
Contemporary Clinical Trials 47 (2016) 49–53

Contents lists available at ScienceDirect

Contemporary Clinical Trials

j ourna l homepage: www.e lsev ie r .com/ locate /conc l int r ia l
Maximizing post-stroke upper limb rehabilitation using a novel
telerehabilitation interactive virtual reality system in the patient's home:
study protocol of a randomized clinical trial
Dahlia Kairy a,⁎, Mirella Veras a, Philippe Archambault b, Alejandro Hernandez c, Johanne Higgins a,
Mindy F. Levin b, Lise Poissant a, Amir Raz d, Franceen Kaizer e

a École de réadaptation, Faculté de Médecine, Université de Montréal; CRIR CIUSSS du Centre-Sud-de-l'île-de-Montréal-Institut de réadaptation Gingras-Lindsay de Montréal site, Canada
b School of Physical and Occupational Therapy, McGill University; CRIR CISSS de Laval Jewish Rehabilitation Hospital Site, Canada
c CRIR CIUSSS du Centre-Sud-de-l'île-de-Montréal-Institut de réadaptation Gingras-Lindsay de Montréal site, Canada
d McGill University, Canada
e CISSS de Laval, Jewish Rehabilitation Hospital Site, Canada
⁎ Corresponding author at: École de réadaptation, Facu
Montréal, CRIR site Institut de réadaptation Gingras-Lind
Darlington, Montréal, Quebec H3S 2J4, Canada.

http://dx.doi.org/10.1016/j.cct.2015.12.006
1551-7144/© 2015 Elsevier Inc. All rights reserved.
a b s t r a c t
a r t i c l e i n f o
Article history:
Received 8 September 2015
Received in revised form 25 November 2015
Accepted 3 December 2015
Available online 4 December 2015
Background: Telerehabilitation (TR), or the provision of rehabilitation services from a distance using telecommu-
nication tools such as the Internet, can contribute to ensure that patients receive the best care at the right time.
This study aims to assess the effect of an interactive virtual reality (VR) system that allows ongoing rehabilitation
of the upper extremity (UE) following a stroke, while the person is in their own home, with offline monitoring
and feedback from a therapist at a distance.
Methods/design: A single-blind (evaluator is blind to group assignment) two-arm randomized controlled trial is
proposed, with participants who have had a stroke and are no longer receiving rehabilitation services randomly
allocated to: (1) 4-weekwritten home exercise program, i.e. usual care discharge home programor (2) a 4-week
home-based TR exercise program using VR in addition to usual care i.e. treatment group. Motor recovery of the
UE will be assessed using the Fugl-Meyer Assessment-UE and the Box and Block tests. To determine the efficacy
of the system in terms of functional recovery, the Motor Activity Log, a self-reported measure of UE use will be
used. Impact on quality of life will be determined using the Stroke Impact Scale-16. Lastly, a preliminary cost-
effectiveness analysis will be conducted using costs and outcomes for all groups.
Discussion: Findings will contribute to evidence regarding the use of TR and VR to provide stroke rehabilitation
services from a distance. This approach can enhance continuity of care once patients are discharged from
rehabilitation, in order to maximize their recovery beyond the current available services.

© 2015 Elsevier Inc. All rights reserved.
Keywords:
Telerehabilitation
Stroke
Virtual reality
Protocol
Clinical
Trial
Neurorehabilitaiton
1. Background

Stroke is a leading cause of death and long-term disability world-
wide [1,2] and its incidence is on the rise [2]. Importantly, loss of arm
function occurs in up to 85% of stroke survivors [3], with a significant
long-term impact on activities of daily living, leisure activities and
work. Recent evidence suggests that home-based telerehabilitation
(TR) is a viable approach for upper extremity (UE) training post-
stroke when rehabilitation services are not available [4]. The Canadian
Stroke Best Practice Recommendations, which were updated in 2013,
endorse home-based patient monitoring be used when frequent
monitoring is needed and face-to-face visits are not available [5].
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Promising innovative rehabilitation treatment strategies using TR as
well as virtual reality (VR) are emerging with the advent and increased
affordability of telecommunication and interactive technologies. VR, an
“interface that allows the user to ‘interact’with and become ‘immersed’
in a computer-generated environment in a naturalistic fashion” [6] is
increasingly being used in rehabilitation to allow patients to engage
in stimulating, repetitive activities [7]. Several reviews and meta-
analyses examining the use of movement-based VR for post-stroke re-
habilitation, focusing on or including UE rehabilitation, show promising
indications for the use of VR, when combined with traditional rehabili-
tation, to improve recovery post-stroke [8–14] Furthermore, by provid-
ing engaging and meaningful activities, VR may motivate patients to
continue rehabilitation tomaximize functional recovery [10,12]. Several
studies have used VR-based applications delivered through TR, using
real-time videoconsulting [15–18]. For example, using a VR-based TR
system, therapists can monitor the patient's performance using live
videoconferencing in order to adjust the patient's activities. Piron et al.
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reported greater improvement in motor performance of the UE after a
4-week training program as compared to usual care [15]. However,
real-time communication between the therapist and the patient was
required. TR systems can also work offline or asynchronously, with
the clinician reviewing the patient's progress reports and making
changes to the treatment, in between unsupervised sessions. Integrat-
ing off-line monitoring into VR-based TR systems could allow stroke
survivors to continue to train and progress their training at homewith-
out real-time therapist supervision, thereby providing the opportunity
for greater intensity and duration of home-based rehabilitation with
minimal additional resources, in order to achieve optimal functional
recovery.

Hence, we propose to examine the use of a TR system that allows UE
rehabilitation with ongoing off-line monitoring, to be used after usual
post-stroke rehabilitation is completed and services are no longer of-
fered. More specifically, the primary objective of the proposed study is
to assess the efficacy, in terms of motor recovery, of a novel, patient-
centered home-based tailored TR program using an affordable virtual
reality (VR) gaming system for UE rehabilitation post-stroke compared
to usual care.1 Secondary objectives are to assess the impact of the TR
VR-based system in terms of function, quality of life, compliance, safety
and cost. Such a system, combined with remote off-line monitoring
requiring minimal additional resources could allow patients to take
charge and pursue their rehabilitation beyond current services, maxi-
mizing their potential for recovery.

2. Methods

2.1. Study design

A single-blind (evaluator is blind to group assignment) two-arm
randomized controlled trial (RCT) is proposed for this study [17] with
participants who have had a stroke and are no longer receiving rehabil-
itation services randomly allocated to: (1) a 4-week training program
with a home-based TR system (see intervention below), i.e. treatment
group or (2) a 4-week written home exercise program, i.e. usual care
group.

2.2. Participants and participant recruitment

The population of interest is people who have had a stroke and are
no longer receiving rehabilitation services but remain with UE motor
deficits. Fifty-two people who have sustained a stroke will be recruited
and randomly allocated to either the treatment (n = 26) or the usual
care group (n = 26). Inclusion criteria are: (1) having had an ischemic
or hemorrhagic stroke; (2) having residualmild tomoderate UE impair-
ment (score 2–6 on the Chedoke–McMaster arm component [18], as
long as games can be played); (3) aminimumscore of 20 in theMontre-
al Cognitive Assessment (MoCA); (4) no longer receiving any in- or out-
patient rehabilitation services. Exclusion criteria are the factors that
may limit participant use of the gaming system or understanding of in-
structions, as determined by the participant's treating therapist or doc-
tor, a caregiver, the participant themselves or the study coordinator
during the recruitment information sessions during which participants
can try out the video-game based system. These include: (1) beingmed-
ically unstable; (2) having severe communication deficits; (3) having
visual impairments; (4) having severe balance deficits limiting sitting
safely independently; (5) having shoulder pain; (6) having previous
UE impairment limiting potential recovery.

Participants will be recruited from rehabilitation centers (previously
discharged) and community centers across the Montreal area. Once
1 Note: TR is the method for rehabilitation service delivery. VR is the intervention tool
used. In the proposed study, a VR system is used in a TR context, with the patient perfor-
mance data stored and examined by a therapist at a later time, allowing remote
monitoring.
eligibility is assessed and participants have signed the informed consent
form, they will undergo the first evaluation and will be randomly
assigned either to the intervention or usual care group. Random alloca-
tion will be established by computer-generated random numbers in
blocks of six (three usual care participants and three intervention par-
ticipants), with the resulting list kept securely by a person who is not
member of the research team and then put into opaque envelopes
that are numbered sequentially. A sample size of 26 participants per
group has been determined using G*Power 3.1.3. This was calculated
for repeated measures ANOVAs (with one between and one within-
subject factor), assuming a small to medium effect size of 0.2 [19]
which was reported in a two-arm RCT with chronic stroke participants
[20] using the FMA-UE, our primary outcome measure, and accounting
for 20% attrition (α = 0.05, power = 0.80).

2.3. Description of the telerehabilitation virtual reality system

For the treatment group, we propose to use the Jintronix system,
which provides a TR platform for UE rehabilitation using VR. This inter-
active videogame has been in development by Jintronix Inc. (Montreal,
Canada) since 2010. The Jintronix Systemuses theMicrosoft Kinect II for
Windows technology (Microsoft, RedmondUSA) to allow repeated uni-
lateral and bilateral UE training, at customizable difficulty levels. Using
Kinect, the Jintronix system can track, in real time, the person's head,
arm, trunk and lower body movements when sitting or standing
without any sensors. It offers a choice of five UE activities performed
against gravity: (1) tracing a horizontally or vertically oriented path;
(2) reaching for a target; (3) moving the hands together to catch,
carry and drop objects; (4) clapping both hands to catch an object be-
tween the two hands; (5) selecting and moving kitchen objects. The
games do not require or take into account fingermovements. Hence vir-
tual objects are grasped and released when the hand approaches them
or moves away from them, and participants are not required to open
or close their hands. Objects of Performance on each activity is recorded
allowing therapists to review the patient's performance at a later time
and to adjust the training program using a clinician portal website
(see Fig. 1). All activities are done while sitting.

At the patient's home, the Jintronix system is set up using a regular
desktop computer withWindows 8 and a Kinect II motion capture sen-
sor which functions on high-speed Internet. For this study, an internet
connection was provided via mobile internet cards using wireless tech-
nology, The company has collaborated closely with rehabilitation re-
searchers, clinicians and patients to develop this system. Previous pilot
studies by members of the team have shown that the Kinect II camera
can reliably track armmovements and have provided data on clinicians'
and users' perception of its relevance and potential usefulness for reha-
bilitation [21]. Previous studies by our team have shown high patient
and clinician acceptance [21] as well as preliminary evidence of efficacy
and safety when used in a controlled rehabilitation environment [22].

2.4. Description of the VR-TR interventions

Participants assigned to the treatment group will meet with the
study therapist after their initial evaluation. The therapist will demon-
strate the Jintronix system and give them 30 min to try it out, at
which time a home-exercise program of about 30 min will be designed
for the participant. The therapist will determine the difficulty (speed,
target size, precision, predictability) and choice of games based on the
participant's abilities, interests, motivation and fatigue. Once pro-
grammed, a date to set up a home system will be determined and par-
ticipants will then be asked to use the system at least 6 times per
week for at least 30 min a day, for 4 weeks. Participants will go through
the exercise program that has been preprogrammed by their therapist,
although they can choose to spend more (i.e. repeat the program) or
less (i.e. stop playing) time using the games. Participant performance
will be logged by the gaming system and monitored off-line by the



Fig. 1. Screen shot of clinician portal to monitor and adjust patient's exercise program.
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therapist. The therapist will tailor the exercise program weekly to en-
sure the exercisesmatch the person's abilitieswhile remainingmotivat-
ing and challenging. Throughout the study, participants will be able to
contact the study coordinator if they have questions or issues. If the
therapist and study coordinator see that the participant is not using
the system, the study coordinator will contact them to ensure that
there are no technical issues. However, there are no scheduled one-
on-one follow-ups with the therapist as this would increase the re-
quired resources, and hence likely limiting the generalizability of the in-
tervention. We estimate that at most 15 min per participant per week
will be required for the therapist to review and adjust the participant's
program.

2.5. Control group intervention

In determining the usual care intervention, we took into account
that services received after rehabilitation vary greatly, but, at most, pa-
tients who have completed their rehabilitation in the Montreal area
receive at discharge a home exercise program, such as the GRASP, a
standardized validated post-stroke upper extremity exercise program
[23], as per current stroke guidelines. Therefore participants in the con-
trol groupwill be asked to continue any previously recommended exer-
cise program or if none was provided, they will be provided with the
GRASP and asked to perform it 6 days a week for 30 min. Similarly,
most participants in the intervention group will have also been pre-
scribed a home exercise program at discharge from rehabilitation. For
those who were not prescribed a program, the GRAPS will be provided
so as to ensure all participants receive similar usual care recommenda-
tions, hence reducing the heterogeneity among participants.

2.6. Data collection and study outcomes

Study participant characteristics will be documented at baseline for
both groups (age, gender, handedness, stroke characteristics, level of
disability, services received, comorbidities using the Cumulative Illness
Rating Scale [24,25]). Outcome measures will be documented at the
start (T0), end (T1) and one month after the 4-week intervention
(T2), and all evaluation sessions will take place at the research center.
Study evaluators will be trained for all assessments and blinded as to
group assignment. Evaluators will not be involved in any other aspect
of the study and are told not to discuss group assignment with partici-
pants. Participants are also told not to discuss it with their evaluators.
Given the nature of the intervention, therapists and participants cannot
be masked.

The primary outcome for this study is the Fugl-Meyer Assessment-
UE [26] (FMA-UE), a measure of UE motor impairment. The FMA-UE, a
performance-based measure of UE impairment used in research to
describe motor recovery, has been shown to have excellent reliability
including internal consistency, inter-rater reliability, intra-rater reliabil-
ity and test-retest reliability post-stroke [27]. A secondary outcome
measure of UE impairment is the Box and Blocks test [28]. The Box
and Blocks test is a measure of gross motor dexterity that has been
shown to have high test-retest reliability [29], construct validity [30]
and concurrent validity with the Functional Independence Measure
[31].It is also essential to document the impact of the training on UE
use in daily activities [32]. To determine the efficacy of the training in
terms of functional recovery, the Motor Activity Log [32–35], a self-
reported measure of UE use will be used. This rates the quality and
frequency of use of the UE in 28 everyday tasks, and is administered
by interview. It has been shown to have high internal consistency
[34], construct validity, and good test-retest reliability [26]. Impact on
quality of life will be determined using the Stroke Impact Scale-16
[36], a stroke-specific, self-reported, health status measure containing
16 items capturingdaily activities. It has been shown to have good inter-
nal consistency as well as convergent and discriminant validity [37].
Both the treatment and usual care groups will use a log to document
self-reported time spent exercising (i.e. compliance), motivation, ap-
preciation, other services received and adverse events such as discom-
fort and oedema of the UE. The actual amount of time spent playing
the VR games will be recorded directly from the Jintronix system.

2.7. Economic Evaluation

A preliminary economic evaluation (cost effectiveness) will be
conducted using costs and outcomes for all groups according to inten-
tion to treat principle. This type of analysis can be used to compare
programs which have a common effect [34]. Costs for each approach
will be recorded from the perspective of the organization compared to
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change in FMA-UE, the primary outcome, using an incremental cost-
effectiveness ratio (ICER), which documents the cost per unit of
outcome for each group. The following costs will be included: clini-
cian services costs (intervention group only: physiotherapist time
planning the session, intervention time and time spent to trouble
shoot (calls, etc.), technician services (intervention group only: distance
and time traveled for installation and for trouble shooting, time spent
for technical problem resolution), equipment cost (both groups) and in-
ternet costs (intervention group only). ICER will be calculated by using
the mean for both cost and effectiveness measures and sensitivity anal-
ysis will be performed on the most important assumptions in order to
assess the uncertainty of the results [38].

2.8. Statistical analyses

All statistical analyses will be performed using SAS 9.3 (SAS Institute
Inc., Cary, NC, USA) statistical software. Descriptive statistics will be
used to highlight main demographic characteristics of participants in
both groups (averages and standard deviations for continuous variables,
frequencies and percentages for categorical variables). To address, the
study's primary and secondary objectives two-way repeated measure
ANOVAmixed-model approachwill be used, for all outcomesmeasures,
with one between subject factor (group), one within subject factor
(time), aswell as covariates to account for variables such as age, severity
of stroke or other variables that may impact outcome or may differ be-
tween groups at baseline. Residual plots will be inspected to verify lin-
earity, normality and homoscedasticity assumptions for all models as
well as to identify potential influential outliers. Pre-planned specific
pairwise comparisons between groups for each time will be conducted
when appropriate. For all inferential analyses the probability of type 1
error is a-priori fixed at alpha = 0.05 and will include reporting the
95% Confidence Interval for each estimate.

3. Discussion

Findings will contribute to evidence regarding the use of TR and VR
to provide rehabilitation services from a distance, using a service deliv-
ery model not requiring one-on-one direct supervision in the chronic
stages post-stroke. In addition, this TR-VR intervention uses readily
available equipment and internet access, increasing the likelihood that
this type of model of service delivery can in fact be implemented.
Such an approach can enhance continuity of care once patients are
discharged from rehabilitation, ensuring they continue to improve
their recovery beyond what is currently available. It is also a relevant
service delivery option for more rural and remote areas where access
to out-patient services is often more limited [5]. This collaborative ini-
tiative includes researchers in neurorehabilitation (JH, MFL), rehabilita-
tion technologies (DK, PA, MFL), cognitive sciences (AR), information
systems and knowledge translation (DK, LP, PA) and a decision maker
in rehabilitation (FK). The active participation in the research team of
researchers from two main rehabilitation centers in the Montreal and
Laval areas will help facilitate future implementation of this service de-
livery method in the clinical setting [20,39–41].

Furthermore, ongoing development of the Jintronix system with
Jintronix Inc. will allow for additional rehabilitation protocols to be de-
veloped, hence creating opportunities for ongoing rehabilitation in
areas such as balance and lower extremity rehabilitation.While findings
from this study may not be generalized to other patient populations,
home programs using such TR and VR applications, with occasional cli-
nician monitoring, are equally relevant for other patient populations, in
particular for individualswith chronic conditions causing long-termdis-
ability who could benefit from long-term disease management tools
without requiring substantial resources.

This studywill provide evidence for future guideline reviews regard-
ing the effectiveness of such TR interventions to provide UE post-stroke
rehabilitation beyondwhat current services allow for. Furthermore, this
is a relatively affordable VR technology, using commonly available inter-
net connections and computers, hence reducing the financial barriers
related to previous technologies used for TR or VR.
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