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Abstract

Introduction: The primary aim of this work was to summarize and compare the effects of
active rehabilitation assisted by new technologies (virtual reality (VR), robot-assisted therapy
(RAT) and telerehabilitation (TR)) on upper limb motor function and everyday living activity
during the subacute and chronic phases of stroke. The secondary aims were to compare the
effects of these technologies according to the intervention design (in addition to or in
substitution of conventional therapy), the duration of active rehabilitation and the severity of

patients’ motor impairments.

Evidence acquisition: Several databases, namely Pubmed, Scopus, Embase and Cochrane
Library, were searched. Studies were included if they were meta-analyses with a moderate to
high level of confidence (assessed with AMSTAR-2) that compared the effects of a new
technology promoting active rehabilitation to that of a conventional therapy program among
patients with stroke. Network meta-analyses were conducted to compare the effects of the new

technologies.

Evidence synthesis: Eighteen different meta-analyses were selected and fifteen included in the
quantitative analysis. In total these 15 meta-analyses were based on 189 different randomized
controlled trials. VR (SMD>0.25; p<0.05), RAT (SMD>0.29; p<0.29) and TR (SMD>-0.08;
p<0.64) were found to be at least as effective as conventional therapy. During the subacute
phase, RAT’s greatest effect was observed for patients with severe-moderate impairments
whereas VR and TR’s greatest effects were observed for patients with mild impairments.
During the chronic phase, the highest effects were observed for patients with mild impairments,
for all studies technologies. Network meta-analyses showed that VR and RAT were both
significantly superior to TR in improving motor function during the chronic phase but revealed
no significant difference between VR, RAT and TR effectiveness on both motor function

(during the subacute phase) and activity (during both chronic and subacute phase).
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Conclusion: This overview provides low-to-moderate evidence that rehabilitation assisted with
technologies are at least as effective as conventional therapy for patients with stroke. While VR
and RAT seem to be more efficient during the subacute phase, all technologies seem to be as

efficient as one another in the chronic phase.

Keywords: Stroke, New technologies, Robotics, Virtual reality, Tele rehabilitation,

Intervention design, Review
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ACRONYMS

UL = Upper limb

VR = Virtual reality

RAT = Robot-assisted therapy

TR = Telerehabilitation

CT = Conventional therapy

RCT = Randomized controlled trial

UE-FMA = Upper Extremity Fugl-Meyer

ARAT = Action research arm test

SMD = Standardized mean difference

Cl = Confidence Interval
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INTRODUCTION

Each year, 1.1 million people suffer from a stroke in Europe. By 2025, this number is
expected to rise to 1.5 million, leading to an increased demand for neurorehabilitation. Despite
rehabilitation, almost 50% of the patients remain with upper limb (UL) motor impairments
which limits their capacity to perform activities of daily living and diminishes their quality of

life. In this context, rehabilitation therefore needs to be early, intensive, and functional.®#

To answer these needs, the development of new technologies, which provide cost-
effective rehabilitation, has substantially expanded in recent years. In this review, we
considered new technologies as any recent technological device that assists rehabilitation.®
These new rehabilitation means aim to increase treatment intensity and offer patients the
possibility to perform autonomous rehabilitation-exercises.®’ This includes all interactive
systems or serious games displayed in virtual reality (VR), robot-assisted therapy (RAT) and
telerehabilitation (TR).>® Rapid and constant evolution of such technologies has enabled these
rehabilitation tools to become increasingly user-friendly.® The effectiveness of UL
rehabilitation after stroke is expected to continue to improve as their evolution keep
progressing.’® Any other recent passive or invasive technological means such as transcranial
direct current stimulation, deep brain stimulation, transcutaneous nerve stimulation and
functional electrical stimulation were not considered in this work as they rely on

neuromodulation technics and require much input from the therapist.

VR is a promising computer-based technology that allows users to interact with a
simulated multisensory environment.*! It aims to enhance the impact of rehabilitation and to
provide feedbacks on performance. VR may be described as immersive or non-immersive. In
non-immersive VR, subjects are facing, and interacting with a digital environment through a
simple screen, which allows the awareness of reality. Immersive VR uses different systems

such as VR helmets, motion detection devices and VR caves in order to fully project patients
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into a virtual environment.*? Recent meta-analyses have demonstrated a superior effect of VR
when compared to conventional therapy (CT) regarding rehabilitation of UL motor function

and activity. !>

A robot is defined as “a re-programmable, multi-functional manipulator designed to
move material, parts, or specialized devices through variable programmed motions to
accomplish and assist a task”.®® RAT comprises different types of devices with different
technical specifications such as end-effectors or exoskeletons acting proximally or distally,
unilaterally or bilaterally.’® The main purpose of RAT in neurorehabilitation is to increase
treatment intensity and rehabilitate patients with moderate to strong upper-limb dysfunctions
by producing repetitive passive and active-assisted movement through motor relearning
exercises. With the assistance of the machine, the doses increase gradually. Therefore, personal
time of therapists is not permanently required leading to a more autonomous rehabilitation.’
RAT can also provide bimanual task training by reproducing the mirror action of the unaffected
limb.1® While rehabilitation robots and electromechanical devices share common characteristics
in neurorehabilitation, several factors and functional modalities may differ between these
devices. A recent work issued from the Italian Consensus Conference Cicerone proposes to
classify and report the use of these devices under clinical, technical and regulatory
perspectives.'® Numerous systematic reviews have found that RAT can improve activity and

arm function of patients after stroke, irrespective of the type of device used.!6:20-23

Lastly, TR is a technological mean that aims to increase treatment-intensity by
providing rehabilitation in addition to conventional therapy. TR is also a treatment solution for
patients who cannot attend in-hospital therapy sessions. TR has been defined as “the delivery
of rehabilitation services via information and communication technologies”.?* This
rehabilitation method uses telecommunication devices such as smartphones, tablets, and video

cameras to provide home-based rehabilitation.?® The safety and effectiveness of TR have been



New technologies for stroke rehabilitation

demonstrated.?® According to several randomized controlled trials (RCTs), TR seems to offer

similar results as clinical rehabilitation regarding post-stroke motor recovery.?’2°

There have been several systematic reviews regarding the effectiveness of these new
technologies on post-stroke motor function and activity.131429-2330 However, to our knowledge,
little comparison has been drawn between them. In fact, to date, there is no existing study or
network meta-analysis that compares the effectiveness of these technologies according to the
patient’s stage (acute/subacute vs chronic stroke), the intervention design (in addition vs in
substitution of CT), the patient’s severity of motor impairments and the treatment duration. This
overview’s primary aim is to summarize the effect of new technologies (comprising VR, RAT
and TR) on upper-limb motor function and everyday living activity in a high number of patients
with stroke according to data issued from the highest level of evidence. Secondary objectives
were to compare the effectiveness of these technologies to one another according to patient’s
time since stroke onset by conducting a network meta-analysis and to assess the influence of
the rehabilitation design (in addition to vs in substitution of CT), the severity of motor

impairments and the treatment duration.
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MATERIAL AND METHODS

This overview of meta-analyses was performed according to the Preferred Reporting
Items for Systematic Review and Meta-analysis (PRISMA) as presented in Supplementary

Material 1.

Search Strategy

We conducted literature searches through PubMed, Scopus, Embase and Cochrane
Library. Keywords related to stroke and the investigated therapies (namely VR, RAT, TR) were
found using Embase’s explode function. They were then plugged into Pubmed, Scopus, Embase
and Cochrane library to conduct the literary search. Detailed search strategies of all databases

are presented in Supplementary Material 2.

Eligibility criteria

The PICOS criteria was used to define eligibility. Articles were eligible if (P) the
population assessed was composed of adults with a first-ever stroke; (1) the intervention
involved the use of a new technology (including VR, RAT, smartphones, tablets, computers or
any other device specifically developed for TR) and was compared (C) to a conventional
rehabilitation; (O) relevant outcomes were measured to assess the ICF-WHO motor function or
activity components and; (S) the study followed a meta-analysis design, was written in English
or French, was published before February 2022 and had a moderate to high level of confidence
in the results rated on A MeaSurement Tool to Assess systematic Reviews (AMSTAR) tool 2.
Systematic reviews comparing the effect of a new technology to sham or placebo interventions,
old versions of updated articles, conference abstracts and non-available full-text papers were

excluded.
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Study selection

All references issued from the search strategies were exported into the EndNote X9
reference management software. After removal of duplicates, two researchers (SL and GB)
independently selected the articles based on titles and abstracts reading first. Articles were
included according to the eligibility criteria. A full-text screening was then performed following
the same procedure. After the second selection, a meeting was organized between the
researchers. Any conflicting decisions were solved through discussion by involving a third

researcher (GE) in the decision-making process.
Quiality appraisal

The confidence in the results of articles was assessed by the two researchers (SL and
GB) independently by using the AMSTAR-2.3! This tool is made up of 16 items in total, and
each item is rated as being present ("yes" or "partial yes") or being absent ("no™). Its validity
has been demonstrated by strong correlations between AMSTAR-2 and AMSTAR (r =0.91) as
well as between AMSTAR-2 and Risk of Bias in Systematic Reviews tool (ROBIS)%?
(r=0.84).%* The AMSTAR-2 has a moderate inter-rater reliability (median kappa-value =

0.51).%

The AMSTAR network provides an open access program
(https://amstar.ca/Amstar_Checklist.php), which allows to plug in the item-answers and
automatically rates the articles as a high, moderate, low or critically low quality. Two
researchers (SL and GB) independently entered their evaluation on amstar.ca. Any conflicting

results were solved by reaching a consensus with a third and fourth researcher (GE and LD).
Data extraction

For each included meta-analysis, two researchers (SL and GB) undertook independent

data extraction of the following data: number of studies, number of participants, patient's mean
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age, time since stroke, type of intervention, type of control group, time-match intervention with
control group, outcomes, follow-up assessment and main findings. A third researcher (GE)
extracted the number of participants, the duration of the intervention, the relevant effect sizes
and their standard deviations from all randomized controlled trials assessed by the meta-
analysis included in this work. For each RCT, participants’ mean Upper-Extremity Fugl-Meyer
Assessment (UE-FMA) score was also extracted to assess the severity of motor impairments.
Studies were then classified into three categories: severe impairments (UE-FMA: 0 to 14),
severe-moderate impairments (UE-FMA: 15 to 34) and mild to moderate impairments (UE-

FMA > 34) %
Statistical analysis

Statistical analysis was performed using Review Manager software. Given that some of
the meta-analyses included in this review assessed the same randomized controlled trials,
standardized mean differences (SMD) were computed from the effect sizes of the randomized
trials themselves directly, and not by calculating a resultant weighted SMD from the SMD of
the meta-analyses. The SMD represents the ratio between the difference of mean effect between
groups and the pooled standard deviation of the effect among participants. According to Cohen,
an SMD > 0.2 is associated with a small effect size, when 0.2 < SMD < 0.8, the effect size is
medium and if SMD > 0.8, the effects size is considered as large.®® The heterogeneity of the
different included studies was assessed using I2 statistics. Based on the Cochrane Handbook, if
12 < 30%, heterogeneity might not be significant, when 30% < 1? < 50%, moderate heterogeneity
may be present, when 50% < 12 < 75% substantial heterogeneity may be present and if 12> 75%
considerable heterogeneity is present. In case of heterogeneity, a random model effect was used
and when heterogeneity was not present, the fixed-effect model was used. Certainty of evidence

regarding forest-plots results was assessed using the GRADE approach.
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Publication bias and outliers were assessed through funnel plot asymmetry and a
sensitivity analysis was systematically conducted before removing outliers. We conducted
subgroup analyses to assess the influence of the intervention design (in addition to vs in
substitution of CT), the time since stroke onset (subacute vs chronic phase), the treatment
duration (<15 hours, 15-30 hours and > 30 hours) and patients’ motor impairments severity
(severe, severe-moderate and moderate to mild) on the effect of new-technologies. Other
sensitivity analyses were conducted to verify if the potential inclusion of non-time matched

interventions influenced these results.

We also conducted network meta-analyses (according to the Cochrane Handbook) to
undertake an undirect comparison between the effectiveness of the different technologies (RAT,
VR, TR) according to the intervention design (in addition vs in substitution of CT) and the
stroke stage (subacute vs chronic). This method enables to estimate a SMDac and 95%
confidence interval (CI) comparing a treatment A to a treatment C by calculating the difference
between the SMDag comparing treatment A to B and SMDgc comparing treatment B to C.

Resultant 95%CI of SMDac can be estimated using this formula:

95%CI of SMDac = [SMDac - 1.96 \ (varSMDag + var SMDgc); SMDac +

1.96 \ (varSMDag + var SMDgc)]

Network geometry

Network diagrams were plotted to characterize the relations and risk of bias between the
different interventions (RAT, VR, TR and CT). To perform these graphs, the Github R software
“netmeta” package was used (https://github.com/gertvv/gemtc).*® In these diagrams, each node
represents an intervention and each line a direct or indirect comparisons between two

interventions. The thickness of direct comparison was correlated with the number of RCTs
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comparing the two interventions connected by the line. Moreover, the color of the line
corresponds to the global risk of bias (red: high, yellow: moderate, green: low). Indirect

comparisons were also represented through a blue line.
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RESULTS
Selection and quality appraisal

A total of 2808 articles were identified in the searched databases. After duplicates were
removed, 1993 articles were screened by titles and abstracts. A total of 219 articles were
assessed for eligibility by retrieving and reading the full text. Thirty-three reviews were then
selected. The remaining articles were excluded as they presented exclusion criteria. In total,
45% (n = 15) of these selected meta-analyses were considered to be at low or critically low
level of confidence and were therefore removed from the selection. The remaining eighteen
full-text articles were included in the qualitative synthesis (See Supplementary Material
3)13.14.1621-233037-47 ang fifteen of these articles were included in quantitative analysis since 3

articles could not provide reliable data (Figure 1).

These eighteen studies were rated with a moderate (n = 9, 50%) to high quality (n =9,
50%). All reviews used appropriate statistical methods to synthesize results, eleven (61%)
evaluated between-studies heterogeneity and sixteen (89%) assessed the potential impact of risk

of bias in the results (Supplementary Material 3).
Characteristics of the included studies

The eighteen reviews included in the qualitative synthesis were based on 407 individual
clinical trials. However, of these trials, 197 were comprised in two, three or even four reviews
meaning that the included reviews represented 210 different randomized controlled trials. These
210 individual clinical trials assessed a total of 8265 different patients with stroke. Of these
reviews, 99 RCTs (47%) focused on VR and involved 3539 patients, 92 (44%) focused on RAT

and involved 3146 patients and the final 19 (9%) studied TR among a sample of 1580 patients.

For each included meta-analysis, the number of studies included in the review, the

number of participants, the mean age range and the stage of stroke are presented in Table I. The
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total mean age of participants ranged from 41 to 79.5 years old though 2 reviews did not report

this data.1*%’

Characteristics of intervention and control groups as well as the time-match intervention
with the control intervention (when reported by the study) are presented in Table II. The
majority of control groups received CT comprising of conventional physiotherapy,

occupational and recreational therapy.

Table Il also provides a list of outcomes and follow-up included in the studied meta-
analyses. Of these, 16 (89%) analyzed data on body function and 15 (83%) assessed data on
activity limitation. Main outcomes were Fugl-Meyer Upper Extremity for body function, and,
Functional Independence Measure, Barthel Index, Action Research Arm Test (ARAT), Wolf
Motor Function Test for activity. Eight reviews (50%) used follow-up data ranging from post-

treatment to 3 years for statistical analyses.

Network geography

Regarding motor function, the network diagram presented in Figure 2 illustrates that the
majority of RCTs (19; 54%) that assessed patients in the subacute phase compared RAT to CT.
Regarding the post-stroke chronic phase, a majority of trials compared RAT to CT (28; 47%)
and VR to CT (28; 47%). VR was provided in addition to CT in 25 RCTs (58%), RAT in 17
RCTs (40%) and TR in one RCT (2%). Thirteen RCTs provided VR (27%), 30 RAT (63%) and

5 TR (10%) in substitution to CT.

Regarding activity, the network diagram presented in Figure 3 illustrates that the
majority of RCTs assessing patients in the subacute and chronic phases, compared VR to CT
(respectively 62% and 82%). VR was provided in addition to CT in 34 RCTs (74%), RAT in
10 RCTs (22%) and TR in 2 RCTs (4%). Twenty-one RCTs provided VR (62%), 9 RAT (26%)

and 4 TR (12%) in substitution to CT.
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Effect of new technologies on motor function

Outlier RCTs assessing RAT, VR or TR effect were excluded after performing a
sensitivity analysis (Supplementary Material 4). As presented in Figure 4, during the subacute
phase, effect of VR-based rehabilitation (SMD = 0.26 [0.04 to 0.48]; p = 0.03), RAT (SMD =
0.42 [0.14 to 0.70]; p = 0.004) and TR (SMD = 0.63 [0.27 to 0.99]; p <0.001) on post-stroke
arm motor function were significantly superior to CT. The effect of RAT was the greatest for
patients with severe-moderate motor impairments (SMD = 0.54 [0.16 to 0.92]; p = 0.005) and
when provided in a treatment comprising 6 to 15 hours of intervention (SMD = 0.93 [0.06 to
1.8]; p = 0.04) (Figure 5). The greatest effect of VR was observed for patients with moderate
to mild impairments (SMD = 0.32 [0.03 to 0.61]; p = 0.03) and when delivered during in a
treatment of 15 to 30 hours (SMD = 0.5 [0.1 to 0.9]; p = 0.01). The effect of TR was found to
be superior to CT for patients with moderate to mild impairments and when provided for more

than 30 hours (SMD = 0.51 [0.14 to 0.88]; p = 0.008).

Regarding the chronic phase, both VR (SMD = 0.45 [0.28 to 0.62]; p<0.001) and RAT
(SMD =0.37 [0.08 to 0.66]; p = 0.01) showed superior effect to conventional rehabilitation for
post-stroke motor function (Figure 4). No significant difference was found between TR and CT
(SMD = -0.08 [-0.40 to 0.24]; p = 0.61). During this phase, RAT (SMD = 0.54 [0.26 to 0.82];
p <0.001) and VR effect (SMD = 0.35 [0.11 to 0.59], p = 0.002) were greater when provided
for patients with moderate to mild motor impairments (Figure 5). The effect of TR was
equivalent to CT when provided to patients with this same degree of severity (SMD = -0.07 [-
0.4 to 0.26]; p = 0.65). In terms of duration, the greatest effect of RAT (SMD = 0.25 [0.06 to
0.44], p =0.01) and VR (SMD = 0.46 [0.26 to 0.66]; p < 0.001) were observed when provided
during a treatment of 15 to 30 hours. No significant difference was found between TR and CT

when delivered during 15 to 30 hours (SMD = -0.08 [-0.42 to 0.26]; p = 0.64).
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When provided in addition to CT, VR (SMD = 0.30 [0.15 to 0.45]; p<0.001) and RAT
effects (SMD =0.39 [0.11 to 0.67]; p < 0.006) were found to be superior to CT. Since only one
study was found regarding TR effect when provided in addition to CT, no meta-analysis was

conducted.

When provided in substitution of CT, both VR (SMD = 0.58 [0.31 to 0.85]; p < 0.001)
and RAT (SMD = 0.45 [0.15 to 0.75]; p =0.003) showed superior effects to CT. No significant

difference was identified between TR and CT effects (SMD = 0.18 [-0.15 to 0.51]; p = 0.29).

According to the Grade approach, the relative certainty of evidence regarding VR, RAT
and TR effect on motor function was considered as very low to moderate depending on the
post-stroke phase and intervention design (Supplementary Material 5). Between-studies
heterogeneities were non-significant to substantial (0% < I>< 70%) and effect sizes ranged from
small to medium (0.08 < SMD < 0.63). The detailed forest-plots comprising all the randomized
controlled trials used to compute the resultant effect of new technologies on motor function are

available in Supplementary Material 6.
Effect of new technologies on activity

Outlier RCTs assessing RAT, VR or TR effect were excluded after performing a
sensitivity analysis (Supplementary Material 4). As presented in Figure 6, during the subacute
phase, the effect of VR on post-stroke activity (SMD = 0.25 [0.07 to 0.43]; p = 0.008) was
found to be significantly superior to CT. RAT (SMD = 0.36 [-0.13 to 0.85]; p = 0.15) and TR
(SMD =-0.06 [-0.56 to 0.44]; p = 0.82) were similarly effective to CT. According to Figure 7,
the effect of RAT (SMD = 0.47 [0.11 to 0.83]; p = 0.01) was greater when administered in
patients with severe-moderate impairments and the effect of VR (SMD = 0.46 [0.01 to 0.91]; p
<0.001) when administered in patients with moderate to mild impairments. No significant

difference was found between TR and CT effect when delivered in patients with mild to
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moderate impairments (SMD =0.91 [-0.91 to 2.73]; p = 0.33). During the subacute phase, RAT
was found to be equivalent to CT irrespective of the rehabilitation duration (p>0.05) whereas
the greatest effect of VR was observed when the treatment was delivered during more than 30
hours (SMD =0.5[0.15 to 0.85]; p = 0.006). Regarding TR, no significant difference was found

with CT for a treatment with such duration (SMD = 0.61 [-0.72 to 1.94]; p = 0.37).

For patients in the chronic phase, VR demonstrated no superior effect to CT (SMD =
0.11 [-0.02 to 0.24]; p = 0.07) (Figure 6). No significant difference was found between RAT
and CT (SMD =-0.15[-0.51 to 0.21]; p = 0.41) and neither between TR nor CT regarding post-
stroke activity (SMD = 0.04 [-0.37 to 0.45]; p = 0.86). For the chronic phase, RAT (SMD =
0.07 [-0.47 t0 1.43]; p = 0.79) and TR (SMD = 0.08 [-0.53 to 0.69]; p = 0.81) were found to be
equivalent to CT for patients with moderate to mild impairments whereas VR effect was found
to be superior (SMD =0.31 [0.06 to 0.56]; p = 0.01). Regarding the duration, the greatest effect
of VR was observed when the treatment ranged from 15 to 30 hours (SMD = 0.41 [0.09 to
0.73]; p = 0.01). RAT effect was equivalent to CT for such duration (SMD = -0.24 [-0.85 to

0.37]; p = 0.43) and no sufficient data was found for TR.

When provided in addition to CT, VR effect was found to be superior to CT (SMD =
0.28 [0.13 to 0.43]; p<0.001) whereas RAT (SMD = 0.34 [-0.18 to 0.86]; p = 0.19) showed an
equivalent effect to CT. Since only one study was found regarding TR effect when provided in

addition to CT, no meta-analysis was conducted.

When provided in substitution of CT, all technologies VR (SMD = 0.09 [-0.08 to 0.26];
p = 0.30), RAT (SMD =-0.28 [-0.77 to 0.21]; p = 0.26) and TR (SMD =0.04 [-0,39 to 0.4]; p

= 0.87) showed equivalent effects to CT.

The certainty of evidence regarding VR, TR and RAT effects on activity ranged from

very low to moderate depending on the post-stroke phase and intervention design



New technologies for stroke rehabilitation

(Supplementary Material 7). Heterogeneity between studies were low to considerable (0% < I2
<78%) and effect-sizes small to low (0.04 < SMD < 0.36). The detailed forest-plots comprising
all the randomized controlled trials used to compute the resultant effect of new technologies on

motor function are available in Supplementary Material 8.
Network meta-analysis — Motor Function

Regarding post-stroke motor function, results of these network analyses revealed that
there was no significant difference between VR, RAT and TR during the subacute phase
(p>0.05) (Figure 8). However, during the chronic phase, both VR (SMD = 0.53 [0.17 to 0.89];
p =0.004) and RAT effects (SMD = 0.45 [0.02 to 0.88]; p = 0.04) were found to be significantly
superior to TR. During this phase, VR and RAT were found to be equally effective to one
another (SMD = 0.08 [-0.26 to 0.42]; p = 0.64). Whether provided in addition to or in
substitution of CT, network comparison revealed no significant difference between VR, RAT

and TR (p >0.05).
Network meta-analysis — Activity

Regarding activity, results of these network analyses revealed that there was no
significant effect difference between VR, RAT and TR during both the subacute and chronic
phase (p>0.05) (Figure 9). When provided in addition to CT, network comparison between VR
and RAT effects showed no significant difference (SMD = -0.06 [-0.60 to 0.48; p = 0.83).
Results also showed that, when provided in substitution of CT, there was no significant
differences between VR and RAT effects (SMD = 0.37 [-0.15 to 0.89; p = 0.16), VR and TR
effects (SMD =0.05 [-0.41 to 0.51]; p = 0.83) and RAT and TR effects (SMD =-0.32 [-0.97 to

0.33]; p = 0.33).
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DISCUSSION

This overview and network meta-analysis provides low to moderate evidence that new
technologies comprising VR, RAT and TR are more effective, or at least as effective, as CT to
rehabilitate post-stroke motor function and activity (irrespective of whether provided in
addition to or in substitution of CT). During the subacute phase, RAT’s greatest effect was
observed for patients with severe-moderate impairments whereas VR and TR’s greatest effects
for patients with mild impairments. During the chronic phase, all technologies’ highest effects
were observed for patients with mild impairments. Duration analyses suggested that TR be used
for a minimum of 30 hours and VR for a minimum of 15 hours. However, these analyses
remained inconsistent for RAT. Results of network meta-analyses showed no difference
regarding the effectiveness of VR, RAT and TR during the subacute phase but suggest that
RAT and VR effect on post-stroke motor function are superior to TR during the chronic phase.
When provided in addition or in substitution to CT, no difference was found between the effects

of these technologies on both motor function and activity.
Virtual reality

According to our results, VR is more effective than CT at rehabilitating motor function
and activity during both subacute and chronic phases of stroke. This may be explained by the
fact that VR systems are often combined with serious games that allow to apply
neurorehabilitation principles. These principles are, among others, providing early, intensive,
progressive and functional rehabilitation, giving performance feedbacks and promoting the use
of the affected limb.*® Indeed, previous research has demonstrated that respecting these
principles increased the effect of serious games on motor function and activity.*® A second
explanation may be that this technology provides a certain level of motivation to patients.> In
fact, according to the self-determination theory, it can be hypothesized that gaming motivation

is determined by the level of autonomy, competence and playfulness experienced by
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players.>®3! In virtual reality, players can experience all these factors due to the display of
rewards and positive feedbacks, the immersion in a realistic environment and the provision of
an optimal level of difficulty.> Virtual reality motivation is therefore generally increased
through the utilization of serious games.> Lastly, the computerization of games may help to
tailor rehabilitation to patients’ abilities and necessities which could increase the effect on both

motor function and activity.

VR’s degree of immersion may also have an influence on patients’ outcomes. In fact,
on one hand, immersive VR may offer better results thanks to the provisioning of more realistic
environments, potentially leading to better motivation and adherence.> On the other hand, non-
immersive VR may also increase patients’ adherence, especially when provided autonomously,
as these devices may be more usable.>* A recent meta-analysis has focused on comparing the
effects of these interventions on upper-limb motor function.>® Results revealed that, when
provided in addition to CT, immersive VR was superior to CT alone whereas non-immersive
VR was equivalent to CT alone. However, up to now, the number of RCTs using an immersive
intervention remains low. For instance, in another recent review that compared immersive and
non-immersive VR effects on balance function among patients with stroke, only 17% of the
studies included in the work used an immersive device.*® This low number of studies makes it

difficult to currently make reliable comparisons.

Regarding impairments severity, we found that VR effect was greater when delivered
among patients with moderate to mild motor impairments. These findings are not surprising as
VR devices do not allow to assist movements and therefore implies having a minimum of upper
limb motricity. Therefore, VR does not seem to be the technology of choice for rehabilitation
of patients with a low UE-FMA score. Nevertheless, VR could still have an interest for these
patients as it has showed potential to provide effective mirror therapy and cognitive

rehabilitation.3857
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Robot-assisted therapy

Regarding RAT, the forest-plots computed in our study demonstrated it is superior to
CT for post-stroke motor function, but not for activity. A previous review has also highlighted
that the motor learning experience in addition to the high intensity and repetition level provided
by upper-limb rehabilitation with robots was responsible for the increased motor function in
patients with stroke.?® However, these results are not supported by a recent multicenter RCT
(RATULS) that showed no significant effect difference between a time-matched RAT and CT
regarding upper-limb motor function.®® This discordance may be explained by the fact that
patients included in RATULS presented a bad prognosis of recovery since their mean UE-FMA
score was of 18/66 and a wide range of delay since stroke (22%: < 3 months, 41% between 3
months and a year and 37% >1 year). Moreover, there was a certain heterogeneity present across
studies included in the present meta-analysis of meta-analyses, regarding patients’ stage of

recovery and RAT effectiveness is likely to be impacted by patients’ stage of recovery.

Nevertheless, concerning RAT’s comparable effect to CT on activity, our results are in
line with previous studies.'®%3°8 Several factors can explain this lack of superiority between the
new technology and conventional therapy. First, rehabilitation robots are often developed for
arms and shoulders whereas activity rehabilitation requires to target all upper-limb segments,
including the hands. Moreover, robots’ tasks are often bidimensional and do not always involve
meaningful goal-oriented actions (such as hand pronation, lifting, pinching, etc). Yet, to
rehabilitate patients’ activity, it is recommended to work on tridimensional functional specific
tasks which may involve objects as this more closely resembles activities performed in daily

life.

RAT comprises different types of devices with different technical specifications such as
unilateral distal and proximal end-effectors, bilateral end-effectors, and exoskeletons.*® A

recently published network meta-analysis demonstrated no significant effect difference
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between all the types of robots suggesting that there is no evidence in favor of one device over

another in arm rehabilitation after stroke.'®

Regarding impairments severity, we found that, during the subacute phase, RAT effect
was the greatest when provided among patients with severe-moderate impairments. It can be
hypothesized that, the assistance delivered by robots would induce greater benefits among
patients with a low UE-FMA than patients who already recovered some motricity as severe
motor impairments may prevent patients to perform movements autonomously. Conversely,
during the chronic phase, RAT seems to offer better results when provided to patients with
moderate to mild impairments. This effect might be attributed to the fact that the assistance
delivered by robots is better potentialized during spontaneous recovery. However, no
conclusion can be drawn as the quantity of available data regarding RAT effect according to

the impairment severity during the chronic phase remains limited.
Tele-rehabilitation

Results regarding TR effect are globally equivalent to CT. Findings of this review are
consistent with previous works.2>*> However, to date, there remains a lack of studies of good
quality comparing TR to CT and more importantly, TR programs are currently very

heterogeneous.

It could be hypothesized that the effects of TR are equivalent to CT due to treatment
adherence. Indeed, TR is much more unsupervised than CT which could be responsible for a
lack of adherence. A previous work reported that in several studies, 15% to 40% of patients
with stroke who followed a self-rehabilitation program did not reach the total amount session.’
Moreover, difficulties with equipment setup, the limited scope of exercises and connectivity
issues are other factors identified as barriers to TR by patients and therapists that may explain

TR’s lack of superiority.>®
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TR effect was found to be at least equivalent to CT when delivered to patients with mild
to moderate impairments. However, no studies assess its effect on patients with severe
impairments. This lack of studies may be explained by the fact that TR requires a certain amount
of functional independency and motor recovery. Therefore, patients with severe impairments

might not take sufficient advantage of such intervention.
Program parameters

Results of this work suggest that, when provided in addition to CT, VR is more effective
than CT and RAT equivalent to CT. When provided in substitution to CT, RAT and VR’s
effects on motor function appear to be superior to CT, and TR seems to be equivalent to CT.
However, although literature results seem similar regarding VR and TR effects3®4!, several
studies have shown that RAT was not superior to CT when provided in substitution.?>*® This
discordance regarding RAT effect is not surprising as, in our meta-analysis, the level of
heterogeneity between studies comparing RAT effect (when provided in substitution to CT) to

CT alone was considerable (12 > 80%).

This review also suggests that VR and RAT’s effects on motor function are superior to
CT, irrespective of whether patients are in the subacute or chronic phase. However, regarding
VR, these results contradict other findings. A Cochrane review showed that VR’s effect on
upper-limb motor function was equivalent to CT when rehabilitating patients in both subacute
and chronic phase.** This may be attributed to the patient’s level of functional recovery included
in the RCTs of this review. In fact, patients with important impairments (such as severe
hemiparesis or hemiplegia), whatever their stroke stage, may not benefit from virtual reality
intervention as it requires a minimum of reaching function and ability to initiate movement.
This hypothesis is also true for patients with severe aphasia and apraxia who may not be able

to understand the function of the helmet and controllers during a virtual reality intervention.



New technologies for stroke rehabilitation

Furthermore, our network meta-analysis suggests that VR and RAT’s effects on motor
function are superior to TR during the subacute phase. This may be explained by the fact that
patients are generally more impaired during the first 6 months after a stroke than after (on both
motor and cognitive levels). Therefore, the patients may benefit more from an intensive,

gamified and supervised therapy, such as VR and RAT, than from TR.
Adverse effects of rehabilitation technologies

According to the literature and reviews included in this work, few adverse effects are
related to the use of rehabilitation technologies. Regarding RAT, a review of 2006 reported that
no adverse events occurred in any of the studies included.* In 2017, a second review indicated
that the global attrition rate of RAT intervention was of 10% suggesting a good acceptability
and safety.?* However, one study of 2014 reported that during the experiment, out of 24 patients

with stroke, nine experienced discomfort and one suffered from blisters after using the robot.°

A recent Cochrane review assessing VR effect after stroke revealed that out of 23
studies, nineteen reported no serious adverse events.*! The adverse effects mentioned by the
other studies were headache, dizziness, an increased tonicity and pain. Nevertheless, these were
not specifically attributed to the intervention as patients in the control group also experienced

these undesired events.61-63

Lastly, a Cochrane review assessing TR effect after a stroke reported that no adverse
events occurred in any of the included studies.®® More recently, a RCT of 2019 indicated that 5
out of 62 patients who followed a TR program suffered from arm pain.?® However, in the same

study, 5 patients who followed the control intervention also suffered from shoulder pain.
Implication for clinical practice

This review indicated that new technologies (RAT, VR and TR) promoting active

upper-limb rehabilitation are more effective than, or equivalent to, CT for both motor function
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and activity. These technology-based rehabilitation programs should be considered as a
complement to CT as patients benefit from both new technologies and CT at subacute and
chronic stage.’* Moreover, RAT, VR and TR are complementary rehabilitation means.
According to the results of this work, we suggest that, during the subacute phase, RAT be used
for patients with severe-moderate to moderate motor impairments whereas VR and TR should
primarily be used for patients with moderate to mild impairments. During the chronic phase,
RAT, VR and TR are recommended for patients with mild to moderate impairments. RAT can
be used to intensify treatment and provide patients with assistance-as-needed whereas VR
enables to work goal-oriented and functional tasks. Moreover, TR offers patients the
opportunity to rehabilitate at home at a reasonable cost. Such programs should be designed
according to the neurorehabilitation principles and tailored to the patients’ needs and ability.
Regarding treatment duration, results seem to favor a minimum of 30 hours for TR and a
minimum of 15 hours for VR whereas the ideal duration of interventions comprising RAT

remains unclear. Further trials would be needed to confirm these trends.

To measure upper-limb recovery before and after these interventions, we encourage
therapist to operate the UE-FMA for measuring motor function and the ARAT to evaluate
activity. We also recommend taking the opportunity of using technologies to objectively
measure and better understand patients’ recovery.®®%® For instance, these technologies could be

used to provide kinematics and actimetry measures.
Strengths and limitations

This overview and network meta-analysis is the first to compare the effect of 3 new-
technologies on ICF-WHO post-stroke outcomes according to the stroke stage (chronic vs
subacute) and patients’ impairments severity. Another strength of this work is it covers a high

number total of different RCTs (189 involving 7524 patients) issued from 18 meta-analyses.
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The main limitation of this work is that some high-quality RCTs may have been missed
in the statistical analysis since we decided to only include trials issued from meta-analyses. A
second limitation is that consistency of network meta-analysis could not be assessed due to the
fact that there were no existing direct comparisons between new technologies. Lastly, some
analyses suffered from an important level of between-studies heterogeneity which may decrease

the certainty of the evidence.

CONCLUSION

Active rehabilitation using new-technologies effects on post-stroke outcomes are at least
equivalent to CT. Regarding post-stroke motor function, VR and TR are more effective than
CT in both subacute and chronic patients whereas TR is equally effective as CT. For activity
outcomes, VR is superior to CT in subacute and chronic patients whereas TR and RAT are
equally effective. In addition, network meta-analyses showed that VR and RAT were both
significantly superior to RAT in improving motor function during the chronic phase. Lastly,
during the subacute phase, severely impaired patients seem to obtain greater benefits from RAT,
while VR and TR seem to be a more adequate therapy for patients with moderate to low
impairments. During the chronic phase, all these technologies seem to be more adequate for

patients with mild impairments.
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Figure 2. Network diagram representing the direct and indirect comparisons between new

technologies and conventional therapy regarding post-stroke upper limb motor function

Legend: Each node represents an intervention. The green and yellow lines, connecting two
nodes, represent direct comparisons. The thickness of the lines is proportional to the number
of RCTs taken into account in the comparison. The green line represents low global risk of
bias, while the yellow lines represent moderate risk of bias. The blue lines, connecting two

nodes, represent indirect comparisons.
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Figure 3. Network diagram representing the direct and indirect comparisons between new

technologies and conventional therapy regarding post-stroke activity

Legend: Each node represents an intervention. The green and yellow lines, connecting two
nodes, represent direct comparisons. The thickness of the lines is proportional to the number
of RCTs taken into account in the comparison. The green line represents low global risk of
bias, while the yellow lines represent moderate risk of bias. The blue lines, connecting two

nodes, represent indirect comparisons.
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Figure 4. Forest-plot representing the effect of new-technologies, whether provided in
addition or substitution of conventional therapy, on post-stroke motor function in subacute

and chronic patients.
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Figure 5. Forest-plot representing the effect of new-technologies, whether provided in
addition or substitution of conventional therapy, on post-stroke activity in subacute and

chronic patients.
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Figure 6. Forest-plot representing the network meta-analysis indirectly assessing the effect

comparison between the new technologies on post-stroke upper limb motor function
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Figure 7. Forest-plot representing the network meta-analysis indirectly assessing the effect

comparison between the new technologies on post-stroke activity
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TABLES

Table I. — Characteristics of the included studies

Meta- Number of studies in Number of Mean age (year) in | Stage of stroke in the
analysis the MA participantsin | the MA MA
the MA
Ahn et al. 9RCTs 698 - -
(2019)%
Aminovetal. | 31RCTs 971 M =60.0 (range 1.9-427.8 weeks
- 28 for 2-74. studies: sub-acute
2018)® 28 for UL 48.2-74.1 7 studi b
- 2 for UL + cognition (range 1.9-10.3)
- 1 for cognition 24 studies: chronic
(range 17.2-427.8)
Chien et al. 11 RCTs 493 M range = 54-71 9 days-4 months (M = 6
weeks
2020)* ki
Coupar et al. 4 RCTs 166 M range = 53-70.2 56-412 days
(2012)*
Doumasetal. | 51 RCTs 2083 M range =49.3-76 | 31% trials : subacute
b trials : chronic
(2021)% 69% trials : chroni
Ferreira et al. 38 RCTs 1174 M range = 51.2-57.8 | 2 weeks-24 months
(2018)%
24 studies: chronic
Karamianset | 38 RCTs 1198 - Acute to chronic
al. (2020)*
Kwakkel et 10 RCTs 218 M range = 55.6-67 1 week - > 6 months
al. (2008)*
2 missing data
Laver et al. 72 RCTs 2470 M range = 46-75 2-12 months
(2017)% - 35 RCTSs for UL
Laver et al. 14 RCTs 1748 M range = 50's-70's | 3 studies: acute
(2020)% 5 studies: sub-acute
5 studies: chronic
2 missing data
Leeetal. 21 562 M range = 47.55- M range = 8-73.5
(2019)* -9 for UL 71.35 months
-12for LL
2 missing data
Loetal. 51 1798 M =60 27 studies: acute/sub-
(2017)® - 30 for UL acute
-21forlLL 24 studies: chronic
Maier et al. 30 RCTs 2287 M range = 49.3-73.7 | Acute: 3 studies
(2019)® -22 SVR Sub-acute: 10 studies
-8NSVR Chronic: 18 studies
1 missing data
Mehrholz et 55 2654 M range = 44-76 M range = 14 days-4
al. (2020) -53 RCTs years
- 2 randomized cross-
over trials
Norouzi- 12 425 M range = 54-79.5 M range = 1 week-112.4
Gheidarietal. | - 11 RCTs months
(2012)® - 1 follow-up study
Prange et al. 8 RCTs 228 M range = 41.0-65.9 | Sub-acute: 76 patients
(2006)* Chronic: 152 patients
Rintala et al. 13 RCTs 336 M =65.6 (range 59- | Missing data
(2019)® -6 for UL 76)
-5 for LL
Zhao et al. 22 RCTs 758 M range = 50-73 M range = 15.2 days —
(2022)* 47.9 months

Abbreviations: LL: Lower Limb, M: Mean, MA: meta-analysis, NSVR: Non-Specific Virtual Reality, RCT: Randomized Control Trial,
SVR: Specific Virtual Reality, UL: Upper Limb.
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Table I1. — Characteristics of intervention and control groups, outcome measures, follow-up

and main findings of the included studies

exoskeletons,
immersive VR,
smartphones,
tablets, EMG-

Meta- Intervention Control Frequency of Time-match QOutcomes Follow-up Main findings
analysis group group intervention intervention
group with control
group
Ahn et al. -VR -CT - 8 studies out Activity: Bl - VR improves UL
(2019)*" -VR+CT - Sham rTMS of 9 and FIM function and
- Commercial VR | + VR training activities.
-rTMS + VR
training
Aminovetal. | - VE interventions | - CT: PT,OT | Duration: M = 21 studies out | - Body - 6 studies: 4- | VR intervention
(2018)* +CT 18 sessions of 33 (=active | function: 6 weeks as an adjunct
- CG: Wii, Xavix, (range 4-36) control FMA-UE follow-up improves UL
EyeToy, IREX Intensity: M = group) - Activity: - 6 studies: 8- | body structure
system, Xbox 153.9 BBT, FIM, Bl | 26 follow-up | and activity.
Kinect, or a min/week -
combination of (range 60-180) Participation:
systems + CT Frequency: MAL
mean 3
sessions/week
(range 1-5)
Chien et al. -RAT +CT CT =PT, OT, | Duration: M = 8 studies out - Body - RAT = CT for
(2020)% - RAT alone (of task-training 5.6 weeks and of 11 function: function and
the UL) program, 25 sessions FMA-UE, disability
daily (range 2-12 MAS
Devices: SMART | rehabilitation | weeks and 9-40 - Activity:
Arm, Armeo treatment, sessions) FIM, BI,
Spring, REAplan intermittent Intensity: M = Activlim
robot, NeReBot cutaneous 75min (range questionnaire,
training, MIT- electric 30-120) ARAT,
MANUS, stimulation, Frequency: 5 WMFT,
Gloreha, Hand and home sessions/week QuickDASH,
Mentor Pro exercise SIS
program
Coupar et al. - Home therapy - Usual care - Not - Body 1 study: 1 Insufficient
(2012)* program: -VR mentioned function: month evidence to
functional intervention FMA-UE follow-up determine if
exercises, with a - Activity: Bl, home therapy
assistive/resistive | therapist JTHF, 1 study: 6 program is more
exercises with present WMFT months or less effective
proprioceptive follow-up than CT in
neuromuscular hospital.
facilitation and
resistive exercises
- VR intervention
with
telerehabilitation
Doumas et al. | -Serious games CT: OT, PT Duration: M = 44 studies out | -Body 50% of trials | Serious games
(2021)* alone 5 weeks (range | of 51 function: (displayed with
-Serious games + 2-12 weeks) FMA-UE M=23 RAT, VR or TR
CT Intensity: M -Activity: months devices) showed
range = 30-225 ARAT, (range 1-6) superior results
Devices: end- min WEMT, BBT to CT for UL
effectors, motion -Participation: motor function,
capture gloves, SIS scale activity and

participation
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controlled sensor,

arm support
system
Ferreiraetal. | - RAT alone - MI: sham Duration: M = 22 studies Body - Short term: RAT has small
(2018)% - RAT added to RAT, no 8 weeks (range | RAT alone vs | function: < 3 months effects on motor
CT, standard intervention, 2-20) ol FMA-UE, - Medium control and
therapy, motor placebo Intensity: 0.2-2 CMSA, term: > 3 medium effects
learning, intervention hours/session MAS, MRC, months and < | on strength.
repetitive task- -0l=CT= Frequency: M hand-held 12 months
specific practice, usual care, =3 dynamometer, | - Long term:
an arm-hand repetitive task | sessions/week MPS, MMT > 12 months
training program practice, (range 2-6)
and functional intensive
task practice conventional
arm exercise
Devices: MIT- program,
MANUS, Haptic physical
Knob, ARMinlll, | therapy,
MIME, UL- electrical
EXO7, stimulation
InMotion2, Bi-
Manu Track,
ARM Guide
Karamianset | VR/gaming CT =Bobath, | - Not - Body - VR is more
al. (2020)* NDT, mentioned function: effective than
stretching, FMA-UE CT.
strengthening, - Activity:
and ADL ARAT,
training WMFT
Kwakkel et RAT -NDT Frequency: M No - Body - RAT =CT
al. (2008)* -CT = 48.3 min/day function:
Devices: MIT- - Electrical FMA-UE, RAT improves
MANUS, MIME, | stimulation CMSA motor function
ARM Guide, Bi- - Activity:
Manu-Track, FIM
InMotion
Shoulder-Elbow
Robot
Laver et al. 5 intervention - Recreational | Duration: 5-> | Not - Body Short term VR and video
(2017)% approaches therapy 21 hours mentioned function: follow-up: < | gaming = CT but
including VR in -CIMT FMA-UE 3 months VR used as an
UL training (35 - No - Activity: adjunct to CT
studies) intervention WMFT, may be effective
- Usual care MAL, ARAT, in UL function
Devices: -CT BI and ADL.
commercially
available gaming
consoles, CAREN
system,
Customised VR
programs
Laver et al. Telerehabilitation | - In-person - Not - Body - Telerehabilitation
(2020)* at home, ina rehabilitation mentioned function: = usual care and
long-term care - No FMA-UE, in person
facility or a rehabilitation ARAT, therapy.
separated local - Usual care NHPT
healthcare centre - Activity: BI

- goal-setting,
education, family
therapy, and case
management

- UL physical
function

-OT +PT
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Devices:
telephone,
videoconferencing
hardware and
software, desktop
videophones

Lee etal. - VR unilateral -CT - All studies Body - VR improves
(2019)* UL: Nintendo - No except for function: motor function in
- VR bilateral UL: | treatment (1 one (no FMA-UE, chronic stroke
Wii sport, Xbox study) treatment) BBT patients.
Kinect
- Robotic/virtually
stimulated
Some studies add
CT
Loetal. -RAT (TR=0) -CT Duration: total TR=0 - Body - 20 studies: RAT = CT for
(2017)® -RAT + CT (TR hours = 4-300 function: < 3 months UL movement
=0.2-0.6) FMA-UE, - 16 studies: and ADL.
CMSA, > 3 months
Devices: WMFT-FAS
unilateral and - Activity:
bilateral arm FIM, BI, SIS,
robotics CAFEA40,
MAL-QOM,
AMAT-F
Maier et al. - SVR: alone or -CT Duration: M = Not for all - Body - SVR is more
(2019)® with CT -0T 4.3-4.4 weeks studies function: beneficial than
Devices: -PT (range 2-12) FMA-UE, CTinUL
Microsoft Kinect, | - Recreational | with M =23.9 M, SIS recovery. NSVR
data gloves, therapy and 21.9 of (hand), is not more
computer vision, total hours Brunnstrom beneficial than
sensors, video Intensity: range Motor CT.
camera, webcam, 20-158.3 Recovery
light-emitting minutes/session Stage
diodes, hand-held - Activity:
Sensors BBT, FIM,
- NSVR Bl, ARAT,
Devices: WMFT
Nintendo Wii,
Microsoft Xbox
kinect, Sony
PlayStation
EyeToy
- Some studies
add CT
Mehrholz et RAT: UDFHT, CT - Yes - Body - RAT =CT in UL
al. (2020)' EPAHT, UPAHT, function: function and
EXAHT, FMA-UE, ADL. Any
DGFHT, EBAHT SIS (hand device is better
function), or worse than
Devices: MIT - Activity: another one.
Manus/InMotion, WMFT, BI,
Bi-Manu-Track, FIM
Amadeo
Norouzi- RAT CT - Yes, - Body 7 studies Intensive CT =
Gheidari et statistical function: follow-up (3; | RAT for motor
al. (2012)2 Devices: analysis FMA-UE, 6; 8 months recovery, ADL,
REHAROB, T- separated MSS, MPS and 3 years) strength and
WREX, ARM- time-match - Activity: motor control.
Guide, MIME, and FIM
NeReBot, and additional RT

MIT-Manus.
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Prange et al. RAT = repetitive, | CT - Not Body RAT improve
(2006)* goal-directed mentioned function: motor control
forward-reaching FMA-UE more than CT.
movements
(active
movement)
-RAT +CT
Devices: MIT-
Manus, MIME,
ARM-Guide
Rintala et al. Home based -UL Frequency: 3-5 | Not Activity: - Technology-
(2019)% training non- exercises in sessions/week mentioned MBI, B, based distance
supervised or tele- | VE at home FONEFIM, physical
supervised for UL | non- MRS, SIS rehabilitation =
motor function supervised (ADL) traditional
- Telephone treatment in UL
Devices: Calls function and
- Video, - Usual care ADL.
audiovidual DVD
- Online web-
based
telerehabilitation
program
- VR with game
play (Nintendo
Wii)
Zhao et al. RAT Typical Duration: M Not -Body - RAT improves
(2022)% treatment: range = 30-120 | mentionned Function: UL motor
Devices : -therapist- min FMA-UE function,
AMADEDO, assisted Frequency: M -Activity: strength,
InMotion3.0 training =5 times/week NHPT, BBT, spasticity and
WRIST, Gloreha, | -passive Intensity: M = MAS, MBI, dexterity
Bi-Manu-Track, range of 30 min SIS
Rehapticknaob motion
exercices

Abbreviations: ADL: Activity of Daily Living, AMAT-F: Arm Motor Ability Test Function, ARAT: Action Research Arm Test, ARM Guide:
Assisted Rehabilitation and Measurement Guide, BBT: Box and Block Test, Bl: Barthel Index, CAFE 40: California Functional Evaluation
40, CG: Commercial Gaming, CIMT: Constraint Induced Movement Therapy, CT: Conventional Therapy, CMSA: Chedoke McMaster Stroke
Assessment, DASH: Disabilities of Arm Shoulder and Hand, DGFHT: unilateral Distal Glove-based Finger/Hand Training, EBAHT: End
effector assisted distal and Bilateral Arm/Hand Training, EPAHT: End effector-assisted Proximal emphasised unilateral Arm/Hand Training,
EXAHT: Exoskeleton assisted unilateral Arm/Hand Training, FIM: Function Independence Scale, FMA-UE: Fugl-Mayer Assessment of the
Upper Extremity, FONEFIM: telephone version of FIM, JTHF: Jebsen Test of Hand Function, MAL: Motor Activity Log, MAL-QOM: Motor
Activity Log-Quality Of Movement, MAS: Modified Ashworth Scale, MBI: Modified Barthel Index, MI: Minimal Intervention, MIME: Mirror
Image Movement Enabler, MMT: Manual Muscle Testing, MPS: Motor Power Scale, MRC: Medical Research Council, MRS: Modified
Rankin Scale, MSS: Motor Statue Scale, NDT: Neurodevelopmental Treatment, NHPT: Nine Hole Peg Test, NSVR: Non-Specific Virtual
Reality, Ol: Other Intervention, OT: Occupational Therapy, PT: Physiotherapy, rTMS: repetitive Transcranial Magnetic Stimulation, RAT:
Robot Assisted Therapy, SIS: Stroke Impact Scale, SVR: Specific Virtual Reality, TR = 0: RAT alone vs CT alone, UDFHT: Unilateral Distally
emphasized Finger/Hand Training, UPAHT: Unilaterally Proximal emphasized Arm/ Hand Trainingski, UL: Upper Limb, VE: Virtual
Environments, VR: Virtual Reality, WFMT: Wolf Motor Function Test, WFMT-FAS: Wolf Motor Function Test-Functional Ability Score.
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Experimental Control Std. Mean Difference

Std. Mean Difference

Study or Subgroup Std. Mean Difference SE Total Total IV, Rand: 95% CI IV, Rand 95% CI
2.1.1 Subacute
Virtual reality - Resultant effect 026 0114 379 37 0.26 [0.04, 0.48] T T
Robot-assisted therapy - Resultant effect 042 0145 306 308 0.42[0.14,0.70] —d =
Telerehahilitation - Resultant effect 0.63 0.186 66 70 0.63[0.27,0.89] e —
2.1.2 Chronic
Virtual reality - Resultant effect 0.45 0.087 659 495 0.45[0.28, 0.62] L
Robot-assisted therapy - Resultant effect 037 015 275 263 0.37 [0.08, 0.66] —t—
Telerehabilitation - Resultant effect -0.08 0.161 76 77 -0.08 [-0.40,0.24) T W =
2.1.3 In additionto CT
Virtual reality - Resultant effect 0.3 0.079 766 620 0.30[0.15, 0.45) ——
Robot-assisted therapy - Resultant effect 0.39 0.145 165 168 0.39[0.11,0.67] S
Telerehabilitation - Resultant effect 0 0 0 0 Not estimable
2.1.4 In substitution of CT
Virtual reality - Resultant effect 058 014 261 245 0.58[0.31, 0.85) —— & ——
Robot-assisted therapy - Resultant effect 045 0.151 361 353 0.45[0.15,0.75] T —
Telerehabilitation - Resultant effect 018 0.166 130 135 018 [-0.15,0.51] T

1 05 0 05 1

Favours [control] Favours [experimental]



Favours [control] Control Std. Mean Difference

Std. Mean Difference

Study or Subgroup Std. Mean Difference SE Total Total IV, 95% CI IV, R 95% CI
2.3.1 Subacute - Severe impairment (UE-FMA: 0-15)
Virtual reality - Resultant effect 0 0 0 0 Not estimable
Robot-assisted therapy - Resultant effect 0.27 0.306 102 101 0.27 [-0.33,0.87] =
Telerehabilitation - Resultant effect 0 0 0 0 Not estimable
2.3.2 Subacute - Severe-moderate impairment (UE-FMA:15-34)
Virtual reality - Resultant effect -0.02 0138 101 109 -0.02 [-0.29, 0.25] & o
Robot-assisted therapy - Resultant effect 054 0194 186 188 0.54[0.16,0.92] L
Telerehabilitation - Resultant effect 0 0 0 0 Not estimable
2.3.3 Subacute - Moderate to mild impairment (UE-FMA > 34)
Virtual reality - Resultant effect 0.32 0148 232 214 0.32[0.03, 0.61] +
Robot-assisted therapy - Resultant effect 006 024 33 37 0.06 [-0.41,0.53] N o
Telerehahilitation - Resultant effect 051 0191 54 58 0.51[0.14, 0.88] L
2.3.4 Chronic - Severe impairment (UE-FMA: 0-15)
Virtual reality - Resultant effect 0 0 0 0 Not estimable
Robot-assisted therapy - Resultant effect 1] 0 0 0 Not estimable
Telerehabilitation - Resultant effect 0 0 0 0 Not estimable
2.3.5 Chronic - Severe-moderate impairment (UE-FMA:15-34)
Virtual reality - Resultant effect 0.27 0179 70 70 0.27 [-0.08, 0.62] i
Robot-assisted therapy - Resultant effect 0.3 023 160 152 0.30[-0.15,0.75] T
Telerehabilitation - Resultant effect 0 0 0 0 Not estimable
2.3.6 Chronic - Moderate to mild impairment (UE-FMA > 34)
Virtual reality - Resultant effect 035 012 548 384 0.35(0.11, 0.59] i
Robot-assisted therapy - Resultant effect 054 0144 101 100 0.54[0.26, 0.82] 7t
Telerehahilitation - Resultant effect -0.07 0.166 71 72 -0.07 [-0.40, 0.26) b= o
2.3.7 Subacute - Treatment duration: 6-15 hours
Virtual reality - Resultant effect 0.11 0207 78 72 0.11 [-0.30,0.52] 5
Robot-assisted therapy - Resultant effect 093 0446 51 53 0.93 [0.06, 1.80] =
Telerehahilitation - Resultant effect 1] 0 1] 0 Not estimable
2.3.8 Subacute - Treatment duration: 15-30 hours
Virtual reality - Resultant effect 05 0.204 58 47 0.50[0.10, 0.90] =
Robot-assisted therapy - Resultant effect 0.06 0176 93 95 0.06 [-0.28, 0.40] b
Telerehabilitation - Resultant effect 0 0 0 0 Not estimable
2.3.9 Subacute - Treatment duration > 30 hours
Virtual reality - Resultant effect 0.31 0199 237 246 0.31[-0.08, 0.70] =
Robot-assisted therapy - Resultant effect 0.09 0143 96 99 0.09[-0.19,0.37] by I
Telerehahilitation - Resultant effect 051 0191 54 58 0.51[0.14,0.88] =
2.3.10 Chronic - Treatment duration: 6-15 hours
Virtual reality - Resultant effect 022 036 80 75 0.22[-0.49,0.93] A L
Robot-assisted therapy - Resultant effect 1.04 0946 23 22 1.04 [[0.81, 2.89] T
Telerehabilitation - Resultant effect 0 0 0 0 Not estimable
2.3.11 Chronic - Treatment duration: 15-30 hours
Virtual reality - Resultant effect 0.46 0102 498 342 0.46 [0.26, 0.66] +
Robot-assisted therapy - Resultant effect 0.25 0.099 215 203 0.25[0.06, 0.44] t+
Telerehahilitation - Resultant effect -0.08 0173 67 67 -0.08[-0.42,0.26] o
2.3.12 Chronic - Treatment duration > 30 hours
Virtual reality - Resultant effect 0.34 0105 287 134 0.34[0.13, 0.55] it
Robot-assisted therapy - Resultant effect 0.75 0599 58 59 0.75[-0.42,1.92] T
Telerehahilitation - Resultant effect 1] 0 1] 0 Not estimable

M T

Favours [control] Favours [experimental]



Experimental Control Std. Mean Difference

Std. Mean Difference

Study or Subgroup Std. Mean Difference SE Total Total IV, Rand: 95% CI IV, Rand 95% CI
2.2.1 Subacute
Virtual reality - Resultant effect 0.25 0.094 554 548 0.25[0.07,0.43] S
Robot-assisted therapy - Resultant effect 036 025 146 141 0.36 [-0.13,0.85] ] R
Telerehahilitation - Resultant effect -0.06 0.253 34 29 -0.06 [-0.56, 0.44] —
2.2.2 Chronic
Virtual reality - Resultant effect 011 0.064 603 444 0.11 [-0.02, 0.24] Talae
Rohot-assisted therapy - Resultant effect -015 0.184 61 59 -0.15[-0.51,0.21] TR T AR
Telerehabilitation - Resultant effect 0.04 0.209 46 46 0.04 [-0.37, 0.45] T
2.2.3 In additionto CT
Virtual reality - Resultant effect 0.28 0.079 881 730 0.28[0.13,0.43] S
Robot-assisted therapy - Resultant effect 0.34 0.265 156 153 0.34 [-0.18, 0.86) —
Telerehabilitation - Resultant effect 0 0 0 0 Not estimable
2.2.4 In substitution of CT
Virtual reality - Resultant effect 0.09 0.087 310 295 0.09 [-0.08, 0.26] S
Robot-assisted therapy - Resultant effect -0.28 025 35 N -0.28 [-0.77,0.21) —
Telerehabilitation - Resultant effect 0.04 0.217 45 4 0.04 [-0.39, 0.47] —

1 05 0 05 1

Favours [control] Favours [experimental]



Experimental Control Std. Mean Difference

Std. Mean Difference

Study or Subgroup Std. Mean Difference SE Total  Total IV, Rand 95% CI IV, Rand: 95% CI
2.4.1 Subacute - Severe impairment (UE-FMA: 0-15)
Virtual reality - Resultant effect 0.35 0.186 58 60 0.35[-0.01,0.71] T
Robot-assisted therapy - Resultant effect 017 0.727 65 61 017 [-1.25,1.59] T —
Telerehabilitation - Resultant effect 0 0 0 0 Not estimable
2.4.2 Subacute - Severe-moderate impairment (UE-FMA:15-34)
Virtual reality - Resultant effect -01 0112 158 164 -010[(0.32,012) oLg
Robot-assisted therapy - Resultant effect 0.47 0.186 65 64 0.47[0.11,083] ==
Telerehabilitation - Resultant effect i} 1} a 1} Not estimahle
2.4.3 Subacute - Moderate to mild impairment (UE-FMA > 34)
Virtual reality - Resultant effect 046 0.232 185 169 0.46 [0.01,0.91] =
Robot-assisted therapy - Resultant effect 0 1] 1] 0 Not estimable
Telerehahilitation - Resultant effect 091 0931 54 59 0.91[-0.91,2.73] t
2.4.4 Chronic - Severe impairment (UE-FMA: 0-15)
Virtual reality - Resultant effect 0 0 0 0 Not estimable
Rohot-assisted therapy - Resultant effect 0 0 0 0 Not estimahble
Telerehabilitation - Resultant effect 0 0 0 0 Not estimable
2.4.5 Chronic - Severe-moderate impairment (UE-FMA:15-34)
Virtual reality - Resultant effect 0.08 0.405 68 64 0.08 [-0.71,0.87] i
Robot-assisted therapy - Resultant effect 0 1] 1] 0 Not estimable
Telerehabilitation - Resultant effect 0 0 0 0 Not estimable
2.4.6 Chronic - Moderate to mild impairment (UE-FMA > 34)
Virtual reality - Resultant effect 031 013 484 317 0.31 [0.06, 0.56] B
Rohot-assisted therapy - Resultant effect 0.07 0.273 72 67 0.07 [-0.47, 0.61] —f =
Telerehabhilitation - Resultant effect 0.08 0.309 20 22 0.08 [-0.53, 0.69] N A
2.4.7 Subacute - Treatment duration: 6-15 hours
Virtual reality - Resultant effect 004 013 122 119 0.04 [-0.21,0.29)] b
Robot-assisted therapy - Resultant effect 047 049 23 19 0.47 [-0.49,1.43) e
Telerehabilitation - Resultant effect 0 0 0 0 Not estimable
2.4.8 Subacute - Treatment duration: 15-30 hours
Virtual reality - Resultant effect 008 014 157 145 0.08 [-0.19, 0.35] o
Rohot-assisted therapy - Resultant effect 0.04 0.416 41 4 0.04 [-0.78, 0.86] g
Telerehabilitation - Resultant effect 0 0 0 0 Not estimahle
2.4.9 Subacute - Treatment duration > 30 hours
Virtual reality - Resultant effect 05 0181 257 266 0.50([0.15, 0.85] =t
Robot-assisted therapy - Resultant effect -0.14 0.584 25 27 -0.14 [-1.28,1.00] —t
Telerehahilitation - Resultant effect 0.61 0.679 80 83 0.61 [-0.72,1.94] —
2.4.10 Chronic - Treatment duration: 6-15 hours
Virtual reality - Resultant effect 006 0.153 88 a3 0.06 [-0.24, 0.36] o
Robot-assisted therapy - Resultant effect 0 1] 1] 0 Not estimable
Telerehabilitation - Resultant effect 0 0 1) 0 Not estimahle
2.4.11 Chronic - Treatment duration: 15-30 hours
Virtual reality - Resultant effect 041 0.163 260 261 0.41[0.08,0.73] —t—=
Robot-assisted therapy - Resultant effect -0.24 0.309 37 34 -0.24 [-0.85,0.37) ——
Telerehabhilitation - Resultant effect 0 0 0 0 Not estimable
2.4.12 Chronic - Treatment duration > 30 hours
Virtual reality - Resultant effect 0 1] 1] 0 Not estimable
Robot-assisted therapy - Resultant effect 0 1] 1] 0 Not estimable
Telerehabilitation - Resultant effect 0 0 0 0 Not estimable

2 0 1 2
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Experimental Control Std. Mean Difference

Std. Mean Difference

Study or Subgroup  Std. Mean Difference SE Total Total IV, Random, 95% CI IV, Random, 95% CI
4.1.1 Subacute - Direct comparisons
VRvs CT 026 0.114 379 n 0.26 [0.04, 0.48] 7
RATvs CT 042 0.145 306 308 0.42[0.14,0.70] s
TRvs CT 063 0.186 66 70 0.63[0.27,0.99] — %
4.1.2 Subacute - Network Meta-Analysis (Indirect Comparisons)
VR vs RAT -0.16 0.184 379 306 -0.16 [-0.52, 0.20] R T
VRvs TR -0.37 0.218 379 66 -0.37 [-0.80, 0.06] t
RATvs TR -0.21 0.236 306 66 -0.21 [-0.67, 0.25] — &= =
4.1.3 Chronic - Direct comparisons
VRvs CT 0.45 0.087 659 495 0.45([0.28, 0.62] b T
RATvs CT 037 015 275 263 0.37 [0.08, 0.66] — o
TRvs CT -0.08 0.161 76 77 -0.08 [-0.40, 0.24] T 1
4.1.4 Chronic - Network Meta-Analysis (Indirect Comparisons)
VR vs RAT 008 0173 659 275 0.08 [-0.26, 0.42) S T A
VRvs TR 0.53 0.183 659 76 0.53[0.17,0.89] —b—
RATvs TR 045 0.22 275 76 0.45([0.02, 0.88] — —
4.1.5 New technologies in addition to CT - Direct Comparisons
VRvs CT 0.3 0079 766 620 0.30[0.15, 0.45] ——
RATvs CT 0.39 0.145 165 168 0.39[0.11, 0.67] —t—
TRvs CT 0 0 0 0 Not estimahle
4.1.6 New technologies in addition to CT - Network Meta-Analysis (Indirect Comparisons)
VR vs RAT -0.09 0165 766 165 -0.09 [-0.41, 0.23] —h—
VRvs TR 0 0 0 0 Not estimable
RATvs TR 0 0 0 0 Not estimable
4.1.7 New technologies in substitution of CT - Direct Comparisons
VRvs CT 058 014 261 245 0.58 [0.31, 0.85] T
RATvs CT 045 0151 361 353 0.45[0.15,0.75) —
TRvs CT 018 0.166 130 135 0.18[-0.15,0.51] b
4.1.8 New Technologies in substitution of CT - Network Meta-Analysis (Indirect Comparisons)
VR vs RAT 011 0.205 261 361 0.11 [-0.29, 0.51] . I TR
VRvs TR 04 0217 261 130 0.40[-0.03, 0.83] I —
RATvs TR 0.27 0.224 361 130 0.27[-0.17,0.71) S A I
1 05 0 05 1
Favours [2]in1vs 2 Favours [1]in1vs2



Experimental Control Std. Mean Difference

Std. Mean Difference

Study or Subgroup  Std. Mean Difference SE Total  Total IV, Random, 95% CI IV, Random, 95% CI
4.2.1 Subacute - Direct Comparisons
VRvs CT 0.25 0.094 554 548 0.25([0.07,0.43] = T
RATvs CT 036 025 146 141 0.36 [-0.13, 0.85) 7 I RN
TRvs CT -0.06 0.253 34 29 -0.06 [-0.56, 0.44] I I
4.2.2 Subacute - Network Meta-Analysis (Indirect Comparisons)
VR vs RAT -0.11 0.267 554 146 -0.11 [-0.63, 0.41] —
VRvs TR 031 027 554 34 0.31 [-0.22, 0.84] t
RATvs TR 0.42 0.356 146 34 0.42[-0.28,1.12) R T I
4.2.3 Chronic - Direct Comparisons
VRvs CT 011 0.064 603 444 0.11 [-0.02, 0.24] L
RATvs CT -0.15 0184 61 59 -0.15[-0.51,0.21] k=
TRvs CT 0.04 0.209 46 46 0.04 [[0.37, 0.45] ke
4.2.4 Chronic - Network Meta-Analysis (Indirect Comparisons)
VR vs RAT 026 0176 603 61 0.26 [-0.08, 0.60] b =
VRvs TR 0.07 0.219 603 46 0.07 [-0.36, 0.50] |
RATvs TR -0.19 0278 61 46 -0.19[-0.73, 0.35] —
4.2.5 New technologies in addition to CT - Direct Comparisons
VRvs CT 0.28 0.079 881 730 0.28[0.13,0.43] =
RATvs CT 0.34 0.265 156 153 0.34 [-0.18, 0.86) S T
TRvs CT 0 0 0 0 Not estimahle
4.2.6 New technologies in addition to CT - Network Meta-Analysis (Indirect Comparisons)
VR vs RAT -0.06 0277 881 156 -0.06 [-0.60, 0.48] S I
VRvs TR 0 0 0 0 Not estimable
RATvs TR 0 0 0 0 Not estimable
4.2.7 New technologies in substitution of CT - Direct Comparisons
VRvs CT 0.09 0.087 310 295 0.09 [-0.08, 0.26] ) L
RATvs CT -0.28 0325 35 ki -0.28 [-0.77,0.21] —ft
TRvs CT 004 0217 45 41 0.04 [-0.39, 0.47] —f
4.2.8 New technologies in substitution of CT - Network Meta-Analysis (Indirect Comparisons)
VR vs RAT 0.37 0.265 310 35 0.37 [-0.15, 0.89) S N IR
VRvs TR 005 0.234 310 45 0.05[-0.41,0.51] —
RATvs TR -0.32 033 35 45 -0.32 [-0.97,0.33] e

2 A1 0 1 2

Favours [2]in1vs 2 Favours[1]in1vs 2
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