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a b s t r a c t
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 impair-
ments.
EVidEncE acQuisition: several databases, namely pubMed, scopus, Embase and cochrane library, were searched. studies were in-
cluded 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 me-
ta-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 be-
tween Vr, rat and tr effectiveness on both motor function (during the subacute phase) and activity (during both chronic and subacute phase).
conclusions: 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.
(Cite this article as: Everard G, declerck l, detrembleur c, leonard s, bower G, dehem s, et al. new technologies promoting active upper limb re-
habilitation after stroke: an overview and network meta-analysis. Eur J Phys Rehabil Med 2022;58:530-48. DOI: 10.23736/S1973-9087.22.07404-4)
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Introduction

Each year, 1.1 million people suffer from a stroke in Eu-
rope.1 by 2025, this number is expected to rise to 1.5 

million, leading to an increased demand for neurorehabili-

tation. 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.2 in this context, rehabilita-
tion therefore needs to be early, intensive, and functional.3, 4
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rehabilitation robots and electromechanical devices share 
common characteristics in neurorehabilitation, several fac-
tors 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.19 numerous systematic reviews have found 
that rat can improve activity and arm function of patients 
after stroke, irrespective of the type of device used.16, 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 ser-
vices via information and communication technologies”.24 
this rehabilitation method uses telecommunication de-
vices such as smartphones, tablets, and video cameras to 
provide home-based rehabilitation.25 the safety and ef-
fectiveness of tr have been demonstrated.26 according 
to several randomized controlled trials (rcts), tr seems 
to offer similar results as clinical rehabilitation regarding 
post-stroke motor recovery.27-29

there have been several systematic reviews regarding 
the effectiveness of these new technologies on poststroke 
motor function and activity.13, 14, 20-23, 30 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 tech-
nologies 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 impair-
ments and the treatment duration. this overview’s primary 
aim is to summarize the effect of new technologies (com-
prising 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 ef-
fectiveness 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 rehabilita-
tion design (in addition to vs in substitution of ct), the 
severity of motor impairments and the treatment duration.

Evidence acquisition

this overview of meta-analyses was performed according 
to the preferred reporting items for systematic review 
and Meta-analysis (prisMa) as presented in supplemen-
tary digital Material 1: supplementary text file 1.

to answer these needs, the development of new tech-
nologies, 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.5 these new rehabilitation 
means aim to increase treatment intensity and offer pa-
tients the possibility to perform autonomous rehabilitation-
exercises.6, 7 this includes all interactive systems or seri-
ous games displayed in virtual reality (Vr), robot-assisted 
therapy (rat) and telerehabilitation (tr).5, 8 rapid and 
constant evolution of such technologies has enabled these 
rehabilitation tools to become increasingly user-friendly.9 
the effectiveness of ul rehabilitation after stroke is ex-
pected to continue to improve as their evolution keep pro-
gressing.10 any other recent passive or invasive technolog-
ical 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 al-
lows users to interact with a simulated multisensory envi-
ronment.11 it aims to enhance the impact of rehabilitation 
and to provide feedbacks on performance. Vr may be de-
scribed as immersive or non-immersive. in non-immersive 
Vr, subjects are facing, and interacting with a digital envi-
ronment through a simple screen, which allows the aware-
ness of reality. immersive Vr uses different systems such 
as Vr helmets, motion detection devices and Vr caves in 
order to fully project patients into a virtual environment.12 
recent meta-analyses have demonstrated a superior effect 
of Vr when compared to conventional therapy (ct) regard-
ing rehabilitation of ul motor function and activity.13, 14

A robot is defined as “a re-programmable, multi-func-
tional manipulator designed to move material, parts, or 
specialized devices through variable programmed motions 
to accomplish and assist a task”.15 rat comprises different 
types of devices with different technical specifications such 
as end-effectors or exoskeletons acting proximally or dis-
tally, unilaterally or bilaterally.16 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-as-
sisted 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.17 
rat can also provide bimanual task training by repro-
ducing the mirror action of the unaffected limb.18 While 
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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)32 
(r=0.84).33 the aMstar-2 has a moderate inter-rater reli-
ability (median kappa-value=0.51).33

the aMstar network provides an open access pro-
gram (https://amstar.ca/Amstar_Checklist.php), which al-
lows to plug in the item-answers and automatically rates 
the articles as a high, moderate, low or critically low qual-
ity. 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 re-
searcher (GE and ld).

Data extraction

for each included meta-analysis, two researchers (sl and 
Gb) undertook independent data extraction of the fol-
lowing data: number of studies, number of participants, 
patient’s mean age, time since stroke, type of interven-
tion, 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 random-
ized controlled trials assessed by the meta-analysis includ-
ed 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 impair-
ments (uE-fMa: 15 to 34) and mild to moderate impair-
ments (uE-fMa>34).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 tri-
als, 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.35 the heterogeneity of the different 
included studies was assessed using i2 statistics. based on 
the cochrane handbook, if i2<30%, heterogeneity might 

Search strategy

We conducted literature searches through pubMed, sco-
pus, 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 supple-
mentary digital Material 2: supplementary text file 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; (I) the intervention in-
volved the use of a new technology (including Vr, rat, 
smartphones, tablets, computers or any other device spe-
cifically developed for TR) and was compared (C) to a 
conventional rehabilitation; (o) relevant outcomes were 
measured to assess the icf-Who motor function or activ-
ity 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.

Study selection

all references issued from the search strategies were ex-
ported into the Endnote X9 reference management soft-
ware. after removal of duplicates, two researchers (sl 
and Gb) independently selected the articles based on titles 
and abstracts reading first. Articles were included accord-
ing 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 research-
ers. Any conflicting decisions were solved through discus-
sion by involving a third researcher (GE) in the decision-
making process.

Quality appraisal

The confidence in the results of articles was assessed by 
the two researchers (sl and Gb) independently by us-
ing the aMstar-2.31 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 
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Evidence synthesis

Selection and quality appraisal

A total of 2808 articles were identified in the searched da-
tabases. 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 remain-
ing articles were excluded as they presented exclusion cri-
teria. in total, 45% (n=15) of these selected meta-analyses 
were considered to be at low or critically low level of confi-
dence and were therefore removed from the selection. the 
remaining eighteen full-text articles were included in the 
qualitative synthesis (Supplementary Digital Material 3: 
Material 3: supplementary table i)13, 14, 16, 21-23, 30, 37-47 and 
15 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 

not be significant, when 30%<I2<50%, moderate hetero-
geneity may be present, when 50%<I2<75% substantial 
heterogeneity may be present and if i2>75% considerable 
heterogeneity is present. in case of heterogeneity, a ran-
dom 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.

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 ef-
fect 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 com-
parison between the effectiveness of the different technol-
ogies (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 differ-
ence between the sMdab comparing treatment a to b and 
sMdbc comparing treatment b to c. resultant 95%ci of 
sMdac can be estimated using this formula:

95%ci of sMdac=[sMdac - 1.96 √ (varSMDab+ 
var sMdbc); sMdac+1.96 √ (varSMDab+var sMdbc)]

Network geometry

network diagrams were plotted to characterize the rela-
tions 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).36 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 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. figure 1.—flow chart (prisMa) of the selection process.
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different randomized controlled trials. these 210 individ-
ual 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 stud-
ies included in the review, the number of participants, the 
mean age range and the stage of stroke are presented in 
table i.13, 14, 16, 21, 23, 37-47 the total mean age of participants 

appropriate statistical methods to synthesize results, elev-
en (61%) evaluated between-studies heterogeneity and 
sixteen (89%) assessed the potential impact of risk of bias 
in the results (supplementary table i).

Characteristics of the included studies

The 18 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 re-
views meaning that the included reviews represented 210 

Table I.—� Characteristics of the included studies.13, 14, 16, 21, 23, 37-47

Meta-analysis number of studies in the Ma
number of 
participants 
in the Ma

Mean age (year) in the Ma stage of stroke in the Ma

ahn et al. (2019)37 9 rcts 698 - -
aminov et al. (2018)38 31 rcts

• 28 for ul
• 2 for ul+cognition
• 1 for cognition

971 M=60.0 (range 48.2-74.1) 1.9-427.8 weeks
7 studies: sub-acute (range 1.9-10.3)
24 studies: chronic (range 17.2-427.8)

chien et al. (2020)21 11 rcts 493 M range=54-71 9 days-4 months (M=6 weeks)
coupar et al. (2012)39 4 rcts 166 M range=53-70.2 56-412 days
doumas et al. (2021)46 51 rcts 2083 M range=49.3 - 76 31% trials: subacute

69% trials: chronic
ferreira et al. (2018)22 38 rcts 1174 M range=51.2-57.8 2 weeks-24 months

24 studies: chronic
Karamians et al. (2020)14 38 rcts 1198 - acute to chronic
Kwakkel et al. (2008)40 10 rcts 218 M range=55.6-67

2 missing data

1 week ->6 months

laver et al. (2017)41 72 rcts
• 35 rcts for ul

2470 M range=46-75 2-12 months

laver et al. (2020)41 14 rcts 1748 M range=50’s-70’s 3 studies: acute
5 studies: sub-acute
5 studies: chronic

2 missing data
lee et al. (2019)42 21

• 9 for ul
• 12 for ll

562 M range=47.55-71.35

2 missing data

M range=8-73.5 months

lo et al. (2017)43 51
• 30 for ul
• 21 for ll

1798 M=60 27 studies: acute/sub-acute
24 studies: chronic

Maier et al. (2019)13 30 rcts
• 22 sVr
• 8 nsVr

2287 M range=49.3-73.7 acute: 3 studies
sub-acute: 10 studies
chronic: 18 studies

1 missing data
Mehrholz et al. (2020)16 55

• 53 rcts
• 2 randomized cross-over trials

2654 M range=44-76 M range=14 days-4 years

norouzi-Gheidari et al. (2012)23 12
• 11 rcts
• 1 follow-up study

425 M range=54-79.5 M range=1 week-112.4 months

prange et al. (2006)44 8 rcts 228 M range=41.0-65.9 Sub-acute: 76 patients
chronic: 152 patients

rintala et al. (2019)45 13 rcts
-6 for UL
-5 for ll

336 M=65.6 (range 59-76) Missing data

Zhao et al. (2022)47 22 rcts 758 M range=50-73 M range=15.2 days – 47.9 months
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 II.—� Characteristics of intervention and control groups, outcome measures, follow-up and main findings of the included stud-
ies.13, 14, 16, 21-23, 30, 37-47

Meta-analysis intervention group control group Frequency of 
intervention group

time-match 
intervention 
with control 

group
outcomes follow-up Main findings

ahn et al. 
(2019)37

• Vr
• Vr+ ct
• commercial Vr
• rtMs+Vr training

• ct
• sham 

rtMs+Vr 
training

- 8 studies out 
of 9

activity: bi and 
fiM

- Vr improves ul function 
and activities.

aminov et al. 
(2018)38

• VE interventions+ct
• cG: Wii, Xavix, 

Eyetoy, irEX 
system, Xbox 
Kinect, or a 
combination of 
systems+ct

• ct: pt, ot duration: M=18 
sessions (range 
4-36)

intensity: M=153.9 
min/week (range 
60-180)

Frequency: mean 
3 sessions/week 
(range 1-5)

21 studies out 
of 33 (=active 
control 
group)

• body function: 
fMa-uE

• activity: bbt, 
fiM, bi

• participation: 
Mal

• 6 studies: 
4-6 weeks 
follow-up

• 6 studies: 
8-26 
follow-up

Vr intervention as an adjunct 
improves ul body structure 
and activity.

chien et al. 
(2020)21

• rat+ct
• rat alone (of the 

ul)

devices: sMart 
arm, armeo spring, 
rEaplan robot, 
nerebot training, 
Mit-Manus, 
Gloreha, hand 
Mentor pro

ct=pt, ot, 
task-training 
program, daily 
rehabilitation 
treatment, 
intermittent 
cutaneous 
electric 
stimulation, and 
home exercise 
program

Duration: M=5.6 
weeks and 25 
sessions (range 
2-12 weeks and 
9-40 sessions)

intensity: M=75min 
(range 30-120)

Frequency: 5 
sessions/week

8 studies out 
of 11

• body function: 
fMa-uE, Mas

• activity: fiM, 
bi, activlim 
questionnaire, 
arat, WMft, 
Quickdash, 
sis

- rat=ct for function and 
disability

coupar et al. 
(2012)39

• home therapy 
program: functional 
exercises, assistive/
resistive exercises 
with proprioceptive 
neuromuscular 
facilitation and 
resistive exercises

• Vr intervention with 
telerehabilitation

• usual care
• Vr intervention 

with a therapist 
present

- not mentioned • body function: 
fMa-uE

• activity: bi, 
Jthf, WMft

1 study: 1 
month 
follow-up

1 study: 6 
months 
follow-up

Insufficient evidence to 
determine if home therapy 
program is more or less 
effective than ct in 
hospital.

doumas et al. 
(2021)46

-serious games alone
-serious games+ct

devices: end-effectors, 
motion capture 
gloves, exoskeletons, 
immersive Vr, 
smartphones, tablets, 
EMG-controlled 
sensor, arm support 
system

ct: ot, pt duration: M=5 
weeks (range 2-12 
weeks)
intensity: M 
range=30-225 min

44 studies out 
of 51

-body function: 
fMa-uE
-activity: arat, 
WfMt, bbt
-participation:
sis scale

50% of trials

M=2.3 
months 
(range 1-6)

serious games (displayed 
with rat, Vr or tr devices) 
showed superior results to 
ct for ul motor function, 
activity and participation

ranged from 41 to 79.5 years old though 2 reviews did not 
report this data.14, 37

characteristics of intervention and control groups as 
well as the time-match intervention with the control in-
tervention (when reported by the study) are presented in 
table ii.13, 14, 16, 21-23, 30, 37-47 the majority of control groups 
received ct comprising of conventional physiotherapy, 
occupational and recreational therapy.

table ii 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%) as-
sessed data on activity limitation. Main outcomes were 
fugl-Meyer upper Extremity for body function, and, 
functional independence Measure, barthel index, ac-
tion 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.

 (To be continued) 
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Table II.—� Characteristics of intervention and control groups, outcome measures, follow-up and main findings of the included stud-
ies.13, 14, 16, 21-23, 30, 37-47

Meta-analysis intervention group control group Frequency of 
intervention group

time-match 
intervention 
with control 

group
outcomes follow-up Main findings

ferreira et al. 
(2018)22

• rat alone
• rat added to ct, 

standard therapy, 
motor learning, 
repetitive task-
specific practice, 
an arm-hand 
training program 
and functional task 
practice

devices: Mit-
Manus, haptic 
Knob, arMiniii, 
MiME, ul-EXo7, 
inMotion2, bi-Manu 
track, arM Guide

• Mi: sham rat, 
no intervention, 
placebo 
intervention

• oi=ct=usual 
care, repetitive 
task practice, 
intensive 
conventional 
arm exercise 
program, 
physical 
therapy, 
electrical 
stimulation

duration: M=8 
weeks (range 
2-20)

intensity: 0.2-2 
hours/session

Frequency: M=3 
sessions/week 
(range 2-6)

22 studies rat 
alone vs oi

body function: 
fMa-uE, 
cMsa, Mas, 
Mrc, hand-held 
dynamometer, 
Mps, MMt

• short 
term:<3 
months

• Medium 
term:>3 
months 
and<12 
months

• long 
term:>12 
months

rat has small effects on 
motor control and medium 
effects on strength.

Karamians et 
al. (2020)14

VR/gaming ct=bobath, 
ndt, 
stretching, 
strengthening, 
and adl 
training

- not mentioned • body function: 
fMa-uE

• activity: arat, 
WMft

- Vr is more effective than ct.

Kwakkel et al. 
(2008)40

rat

devices: Mit-
Manus, MiME, 
arM Guide, 
bi-Manu-track, 
inMotion shoulder-
Elbow robot

• ndt
• ct
• Electrical 

stimulation

Frequency: M=48.3 
min/day

no • body function: 
fMa-uE, 
cMsa

• activity: fiM

- rat=ct

rat improves motor function

laver et al. 
(2017)41

5 intervention 
approaches including 
Vr in ul training 
(35 studies)

devices: commercially 
available gaming 
consoles, carEn 
system, customised 
Vr programs

• recreational 
therapy

• ciMt
• no intervention
• usual care
• ct

duration: 5 ->21 
hours

not mentioned • body function: 
fMa-uE

• activity: 
WMft, Mal, 
arat, bi

short term 
follow-
up:<3 
months

Vr and video gaming=ct but 
Vr used as an adjunct to 
ct may be effective in ul 
function and adl.

laver et al. 
(2020)30

telerehabilitation at 
home, in a long-
term care facility 
or a separated local 
healthcare centre

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

• ul physical function
• ot+pt

devices: telephone, 
videoconferencing 
hardware and 
software, desktop 
videophones

• in-person 
rehabilitation

• no 
rehabilitation

• usual care

- not mentioned • body function: 
fMa-uE, 
arat, nhpt

• activity: bi

- telerehabilitation=usual care 
and in person therapy.

 (To be continued) 

Table II.—� Characteristics of intervention and control groups, outcome measures, follow-up and main findings of the included stud-
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Table II.—� Characteristics of intervention and control groups, outcome measures, follow-up and main findings of the included stud-
ies.13, 14, 16, 21-23, 30, 37-47

Meta-analysis intervention group control group Frequency of 
intervention group

time-match 
intervention 
with control 

group
outcomes follow-up Main findings

lee et al. 
(2019)42

Vr unilateral ul: 
nintendo
Vr bilateral ul: Wii 
sport, Xbox Kinect
Robotic/virtually 
stimulated
some studies add ct

ct
no treatment (1 
study)

- all studies 
except for one 
(no treatment)

body function: 
fMa-uE, bbt

- Vr improves motor function 
in chronic stroke patients.

lo et al. 
(2017)43

• rat (tr=0)
• rat+ct (tr=0.2-

0.6)

devices: unilateral and 
bilateral arm robotics

• ct duration: total 
hours=4-300

tr=0 • body function: 
fMa-uE, 
cMsa, WMft-
fas

• activity: 
fiM, bi, sis, 
cafE40, Mal-
QoM, aMat-f

• 20 
studies:<3 
months

• 16 
studies:>3 
months

rat=ct for ul movement 
and adl.

Maier et al. 
(2019)13

• sVr: alone or with 
ct

devices: Microsoft 
Kinect, data gloves, 
computer vision, 
sensors, video 
camera, webcam, 
light-emitting 
diodes, hand-held 
sensors

• nsVr
devices: nintendo 

Wii, Microsoft 
Xbox kinect, sony 
playstation Eyetoy

• some studies add ct

• ct
• ot
• pt
• recreational 

therapy

duration: M=4.3-
4.4 weeks (range 
2-12) with 
M=23.9 and 21.9 
of total hours

intensity: range 
20-158.3 minutes/
session

not for all 
studies

• body function: 
fMa-uE, Mi, 
sis (hand), 
brunnstrom 
Motor recovery 
stage

• activity: bbt, 
fiM, bi, arat, 
WMft

- SVR is more beneficial than 
ct in ul recovery. nsVr 
is not more beneficial than 
ct.

Mehrholz et 
al. (2020)16

rat: udfht, 
Epaht, upaht, 
EXaht, dGfht, 
Ebaht

Devices: MIT Manus/
inMotion, bi-Manu-
track, amadeo

ct - yes • body function: 
fMa-uE, sis 
(hand function),

• activity: 
WMft, bi, 
fiM

- rat=ct in ul function and 
adl. any device is better 
or worse than another one.

norouzi-
Gheidari et 
al. (2012)23

rat

devices: rEharob, 
t-WrEX, arM-
Guide, MiME, 
nerebot, and Mit-
Manus.

ct - yes, statistical 
analysis 
separated 
time-match 
and additional 
rt

• body function: 
fMa-uE, Mss, 
Mps

• activity: fiM

7 studies 
follow-up 
(3; 6; 8 
months and 
3 years)

intensive ct=rat for motor 
recovery, adl, strength and 
motor control.

prange et al. 
(2006)44

rat=repetitive, 
goal-directed forward-
reaching movements 
(active movement)
rat+ct

devices: Mit-Manus, 
MiME, arM-Guide

ct - not mentioned body function: 
fMa-uE

- rat improve motor control 
more than ct.

 (To be continued) 

Table II.—� Characteristics of intervention and control groups, outcome measures, follow-up and main findings of the included stud-
ies.13, 14, 16, 21-23, 30, 37-47 (continues).
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Effect of new technologies on motor function

outlier rcts assessing rat, Vr or tr effect were ex-
cluded after performing a sensitivity analysis (supplemen-
tary digital Material 4: supplementary table ii, supple-
mentary figure 1, supplementary table iii, supplemen-
tary figure 2, supplementary table iV, supplementary 
figure 3, supplementary table V, supplementary figure 
4, supplementary table Vi, supplementary figure 5, sup-
plementary Table VII, Supplementary Figure 6, Supple-
mentary table Viii, supplementary table iX, supplemen-
tary table X). as presented in figure 4, during the sub-
acute 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 
poststroke 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 com-

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 pro-
vided VR (62%), 9 RAT (26%) and 4 TR (12%) in sub-
stitution to ct.

Table II.—� Characteristics of intervention and control groups, outcome measures, follow-up and main findings of the included stud-
ies.13, 14, 16, 21-23, 30, 37-47

Meta-analysis intervention group control group Frequency of 
intervention group

time-match 
intervention 
with control 

group
outcomes follow-up Main findings

rintala et al. 
(2019)45

home based training 
non-supervised or 
tele-supervised for 
ul motor function

devices:
• Video, audiovidual 

dVd
• online web-based 

telerehabilitation 
program

• Vr with game play 
(nintendo Wii)

- ul exercises 
in VE at home 
non-supervised
- telephone 
calls
- usual care

Frequency: 3-5 
sessions/week

not 
mentioned

activity: Mbi, 
bi, fonEfiM, 
Mrs, sis 
(adl)

- technology-based 
distance physical 
rehabilitation=traditional 
treatment in ul function 
and adl.

Zhao et al. 
(2022)47

rat

devices: aMadEo, 
inMotion3.0 Wrist, 
Gloreha, bi-Manu-
track, rehapticknob

typical 
treatment:
-therapist-
assisted training
-passive range 
of motion 
exercices

duration: M 
range=30-120 
min
Frequency: M=5 
times/week
intensity: M=30 
min

not 
mentionned

-body function: 
fMa-uE
-activity: 
nhpt, bbt, 
Mas, Mbi, sis

- rat improves ul 
motor function, strength, 
spasticity and dexterity

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; bi: 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; OI: 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 training; UL: upper limb; VE: virtual environments; VR: 
virtual reality; WfMt: Wolf Motor function test; WfMt-fas: Wolf Motor function test-functional ability score.

Table II.—� Characteristics of intervention and control groups, outcome measures, follow-up and main findings of the included stud-
ies.13, 14, 16, 21-23, 30, 37-47 (continues).
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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 impair-
ments (Figure 5). The effect of TR was equivalent to CT 
when provided to patients with this same degree of sever-
ity (SMD=-0.07 [-0.4 to 0.26]; P=0.65). In terms of dura-
tion, the greatest effect of RAT (SMD=0.25 [0.06 to 0.44], 

prising 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 

figure 2.—network diagram representing the direct and indirect com-
parisons between new technologies and conventional therapy regarding 
post-stroke upper limb motor function.
Each node represents an intervention. the green and yellow lines (on-
line version), 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 (online version) represents 
low global risk of bias, while the yellow lines represent moderate risk 
of bias. the blue lines (online version), connecting two nodes, represent 
indirect comparisons.

figure 3.—network diagram representing the direct and indirect com-
parisons between new technologies and conventional therapy regarding 
poststroke activity.
legend: Each node represents an intervention. the green and yellow 
lines (online version), connecting two nodes, represent direct compari-
sons. the thickness of the lines is proportional to the number of rcts 
taken into account in the comparison. the green line (online version) 
represents low global risk of bias, while the yellow lines in the online 
version represent moderate risk of bias. the blue lines (online version) 
connecting two nodes, represent indirect comparisons.

figure 4.—forest-plot represent-
ing the effect of new-technologies, 
whether provided in addition or 
substitution of conventional thera-
py, on poststroke motor function in 
subacute and chronic patients.
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tainty of evidence regarding Vr, rat and tr effect on 
motor function was considered as very low to moder-
ate depending on the post-stroke phase and intervention 
design (supplementary digital Material 5: supplemen-
tary table Xi, supplementary table Xii). between-stud-
ies heterogeneities were non-significant to substantial 
(0%≤I2≤70%) and effect sizes ranged from small to medi-
um (0.08≤SMD≤0.63). The detailed forest-plots compris-
ing all the randomized controlled trials used to compute 
the resultant effect of new technologies on motor function 
are available in Supplementary Digital Material 6 (Supple-
mentary tables Xiii-XXiX).

Effect of new technologies on activity

outlier rcts assessing rat, Vr or tr effect were ex-
cluded after performing a sensitivity analysis (supple-
mentary Material 4). As presented in Figure 6, during 

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).

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 con-
ducted.

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 cer-

figure 5.—forest-plot represent-
ing the effect of new-technologies, 
whether provided in addition or 
substitution of conventional thera-
py, on poststroke motor function in 
subacute and chronic patients.
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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 de-
pending on the post-stroke phase and intervention design 
(supplementary digital Material 7: supplementary tables 
XXX, XXXi). 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 activity are avail-
able in supplementary digital Material 8 (supplementary 
tables XXXii-XlViii).

Network meta-analysis – motor function

regarding post-stroke motor function, results of these net-
work analyses revealed that there was no significant differ-
ence 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 

the subacute phase, the effect of Vr on post-stroke ac-
tivity (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. accord-
ing 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 sig-
nificant difference was found between TR and CT effect 
when delivered in patients with mild to moderate impair-
ments (sMd=0.91 [-0.91 to 2.73]; p=0.33). during the 
subacute phase, RAT was found to be equivalent to CT ir-
respective of the rehabilitation duration (p>0.05) where-
as the greatest effect of Vr was observed when the treat-
ment 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 to 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 mod-
erate to mild impairments whereas Vr effect was found 
to be superior (SMD=0.31 [0.06 to 0.56]; P=0.01). Re-
garding the duration, the greatest effect of Vr was ob-
served 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 

Figure 6.—Forest-plot representing the 
network meta-analysis indirectly as-
sessing the effect comparison between 
the new technologies on poststroke 
activity.
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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 ac-
tivity (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-mod-
erate 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 sug-
gested 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 

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 re-
vealed that there was no significant effect difference be-
tween Vr, rat and tr during both the subacute and 
chronic phase (p>0.05) (figure 9). When provided in addi-
tion to ct, network comparison between Vr and rat ef-
fects 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).

figure 7.—forest-plot representing the 
network meta-analysis indirectly as-
sessing the effect comparison between 
the new technologies on poststroke 
activity.



nEW tEchnoloGiEs proMotinG actiVE uppEr liMb rEhabilitation EVErard

Vol. 58 - no. 4 EuropEan Journal of physical and rEhabilitation MEdicinE 543

figure 8.—results of these network 
analyses showing no significant differ-
ence between Vr, rat and tr during 
the subacute phase.

figure 9.—results of these network 
analyses revealing no significant effect 
difference between Vr, rat and tr 
during both the subacute and chronic 
phase.
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an immersive device.55 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 surpris-
ing as Vr devices do not allow to assist movements and 
therefore implies having a minimum of upper limb (ul) 
motricity. therefore, Vr does not seem to be the technol-
ogy 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 ef-
fective mirror therapy and cognitive rehabilitation.38, 56

RAT

regarding rat, the forest-plots computed in our study 
demonstrated it is superior to ct for post-stroke mo-
tor function, but not for activity. a previous review has 
also highlighted that the motor learning experience in ad-
dition 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.23 
however, these results are not supported by a recent mul-
ticenter RCT (RATULS) that showed no significant effect 
difference between a time-matched rat and ct regard-
ing upper-limb motor function.57 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 pres-
ent meta-analysis of meta-analyses, regarding patients’ 
stage of recovery and rat effectiveness is likely to be im-
pacted by patients’ stage of recovery.

nevertheless, concerning rat’s comparable effect to 
ct on activity, our results are in line with previous stud-
ies.16, 23, 57 several factors can explain this lack of superior-
ity 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 in-
volve meaningful goal-oriented actions (such as hand pro-
nation, 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 differ-
ent technical specifications such as unilateral distal and 

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.

VR

according to our results, Vr is more effective than ct at 
rehabilitating motor function and activity during both sub-
acute and chronic phases of stroke. this may be explained 
by the fact that Vr systems are often combined with se-
rious games that allow to apply neurorehabilitation prin-
ciples. these principles are, among others, providing early, 
intensive, progressive and functional rehabilitation, giving 
performance feedbacks and promoting the use of the affect-
ed limb.48 indeed, previous research has demonstrated that 
respecting these principles increased the effect of serious 
games on motor function and activity.46 a second explana-
tion may be that this technology provides a certain level 
of motivation to patients.49 in fact, according to the self-
determination theory, it can be hypothesized that gaming 
motivation is determined by the level of autonomy, compe-
tence and playfulness experienced by players.49, 50 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.50 Virtual reality motivation is therefore gen-
erally increased through the utilization of serious games.51 
lastly, the computerization of games may help to tailor re-
habilitation 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.52 on the other hand, non-im-
mersive Vr may also increase patients’ adherence, espe-
cially when provided autonomously, as these devices may 
be more usable.53 a recent meta-analysis has focused on 
comparing the effects of these interventions on upper-limb 
motor function.54 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 im-
mersive intervention remains low. for instance, in another 
recent review that compared immersive and non-immer-
sive Vr effects on balance function among patients with 
stroke, only 17% of the studies included in the work used 
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Program parameters

results of this work suggest that, when provided in addi-
tion to CT, VR is more effective than CT and RAT equiva-
lent 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, al-
though literature results seem similar regarding Vr and 
tr effects,30, 41 several studies have shown that rat was 
not superior to ct when provided in substitution.23, 57 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 substitu-
tion to ct) to ct alone was considerable (i2>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.41 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 interven-
tion.

furthermore, our network meta-analysis suggests that 
Vr and rat’s effects on motor function are superior to 
tr during the chronic 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 reha-
bilitation technologies. Regarding RAT, a review of 2006 
reported that no adverse events occurred in any of the stud-
ies included.44 in 2017, a second review indicated that the 
global attrition rate of rat intervention was of 10% sug-
gesting a good acceptability and safety.21 however, one 
study of 2014 reported that during the experiment, out of 

proximal end-effectors, bilateral end-effectors, and exo-
skeletons.16 a recently published network meta-analysis 
demonstrated no significant effect difference between all 
the types of robots suggesting that there is no evidence in 
favor of one device over another in arm rehabilitation after 
stroke.16

regarding impairments severity, we found that, during 
the subacute phase, rat effect was the greatest when pro-
vided among patients with severe-moderate impairments. 
it can be hypothesized that, the assistance delivered by ro-
bots would induce greater benefits among patients with a 
low uE-fMa than patients who already recovered some 
motricity as severe motor impairments may prevent pa-
tients to perform movements autonomously. conversely, 
during the chronic phase, rat seems to offer better results 
when provided to patients with moderate to mild impair-
ments. this effect might be attributed to the fact that the 
assistance delivered by robots is better potentialized dur-
ing 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.

TR

Results regarding TR effect are globally equivalent to 
ct. findings of this review are consistent with previ-
ous works.30, 45 however, to date, there remains a lack 
of studies of good quality comparing TR to CT and more 
importantly, tr programs are currently very heteroge-
neous.

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 respon-
sible 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.7 Moreover, difficulties with 
equipment setup, the limited scope of exercises and con-
nectivity issues are other factors identified as barriers to 
tr by patients and therapists that may explain tr’s lack 
of superiority.58

TR effect was found to be at least equivalent to CT 
when delivered to patients with mild to moderate impair-
ments. however, no studies assess its effect on patients 
with severe impairments. this lack of studies may be ex-
plained 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.
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ter understand patients’ recovery.64, 65 for instance, these 
technologies could be used to provide kinematics and ac-
timetry measures.

Strengths and limitations of the study

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 (chron-
ic vs subacute) and patients’ impairments severity. anoth-
er strength of this work is it covers a high number total of 
different rcts (189 involving 7524 patients) issued from 
18 meta-analyses.

The main limitation of this work is that some high-qual-
ity 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 net-
work 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.

Conclusions

active rehabilitation using new-technologies effects on 
post-stroke outcomes are at least equivalent to CT. Regard-
ing post-stroke motor function, Vr and tr are more effec-
tive 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 signifi-
cantly superior to rat in improving motor function dur-
ing 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.

References

1. béjot y, bailly h, durier J, Giroud M. Epidemiology of stroke in Eu-
rope and trends for the 21st century. Presse Med 2016;45:e391–8. 
2. cramer sc, nelles G, benson rr, Kaplan Jd, parker ra, Kwong 
KK, et al. a functional Mri study of subjects recovered from hemiparetic 
stroke. stroke 1997;28:2518–27. 
3. Winstein cJ, stein J, arena r, bates b, cherney lr, cramer sc, et 
al.; american heart association stroke council, council on cardiovas-
cular and stroke nursing, council on clinical cardiology, and council 

24 patients with stroke, nine experienced discomfort and 
one suffered from blisters after using the robot.59

a recent cochrane review assessing Vr effect after 
stroke revealed that out of 23 studies, nineteen reported 
no serious adverse events.41 the adverse effects mentioned 
by the other studies were headache, dizziness, an increased 
tonicity and pain. Nevertheless, these were not specifical-
ly attributed to the intervention as patients in the control 
group also experienced these undesired events.60-62

lastly, a cochrane review assessing tr effect after a 
stroke reported that no adverse events occurred in any of 
the included studies.39 More recently, a rct of 2019 indi-
cated that 5 out of 62 patients who followed a TR program 
suffered from arm pain.28 however, in the same study, 5 
patients who followed the control intervention also suf-
fered 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 func-
tion 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.63 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 im-
pairments. during the chronic phase, rat, Vr and tr are 
recommended for patients with mild to moderate impair-
ments. 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 ac-
cording 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 opportu-
nity of using technologies to objectively measure and bet-



nEW tEchnoloGiEs proMotinG actiVE uppEr liMb rEhabilitation EVErard

Vol. 58 - no. 4 EuropEan Journal of physical and rEhabilitation MEdicinE 547

Effectiveness of robot therapy on body function and structure in people 
with limited upper limb function: a systematic review and meta-analysis. 
plos one 2018;13:e0200330. 
23. norouzi-Gheidari n, archambault ps, fung J. Effects of robot-assist-
ed therapy on stroke rehabilitation in upper limbs: systematic review and 
meta-analysis of the literature. J Rehabil Res Dev 2012;49:479–96. 
24. cramer s. interventions to improve recovery after stroke. 
In:2016:972-980.
25. schwamm lh, holloway rG, amarenco p, audebert hJ, bakas t, 
chumbler nr, et al.; american heart association stroke council; in-
terdisciplinary council on peripheral Vascular disease. a review of the 
evidence for the use of telemedicine within stroke systems of care: a sci-
entific statement from the American Heart Association/American Stroke 
Association. Stroke 2009;40:2616–34. 
26. redzuan ns, Engkasan Jp, Mazlan M, freddy abdullah sJ. Effec-
tiveness of a video-based therapy program at home after acute stroke: a 
randomized controlled trial. arch phys Med rehabil 2012;93:2177–83. 
27. chen J, Jin W, dong Ws, Jin y, Qiao fl, Zhou yf, et al. Effects 
of home-based telesupervising rehabilitation on physical function for 
stroke survivors with hemiplegia: a randomized controlled trial. am J 
Phys Med Rehabil 2017;96:152–60. 
28. cramer sc, dodakian l, le V, see J, augsburger r, McKenzie a, et 
al.; National Institutes of Health StrokeNet Telerehab Investigators. Effi-
cacy of home-based telerehabilitation vs in-clinic therapy for adults af-
ter Stroke: A Randomized Clinical Trial. JAMA Neurol 2019;76:1079–87. 
29. lloréns r, noé E, colomer c, alcañiz M. Effectiveness, usability, 
and cost-benefit of a virtual reality-based telerehabilitation program for 
balance recovery after stroke: a randomized controlled trial. arch phys 
Med Rehabil 2015;96:418–425.e2. 
30. laver KE, adey-Wakeling Z, crotty M, lannin na, George s, sher-
rington c. telerehabilitation services for stroke. cochrane database syst 
rev 2020;1:cd010255.
31. shea bJ, reeves bc, Wells G, thuku M, hamel c, Moran J, et al. 
aMstar 2: a critical appraisal tool for systematic reviews that include 
randomised or non-randomised studies of healthcare interventions, or 
both. bMJ 2017;358:j4008. 
32. Whiting P, Savović J, Higgins JP, Caldwell DM, Reeves BC, Shea B, 
et al.; robis group. robis: a new tool to assess risk of bias in system-
atic reviews was developed. J Clin Epidemiol 2016;69:225–34. 
33. lorenz rc, Matthias K, pieper d, Wegewitz u, Morche J, nocon M, 
et al. a psychometric study found aMstar 2 to be a valid and moder-
ately reliable appraisal tool. J clin Epidemiol 2019;114:133–40. 
34. Woytowicz EJ, rietschel Jc, Goodman rn, conroy ss, sorkin 
Jd, Whitall J, et al. determining levels of upper Extremity Movement 
impairment by applying a cluster analysis to the fugl-Meyer assess-
ment of the upper Extremity in chronic stroke. arch phys Med rehabil 
2017;98:456–62. 
35. cohen J. Statistical power analysis for the behavioral sciences. aca-
demic press; 2013.
36. shim sr, Kim sJ, lee J, rücker G. network meta-analysis: applica-
tion and practice using r software. Epidemiol health 2019;41:e2019013. 
37. ahn s, hwang s. Virtual rehabilitation of upper extremity func-
tion and independence for stoke: a meta-analysis. J Exerc rehabil 
2019;15:358–69. 
38. aminov a, rogers JM, Middleton s, caeyenberghs K, Wilson ph. 
What do randomized controlled trials say about virtual rehabilitation in 
stroke? a systematic literature review and meta-analysis of upper-limb 
and cognitive outcomes. J neuroeng rehabil 2018;15:29. 
39. coupar f, pollock a, legg la, sackley c, van Vliet p. home-based 
therapy programmes for upper limb functional recovery following stroke. 
Cochrane Database Syst Rev 2012;(5):CD006755. 
40. Kwakkel G, Kollen bJ, Krebs hi. Effects of robot-assisted therapy 
on upper limb recovery after stroke: a systematic review. neurorehabil 
neural repair 2008;22:111–21. 

on Quality of care and outcomes research. Guidelines for adult stroke 
rehabilitation and recovery: a Guideline for healthcare profession-
als From the American Heart Association/American Stroke Association. 
Stroke 2016;47:e98–169. 
4. langhorne p, bernhardt J, Kwakkel G. stroke rehabilitation. lancet 
2011;377:1693–702. 
5. amir M, saeed b, Mahmoud saadat f. robotics and tele-rehabilita-
tion: recent advancements, future trends. int J reliab Qual E-healthc 
2013;2:1–13. [iJrQEh] 
6. duret c, Grosmaire aG, Krebs hi. robot-assisted therapy in upper 
Extremity hemiparesis: overview of an Evidence-based approach. front 
neurol 2019;10:412. 
7. Everard G, Luc A, Doumas I, Ajana K, Stoquart G, Edwards MG, 
et al. self-rehabilitation for post-stroke Motor function and activity-
a systematic review and Meta-analysis. neurorehabil neural repair 
2021;35:1043–58. 
8. iosa M, hesse s, oliviero a, paolucci s. new technologies for stroke 
rehabilitation. stroke res treat 2013;2013:815814. 
9. nasr n, leon b, Mountain G, nijenhuis sM, prange G, sale p, et al. 
the experience of living with stroke and using technology: opportunities 
to engage and co-design with end users. disabil rehabil assist technol 
2016;11:653–60. 
10. Winstein C, Requejo P. Innovative technologies for rehabilitation and 
health promotion: what is the evidence? phys ther 2015;95:294–8. 
11. saposnik G, levin M; outcome research canada (sorcan) Work-
ing Group. Virtual reality in stroke rehabilitation: a meta-analysis and im-
plications for clinicians. Stroke 2011;42:1380–6. 
12. domínguez-téllez p, Moral-Muñoz Ja, salazar a, casado-fernán-
dez E, lucena-antón d. Game-based Virtual reality interventions to 
improve upper limb Motor function and Quality of life after stroke: 
systematic review and Meta-analysis. Games health J 2020;9:1–10. 
13. Maier M, rubio ballester b, duff a, duarte oller E, Verschure pf. 
Effect of Specific Over Nonspecific VR-Based Rehabilitation on Post-
stroke Motor recovery: a systematic Meta-analysis. neurorehabil neural 
repair 2019;33:112–29. 
14. Karamians R, Proffitt R, Kline D, Gauthier LV. Effectiveness of 
Virtual reality- and Gaming-based interventions for upper Extrem-
ity rehabilitation poststroke: a Meta-analysis. arch phys Med rehabil 
2020;101:885–96. 
15. chang Wh, Kim yh. robot-assisted therapy in stroke rehabilita-
tion. J stroke 2013;15:174–81. 
16. Mehrholz J, pollock a, pohl M, Kugler J, Elsner b. systematic re-
view with network meta-analysis of randomized controlled trials of robot-
ic-assisted arm training for improving activities of daily living and upper 
limb function after stroke. J neuroeng rehabil 2020;17:83. 
17. Keeling ab, piitz M, semrau Ja, hill Md, scott sh, dukelow sp. 
robot enhanced stroke therapy optimizes rehabilitation (rEstorE): a 
pilot study. J neuroeng rehabil 2021;18:10. 
18. Wu cy, yang cl, chen Md, lin Kc, Wu ll. unilateral versus bilat-
eral robot-assisted rehabilitation on arm-trunk control and functions post 
stroke: a randomized controlled trial. J neuroeng rehabil 2013;10:35. 
19. Gandolfi M, Valè N, Posteraro F, Morone G, Dell’orco A, Botticelli 
a, et al.; italian consensus conference on robotics in neurorehabilita-
tion (CICERONE). State of the art and challenges for the classification of 
studies on electromechanical and robotic devices in neurorehabilitation: a 
scoping review. Eur J phys rehabil Med 2021;57:831–40. 
20. Mehrholz J, pohl M, platz t, Kugler J, Elsner b. Electromechanical 
and robot-assisted arm training for improving activities of daily living, 
arm function, and arm muscle strength after stroke. cochrane database 
Syst Rev 2018;9:CD006876. 
21. chien Wt, chong yy, tse MK, chien cW, cheng hy. robot-as-
sisted therapy for upper-limb rehabilitation in subacute stroke patients: a 
systematic review and meta-analysis. brain behav 2020;10:e01742. 
22. ferreira fM, chaves ME, oliveira Vc, Van petten aM, Vimieiro cb. 



EVErard  nEW tEchnoloGiEs proMotinG actiVE uppEr liMb rEhabilitation

548 EuropEan Journal of physical and rEhabilitation MEdicinE august 2022 

54. fang Z, Wu t, lv M, chen M, Zeng Z, Qian J, et al. Effect of tra-
ditional plus Virtual reality rehabilitation on prognosis of stroke survi-
vors: a systematic review and Meta-analysis of randomized controlled 
trials. am J phys Med rehabil 2022;101:217–28. 
55. Garay-sánchez a, suarez-serrano c, ferrando-Margelí M, Jimenez-
rejano JJ, Marcén-román y. Effects of immersive and non-immersive 
Virtual reality on the static and dynamic balance of stroke patients: a 
systematic review and Meta-analysis. J clin Med 2021;10:4473. 
56. Mekbib db, debeli dK, Zhang l, fang s, shao y, yang W, et al. a 
novel fully immersive virtual reality environment for upper extremity re-
habilitation in patients with stroke. ann n y acad sci 2021;1493:75–89. 
57. rodgers h, bosomworth h, Krebs hi, van Wijck f, howel d, Wilson 
n, et al. robot assisted training for the upper limb after stroke (ratuls): 
a multicentre randomised controlled trial. Lancet 2019;394:51–62. 
58. tyagi s, lim ds, ho Wh, Koh yQ, cai V, Koh Gc, et al. acceptance 
of tele-rehabilitation by stroke patients: perceived barriers and facilita-
tors. arch phys Med rehabil 2018;99:2472–2477.e2. 
59. hesse s, heß a, Werner c c, Kabbert n, buschfort r. Effect on arm 
function and cost of robot-assisted group therapy in subacute patients with 
stroke and a moderately to severely affected arm: a randomized controlled 
trial. Clin Rehabil 2014;28:637–47. 
60. crosbie Jh, lennon s, McGoldrick Mc, Mcneill Md, Mcdonough 
sM. Virtual reality in the rehabilitation of the arm after hemiplegic stroke: 
a randomized controlled pilot study. Clin Rehabil 2012;26:798–806. 
61. sucar lE, leder r, hernandez J, sanchez i, azcarate G. clinical 
evaluation of a low-cost alternative for stroke rehabilitation. paper pre-
sented at: 2009 iEEE international conference on rehabilitation robot-
ics; 23-26 June 2009, 2009.
62. hung JW, chou cX, hsieh yW, Wu Wc, yu My, chen pc, et al. 
randomized comparison trial of balance training by using exergaming 
and conventional weight-shift therapy in patients with chronic stroke. 
Arch Phys Med Rehabil 2014;95:1629–37. 
63. stinear cM, lang cE, Zeiler s, byblow Wd. advances and chal-
lenges in stroke rehabilitation. Lancet Neurol 2020;19:348–60. 
64. Everard G, otmane-tolba y, rosselli Z, pellissier t, ajana K, dehem 
s, et al. concurrent validity of an immersive virtual reality version of the 
box and block test to assess manual dexterity among patients with stroke. 
J neuroeng rehabil 2022;19:7. 
65. deblock-bellamy a, batcho cs, Mercier c, blanchette aK. Quanti-
fication of upper limb position sense using an exoskeleton and a virtual 
reality display. J neuroeng rehabil 2018;15:24. 

41. laver KE, lange b, George s, deutsch JE, saposnik G, crotty M. 
Virtual reality for stroke rehabilitation. cochrane database syst rev 
2017;11:cd008349.
42. lee hs, park yJ, park sW. the effects of virtual reality training on 
function in chronic stroke patients: a systematic review and meta-analy-
sis. BioMed Res Int 2019;2019:7595639. 
43. lo K, stephenson M, lockwood c. Effectiveness of robotic assist-
ed rehabilitation for mobility and functional ability in adult stroke pa-
tients: a systematic review. Jbi database syst rev implement reports 
2017;15:3049–91. 
44. prange Gb, Jannink MJ, Groothuis-oudshoorn cG, hermens hJ, 
ijzerman MJ. systematic review of the effect of robot-aided therapy 
on recovery of the hemiparetic arm after stroke. J rehabil res dev 
2006;43:171–84. 
45. rintala a, päivärinne V, hakala s, paltamaa J, heinonen a, Karvanen 
J, et al. Effectiveness of technology-based distance physical rehabilita-
tion interventions for improving physical functioning in stroke: a sys-
tematic review and Meta-analysis of randomized controlled trials. arch 
phys Med rehabil 2019;100:1339–58. 
46. doumas i, Everard G, dehem s, lejeune t. serious games for up-
per limb rehabilitation after stroke: a meta-analysis. J neuroeng rehabil 
2021;18:100. 
47. Zhao M, Wang G, Wang a, cheng lJ, lau y. robot-assisted distal 
training improves upper limb dexterity and function after stroke: a sys-
tematic review and meta-regression. Neurol Sci 2022;43:1641–57. 
48. Maier M, ballester br, Verschure pf. principles of neurorehabilita-
tion after stroke based on Motor learning and brain plasticity Mecha-
nisms. front syst neurosci 2019;13:74. 
49. Epure p, holte M. analysis of Motivation in Virtual reality stroke 
rehabilitation. in 2018:282-93. 
50. ryan rM, rigby cs, przybylski a. the Motivational pull of 
Video Games: a self-determination theory approach. Motiv Emot 
2006;30:344–60. 
51. de Mauro a. Virtual reality based rehabilitation and Game tech-
nology. in: 2011;71:341-342.
52. henderson a, Korner-bitensky n, levin M. Virtual reality in stroke 
rehabilitation: a systematic review of its effectiveness for upper limb mo-
tor recovery. Top Stroke Rehabil 2007;14:52–61. 
53. santos b, dias p, pimentel a, et al. head-mounted display versus 
desktop for 3d navigation in virtual reality: a user study. Multimedia 
Tools Appl 2009;41:161–81. 

Conflicts of interest.—The authors certify that there is no conflict of interest with any financial organization regarding the material discussed in the manuscript.
Funding.—We would like to thank the région Wallonne, the spW-Economie-Emploi-recherche and the Win2Wal program (convention n°1810108) for 
their support.
Authors’ contributions.—the idea of this work was initiated by Gauthier Everard and louise declerck; sophie leonard and Glenn bower independently 
conducted the selection process; Gauthier Everard, sophie leonard and Glenn bower extracted data and Gauthier Everard performed analyses. Gauthier 
Everard, louise declerck, sophie leonard and Glenn bower wrote the manuscript under the supervision of thierry lejeune. thierry lejeune, stéphanie de-
hem and Christine Detrembleur contributed to data interpretation and manuscript revisions. All authors read and approved the final version of the manuscript.
History.—Article first published online: June 6, 2022. - Manuscript accepted: May 30, 2022. - Manuscript revised: April 1, 2022. - Manuscript received: 
december 13, 2021.
Supplementary data.—for supplementary materials, please see the htMl version of this article at www.minervamedica.it


