, interquartile range (IQR), p-value, and effect sizes
of each outcome are reported in Table 13.
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Table 12. Feasibility Indicators and Results (Adapted from Thabane et al.226)

Feasibility
Process
Recruitment
Rate

Indicator
# of participants recruited

Resources
Treatment
Fidelity and
Adherence

100% strongly
agree (23) or
agree (9)

Y – Success

31/32 (96.9%)

Y – Success

25/32 (78.1%)

N – Revise

31/32 (96.96%)

Y – Success

22/32 (68.8%)

N – Revise

Time spent administering the
telerehabilitation session

>85% of participants
(attend all 8 sessions)
>85% of participants (all
exercises)
>85% of participants (all
self-management)
>85% of participants
complete each
assessment session in ≤
1.5 hours
Mean telerehabilitation
session is 60-90 minutes

87 minutes

Y – Success

Downtime due to technical issues of
tablet and video conferencing
platform
Time from initial contact to enrolment

>85% of telerehabilitation
sessions will not have any
downtime
Mean time of <5 days

220/256 (85.9%)

Y – Success

19.6 days*

N – Revise

•

Participation in all 8
telerehabilitation sessions
• Ability to complete all exercises in
each telerehabilitation session
• Attempts self-managed action
plan
Participant and Pre- and post-assessments
Assessor
Burden
Therapist
Burden
Management
Equipment
Processing
Time

Success
N – Revise

Satisfaction survey at the postintervention visit

Mean of 4.5 participants
/month over 7 months

Result
4 participants/
month over 8
months
32/32 (100%)

Retention Rate % of participants with follow-up data
Perceived
Benefit

Threshold Criteria for
Success

Complete retention: >80%
of participants
>85% of participants agree
or strongly agree

Y – Success
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Feasibility
Scientific
Safety
Treatment
Response
Treatment
Effect

Indicator
Adverse events from the program
sessions or assessments
Wilcoxon signed-rank test
Estimate of effect size (Cohen’s d)
and variance (IQR) for future sample
size calculations

Threshold Criteria for
Success
No major injuries or
adverse events reported
Significant pre-post
difference in clinical
outcomes
Data on all relevant
variables

Result

Success

0⁺

Y – Success

Results Section

Listed in
Table 13

Results Section

Listed in
Table 13

*median = 3 days; mode = 0 days
⁺mild adverse events = 2
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Table 13. Clinical Outcome Scores

Outcome Measure
Timed Up and Go (TUG) (s)
Fugl-Meyer Lower Extremity
Assessment (/24)
30-Second Sit-to-Stand (#
completed)
Activities-Specific Balance
Confidence Scale (/100)
Functional Reach (/4)
Tandem Stand (/4)
Stroke Impact Scale (/100)
1. Strength
2. Memory & Thinking
3. Emotion
4. Communication
5. Activities of Daily Living
(ADL/IADL)
6. Mobility
7. Hand Function
8. Participation
SIS Perceived Recovery
Goal Attainment Scale
(T-score)

Baseline
Median
IQR (Q1, Q3)
13.1
9.7, 26.5

Post-TRAIL
Median
IQR (Q1, Q3)
13.6
8.9, 20.0

Z
Score
-2.335

0.02**

Effect
Sizeª
0.57

p Value

19.0

17.0, 21.0

21.0

18.3, 23.0

3.236

0.001**

0.76

8.0

8.0, 11.0

10.0

10.0, 12.0

4.054

<0.001*
*

0.89

72.5

59.7, 88.6

76.3

63.9, 90.6

2.441

0.015**

0.60

4.0
4.0

3.0, 4.0
3.0, 4.0

4.0
4.0

3.0, 4.0
3.0, 4.0

1.667
1.155

0.096
0.248

0.42
0.29

53.0
89.0
80.6
94.5

39.1, 67.2
71.4, 92.9
59.7, 86.1
89.3, 100.0

56.0
89.0
79.2
93.0

43.8, 56.3
71.4, 96.4
63.9, 91.7
78.6, 100.0

1.964
0.677
1.388
-0.408

0.05
0.498
0.165
0.684

0.49
0.17
0.11
0.14

71.3

57.5, 84.4

72.5

65.0, 89.4

2.078

0.038**

0.52

79.2
55.0
54.7
55.0

55.6, 88.9
20.0, 80.0
37.5, 78.1
40.0, 67.5

82.3
65.0
57.8
65.0

69.4, 94.4
21.3, 85.0
37.5, 84.4
50.0, 67.5

2.382
1.987
1.255
2.920

0.017**
0.047**
0.209
0.004**

0.59
0.50
0.32
0.70

37.6

36.4, 39.5

50.0

45.3, 58.3

4.607

<.001**

0.95

**p-value < 0.05
ªCohen’s d
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3.7 Discussion
Based on our results, feasibility and proof-of-concept were established for the TRAIL
program. We met our objectives by determining that this project is feasible as 7 out of
11 feasibility indicators resulted in success and estimating effect sizes ranging from
medium to large sizes among the 32 participants who completed the 4-week program.
While causality may not be determined in a pre-post proof-of-concept study, the
combined use of self-management strategies and evidence-based exercises may have
contributed to improvements in mobility, lower extremity function, balance confidence,
goal attainment, activities of daily living, hand function, participation, and perceived
recovery. The results suggest that the TRAIL program may be a feasible and beneficial
program for community living individuals with stroke to improve lower extremity
recovery.
To assess feasibility, four different categories were explored: process, resources,
management, and scientific. In the process category, only recruitment rate needed
revisions. Our results indicated that modifications are needed to improve our
recruitment rate to desired levels. In advance of the study, we estimated that we would
be able to recruit 4.5 participants per month, while the actual recruitment rate was 4
participants per month. A key reason for this reduced rate was likely the timing of our
recruitment during the COVID-19 global pandemic when strict physical distancing
strategies and reduced hours of operations were implemented in public places,
including hospitals and rehabilitation centres. This likely affected recruitment efforts
through site closures and workforce or resource limitations259. Despite falling short of
our initial estimates, a recent systematic review exploring recruitment efficiency found
that one third of individuals with stroke screened for participation in a rehabilitation RCT
were randomized at a rate of between 1 and 2 per month, per site260. For the current
study, this would have translated to a rate of 5 to 10 participants per month in a nonpandemic setting. We anticipate that future studies that will occur post-COVID will have
easier access to patients in hospital and rehabilitation centres. Nonetheless, some
strategies can be implemented to optimize recruitment rate including brochures, flyers,
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and active visits at outpatient rehabilitation centres, as these strategies have been
found to be the most successful unpaid advertising source for recruiting older
individuals with stroke in a randomized exercise clinical trial261.
Results from this proof-of-concept trial suggest that treatment fidelity and adherence
and assessor & participant burden both required further adaptations and changes in the
resources category. In our study, 78.1% of participants were able to complete all the
exercises, which shows treatment adherence to the exercises needs to be addressed
prior to any subsequent study. The treatment adherence fell short of our estimated
value of 85%. This was mostly due to either running out of time (n = 9) or pain/fatigue (n
= 10). Running out of time could be due to the increase in the number of repetitions and
sets after the first week of exercises. The first week of exercises consist of 2-3 sets of
10-15 repetitions of 8 exercises, and the second week of exercises consist of 3 sets of
15-20 repetitions for the same number of exercises. The extra repetitions and potentially
added set could add approximately 40 movements which could take an additional 10-20
minutes, depending on the number of rest breaks taken. The sessions that participants
typically ran out of time were in weeks 2 and 3 (n = 8 sessions). The pain and fatigue
could be addressed in future trials by further emphasizing the flexibility of exercises and
encouraging modifications and progressions based on the different stroke severity of
the participants involved.
Assessor and participant burden, measured using the length of assessment sessions,
took longer than the expected duration of 1.5 hours on average. Despite undergoing a
virtual 2-hour training with the research team, further modifications are needed to limit
the length of assessment sessions to reduce the burden on both the assessors and
participants. The reasons for having longer assessment sessions than anticipated may
include having to explain the instructions to facilitate assessments more slowly and
thoroughly with demonstration to ensure participant understanding and finding the
optimal camera angle. Furthermore, the baseline assessments were intentionally
divided into two separate days to reduce the burden for both assessor and participants,
but fatigue may have played a role in the extended duration of assessment sessions.
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In the future, possible strategies to minimize burden on the assessors include sending
participants videos in advance of assessment sessions with how the room should be
set-up, what angle the camera needs to be propped up, and a demonstration with
instructions so that the participants can come prepared with any questions. In addition,
future studies may require more thought and input from stakeholders to ensure the
outcomes are in the ideal order to minimize burden on assessors and participants alike.
Processing time did not meet the threshold criteria for success in the management
category. As previously discussed, our recruitment period was during COVID-19 which
also impacted our processing time (time between initial contact and enrolment). We
initially anticipated a mean of 5 days or less for processing time, but our mean was 19.6
days, with a median of 3 days, and mode of 0 days. One of the sites was shut down for
longer due to COVID outbreaks and underwent staffing changes which prolonged the
follow-up time with participants which created a larger discrepancy between our median
and mean processing time. Moving forward, a strategy to encourage continuity despite
staffing turnover may be to cross-train research staff in all tasks262. In addition, as
participants were ideally paired to offer the 2-to-1 ratio between participants and
physiotherapists, participants sometimes had to wait a few weeks before being enrolled.
Equipment, the other indicator used to determine feasibility in the management category
was successful, with just over 85% of sessions having no downtime due to technology.
Due to the reliance on technology, a variety of factors including slow internet/limited
internet coverage or general skepticism/lack of acceptance has been found to be
challenges to telerehabilitation263. Despite approximately 15% of sessions experiencing
some sort of downtime due to technical issues, this seemed to have no influence on
participants’ perceived benefit of the program, as 100% of participants rated their
satisfaction as strongly agree (23/32) or agree (9/32). However, the participants and
physiotherapists did face some technical challenges, such as camera angles leading to
inability to see the full body. This issue was especially prominent when the participant
was using a tablet. Ora et al. utilized a wide-angle webcam to be able to see the full
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upper body of patients with aphasia264, which may be a solution to being able to see the
full body when delivering exercise interventions using technology. Moving forward, it will
be interesting to further explore the experience of telerehabilitation therapists of
delivering the TRAIL program, as it has been found that having interface-related
problems were found to be a barrier from the provider’s perspective265.
The final category to determine overall feasibility was scientific, including safety,
treatment response, and treatment effect, where we found no major injuries or adverse
events, improvements in our primary and majority of our secondary outcome measures,
and a range of effect sizes. Our primary outcome, TUG, assessed functional mobility
pre- and post-intervention. This is a key area of focus for rehabilitation interventions
post-stroke266, as this is the ability for a person to move to accomplish daily living tasks
and activities. While there are no established reference values for stroke, the values
have ranged in previous studies267, 268. For example, Jónsdóttir and Cattaneo (2007)
found an average of 24.5 ± 11.8 seconds in individuals who were ≥ 3 months poststroke and had the ability to walk269. Flansbjer et al. (2005)238 found an average of 14.3
± 5.2 seconds in individuals who were between 6-48 months post-stroke, with women
being 16 months post-stroke on average, and men being 18 months post-stroke on
average. This is a similar stage in stroke recovery as the participants in the TRAIL study
who were on average 12 months post-stroke. Our sample had a similar TUG score at
baseline (13.08s) with an IQR of 9.72 to 26.53 seconds. However, Persson et al.
(2014)270 found that TUG was able to detect changes in mobility especially over the first
3 months post-stroke, but no significant changes afterwards270. This may explain how
we were unable to show a minimal detectable change of 3.53 seconds271 despite
showing statistical significance and medium effect size.
Our analyses also revealed that TRAIL has positive effects on motor impairment, and
lower extremity strength. These findings are consistent with De Sousa et al. who
observed two weeks of intensive sit-to-stand training improved the ability to carry out sitto stands and increased lower limb strength272. Our findings are different however, in
that TRAIL was delivered virtually and had a large emphasis on functional mobility. The
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Fugl-Meyer Lower Extremity Assessment assessed motor impairment. While there is no
established minimal clinically importance difference (MCID) yet for the Fugl-Meyer
assessment, Gladstone et al. identified a 10% change (based on total score) may
represent clinically meaningful improvement based on clinical experience and
consultation273. The median score increased by 2 points, which is very close to the
estimated 10% meaningful change (2.4 points). The 30-second Sit-to-Stand showed
significant improvements and this was due to the similarity in exercises performed in the
TRAIL program focusing on increasing strength of the lower extremity. For example,
squats/sit-to-stands were embedded into the program starting in the latter weeks.
Tandem Stand and Functional Reach, both measures of balance, did not have
statistically significant pre-post changes. This was surprising as there are several
exercises embedded in the TRAIL program such as tandem stand and head turns/arm
raises and side and forward lunges that worked on increasing strength and balance. In
a review done by Vilnai et al. (2010), it was found that in chronic stroke (>12 months),
improvements in balance were found even in those more than 10 years out from their
stroke, and the training program could either be short and intense (10 days) 1-on-1 or
longer period of time at a lower intensity (8 weeks to 6 months)274. However, our sample
had good balance at baseline, with the median score of 4 for both the Functional Reach
and Tandem Stand, which are both scored out of 4. Furthermore, both the Functional
Reach and Tandem Stand are sub-scales of the Berg Balance Scale, which has shown
to have significant ceiling effect at 90 days after stroke onset275. Therefore, the scales
may not have been able to detect any differences in balance function as our population
was generally on the mild to moderate impairment and are 334.5 days post-stroke.
Self-efficacy, defined as an individuals’ confidence in their ability to carry out a certain
task or behaviour, can be viewed as an important factor when determining the learning
and implementation of self-management skills. Self-efficacy has been found to be an
important variable associated with various outcomes post-stroke such as quality of life,
perceived health status, depression, activities of daily living (ADL), and to a certain
extent, physical functioning222, 276. Self-efficacy in balance, specifically, has been found
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to be independently associated with post-stroke activity and participation277. While our
results do show association with activity-related outcomes, such as mobility (TUG), we
did not see a significant effect on participation, as measured by the subscale of SIS.
Furthermore, Kim and Park (2012) suggested that balance self-efficacy influences ADL
and ADL would mediate balance through mediation of balance ability278. In our study,
we found significant improvements in balance self-efficacy and ADLs, but not balance.
As previously discussed, this may be due to the limitations of our two balance measures
(Functional Reach and Tandem Stand).
Goal setting has been found to have positive effects in stroke recovery. These benefits
include being less likely to be depressed and having strong self-efficacy beliefs279. Our
results support the findings of Debreceni-Nagy et al. (2019)280, who also found
significant improvements in GAS scores after 4 weeks of physical therapy and
occupational therapy. Most of the goals were related to mobility, strength, or ADLs –
which were one of the more common themes identified when Rice et al. (2017) explored
the types of goals in a hospital-based outpatient stroke rehabilitation centre281. Because
the goals were created collaboratively between the therapist and participants for our
study, the goals may have followed the SMART (specific, measurable, achievable,
relevant, timely) goal framework to be achievable, thus leading to positive and
significant improvements in GAS scores.
Lastly, there were improvements in subdomains of activities of daily living, mobility,
hand function, participation, and the visual analogue scale for perceived recovery. All
the exercises as part of the TRAIL program were focused on lower limb function,
therefore making the significant improvement in hand function surprising. Functional
ability has demonstrated large influence on participation restriction37, 282; therefore, with
our improvements in functional mobility and activities of daily living, we expected an
increase in scores for participation. However, this was not reflected in our participation
subdomain of the SIS, showing no statistical significance. Suttiwong et al.283 observed
that social support was the greatest contributor of predicting participation, therefore, as
the TRAIL program predominantly focused on addressing physical impairments of the
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lower extremity with only minor aspects of social support, the participation subdomain
score may not have increased as expected.
3.8 Limitations
There may have been selection bias of participants, as the individuals who chose to
participate may have greater motivation to exercise and partake in rehabilitation
programs. In addition, our recruited participants had a median age of 64.5, were mostly
male (78.1%) and majority experienced an infarct stroke (59.4%). A recent statistics
report from the American Heart Association found that of all strokes, 87% were infarct,
and 13% were hemorrhagic284. This highlights that we recruited a surprisingly high
number of participants with hemorrhagic stroke with almost a 60-40 divide between
infarct and hemorrhagic stroke. While incidence for stroke in males is higher, this
difference diminishes with increasing age285. The male/female incidence ratio for
different age groups ranged between 1.0 to 1.5285. Compared to the participants
recruited for our study, we had an even higher ratio of males to females in our study,
highlighted the over-recruitment of males. In addition, mean age for first-time strokes
were found to be 68.6 for males and 72.9 for females, making our sample on the
younger end285. All these factors play into limiting the generalizability of our results as
they are not representative of the community-dwelling stroke survivor sample that is the
intended population. Furthermore, while the exclusion criteria of “current inpatient or
outpatient rehabilitation” limits the amount of co-intervention, there could be participants
who are participating in other exercise program independently – such as yoga or
aquarobics – simultaneously with TRAIL, thus making it difficult to determine the effect
in isolation. In addition, due to the onset of COVID-19, outcome measures were
changed and modified from the original measures. The outcome measures included in
this study were adapted for virtual administration, however, there was lack of
standardized instructions and established psychometrics. This highlights an important
area of research that needs to be urgently developed to continue the advancement and
clinical use of telerehabilitation.
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3.9 Conclusion
Overall, TRAIL demonstrated feasibility and positive preliminary effects through
this proof-of-concept study. Our results suggest that TRAIL has beneficial influences on
functional mobility, motor impairment, lower extremity strength, self-efficacy, goal
setting, and quality of life. Minor adjustments to the study to improve recruitment rate,
treatment fidelity, and participant and assessor burden are recommended prior to
proceeding with a clinical trial. The TRAIL program incorporated both exercise and selfmanagement support to encourage independent exercise both as a support program
during the transition back to the community post-discharge and while living in the
community. Future studies that use a control group, larger sample size, and validated
virtually administered outcome measures should be explored to further examine the
efficacy of the TRAIL program.
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Chapter 4: Discussion & Future Directions
The overarching purpose of my MSc in the UBC Graduate Program in Rehabilitation
Sciences was to develop a greater understanding of telerehabilitation for lower
extremity recovery. In doing so, I first established a comprehensive understanding of the
literature by conducting a systematic review and meta-analysis focusing
telerehabilitation interventions for lower extremity recovery post-stroke (Chapter 2).
Results from this study indicated that telerehabilitation may be a potential alternative for
in-person therapy for improving balance and motor impairment. I then explored the
feasibility of a newly developed and novel progressive exercise and self-management
intervention for lower extremity recovery following stroke (Chapter 3) using a single
group pre-post study design. Results from this study demonstrated feasibility and
preliminary positive effects on mobility, motor impairment, strength, self-efficacy, goal
setting, and quality of life.
Overall, findings from both studies are an important contribution to the existing
literature. Combined the results enhance our understanding of how telerehabilitation
can be used for recovery post-stroke, and the specific nuances when it comes to
delivering a lower extremity-specific intervention virtually. Reflecting on these studies,
there are several experiences and observations that resonated with me and require
further discussion as we move forward the study of stroke telerehabilitation in general,
and specifically for the recovery of lower extremity function.

4.1 Perception & Adoption of Stroke Telerehabilitation
Despite the growing evidence of efficacy in stroke recovery using telerehabilitation,
there are still limitations and challenges that both clinicians and patients perceive with
this modality of rehabilitation delivery that need to be addressed. The clinical usage of
telerehabilitation was suboptimal prior to COVID-19 despite being highly recommended
by Canada Stroke Best Practices (2017)111. This could have been due to a number of
reasons, such as lack of user-friendly software and suitable training, or perceived
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increase in workload286. However, the COVID pandemic has accelerated interest and
usage of telerehabilitation (among clinicians) to quickly adjust and adhere to physical
distancing guidelines to limit the spread of the virus. With the increased usage, both
patients and therapists have identified facilitators and barriers with telerehabilitation that
could be further improved.
Patients that have received care via telerehabilitation have identified a clear
accessibility and flexibility advantage over in-person rehabilitation287. An example of the
increased accessibility facilitator was no longer having to commute to outpatient
rehabilitation centre and not being bound by the schedule of rehabilitation centres287.
Nevertheless, patients still have hesitancies about telerehabilitation due to difficulties
with equipment and the limited scope of exercises. The difficulties with equipment
included reasons such as equipment set-up challenges, lack of clear instruction, and the
limited scope of exercises287. With 93.6% of Canadians older than 15 having access to
Internet at home, and 88.1% of the same population owning a smartphone288, it is likely
the use of everyday technologies in rehabilitation will continue to increase in research
settings to ultimately translating into clinical practice.
It is important to consider the aforementioned factors when developing and evaluating
telerehabilitation interventions to support individuals with stroke, but it is equally
important to consider the perspectives of healthcare professionals on telerehabilitation.
For example, in a qualitative study, telerehabilitation providers appreciated the gap that
telerehabilitation could fill to both facilitate and maintain functional status287. However,
perceived barriers included technical limitations, including screen size and necessary
adaptations to work around that issue, such as placing the device in a different area or
tilting and adjusting the screen287, and connectivity issues287.
Future Directions:
• Address the barriers identified such as lack of equipment that limits scope of
exercise, technical difficulties
• Develop telerehabilitation interventions that are adaptable to address patient’s
different needs for post-stroke recovery
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4.2 Technical Limitations of Telerehabilitation
Despite the exponential increase in usage and development of technology, there are
still some limitations that impact telerehabilitation, such as those explained in the
previous section. Some of these issues observed in the TRAIL study (Chapter 3)
included general technical difficulties with the videoconferencing platform, lagging due
to connectivity issues, and difficulties hearing and/or seeing the patient fully based on
the angle of the device.
Current videoconferencing platforms that are accessible generally, such as Zoom and
Microsoft Teams, are designed for meetings where people are sitting close-up to the
screen. Therefore, when using said computer programs to deliver rehabilitation
interventions, there are limitations. Videoconferencing platform challenges included:
o Platform-specific issues such as having joined the Zoom but the participant
being unable to see the video itself, or the videoconferencing link being
“invalid” despite having started the meeting
o User interface issues such as identifying the mute/unmute button, changing
views to be able to see the participant/therapist
o Connective issues such as lack of sufficient bandwidth to support
videoconferencing
o Audio-Visual technical issues such as connecting with audio and microphone,
camera angles to see the full body and movement, screen size of the devices
limiting the video dimensions of the therapist and/or participant, audio cutting
in and out when standing at a distance from computer/tablet
While the platform-specific and user interface issues experienced in the TRAIL study
were resolved through telephone discussions with the study coordinator, having remote
access to assist with troubleshooting may have decreased the amount of time used to
resolve these challenges. A remote access program, a tool that allows users to remotely
access a device from another device despite being in different geographical locations
such as LogMeIn©, has been used in a previous RCT looking at telerehabilitation for
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post-stroke aphasia264. This has provided benefits as it allowed permitted ease of use
and therapists to easily assist with technical challenges by remotely accessing the
patient’s device. Connectivity issues have been identified in the literature specifically in
rural areas289 but our experience with the TRAIL study shows that this issue may be a
factor for those also living in suburban or urban areas.
To address these issues, telerehabilitation interventions should provide comprehensive
instructions on connecting on specific videoconferencing platforms, offer internet sticks
to offer the same quality rehabilitation, identify a videoconferencing platform with
viewing angles that allow for full body movements to be easily seen, and use
microphones that allow for telerehabilitation therapists and patients to be clearly heard
regardless of how far away they might be from the device.
Future Directions:
• To adhere to accessibility, providers should provide equipment and devices
needed to participate in telerehabilitation to anyone who doesn’t have the
necessary equipment (e.g., internet-stick or wide-angle lens to allow for any
participant to be able to participate in the intervention).
• Develop and investigate videoconferencing platforms that allow for therapists
and patients to be clearly seen (full body) and heard at a distance from the
device.

4.3 The Role of Peer Support
In the TRAIL study (Chapter 3), a 2:1 participant-to-therapist ratio was selected based
on previous research reporting on the benefits of peer support to optimize selfmanagement290. Peer support has been linked to better functional outcomes291 and can
be leveraged to cultivate motivation and intervention adherence to further optimize
telerehabilitation for post-stroke recovery. Christensen et al. (2019) has found that being
in peer support groups for stroke survivors and caregivers allowed for feelings of
empowerment by receiving and sharing knowledge and a sense of community through
shared experiences292. Furthermore, a recent systematic review found that peer support
contributes to improvements in performing ADL, limb function, depression, and
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anxiety293. Having peers with similar characteristics or experiences may be able to
provide more targeted and useful information294, compared to receiving support from
non-peers. Clark et al. (2018) identified a positive association between peer support and
experience sharing, vicarious learning, and increased motivation295.
Within this thesis, we were unable to carry out a subgroup analysis based on whether
the intervention was delivered 1-on-1 or in a group in the systematic review chapter,
however, as more studies are delivered in a group setting, an analysis should be carried
out to see whether group interventions can be more effective with the added effect from
peer support. Our TRAIL study was delivered in a 2:1 participant-to-therapist setting,
and we found the adherence rate to be quite high, with 31 of 32 participants
participating in all 8 sessions. This may be indicative of the increased motivation of
study participants resulting from support from their peer.
Despite the positive research evidence on peer support combined with our speculation
of the benefits of peer support in TRAIL, facilitating the TRAIL sessions in a 2:1 ratio
was sometimes challenging for therapists. This was primarily due to differences in
functioning level between the two participants. Having to navigate two people doing
modified versions of exercises and different rates was difficult for therapists to keep
track of. In interventions that combine the benefits of peer support and exercise, it may
be important to create pairs or groupings of people who are at a similar functioning level
to be able to provide peer support that is targeted and applicable to one another, while
also alleviating some of the burden on the therapists to supervise two individuals
completing separate tasks at different times. As the research exploring the role of peer
support on physical function is still developing, it would be an interesting next step to
carry out a trial comparing group based versus individual telerehabilitation and what the
contributing factors to a perceived “successful” session would be.
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Future Directions:
• Contribute to the literature focusing on peer support and motor recovery by
comparing group-based versus individual telerehabilitation interventions
through more research
• Conduct qualitative research to identify what participants and physical
therapists identify as contributing factors to a perceived “successful” session

4.4 Virtual Assessments
Psychometric properties of clinical measures need to be established in the appropriate
and relevant population to ensure reliable and valid measurement. Such measurements
may then be used with confidence to assess the effectiveness of rehabilitation
interventions. Despite having many assessments that have been validated in an inperson setting, many of the standard functional outcome measures used in.
rehabilitation have not yet been validated for virtual administration during the time of the
study. For example, in TRAIL (Chapter 3), we modified the TUG and Fugl-Meyer for
virtual administration according to recommendations made by Vourganas (2020)296 and
Peters (2021)240, respectively. While the virtually assessed TUG found high ICC values
(> 0.96), this was tested on 8 healthy subjects, rather than individuals with stroke296.
The FMA-Tele was primarily focused on establishing feasibility and only assessed score
agreements between FMA and FMA-Tele240. Therefore, there were no psychometric
properties established for virtually administered outcomes during the time of this study.
Using virtually administered outcome measures that do not have established
psychometric properties makes it difficult to check that the outcomes are accurate, free
from random errors, and relevant to the target population.
For the future, it is imperative that we provide comprehensive training to people
delivering assessments virtually. A forum in Ontario297 discussing standardized outcome
measures across the continuum of care determined that one of the most important
things to encourage therapists to use outcome assessments were to provide practical
education on how to administer the measures. Therefore, if telerehabilitation is to be
fully embedded in the current rehabilitation care system to address any gaps when in107

person therapy cannot take place, therapists will need to be trained on how to
administer the assessment virtually and address any questions. Overall, there is a clear
demand for telerehabilitation, and the research to provide a “gold standard” for virtual
assessments need to be determined and validated to support the growth of
telerehabilitation.
Future Directions:
• Establish psychometric properties for virtually administered outcome measures
used in stroke rehabilitation
• Develop a training toolkit for virtually administered outcome assessments for
therapists and other healthcare professionals

4.5 Conclusion
This thesis aimed to increase understanding of telerehabilitation for lower
extremity recovery post-stroke by examining the literature through a systematic review
and meta-analysis as well as determining the feasibility of a novel telerehabilitation
intervention consisting of evidence-based exercises and self-management through a
proof-of-concept trial. The results of the systematic review and meta-analysis helps
provide an overarching summary of the evidence for telerehabilitation interventions to
improve lower extremity recovery post-stroke. These results can inform clinical practice
and shape future research by identifying knowledge gaps and factors influencing
treatment efficacy. The feasibility findings from the TRAIL study can help inform
subsequent research as well as development of other telerehabilitation interventions to
ultimately support the transition that individuals with stroke experience as they go back
to the community. Overall, the findings from this thesis can help shape future
interventions and clinical practice to improve lower extremity recovery post-stroke.
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Appendix 1. PRISMA 2020 Checklist (Transparent Reporting of Systematic Reviews and Meta-Analyses)

PRISMA 2020 Checklist
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is reported
(page)
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Identify the report as a systematic review.
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2

See the PRISMA 2020 for Abstracts checklist.

-
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Describe the rationale for the review in the context of existing knowledge.
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Objectives
METHODS
Eligibility
criteria
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Provide an explicit statement of the objective(s) or question(s) the review addresses.
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Specify the inclusion and exclusion criteria for the review and how studies were grouped for the
syntheses.
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Information
sources
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Specify all databases, registers, websites, organisations, reference lists and other sources searched or
consulted to identify studies. Specify the date when each source was last searched or consulted.
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Search
strategy
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Present the full search strategies for all databases, registers and websites, including any filters and
limits used.

14, 126

Selection
process
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Specify the methods used to decide whether a study met the inclusion criteria of the review, including
how many reviewers screened each record and each report retrieved, whether they worked
independently, and if applicable, details of automation tools used in the process.
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Data
collection
process
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Specify the methods used to collect data from reports, including how many reviewers collected data
from each report, whether they worked independently, any processes for obtaining or confirming data
from study investigators, and if applicable, details of automation tools used in the process.
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List and define all outcomes for which data were sought. Specify whether all results that were
compatible with each outcome domain in each study were sought (e.g. for all measures, time points,
analyses), and if not, the methods used to decide which results to collect.
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List and define all other variables for which data were sought (e.g. participant and intervention
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Study risk of
bias
assessment
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used, how many reviewers assessed each study and whether they worked independently, and if
applicable, details of automation tools used in the process.
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Effect
measures
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Specify for each outcome the effect measure(s) (e.g. risk ratio, mean difference) used in the synthesis
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methods
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reporting biases).
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Certainty
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RESULTS
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Describe any methods used to assess certainty (or confidence) in the body of evidence for an outcome.
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Describe the results of the search and selection process, from the number of records identified in the
search to the number of studies included in the review, ideally using a flow diagram.

22, 23

16b

Cite studies that might appear to meet the inclusion criteria, but which were excluded, and explain why
they were excluded.

23

Cite each included study and present its characteristics.

22-36

Study
characteristics

17
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Section and
Topic

Item
#

Checklist item

Location
where item
is reported
(page)
39-43

Risk of bias in
studies

18

Present assessments of risk of bias for each included study.

Results of
individual
studies

19

For all outcomes, present, for each study: (a) summary statistics for each group (where appropriate)
and (b) an effect estimate and its precision (e.g. confidence/credible interval), ideally using structured
tables or plots.

46-48

Results of
syntheses

20a

For each synthesis, briefly summarise the characteristics and risk of bias among contributing studies.

39-45

20b

Present results of all statistical syntheses conducted. If meta-analysis was done, present for each the
summary estimate and its precision (e.g. confidence/credible interval) and measures of statistical
heterogeneity. If comparing groups, describe the direction of the effect.

45-48

20c

Present results of all investigations of possible causes of heterogeneity among study results.

50-52

20d

Present results of all sensitivity analyses conducted to assess the robustness of the synthesized results.

48-50

Reporting
biases

21

Present assessments of risk of bias due to missing results (arising from reporting biases) for each
synthesis assessed.

44

Certainty of
evidence
DISCUSSION
Discussion

22

Present assessments of certainty (or confidence) in the body of evidence for each outcome assessed.

53, 54

23a

Provide a general interpretation of the results in the context of other evidence.

54

23b

Discuss any limitations of the evidence included in the review.

55

23c

Discuss any limitations of the review processes used.

56, 57

23d Discuss implications of the results for practice, policy, and future research.
OTHER INFORMATION
Registration
24a Provide registration information for the review, including register name and registration number, or state
and protocol
that the review was not registered.

56, 57
12

24b

Indicate where the review protocol can be accessed, or state that a protocol was not prepared.

12

24c

Describe and explain any amendments to information provided at registration or in the protocol.

n/a

Support

25

Describe sources of financial or non-financial support for the review, and the role of the funders or
sponsors in the review.

n/a

Competing
interests

26

Declare any competing interests of review authors.

n/a
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Section and
Topic
Availability of
data, code
and other
materials

Item
#
27

Checklist item
Report which of the following are publicly available and where they can be found: template data
collection forms; data extracted from included studies; data used for all analyses; analytic code; any
other materials used in the review.

Location
where item
is reported
(page)
n/a
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Appendix 2. Search Strategy for MEDLINE Database

1. exp Stroke/
2. (((cerebrovascular or cerebral or brain) adj3 (stroke or disease* or disorder* or
accident* or infarct*)) or CVA* or stroke*).mp.
3. 1 or 2 [stroke]
4. Telerehabilitation/ or telemedicine/
5. (mobile health or telehealth or tele-health or telemedicine or tele-medicine or ehealth
or e-health or mhealth or m-health or telerehab* or tele-rehab or erehab* or e-rehab or
telepractice or tele-practice or telecare or tele-care).mp.
6. ((remote or virtual or distant) adj3 rehabilitation).mp.
7. 4 or 5 or 6 [telerehab]
8. Computers/ or Smartphone/
9. (computer* or laptop* or tablet* or iPad* or phone* or smartphone* or email* or email* or video?conferenc* or video-phone or videophone or tele*).mp.
10. 8 or 9 [tech]
11. Rehabilitation/ or Physical Therapy Modalities/ or Physical Therapists/ or
Occupational Therapists/
12. (rehab* or exercise* or physical therap* or physiotherap* or occupational therap* or
treatment or training or stimulation).mp.
13. "delivery of health care"/
14. 11 or 12 or 13 [rehab]
15. 3 and 14 [stroke + rehab]
16. Stroke Rehabilitation/
17. stroke rehab*.mp.
18. 16 or 17 [stroke rehab]
19. 15 or 18 [stroke rehab ALL]
20. 10 and 19 [tech + stroke rehab ALL]
21. 3 and 7 [stroke + telerehab]
22. 20 or 21 [stroke + tech + rehab ALL]
23. exp Lower Extremity/ or walking/ or motor activity/ or muscle strength/ or postural
balance/ or posture/ or exp Gait/ or Accidental Falls/ or "Activities of Daily Living"/
24. (Lower extremit* or lower limb* or leg strength or leg function or leg* or foot* or feet*
or thigh* or knee* or ankle* or balance* or gait or walk* or ambulat* or stabil* or mobilit*
or locomot* or step* or stride* or sway or swing or turn).mp.
25. 23 or 24 [LE]
26. 22 and 25 [stroke + tech + rehab + LE ALL]
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Appendix 3. Data Extraction Form

Title
First Author
Year of Publication
Location (Country & Institution if available)
Funding Source
General Study COI
Characteristics Journal Citation
Study Design
Objectives
Experimental Condition
Control Condition
Randomized (Y/N)
Study Methods Randomization Method
Stroke (Y/N)
Mean Age (SD)
Male/Female
Recruitment Setting
Time Post-Stroke (SD)
Diagnostic Criteria for Stroke
Inclusion Criteria
Exclusion Criteria
Total Sample Size
Participant
Power
Rationale of Intervention
Participant Instructions
Clinician Background
Intervention Delivery
Intervention Description
Intervention Dose (Timing, Duration, Intensity,
Frequency)
Control Description
Intervention
Control Dose (Timing, Duration, Intensity, Frequency)
Outcome Measures (note whether high/low score is
favourable)
Outcome
Duration from pre- to post-test
N Assigned to Intervention
N Assigned to Control
Withdraws/Missing Data
Adverse Events
Results
Results/Statistics
Limitations
Brief Study Conclusion
Miscellaneous Notes
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Appendix 4. Cochrane Risk of Bias 2 Assessment Domains & PEDro Assessment

Domains
1. Randomization
process
2. Deviations
from intended
interventions
3. Missing
outcome data
4. Measurement
of the outcome

5. Selection of
the reported
results

Description
Randomization avoids influence of prognostic factors on the
intervention group assignment. If there is influence, estimated
effect will be ‘confounded’ – an important potential cause of bias.
Also known as performance bias, examples of such deviations
could be administration of additional interventions that are not
part of the trial protocol, failure to implement the intervention as
intended, or non-adherence by trial participants to their assigned
intervention.
This may lead to bias in the intervention effect estimate, and may
be due to dropout or loss to follow-up during the study. This
domain includes the biases introduced by procedures to impute
for the missing outcome data, if applicable.
Assessing for bias in this domain includes considering the
appropriateness of the method of measuring, the possibility of
measurement differing between the intervention groups, the
outcome assessor, the blinding of the assessor, and whether the
assessment of outcome is likely to be influenced by knowledge of
which intervention received.
Bias from this domain occurs when the reported results are
selected from multiple options that would be of interest to the
author – examples include reporting a subset of analyses
adjusting for different sets of prognostic factors.
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Appendix 5. TREND Statement Checklist
Paper
Item
Section/Topic
No
Title and Abstract
Title and Abstract 1

Descriptor

Reported?
Pg #
✓

Information on how unit were allocated to interventions
Structured abstract recommended
Information on target population or study sample

-

Introduction
Background

2

Scientific background and explanation of rationale
Theories used in designing behavioural interventions

✓
-

58-61

Methods
Participants

3

Eligibility criteria for participants, including criteria at different levels in recruitment/sampling plan
(e.g., cities, clinics, subjects)
Method of recruitment (e.g., referral, self-selection), including the sampling method if a systematic
sampling plan was implemented
Recruitment setting
Settings and locations where the data were collected
Details of the interventions intended for each study condition and how and when they were actually
administered, specifically including:
• Content: what was given?
• Delivery method: how was the content given?
• Unit of delivery: how were the subjects grouped during delivery?
• Deliverer: who delivered the intervention?
• Setting: where was the intervention delivered?
• Exposure quantity and duration: how many sessions or episodes or events were intended to
be delivered? How long were they intended to last?
• Time span: how long was it intended to take to deliver the intervention to each unit?
• Activities to increase compliance or adherence? (e.g., incentives)
Specific objectives and hypotheses
Clearly defined primary and secondary outcome measures
Methods used to collect data and any methods used to enhance the quality of measurements
Information on validated instruments such as psychometric and biometric properties
How sample size was determined and, when applicable, explanation of any interim analyses and
stopping rules
Unit of assignment (the unit being assigned to study condition, e.g., individual, group, community)

✓

62

✓

63

✓
✓

63
64

✓
✓
✓
✓
✓
✓

69-71
69
69
69-71
69
69-70

✓
✓
✓
✓
✓
✓
✓

69
72
61-62
66-69
64
64-69
63

✓

69

Interventions

4

Objectives
Outcomes

5
6

Sample Size

7
8
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Paper
Section/Topic
Assignment
Method

Item
No

Blinding
(masking)

9

Unit of Analysis

10

Statistical
Methods

Results
Participant Flow

Recruitment
Baseline Data

11

12

13
14

Descriptor
Method used to assign units to study conditions, including any details of any restriction (e.g.,
blocking, stratification, minimization)
Inclusion of aspects employed to help minimize potential bias induced due to non-randomization
(e.g., matching)
Whether or not participants, those administering the interventions, and those assessing the
outcomes were blinded to study condition assignment; if so, statement regarding how the blinding
was accomplished and how it was assessed
Description of the smallest unit that is being analyzed to assess intervention effects (e.g., individual,
group, or community)
If the unit of analysis differs from the unit of assignment, the analytical method used to account for
this (e.g., adjusting the standard error estimates by the design effect or using multilevel analysis)
Statistical methods used to compare study groups for primary methods outcome(s), including
complex methods of correlated data
Statistical methods used for additional analyses, such as a subgroup analyses and adjusted
analysis
Methods for imputing missing data, if used
Statistical software or programs used
Flow of participants through each stage of the study: enrollment, assignment, allocation, and
intervention exposure, follow-up, analysis (a diagram is strongly recommended)
• Enrollment: the numbers of participants screened for eligibility, found to be eligible or not
eligible, declined to be enrolled, and enrolled in the study
• Assignment: the numbers of participants assigned to a study condition
• Allocation and intervention exposure: the number of participants assigned to each study
condition and the number of participants who received each intervention
• Follow-up: the number of participants who completed the follow-up or did not complete the
follow-up (i.e., lost to follow-up), by study condition
• Analysis: the number of participants included in or excluded from the main analysis, by
study condition
Description of protocol deviations from study as planned, along with reasons
Dates defining the periods of recruitment and follow-up
Baseline demographic and clinical characteristics of participants in each study condition
Baseline characteristics for each study condition relevant to specific disease prevention research
Baseline comparisons of those lost to follow-up and those retained, overall and by study condition
Comparison between study population at baseline and target population of interest

Reported?
Pg #
✓
69-70
✓
✓

73

✓

73

✓

75

✓

75

-

75

✓

75

✓

75

✓
✓
✓

77-78
74-77

89-91
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Paper
Section/Topic
Baseline
Equivalence
Numbers
Analyzed

Outcomes and
Estimation

Ancillary
Analyses
Adverse Events
Discussion
Interpretation

Item
No
15
16

17

18
19
20

Generalizability

21

Overall Evidence

22

Descriptor
Data on study group equivalence at baseline and statistical methods used to control for baseline
differences
Number of participants (denominator) included in each analysis for each study condition, particularly
when the denominator change for different outcomes; statement of the results in absolute numbers
when feasible
Indication of whether the analysis strategy was “intention to treat” or, if not, description of how noncompliers were treated in the analyses
For each primary and secondary outcome, a summary of results for each estimation study
condition, and the estimated effect size and a confidence interval to indicate the precision
Inclusion of null and negative findings
Inclusion of results from testing pre-specified causal pathways through which the intervention was
intended to operate, if any
Summary of other analyses performed, including subgroup or restricted analyses, indicating which
are pre-specified or exploratory
Summary of all important adverse events or unintended effects in each study condition (including
summary measures, effect size estimates, and confidence intervals)
Interpretation of the results, taking into account study hypotheses, sources of potential bias,
imprecision of measures, multiplicative analyses, and other limitations or weaknesses of the study
Discussion of results taking into account the mechanism by which the intervention was intended to
work (causal pathways) or alternative mechanisms or explanations
Discussion of the success of and barriers to implementing the intervention, fidelity of implementation
Discussion of research, programmatic, or policy implications
Generalizability (external validity) of the trial findings, taking into account the study population, the
characteristics of the intervention, length of follow-up, incentives, compliance rates, specific
sites/settings involved in the study, and other contextual issues
General interpretation of the results in the context of current evidence and current theory

Reported?
Pg #
✓
✓

8-185

✓
-

85

✓

81

✓

86-91

✓

86-91

✓
✓
✓

86-91
86-91
92

✓

86

From: Des Jarlais, D. C., Lyles, C., Crepaz, N., & the Trend Group (2004). Improving the reporting quality of nonrandomized
evaluations of behavioral and public health interventions: The TREND statement. American Journal of Public Health, 94, 361-366.
For more information, visit: http://www.cdc.gov/trendstatement/
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Appendix 6. TIDieR Checklist

The TIDieR (Template for Intervention Description and Replication) Checklist*:
Information to include when describing an intervention and the location of the information
Item
No.

Item

Where located**
Primary Paper

Other † (details)

(page or appendix
number)

1.
2.
3.

4.
5.
6.

7.

BRIEF NAME
Provide the name or a phrase that describes the intervention.
WHY
Describe any rationale, theory, or goal of the elements essential to the intervention.
WHAT
Materials: Describe any physical or informational materials used in the intervention,
including those provided to participants or used in intervention delivery or in training
of intervention providers. Provide information on where the materials can be
accessed (e.g. online appendix, URL).
Procedures: Describe each of the procedures, activities, and/or processes used in
the intervention, including any enabling or support activities.
WHO PROVIDED
For each category of intervention provider (e.g. psychologist, nursing assistant),
describe their expertise, background and any specific training given.
HOW
Describe the modes of delivery (e.g. face-to-face or by some other mechanism, such
as internet or telephone) of the intervention and whether it was provided individually
or in a group.
WHERE
Describe the type(s) of location(s) where the intervention occurred, including any
necessary infrastructure or relevant features.
WHEN and HOW MUCH

58

__________

58-61

__________

71

__________

69-71

__________

71-72

__________

69

__________

69

__________
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Item
No.

Item

Where located**
Primary Paper

Other † (details)

(page or appendix
number)

8.

9.
10.ǂ
11.
12.ǂ

Describe the number of times the intervention was delivered and over what period of
time including the number of sessions, their schedule, and their duration, intensity or
dose.
TAILORING
If the intervention was planned to be personalised, titrated or adapted, then describe
what, why, when, and how.
MODIFICATIONS
If the intervention was modified during the course of the study, describe the changes
(what, why, when, and how).
HOW WELL
Planned: If intervention adherence or fidelity was assessed, describe how and by
whom, and if any strategies were used to maintain or improve fidelity, describe them.
Actual: If intervention adherence or fidelity was assessed, describe the extent to
which the intervention was delivered as planned.

69-70

__________

N/A

__________

N/A

__________

72

__________

N/A

__________

** Authors - use N/A if an item is not applicable for the intervention being described. Reviewers – use ‘?’ if information about the element is
not reported/not sufficiently reported.
† If the information is not provided in the primary paper, give details of where this information is available. This may include locations such as
a published protocol or other published papers (provide citation details) or a website (provide the URL).
ǂ If completing the TIDieR checklist for a protocol, these items are not relevant to the protocol and cannot be described until the study is
complete.
* We strongly recommend using this checklist in conjunction with the TIDieR guide (see BMJ 2014;348:g1687) which contains an explanation
and elaboration for each item.
* The focus of TIDieR is on reporting details of the intervention elements (and where relevant, comparison elements) of a study. Other
elements and methodological features of studies are covered by other reporting statements and checklists and have not been duplicated as
part of the TIDieR checklist. When a randomised trial is being reported, the TIDieR checklist should be used in conjunction with the
CONSORT statement (see www.consort-statement.org) as an extension of Item 5 of the CONSORT 2010 Statement. When a clinical
trial protocol is being reported, the TIDieR checklist should be used in conjunction with the SPIRIT statement as an extension of Item 11
of the SPIRIT 2013 Statement (see www.spirit-statement.org). For alternate study designs, TIDieR can be used in conjunction with the
appropriate checklist for that study design (see www.equator-network.org).
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Appendix 7. Caregiver Manual

TeleRehabilitation with
Aims to Improve Lower
Extremity Recovery PostStroke
CAREGIVER MANUAL FOR ASSESSMENT VISITS

151

TRAIL Study Outcome Measures
Table 1 provides the list of outcome measures that will be administered at the assessment visits for the
TRAIL study, along with an estimated time to complete each of the measures.
Please note, that the baseline assessment visits have been split into two different sessions that will take
place on two different days.

•
•
•

The assessment visits consist of both questionnaires and performance-based measures.
For the questionnaires, the assessor will simply ask questions and the participant will respond.
Caregiver assistance and support during the questionnaires will be very minimal.
For the performance-based measure, caregiver assistance and support may be required. The
assessor will provide instructions and direction as needed.

All performance-based measures are described in the rest of this manual. Please review the descriptions
of each measure, with close attention to the ‘caregiver support’ instructions. The caregiver’s assistance
during each of these measures will help to ensure the safety of the participant, as well as allow the
assessor to obtain reliable measurements from each task. The assessor may ask also for your assistance in
other ways, such as adjusting the camera angle to allow full view of movements.

Preparing for the Assessment Visits
Table 2 provides the list of outcome measures, along with equipment and space that will be
needed to complete each of the measures.
To prepare for the assessment visits you will need a 6 x 8-foot space, in a quiet, well-lit room with hard
flooring (such as tile, wood floor) or low pile carpet. Please remove any hazards such as rugs, furniture,
pets, etc. Please have a standard height, (such as kitchen or dining chair) sturdy chair with back support
and preferably without arms. Please do not use an office chair with wheels or a folding chair
Have a stable surface for your laptop or tablet, and have your device charged >80%. If necessary, please
have any walking aids, glasses and/or hearing aids. Please wear comfy clothing, preferably with non-slip,
sturdy shoes (that you will wear during TRAIL sessions).
Lastly, we will collect information about your medical history, including date of stroke, stroke information
and medications/vitamins. Please have as much information with you at the beginning of the assessment
visit so that you can easily refer to it when asked.
We are requesting that you review Table 2 well in advance of your first baseline assessment visit so that
you may have everything prepared and ready prior to the start of the sessions.

Table 2: List of Items and Space Required
General Preparation
Videoconference

Space

Participants
• Laptop or tablet with videoconference software (e.g. Zoom)
installed
• See instructions for Zoom Installation (separate document)
• Quiet, well-lit room with hard flooring (such as tile, wood floor)
or low pile carpet
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•

Other

Measure
Demographics

30s Sit-to-Stand (performancebased task)
Timed Up and Go
(performance-based task)

Functional Reach
(performance-based task)
Modified Fugl-Meyer
(performance-based task)

Dimensions required:
o Approximately 5 feet x 9 feet (1.5 x 2.8 meters) space,
which will allow you to position a chair far enough away
from your laptop/device for the therapist to view your
whole body
o Room or hallway with 14 feet (4 meters) of length. This
is needed for a walking test. If possible, this will be the
same room as above, which will minimize the need to
move your laptop/device
• Remove hazards, such as rugs, furniture, pets
• Laptop or tablet, charged >XX%
• Stable surface for laptop or tablet
• Sturdy chair with back support, standard height (such as kitchen
or dining chair). Arm rests are OK.
• Please do not use an office chair with wheels, or folding chair
• Walking aid, as needed
• Please wear any splints or braces that you would normally use,
but be prepared to remove these if asked by therapist
• Glasses and/or hearing aids, if needed
• Comfortable clothing
• Non-slip, sturdy shoes (that you will wear during TRAIL sessions)
• Telephone on hand in case assessor needs to reach you (for
example, if you are experiencing difficulties with
videoconferencing), or for emergencies
• Local emergency number
Equipment List (Participants)
If available, medical information about stroke such as date of stroke,
location and type. You may have this information in doctor or specialist
reports you might have.
List of medications, vitamins, or other supplements
Chair with back support, stopwatch
Chair with back support
3-meter marked distance on floor
Stopwatch
Usual gait aid (if applicable)
Usual splints or braces
Wall surface
Tape or pen/paper (2 letter-sized (8.5 x 11”) paper taped at shoulder
height) to mark starting point and distance reached
Sturdy chair with back support
Bath towel. Preferably not plush or thick. Beach towels may work well.

30s Sit-to-Stand
PURPOSE
INSTRUCTIONS

The 30s Sit-to-Stand test is commonly used to test leg strength and endurance.
Sit in the middle of the chair. Place your hands on the opposite shoulder crossed at
the wrists. Keep your feet flat on the floor. Keep your back straight and keep your
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EQUIPMENT
CAREGIVER
SUPPORT

arms against your chest. On “Go,” rise to a full standing position, then sit back down
again. Repeat this for 30s.
Sturdy Chair with back support (participant), stopwatch
Support the chair to make sure that it is stable during the exercises.
Be prepared to help stabilize the participant during the sit-to-stand if need be.
For this test, it is best to keep your hands free and ready to support the participant
in case of loss of balance. The stopwatch can be placed around your neck or on a
table nearby.

Number of completed repetitions: _________________________________________________
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Appendix 8. Participant Manual (Sample)

TeleRehabilitation with
Aims to Improve Lower
Extremity Recovery PostStroke
PARTICIPANT MANUAL
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Table of Contents

Study Purpose ................................................................................................................. Error! Bookmark not defined.
Schedule Overview ........................................................................................................ Error! Bookmark not defined.
Telerehabilitation Intervention ................................................................................. Error! Bookmark not defined.
Week 0: PREP & INTRODUCTION.............................................................................. Error! Bookmark not defined.
Week 1: BUILDING A BASE .................................................................................................................................... 156
Week 2: INCREASING REPETITIONS ......................................................................... Error! Bookmark not defined.
Week 3: BUILDING TOLERANCE ................................................................................ Error! Bookmark not defined.
Week 4: MAXIMIZING REPETITIONS ........................................................................ Error! Bookmark not defined.
Appendix ........................................................................................................................... Error! Bookmark not defined.
Frequently Asked Questions (FAQs) ..................................................Error! Bookmark not defined.

156

Week 1: BUILDING A BASE
8 EXERCISES / 10-15 REPETITIONS / 2-3 SETS / 30-60s REST BETWEEN SETS
This week is focused on building a solid foundation and getting things started for the rest of the program.
The exercises include basic movements that will be built upon to gradually increase the intensity of the
exercises later on in the program.

Warm-Up
COMPLETED REPS

REPS

10 reps
10 reps
10 reps
10 reps each side
10 reps each direction
10 reps each leg

EXERCISES (standing if able)

Shoulder Rolls
Shoulder Raises (Front + Breathing)
Shoulder Raises (Side + Breathing)
Head and Trunk Rotation
Ankle Rotation
Slow Marching

Weekly Exercise

If able, jot down the number of repetitions you do for each exercise! You can also feel free to keep track
of it in your mind and then verbally tell your therapist. The therapist will also be keeping track of your
repetitions as you complete the exercises J
SET 1

SET 2

SET 3

EXERCISES

Heel-Toe Raises
Slow Lateral Weight Shift
Slow Front-Back Weight Shift
Marching on the Spot
Side Step + Lunge
Forward Step + Lunge
Squats or Sit-to-Stands
Marching with High Knees

R
E
P
S

Cool Down
COMPLETED REPS

REPS

10 reps each leg
30s x 2 for each side
30s x 2 for each side
30s x 2 for each side
30s

EXERCISES

Slow Marching
Calf Stretch (Standing)
Hamstring Stretch (Seated)
Head and Trunk Rotation (Seated)
Deep Breathing (Seated)
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Appendix 9. Exercise Manual - Participant Version (Sample)

Date & Time of Self-Managed Exercise Session:

TeleRehabilitation with
Aims to Improve Lower
Extremity Recovery PostStroke
EXERCISE MANUAL – Participant Version
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General Overview
WEEK 1
Building a Base

Heel-toe raises
Side step + lunge

WEEK 3
Building Exercise
Tolerance
Heel-toe raises
Side step + lunge

Heel-toe raises
Side step + lunge

Forward step + lunge

Forward step + lunge

Forward step + lunge

Marching with high
knees

Marching with high
knees

Marching on the spot
Travelling side step
Tandem stand + head
turns
Tandem + arm
raises/head
turns/walk
Squats or sit to stand

Squats or sit to stand
Marching on the spot
Travelling side step

Squats or sit to
stands

Marching on the spot
Travelling side step
Tandem stand + head
turns
Squats or sit to
stands

Reaching down to
ground + reaching up
Marching on the spot

Reaching down to
ground + reaching up
Marching on the spot

Heel-toe raises
Slow lateral weight
shift
Slow front back
weight shift
Marching on the spot
Side step + lunge
Forward step + lunge

WEEK 2
Increasing Reps

WEEK 4
Maximizing Reps

Tandem standing +
raise arms
Squats or sit to stand

If any of the activities cause pain,
• Stop and rest
• Do less repetitions next time
• Talk to your telerehabilitation therapist
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Warm Up Exercises
This set of exercise serves to gradually increase your breathing and circulation, which will help
prevent muscle strain and injury for the exercises later on in the session.

1. Shoulder Rolls

INSTRUCTIONS

1.
2.
3.
4.

Stand tall with arms at your side
Breathe in while rolling your shoulders forward and up to your ears
Breathe out while slowly rolling your shoulders back and down to resting position
Repeat 10 times

PARTICIPANT TIPS

•
•
•

Stand tall & start with good posture
Move both shoulders equally if possible
Move within comfortable, pain-free range
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Appendix 10. Therapist Manual (Sample)

TeleRehabilitation with
Aims to Improve Lower
Extremity Recovery PostStroke
THERAPIST MANUAL
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Week 1: BUILDING A BASE
Welcome to the Program (Suggested Script):
Hello [participant names]! My name is [your name], and I will be your telerehabilitation therapist
for the TRAIL project.
As we previously discussed during the virtual intake session and the home assessment [date of
previous session], we will be meeting twice a week over video call over the next four weeks. Each
telerehabilitation session will last between 60 to 90 minutes. At the end of the second
telerehabilitation session each week, we will be creating an exercise plan together that you could
do yourself, in between our group sessions every week. How does this sound? Do you have any
further questions?
As part of this program, you should have received an iPad tablet, and a TRAIL participant manual
consisting of two sections: (1) study overview and instructions, and (2) telerehabilitation
exercises. Do you have the iPad and the manual?
Let’s get to know one another before starting:
• Have participants introduce themselves – ask about their stroke and how it has
influenced their lives
Again, before we get started with the exercises of the week, I want to remind you both that if
any of the activities cause pain or discomfort, stop and rest, do less repetitions, and talk to me
throughout the session. On the other hand, if you are finding some of the exercises very easy
and you want a bit of a challenge, also let me know! I have modifications and progressions for
the exercises so we can adapt it to your own individual needs! Now, I want to complete my
standard questions and ensure that you are both feeling well to exercise:
• How are you feeling?
• Do you have any illnesses or injuries (since the last time I saw you)?
• Do you have any changes in medication?
• Did you fall or have any close calls?
• Is there anything you want me to know before we start?
Great! As a reminder, you can always refer to the exercise manual for visuals of the exercises
and let’s follow along. Are there any questions?
Perfect! Let’s get started with the warm-up.
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8 EXERCISES / 10-15 REPETITIONS / 2-3 SETS / 30-60s REST BETWEEN SETS

This week is focused on building a solid foundation and getting things started for the rest of the
program. The exercises include basic movements that will be built upon to gradually increase the
intensity of the exercises later in the program.

Note to Therapist:
Since this is Week 1 Day 1, you may wish to start initially at the lower end of the range of
reps/sets for each exercise (i.e. 10 reps x 2 sets) until you have a better sense of your
participants’ level of function, and then progress from there.

Therapist Pre-Participation Checklist
Go over this checklist prior to each session as a reminder for you to be prepared for the sessions
✔
Therapist
Quiet & private space to facilitate sessions
OK lighting for video-conferencing
Space set up to allow full view during exercise demonstrations
Microphone and camera working on laptop
Copy of PT Manual, Exercise Manual for reference
Copy of PT Manual – Participation Log to record information for each session in
Program Log, weekly pre-post participation checklists, exercise logs
Stopwatch (week 4)
Phone readily available for emergencies
Close all open windows or applications on laptop that contain confidential or
sensitive information
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Appendix 11. Exercise Manual - Therapist Version

TeleRehabilitation with
Aims to Improve Lower
Extremity Recovery PostStroke
EXERCISE MANUAL – Therapist Version
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Warm Up Exercises
This set of exercise serves to gradually increase your breathing and circulation, which will help
prevent muscle strain and injury for the exercises later on in the session.

Shoulder Rolls

INSTRUCTIONS

5. Stand tall with arms at your side
6. Breathe in while rolling your shoulders
forward and up to your ears
7. Breathe out while slowly rolling your
shoulders back and down to resting
position
8. Repeat 10 times
PARTICIPANT TIPS

•
•
•

PROGRESSION & MODIFICATIONS

Modification
• May be performed in sitting

THERAPIST TIPS

Stand tall & start with good posture
Move both shoulders equally if
possible
Move within comfortable, pain-free
range
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Appendix 12. Participant Log (Sample)

TeleRehabilitation with
Aims to Improve Lower
Extremity Recovery PostStroke
THERAPIST MANUAL – Participant Log
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Schedule of Telerehabilitation Sessions
Please use this table to provide details of each TRAIL session as this information will be used to better
understand the feasibility of the program. Please use a new table for each group.
PT Name: ______________________________________________________________________
Participant #1: __________________________________________________________________
Participant #2: __________________________________________________________________

Date

Time
Start

Time
End

Attendance

Complete All
Exercises

Technical
Issues
(Reason)

Adverse
Events

Other
comments

Week 0
Intake –
PT 1

Week 0
Intake –
PT 2

Week 1
Day 1

Week 1
Day 2
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Participant #1

Name: ________________________________________________________________________
Date of Birth: ___________________________________________________________________
Contact Information: ____________________________________________________________
Address: ______________________________________________________________________
Past Medical History: ____________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
Medications: ___________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
General Comments: _____________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
Local emergency services number (e.g. 911): _________________________________________
Emergency Contact Name: ________________________________________________________
Relationship to participant: _______________________________________________________
Emergency Contact’s Contact Information: ___________________________________________
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WEEK 1 Participant #1 _______________________________________________
Exercise

Planned Sets x Reps

Sets
2

1

3

WARM UP

Shoulder Rolls
Shoulder Raises (Front +
Breathing)
Shoulder Raises (Side +
Breathing)
Head and Trunk Rotation
Ankle Rotation (per side)
Slow Marching
Heel-Toe Raises
Slow Lateral Weight Shift
Slow Front-Back Weight Shift
Marching on the Spot
Side Step + Lunge
Forward Step + Lunge
Squats or Sit-to-Stands
Marching with High Knees
Slow Marching
Calf Stretch (Standing)
Seated Hamstring Stretch
Head and Trunk Rotation
(Seated)
Deep Breathing (Seated)

x 10
x 10
x 10
x 10 each side
x 10 each direction
x 10 each leg
WEEKLY EXERCISES
x 10
x 10
x 10
x 10
x 10
x 10
x 10
x 10
COOL DOWN
x 10 each leg
x 30s twice per side
x 30s twice per side
x 30s twice per side

x 30s
EXERCISE/ACTION PLAN SPECIFICS
WHICH days will you be doing
the exercises?
WHEN during the day?
WHO will be doing the
exercises with you?
HOW confident are you that
0
1
2
3
4
5
you can follow this exercise
Lowest
plan?

•
•

•
•

•

•

•
•
•

•
•
•

•
•
•
•

•
•
•
•

•

•

6

7

8

9
10
Highest
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Action Plan (Week 1) Debrief
•
•
•
•
•

How did the self-managed exercise plan go?
How successful were you in following the action plan?
Were you able to follow the plan or not?
How do you feel the exercise plan could be revised for next week?
Any surprises? Any barriers or challenges?

Participant #1:

Participant #2:
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Appendix 13. Satisfaction Survey
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Appendix 14. TRAIL Tests of Normality
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