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Wykorzystanie wirtualnej rzeczywistości w rehabilitacji dłoni  
u pacjentów po udarze mózgu: systematyczny przegląd literatury 

Streszczenie 

Udar mózgu jako schorzenie neurologiczne powoduje konieczność wielowymiarowego postę-
powania medycznego i fizjoterapeutycznego. Wirtualna rzeczywistość (VR) wydaje się być obiecu-
jącą technologią wsparcia rehabilitacyjnego, głównie poprzez możliwość odtworzenia rzeczywi-
stych scenariuszy w środowisku generowanym komputerowo. VR może być uzupełnieniem kon-
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wencjonalnych metod rehabilitacji, poprawiając funkcje motoryczne dłoni oraz czynności dnia co-
dziennego (ADLs). Celem niniejszego artykułu była ocena skuteczności terapii opartej na VR w celu 
poprawy funkcji dłoni u pacjentów po udarze mózgu. Artykuł został zaprojektowany jako systema-
tyczny przegląd literatury. Przegląd literatury przeprowadzono przy użyciu baz bibliograficznych 
PubMed, Cochrane, Physiotherapy Evidence Database(PEDro) oraz rejestrów International Clinical 
Trials Registry Platform (ICTRP) i ClinicalTrials.gov., skąd finalnie wybrano 8 artykułów. Do prze-
glądu włączono randomizowane próby kliniczne (RCT), które dotyczyły interwencji VR w rehabili-
tacji funkcji dłoni u pacjentów po udarze mózgu. Podsumowując uzyskane wyniki, VR stosowana 
w rehabilitacji pacjentów po udarze mózgu poprawia funkcję dłoni i może być traktowana jako 
uzupełnienie do klasycznej rehabilitacji. Siedem z ośmiu włączonych badań uzyskało wysoki wynik 
w skali jakości PEDro. W przyszłych badaniach warto zwrócić uwagę na długotrwałe efekty reha-
bilitacji z wykorzystaniem VR. 

Słowa kluczowe: wirtualna rzeczywistość, robotyka, VRET, dłoń, ręka, fizjoterapia, udar. 

Abstract 

A stroke is neurological damage that results in the need for medical and physical therapy man-
agement. From this perspective, virtual reality (VR) is a promising rehabilitation technology that 
reproduces real-life scenarios through computer-generated environments. VR can be a comple-
mentary strategy to conventional rehabilitation approaches by potentially improving hand motor 
function and activities of daily living (ADLs). This study aimed to evaluate the effectiveness of VR- 
-based therapy in improving hand function for people suffering from chronic stroke. For this sys-
tematic review, we searched PubMed, Cochrane, Physiotherapy Evidence Database(PEDro) and 
registers on International Clinical Trials Registry Platform (ICTRP) and ClinicalTrials.gov including 
all eligible articles. In the end, 8 articles were included. Three reviewers independently searched 
for randomized controlled trials (RCT) of VR intervention in patients with chronic stroke, including 
only studies where hand function rehabilitation was specifically targeted. In conclusion, VR used 
in rehabilitation for patients with chronic stroke improves several outcomes of hand function and 
may be considered as an addition to rehabilitation in routine use. Seven out of eight included 
studies had a high-quality score on PEDro scale. Future studies should focus on how the ad-
vantages of VR therapy for hand function can be sustained over a longer period. 

Keywords: virtual reality, robotics, VRET, hand, arm, physiotherapy, stroke. 

Introduction 

Stroke is an acute event that primarily involves neurological damage that 
leads to disability and mortality [11]. It is spread worldwide, with the conse-
quence of being the second or third most common cause of death along with 
one of the leading causes of acquired adult disability [36]. Most recovery is con-
sidered achievable within the first few weeks of the initial illness, and moreover, 
long-term functional consequences can improve many months after the stroke 
[36]. A significant proportion of stroke-related disability includes sensory, cog-
nitive and motor impairments, as well as reduced ability to perform activities of 
daily living (ADLs), decreasing social and community participation [30]. Limited 
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hand and arm functions have a significant repercussion on disability [21]. Train-
ing that is meaningful, consistently challenging, and highly repetitious is the best 
approach to regaining upper limb function [12, 20, 38]. 

VR is a high-tech computer-human interface system using hardware and 
software. It creates a multisensory stimulating environment through three-di-
mensional support and provides real-life scenarios with ADLs [19]. It proposes 
enhanced feedback through stimulation of the visual, vestibular, and soma-
tosensory systems via virtual environment interaction [40].The key aspect of VR 
is based on immersion and presence. There are 4 types of virtual degrees of im-
mersion: non-immersive, immersive, augmented, and mixed VR. Presence is the 
subjective sensation of participants to which extent they perceive being in the 
virtual world, it depends on the degree of immersion, itself related to the virtual 
system [1, 19, 32]. 

This technological advance can be applied in the clinical or home setting [5, 
35, 41]. However, VR is not yet widely used in rehabilitation even if it is becom-
ing more affordable and cost-effective. Clinicians and researchers turned to 
other low-cost system options similar to interactive commercial video games 
which became more popular for VR-based therapy [27, 34]. This type of system 
is being adapted or designed for rehabilitation [24]. Compared to conventional 
therapy, VR may allow a patient to perform a higher dose of repetitious func-
tional tasks [8]. Applying different VR systems to a stroke patient demonstrates 
certain benefits for the rehabilitation of upper and lower limb motor function 
[10, 18, 28, 29]. Additionally, adherence to treatment and motivation is in-
creased with the use of VR, as it is considered more of a fun game rather than 
treatment, and not only in the field of stroke rehabilitation [28]. 

In the near future, new technology such as VR will be more implemented in 
clinical rehabilitation settings [4, 17, 33]. Therefore, it is important to assess the 
effectiveness of VR for specific types of patients to better adjust and guide fu-
ture use and practice. 

Recently, numerous systematic reviews have been evaluating the effective-
ness of virtual reality for upper limb stroke rehabilitation, especially with com-
mercial games [9, 25, 26]. The sufficiently encouraging results of the current 
studies animate the deepening of research on this subject. 

The objective of this systematic review was to summarize the latest evidence 
concerning the effectiveness of VR-based therapy for the rehabilitation of hand 
function in stroke patients with chronic hemiparesis in comparison with hand 
rehabilitation, for instance, in the form of physiotherapy or occupational ther-
apy. Our research question was as follows: In chronic stroke patients, what are 
the effects of VR treatment in comparison to hand functional therapy training 
to improve hand function? 
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Methods 

Search strategy and study selection 

The electronic search was performed on Physiotherapy Evidence Database 
(PEDro), PubMed, and Cochrane databases. In a similar manner, on ClinicalTri-
als.gov and the International Clinical Trials Registry Platform(ICTRP) to include 
studies that would conform to our criteria but would not be published yet. The 
search was run on 20 February 2020. 

The search terms ‘hand’, ‘virtual reality’, ‘chronic’, ‘stroke’, and ‘physical 
therapy specialty’ were used for the advanced PubMed search, along with mesh 
terms and Boolean operators such as ‘AND’ between key terms and ‘OR’ be-
tween synonyms. Our search was adapted for different databases (Appendices 
1–5). Three reviewers independently screened each record (title and abstract) 
from all databases according to predetermined eligibility criteria. Then the same 
reviewers screened all included trials for eligibility in the full text. All disagree-
ments were resolved through discussion. The reviewers built in advance a table 
to report the wanted data (details in the ‘Data items’ section). The selected stud-
ies were divided between the reviewers and processed independently. No other 
instructions were put in advance except for the table, no training sessions like-
wise. All disagreements were resolved through discussion. All included articles 
were methodologically evaluated for risk of bias using the PEDro scale [39] by 
the same reviewer who collected the data. 

In each study we sought the following information: study name, authors, 
and study type; number of participants per group; EG and CG training: duration 
and frequency of training, content of training such as tasks, exercises, and games 
used.; VR type; VR / robotic system: name and equipment used for the VR inter-
vention; OM, assessment and corresponding results; the authors’ conclusions; 
grade on PEDro scale. All OMresults included in our inclusion criteria were re-
ported in Table 3 with their P-value.  

Eligibility criteria 

Regarding the chosen population, the chronic stage was announced after at 
least six months following the stroke [3], also with a clear presence of hemipare-
sis. We did not establish restrictions with respect to age, gender, duration of 
chronicity, severity of hemiparesis, and comorbidities. As minimal movements 
are required to perform VR training, patients with hemiplegia were excluded. 

Only RCTs that evaluated the effects of training on the hand function were 
included. We define the hand as ‘five metacarpal bones, phalangeal bones, sur-
rounding tissues, but anatomically the bones and tissues of the wrist are ex-
cluded’. RCT should present at least one comparison between a group using  
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VR-based treatment and another without VR. We did not set restrictions with 
regards to immersive type, exergaming was also accepted. Selected trials com-
pared VR with conventional rehabilitation which is an umbrella term for all treat-
ments used to regain motor function during the chronic stage after a stroke. For 
instance, we consider physiotherapy, occupational therapy, strengthening, and 
reaching tasks. The duration of both treatments and follow-up was not in scope. 

The authors had to perform their assessment with at least one of the follow-
ing outcome measures (OM) that include assessment of hand function: Fugl 
Meyer Assessment Scale (FMA), where hand subdivision should be separately 
reported from the rest of the limb evaluation, Wolf Motor Function Test 
(WMFT), Action Research Arm Test (ARAT), Jebsen Hand Function Test (JHFT) 
and Box and Block Test (BBT). If our population of interest was mixed with an-
other, separate results should be provided. We filter using two assumptions that 
we made. If hand training was not explicit, we considered that it was not trained. 
However, we accepted the use of remote control in the VR program as hand 
rehabilitation. Finally, we did not discriminate results as far as publication dates 
were concerned. We excluded studies that were not available entirely in English 
or French.  

Results 

Study selection 

Through the different databases and registers, we identified, after removing 
duplicates, 128 articles. Then, after reading each title and abstract, we excluded 
87 articles as they did not comply with our eligibility criteria. During our search, 
18 studies were eliminated because they were not entirely available or not in 
English or French. Following this, all 3 reviewers read the 23 articles in full text 
and 8 of them were finally included in our research with regard to our data item 
criteria. A PRISMA flow diagram [31] was created (Figure 1). 
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Figure 1. PRISMA flow diagram 



 St
u

d
y 

ch
ar

ac
te

ri
st

ic
s 

Ta
b

le
 1

. C
h

ar
ac

te
ri

st
ic

s 
o

f 
th

e 
in

cl
u

d
e

d
 s

tu
d

ie
s 

Authors 

(year) (1) 

G
ro

u
p

 c
h

ar
ac

te
ri

st
ic

s 
(n

u
m

b
e

r 
o

f 
p

ar
ti

ci
-

p
an

ts
) 

(2
) 

C
o

n
tr

o
l g

ro
u

p
 t

ra
in

in
g 

(3
) 

Ex
p

e
ri

m
e

n
ta

l g
ro

u
p

  
tr

ai
n

in
g 

(4
) 

V
R

 t
yp

e
 

(5
) 

V
R

 s
ys

te
m

/r
o

b
o

ti
c 

sy
s-

te
m

 
(6

) 

O
u

tc
o

m
e

 m
e

as
u

re
 

an
d

 a
ss

e
ss

m
e

n
t 

(7
) 

C
o

n
cl

u
si

o
n

 
(8

) 

Huang et al., (2022) 

C
h

ro
n

ic
 s

tr
o

ke
 

 C
G

 (
1

5
):

 c
o

n
ve

n
ti

o
n

al
 

o
cc

u
p

at
io

n
al

 t
h

er
ap

y 
 EG

 (
1

5
):

 Im
m

er
si

ve
 

V
R

-b
as

ed
 m

o
to

r 
co

n
-

tr
o

l t
ra

in
in

g 

1
6

 s
es

si
o

n
s 

o
f 

in
te

rv
en

-
ti

o
n

 f
o

r 
6

0
 m

in
/d

ay
, 2

 t
o

 
3

 d
ay

s/
w

ee
k 

 Su
p

er
vi

se
d

 b
y 

an
 o

cc
u

p
a-

ti
o

n
al

 t
h

er
ap

is
t 

 6
–1

0
 t

as
ks

 a
t 

ea
ch

 s
es

-
si

o
n

 s
u

ch
 a

s 
th

e 
p

eg
 

b
o

ar
d

, c
lim

b
in

g 
la

d
d

er
 

an
d

 s
ta

ck
in

g 
co

n
es

 

1
6

 s
es

si
o

n
s 

o
f 

in
te

rv
en

ti
o

n
 

fo
r 

6
0

 m
in

/d
ay

, 2
 t

o
 3

 
d

ay
s/

w
ee

k 
 6

–1
0

 t
as

ks
 o

f 
V

R
 s

ce
n

es
: 

Se
le

ct
e

d
 s

ce
n

es
 w

er
e 

ch
o

-
se

n
 b

as
ed

 o
n

 t
h

e 
o

ri
gi

n
al

 
u

p
p

er
 li

m
b

 a
ct

iv
it

ie
s 

(b
ila

t-
er

al
 a

rm
, o

n
e 

h
an

d
, a

im
-

in
g,

 s
h

o
o

ti
n

g,
 h

it
ti

n
g,

 w
av

-
in

g 
ar

m
s,

 p
u

n
ch

in
g,

 a
n

d
 

th
ro

w
in

g 
o

b
je

ct
, s

h
o

p
p

in
g,

 
p

o
u

ri
n

g 
w

at
e

r,
 a

n
d

 b
le

n
d

-
in

g 
d

ri
n

ks
).

 
2

0
 d

if
fe

re
n

t 
sc

en
es

 

Im
m

er
si

ve
 

V
R

 

C
o

m
m

er
ci

al
 im

m
er

si
ve

 
V

R
 h

ea
d

se
t 

d
ev

el
o

p
e

d
 

b
y 

H
TC

 V
IV

E 
(H

TC
 C

o
r-

p
o

ra
ti

o
n

, N
ew

 T
ai

p
ei

 
C

it
y,

 T
ai

w
an

).
 

H
M

D
 d

ev
ic

e
 

2
 c

o
n

tr
o

lle
rs

 
2

 in
fr

ar
ed

 la
se

r 
em

it
te

r 
u

n
it

s 

– 
FM

A
-U

E
 

– 
A

R
O

M
 

– 
Si

m
u

la
to

r 
Si

ck
-

n
es

s 
Q

u
es

ti
o

n
-

n
ai

re
 

– 
B

o
rg

 S
ca

le
 o

f 
P

er
-

ce
iv

ed
 E

xe
rt

io
n

 
– 

Se
ru

m
 s

am
p

lin
g 

fo
r 

m
o

le
cu

la
r 

b
i-

o
m

ar
ke

rs
 

 A
ss

e
ss

m
e

n
t:

 w
it

h
in

 
o

n
e 

w
ee

k 
b

ef
o

re
 

an
d

 a
ft

er
 in

te
rv

e
n

-
ti

o
n

s 

FM
A

-U
E-

To
ta

l 
sc

o
re

, a
n

d
 A

R
O

M
- 

-S
h

o
u

ld
er

 F
le

xi
o

n
 

w
as

 s
ig

n
if

ic
an

tl
y 

h
ig

h
er

 in
 t

h
e 

EG
 

th
an

 in
 t

h
e 

C
G

 

    



 Ta
b

le
 1

. C
h

ar
ac

te
ri

st
ic

s 
o

f 
th

e 
in

cl
u

d
e

d
 s

tu
d

ie
s 

(c
o

n
t.

) 

(1
) 

(2
) 

(3
) 

(4
) 

(5
) 

(6
) 

(7
) 

(8
) 

Ain et al., (2021) 

C
G

 (
2

5
):

 e
xe

rc
is

e 
tr

ai
n

-
in

g 
gr

o
u

p
 

 EG
 (

2
5

):
 X

b
o

x 
K

in
ec

t 
tr

ai
n

in
g 

gr
o

u
p

 +
 C

T 
 

Se
ss

io
n

 w
it

h
 t

ra
in

ed
 p

h
ys

-
io

th
er

ap
is

t 
3

5
–4

0
 m

in
,  

5
 d

ay
s/

w
ee

k 
fo

r 
6

 w
ee

ks
: 

– 
St

re
tc

h
in

g 
(m

ild
 t

o
 

m
o

d
er

at
e 

su
st

ai
n

ed
 in

 
fr

ee
 p

ai
n

 r
an

ge
) 

(1
0

–
3

0
 s

ec
) 

 
– 

W
ei

gh
t 

b
ea

ri
n

g 
p

o
si

-
ti

o
n

 in
 u

p
p

e
r 

lim
b

 e
x-

te
n

si
o

n
 (

1
-3

 t
im

es
) 

 
– 

Ex
er

ci
se

s:
 t

as
ks

 r
el

at
e

d
 

to
 a

ct
iv

it
ie

s 
o

f 
d

ai
ly

 li
v-

in
g,

 s
u

ch
 a

s 
lif

ti
n

g 
b

as
-

ke
ts

, f
o

ld
in

g 
to

w
el

s,
 

tu
rn

in
g 

a 
ke

y 
in

 t
h

e 
lo

ck
, r

ea
ch

in
g 

fo
rw

ar
d

, 
re

ac
h

in
g 

si
d

ew
ay

s,
 

gr
as

p
in

g 
th

e 
b

al
l, 

p
ic

k-
in

g 
u

p
 s

m
al

l b
lo

ck
s 

an
d

 li
ft

in
g 

ca
n

s 
an

d
 

p
en

ci
ls

 (
ea

ch
 t

as
k 

3
–4

 
m

in
) 

 

In
te

rv
e

n
ti

o
n

 o
f 

3
5

-4
0

 m
in

, 
5

 d
ay

s/
w

ee
k 

fo
r 

6
 w

ee
ks

. 
In

te
rv

e
n

ti
o

n
 s

u
p

er
vi

se
d

 b
y 

a 
p

h
ys

ic
al

 t
h

er
ap

is
t.

Ea
ch

 
se

ss
io

n
 w

it
h

 c
o

n
ve

n
ti

o
n

al
 

tr
ai

n
in

g 
e

xe
rc

is
es

 f
o

r 
2

0
 

m
in

. 
– 

Fi
rs

t 
w

ee
k:

 o
ri

en
ta

ti
o

n
 

w
ee

k 
(P

at
ie

n
ts

’ t
ra

in
in

g 
fo

r 
in

te
rv

en
ti

o
n

 +
 

d
em

o
n

st
ra

ti
o

n
  

– 
2

n
d

 &
 3

rd
 w

e
ek

s:
 g

am
e 

n
am

ed
 “

te
n

n
is

 p
la

ye
r,

” 
 

– 
3

rd
 &

 4
th

 w
ee

ks
: “

te
n

-
n

is
 p

la
ye

r”
 +

 “
jo

y 
ri

d
-

in
g”

 g
am

e 
 

– 
5

th
 &

 6
th

 w
ee

ks
: ‘

te
n

-
n

is
 p

la
ye

r’
 +

 “
jo

y 
ri

d
in

g”
 

+ 
“R

al
ly

 b
al

l”
  

A
ll 

ga
m

e
s 

p
er

fo
rm

e
d

 in
  

a 
st

an
d

in
g 

p
o

si
ti

o
n

  

G
am

in
g 

X
b

o
x 

K
in

ec
t 

3
6

0
: 

 
K

in
ec

t 
ad

ve
n

tu
re

 p
ac

k 
&

 K
in

ec
t 

sp
o

rt
s 

p
ac

k 
= 

u
p

p
er

 e
xt

re
m

it
y 

m
o

ve
-

m
en

t 
ga

m
e

s 
 

LE
D

 s
cr

ee
n

 f
o

r 
vi

rt
u

al
 

en
vi

ro
n

m
e

n
t 

 

– 
FM

A
-U

E 
 

– 
B

B
T 

 
– 

M
o

n
tr

ea
l C

o
gn

i-
ti

ve
 A

ss
es

sm
en

t 
 

 A
ss

e
ss

m
e

n
t:

 b
as

e-
lin

e 
an

d
 a

ft
er

 c
o

m
-

p
le

ti
o

n
 o

f 
th

e 
in

te
r-

ve
n

ti
o

n
 in

 t
h

e 
si

xt
h

 
w

ee
k 

 

EG
: p

ro
m

is
in

g 
p

o
-

te
n

ti
al

 t
o

 e
n

h
an

ce
 

u
p

p
er

 li
m

b
 m

o
to

r 
fu

n
ct

io
n

 f
o

r 
st

ro
ke

 
p

at
ie

n
ts

  

   



 Ta
b

le
 1

. C
h

ar
ac

te
ri

st
ic

s 
o

f 
th

e 
in

cl
u

d
e

d
 s

tu
d

ie
s 

(c
o

n
t.

) 

(1
) 

(2
) 

(3
) 

(4
) 

(5
) 

(6
) 

(7
) 

(8
) 

El-Kafy et al., (2021) 

C
h

ro
n

ic
 s

tr
o

ke
 (

6
–2

4
 

m
o

n
th

s)
  

 C
G

 (
1

9
):

 2
 h

 f
u

n
ct

io
n

al
 

tr
ai

n
in

g 
 EG

 (
1

8
):

 1
 h

 f
u

n
ct

io
n

al
 

tr
ai

n
in

g 
+ 

1
 h

 V
R

  

P
er

so
n

al
iz

ed
 f

ac
e

-t
o

-f
ac

e 
se

ss
io

n
 (

3
 s

es
si

o
n

s 
o

f 
2

 h
 

p
er

 w
ee

k 
fo

r 
3

 m
o

n
th

s)
  

  1
st

 p
ar

t 
(1

 h
):

  
– 

M
u

sc
le

 f
ac

ili
ta

ti
o

n
 e

x-
er

ci
se

s 
 

– 
P

ro
p

ri
o

ce
p

ti
ve

 n
e

u
ro

-
m

u
sc

u
la

r 
fa

ci
lit

at
io

n
 

ex
er

ci
se

s 
 

– 
St

re
n

gt
h

en
in

g 
A

ct
iv

i-
ti

es
  

– 
St

re
tc

h
in

g 
ex

er
ci

se
s 

 
– 

P
o

st
u

ra
l r

ea
ct

io
n

s 
e

x-
er

ci
se

s 
 

 
2

n
d

 p
ar

t 
(1

 h
):

  
– 

A
rm

 r
ea

ch
in

g 
ta

sk
s 

 
– 

A
rm

-h
an

d
 t

as
ks

  
– 

M
an

ip
u

la
ti

ve
 t

as
ks

 
(g

ra
sp

in
g 

an
d

 r
el

ea
se

 
ac

ti
vi

ti
es

) 
 

– 
A

D
Ls

 t
as

k 
w

it
h

 b
o

th
 

ar
m

s 

P
er

so
n

al
iz

ed
 f

ac
e

-t
o

-f
ac

e 
se

ss
io

n
 (

3
 s

es
si

o
n

s 
o

f 
2

 h
 

p
er

 w
ee

k 
fo

r 
3

 m
o

n
th

s)
  

 Fi
rs

t 
an

d
 s

ec
o

n
d

 p
ar

t 
o

f 
fu

n
ct

io
n

al
 t

ra
in

in
g 

= 
1

 h
  

 3
rd

 p
ar

t 
fo

r 
(1

 h
):

  
– 

V
R

-b
as

ed
 t

ra
in

in
g 

p
ro

-
gr

am
 u

si
n

g 
ga

m
e

s 
(A

rm
eo

 S
p

ri
n

g)
: 

 
– 

To
 s

im
u

la
te

 a
 r

an
ge

 o
f 

u
p

p
er

 li
m

b
  

– 
A

rm
-r

ea
ch

in
g 

+ 
gr

as
p

 
(a

rm
-h

an
d

 a
ct

iv
it

ie
s)

  
– 

M
an

ip
u

la
ti

ve
 t

as
ks

  

Si
n

gl
e 

ar
m

 
ex

o
sk

el
e-

to
n

 +
 h

an
d

 
tr

ai
n

in
g 

in
 

an
 e

xt
en

-
si

ve
 3

D
 

w
o

rk
sp

ac
e 

A
rm

eo
 S

p
ri

n
g 

eq
u

ip
-

m
en

t 
(M

R
F;

 H
o

co
m

a,
 

Sw
it

ze
rl

an
d

) 
 

It
 in

cl
u

d
es

 a
d

ju
st

ab
le

 
ar

m
 s

u
p

p
o

rt
 (

au
g-

m
en

te
d

 f
ee

d
b

ac
k)

 a
n

d
 

la
rg

e 
3

D
 w

o
rk

sp
ac

e 
 

– 
A

R
A

T 
 

– 
W

M
FT

  
– 

W
M

FT
-T

im
e 

(t
im

e 
re

q
u

ir
e

d
 t

o
 

co
m

p
le

te
 t

h
e 

te
st

) 
 

– 
H

an
d

 G
ri

p
 

St
re

n
gt

h
  

A
ss

e
ss

m
e

n
t:

 b
as

e-
lin

e 
an

d
 a

ft
er

 c
o

m
-

p
le

ti
o

n
 o

f 
th

e 
tr

ea
t-

m
en

t 
 

 

C
o

m
b

in
ed

 t
re

at
-

m
en

t 
o

f 
V

R
 +

 C
T 

is
 

m
o

re
 e

ff
ec

ti
ve

 in
 

im
p

ro
vi

n
g 

u
p

p
er

 
lim

b
 f

u
n

ct
io

n
s 

in
 

in
d

iv
id

u
al

s 
w

it
h

 
ch

ro
n

ic
 s

tr
o

ke
 

th
an

 C
T 

al
o

n
e 

 

  



 Ta
b

le
 1

. C
h

ar
ac

te
ri

st
ic

s 
o

f 
th

e 
in

cl
u

d
e

d
 s

tu
d

ie
s 

(c
o

n
t.

) 

(1
) 

(2
) 

(3
) 

(4
) 

(5
) 

(6
) 

(7
) 

(8
) 

Marques-Sule et al., (2021) 

C
G

 (
1

4
):

 C
T 

 
 EG

 (
1

5
):

 V
R

 w
it

h
 N

in
-

te
n

d
o

 W
ii 

+ 
C

T 
 

2
 s

es
si

o
n

s 
o

f 
2

 h
o

u
rs

 p
er

 
w

ee
k,

 4
-w

ee
k 

d
u

ra
ti

o
n

  
P

ro
to

co
l: 

– 
W

ar
m

-u
p

  
– 

M
o

b
ili

ty
 a

n
d

 s
tr

e
n

gt
h

-
en

in
g 

ex
er

ci
se

s 
in

 s
u

-
p

in
e 

p
o

si
ti

o
n

  
– 

A
ct

iv
e-

as
si

st
e

d
/p

as
-

si
ve

 lo
w

er
 a

n
d

 u
p

p
er

 
lim

b
 k

in
es

io
th

er
ap

y 
 

– 
U

p
p

er
-l

im
b

 s
tr

en
gt

h
-

en
in

g 
ex

er
ci

se
s 

u
si

n
g 

w
ei

gh
ts

 a
n

d
 e

la
st

ic
 

b
an

d
s 

 
– 

B
al

an
ce

, s
ta

b
ili

ty
, a

n
d

 
co

o
rd

in
at

io
n

 e
xe

rc
is

es
  

– 
W

al
ki

n
g 

e
xe

rc
is

es
  

– 
C

o
o

l-
d

o
w

n
  

Sa
m

e 
as

 C
T 

+ 
2

 s
e

ss
io

n
s 

(3
0

 m
in

) 
p

er
 w

ee
k 

o
f 

 
V

R
-W

ii 
 

 – 
W

ii 
Fi

t 
p

ac
ka

ge
 f

o
r 

b
al

-
an

ce
 t

ra
in

in
g 

(l
o

w
er

 
lim

b
):

 h
ea

d
in

g,
 s

ki
 s

la
-

lo
m

, t
ilt

 t
ab

le
, t

ig
h

tr
o

p
e 

te
n

si
o

n
, d

o
w

n
st

re
am

, 
su

b
ze

ro
 f

is
h

in
g 

 
– 

W
ii 

Sp
o

rt
s 

p
ac

ka
ge

 (
u

p
-

p
er

 li
m

b
):

 b
o

w
lin

g,
 g

o
lf

, 
an

d
 t

e
n

n
is

 g
am

es
 

Ea
ch

 g
am

e 
w

as
 p

er
fo

rm
ed

 
as

 2
 s

et
s 

w
it

h
 a

 1
-m

in
u

te
 

re
st

 in
te

rv
al

 b
et

w
ee

n
 e

ac
h

 
ga

m
e 

G
am

in
g 

N
in

te
n

d
o

 W
ii 

(N
in

-
te

n
d

o
,  

K
yo

to
, J

ap
an

) 
 

– 
W

ii 
R

e
m

o
te

: w
ir

e-
le

ss
 c

o
n

tr
o

lle
r 

 
– 

W
ii 

B
al

a
n

ce
 B

o
ar

d
: 

lig
h

tw
ei

gh
t 

b
o

ar
d

  

– 
FM

A
-U

E 
 

– 
Ti

m
ed

 U
p

 a
n

d
 G

o
  

– 
Ti

n
et

ti
 t

e
st

  
– 

P
er

fo
rm

an
ce

-O
ri

-
en

te
d

 M
o

b
ili

ty
 

A
ss

e
ss

m
e

n
t 

 
– 

B
er

g 
B

al
an

ce
 

Sc
al

e 
 

– 
B

ar
th

el
 In

d
ex

  
– 

Fr
en

ch
ay

 A
ct

iv
it

y 
In

d
e

x 
 

 A
ss

e
ss

m
e

n
t:

 a
t 

b
as

e-
lin

e 
an

d
 a

t 
th

e 
en

d
 

o
f 

th
e 

st
u

d
y.

   

P
ro

m
is

in
g 

re
su

lt
s 

in
 f

u
n

ct
io

n
al

it
y,

 
b

al
an

ce
, a

n
d

 A
D

Ls
 

w
h

en
 a

d
d

in
g 

V
R

 
w

it
h

 N
in

te
n

d
o

 W
ii 

to
 C

T 
in

 c
h

ro
n

ic
 

st
ro

ke
 s

u
rv

iv
o

rs
  

     



 Ta
b

le
 1

. C
h

ar
ac

te
ri

st
ic

s 
o

f 
th

e 
in

cl
u

d
e

d
 s

tu
d

ie
s 

(c
o

n
t.

) 

(1
) 

(2
) 

(3
) 

(4
) 

(5
) 

(6
) 

(7
) 

(8
) 

Hung et al., (2019) 

C
G

 (
1

6
):

 u
p

p
e

r 
lim

b
 

th
er

ap
is

t-
b

as
ed

 t
ra

in
-

in
g 

 
 EG

 (
1

7
):

 K
i-

n
ec

t2
Sc

ra
tc

h
 g

am
es

 

2
–3

 s
es

si
o

n
s 

/ 
w

ee
k,

 t
o

ta
l 

o
f 

2
4

 s
es

si
o

n
s 

(3
 m

o
n

th
s)

  
 1

5
 m

in
: A

D
Ls

 t
ra

in
in

g 
 

 3
0

 m
in

: c
o

n
ve

n
ti

o
n

al
 

h
an

d
 f

u
n

ct
io

n
 t

ra
in

in
g 

 
In

d
iv

id
u

al
 f

ac
e-

to
-f

ac
e 

se
ss

io
n

 w
it

h
 t

ra
in

ed
 o

cc
u

-
p

at
io

n
al

 t
h

er
ap

is
t 

 
 3

0
 m

in
: 

 
– 

B
im

an
u

al
 a

n
d

 u
n

im
an

-
u

al
 e

xe
rc

is
e

s 
 

– 
Si

n
gl

e 
an

d
 m

u
lt

ip
le

 
jo

in
t 

tr
ai

n
in

g 
(s

h
o

u
l-

d
er

, e
lb

o
w

 a
n

d
 f

o
re

-
ar

m
) 

 
– 

Ex
er

ci
se

s 
p

er
so

n
al

iz
ed

 
fo

r 
ea

ch
 p

at
ie

n
t.

  
V

er
b

al
 f

ee
d

b
ac

k 
an

d
 

m
an

u
al

 c
o

rr
ec

ti
o

n
 w

er
e 

al
lo

w
ed

  
Ea

ch
 s

es
si

o
n

 in
cl

u
d

ed
 3

–4
 

m
o

ve
m

en
t 

p
at

te
rn

s 

2
–3

 s
es

si
o

n
s 

/ 
w

ee
k,

 t
o

ta
l 

o
f 

2
4

 s
es

si
o

n
s 

(3
 m

o
n

th
s)

  
  1

5
 m

in
: A

D
Ls

 t
ra

in
in

g 
 

  3
0

 m
in

: c
o

n
ve

n
ti

o
n

al
 h

an
d

 
fu

n
ct

io
n

 t
ra

in
in

g 
 

  3
0

 m
in

: 
 

Ea
ch

 s
es

si
o

n
: 3

–4
/8

 g
am

es
 

(W
h

ac
k-

a-
m

o
le

, h
ar

ve
st

 
ca

rr
o

ts
, p

ic
ki

n
g 

ap
p

le
s,

 
b

o
w

lin
g,

 a
lie

n
 a

tt
ac

k,
 h

u
n

-
gr

y 
sh

ar
k,

 h
u

n
gr

y 
an

t,
 b

o
x-

in
g)

  

G
am

in
g 

K
in

ec
t2

Sc
ra

tc
h

 s
u

p
p

o
rt

 
w

it
h

 g
am

es
  

M
ic

ro
so

ft
 K

in
ec

t 
co

n
-

tr
o

lle
r 

 
A

la
rm

 s
ys

te
m

: c
o

m
p

en
-

sa
to

ry
 m

o
ve

m
en

t 
 

– 
FM

A
-U

E:
  

(P
ro

xi
m

al
: S

h
o

u
ld

er
, 

el
b

o
w

, a
n

d
 f

o
re

ar
m

; 
D

is
ta

l: 
w

ri
st

 a
n

d
 

h
an

d
) 

 
– 

W
M

FT
 (

ti
m

e 
+ 

fu
n

ct
io

n
al

 a
b

ili
ty

) 
 

– 
M

o
to

r 
A

ct
iv

it
y 

Lo
g 

 
– 

P
it

ts
b

u
rg

h
 P

ar
ti

ci
-

p
at

io
n

 S
ca

le
  

 Ev
al

u
at

io
n

: a
t 

b
as

e-
lin

e,
 a

ft
er

 in
te

rv
en

-
ti

o
n

 a
n

d
 3

 m
o

n
th

s 
af

te
r 

fo
llo

w
-u

p
 

V
R

 a
s 

ef
fe

ct
iv

e 
as

 
C

T,
 b

u
t 

co
u

ld
 d

e-
cr

ea
se

 t
h

e 
w

o
rk

-
lo

ad
 o

f 
th

er
ap

is
ts

  

 



 Ta
b

le
 1

. C
h

ar
ac

te
ri

st
ic

s 
o

f 
th

e 
in

cl
u

d
e

d
 s

tu
d

ie
s 

(c
o

n
t.

) 

(1
) 

(2
) 

(3
) 

(4
) 

(5
) 

(6
) 

(7
) 

(8
) 

Kottinket al. (2014) 

 

C
G

 (
1

0)
: c

o
n

ve
n

ti
o

n
al

 
re

ac
h

in
g 

ta
sk

s 
 

EG
 (

8)
: R

eh
ab

 g
am

e 
 

 

3
0

 m
in

/3
 d

ay
s/

6
 w

ee
ks

 
w

it
h

 t
ra

in
ed

 t
h

er
ap

is
t 

 
  N

eu
ro

re
h

ab
ili

ta
ti

o
n

 a
p

-
p

ro
ac

h
:  

– 
R

ea
ch

in
g 

a 
ta

rg
et

 p
o

si
-

ti
o

n
ed

 o
n

 a
 t

ab
le

  
– 

M
ec

h
an

ic
al

 e
xe

rc
is

es
 

(e
.g

. b
o

w
, p

eg
 in

 h
o

le
s,

 
p

la
ci

n
g 

d
is

ks
) 

Le
ve

l o
f d

iff
ic

u
lt

y 
ad

ju
st

ed
 t

o
 

pa
ti

en
ts

’ c
ap

ab
ili

ty
  

3
0

 m
in

/3
 d

ay
s/

6
 w

ee
ks

 w
it

h
 

tr
ai

n
ed

 t
h

er
ap

is
t 

 
 G

am
e:

 ‘F
u

rb
al

l H
u

n
t’

  
Th

e 
p

at
ie

n
t 

h
ad

 t
o

 s
lid

e 
th

ei
r 

fi
n

ge
r 

(r
ea

ch
in

g 
ta

sk
) 

o
n

to
 a

 h
o

ri
zo

n
ta

l s
cr

ee
n

 t
o

 
p

la
y 

th
e 

ga
m

e.
  

A
s 

q
u

ic
k 

as
 p

o
ss

ib
le

  

G
am

in
g 

H
o

ri
zo

n
ta

l s
cr

ee
n

  
W

eb
ca

m
  

– 
A

R
A

T 
 

– 
FM

A
-t

o
ta

l  
– 

In
tr

in
si

c 
M

o
ti

va
-

ti
o

n
  

 
In

ve
n

to
ry

 Q
u

es
-

ti
o

n
n

ai
re

  
 A

ss
es

sm
en

t:
 1

 w
ee

k 
b

ef
o

re
 a

n
d

 1
 w

ee
k 

af
-

te
r 

th
e 

tr
ai

n
in

g 
se

s-
si

o
n

s 
+ 

1
 m

o
n

th
 a

ft
er

 
fo

llo
w

-u
p

 

V
R

 a
n

d
 C

G
 m

ak
e 

th
e 

sa
m

e 
p

ro
gr

es
s.

 
P

at
ie

n
t 

m
ay

 b
e 

m
o

re
 in

d
ep

e
n

d
en

t 
in

 t
h

ei
r 

re
h

ab
 in

 V
R

  

Thielbar et al., (2014) 

C
h

ro
n

ic
 s

tr
o

ke
 w

it
h

 
m

o
d

er
at

e 
h

an
d

 im
p

ai
r-

m
en

t 
 

 C
G

 (
7)

: O
cc

u
p

at
io

n
al

 
th

er
ap

y 
 EG

 (
7)

: A
ct

u
at

ed
 V

ir
tu

al
 

K
ey

p
ad

 T
ra

in
in

g 
 

1
 h

 –
 3

× 
/w

ee
k,

 d
u

ri
n

g 
6

 
w

ee
ks

  
  O

cc
u

p
at

io
n

al
 t

h
er

ap
y 

se
s-

si
o

n
: 

 
– 

Fi
n

e 
m

o
to

r 
co

n
tr

o
l  

– 
D

ex
te

ri
ty

  
– 

In
-h

an
d

 m
an

ip
u

la
ti

o
n

  
– 

Fi
n

ge
r 

in
d

iv
id

u
at

io
n

  
  Th

e 
le

ve
ls

 o
f 

ac
ti

vi
ti

es
 a

re
 

ad
ju

st
ed

 t
o

 t
h

e 
ab

ili
ti

es
 o

f 
th

e 
p

at
ie

n
t.

  
  Tr

ea
tm

en
t 

ex
er

ci
se

s:
 b

u
t-

to
n

in
g,

 t
yp

in
g,

 t
yi

n
g 

kn
o

ts
, 

w
ri

ti
n

g 
an

d
 u

si
n

g 
to

o
ls

  

1
 h

 –
 3

× 
/w

ee
k,

 d
u

ri
n

g 
6

 
w

ee
ks

  
 2

 m
o

d
es

:  
1

st
:  

– 
P

at
ie

n
ts

 p
re

ss
, h

o
ld

, a
n

d
 

re
le

as
e 

1
 o

r 
m

o
re

 k
ey

s 
as

 
in

st
ru

ct
ed

 o
n

 t
h

e 
sc

re
en

  
– 

V
is

u
al

 a
n

d
 a

u
d

it
iv

e 
fe

ed
-

b
ac

k 
is

 p
ro

vi
d

e
d

.  
2

n
d

:  
– 

So
n

g 
m

o
d

e 
 

– 
V

is
u

al
 f

ee
d

b
ac

k 
+ 

sc
o

re
  

  Th
e 

gl
o

ve
 e

n
ab

le
s 

an
d

 p
re

-
ve

n
ts

 m
o

ve
m

en
ts

 o
f 

th
e 

fi
n

-
ge

rs
 (

in
d

iv
id

u
al

ly
) 

b
y 

an
 a

ir
 

ch
am

b
er

 s
ys

te
m

 

G
am

in
g 

A
ct

u
at

ed
 V

ir
tu

al
 K

ey
p

ad
 

sy
st

em
 P

n
eu

G
lo

ve
 (

ad
-

ju
st

ab
le

 a
ir

 p
re

ss
u

re
 o

n
 

th
e 

p
al

m
ar

 s
u

rf
ac

e 
&

 
se

n
so

rs
 a

t 
d

if
fe

re
n

t 
h

an
d

 
jo

in
ts

) 
 

So
ft

w
ar

e 
p

la
tf

o
rm

 V
ir

-
to

o
ls

 (
D

as
sa

u
lt

 S
ys

te
m

es
, 

Fr
an

ce
) 

(r
ep

re
se

n
t 

1
 

h
an

d
 a

n
d

 5
 k

ey
s)

  
 G

ra
p

h
ic

al
 u

se
r 

in
te

rf
ac

e 
(p

h
ys

io
-s

p
ec

if
ic

 a
cc

es
s)

  

– 
JT

H
FT

  
– 

A
R

A
T 

 
– 

FM
A

-U
E 

+ 
H

an
d

 
su

b
co

m
p

o
n

en
t 

 
– 

G
ri

p
 a

n
d

 p
in

ch
 

st
re

n
gt

h
s 

 
 A

ss
es

sm
en

t:
 A

t 
b

as
e-

lin
e,

 a
ft

er
 t

re
at

m
en

t 
an

d
 1

-m
o

n
th

 p
o

st
-

tr
ea

tm
en

t 
 

O
n

ly
 E

G
 p

re
se

n
te

d
 

st
at

is
ti

ca
lly

 s
ig

n
if

i-
ca

n
t 

im
p

ro
ve

m
en

t 
in

 m
ea

su
re

s 
o

f 
im

-
p

ai
rm

en
t 

(F
M

U
E)

 
an

d
 m

ea
su

re
s 

o
f 

ta
sk

 p
er

fo
rm

an
ce

 
(J

TH
FT

) 
 



 Ta
b

le
 1

. C
h

ar
ac

te
ri

st
ic

s 
o

f 
th

e 
in

cl
u

d
e

d
 s

tu
d

ie
s 

(c
o

n
t.

) 

(1
) 

(2
) 

(3
) 

(4
) 

(5
) 

(6
) 

(7
) 

(8
) 

In et al., (2012) 

C
h

ro
n

ic
 s

tr
o

ke
  

  C
G

 (
8)

: C
T 

(s
h

am
 

p
ro

gr
am

) 
 

 EG
 (

1
1)

: V
R

 R
ef

le
c-

ti
o

n
 T

h
er

ap
y 

p
ro

-
gr

am
  

3
0

 m
in

u
te

s 
a 

d
ay

, 5
 d

ay
s 

a 
w

ee
k 

fo
r 

4
 w

ee
ks

  
  Th

e 
sa

m
e 

se
tt

in
gs

 a
s 

V
R

 
gr

o
u

p
s.

  
B

u
t 

th
e 

sc
re

en
 is

 o
ff

, s
o

 p
a-

ti
en

ts
 lo

o
k 

at
 t

h
ei

r 
u

n
af

fe
ct

ed
 

ar
m

.  
D

if
fi

cu
lt

y 
in

cr
ea

se
s 

p
ro

gr
es

-
si

ve
ly

 (
h

ar
d

er
 t

as
ks

 a
re

 g
iv

en
):

  
1

st
 w

ee
k:

  
– 

Fo
re

ar
m

, w
ri

st
, a

n
d

 g
ra

sp
  

2
n

d
 w

ee
k:

  
– 

G
ro

ss
 m

o
to

r 
fu

n
ct

io
n

s 
(e

.g
. 

lif
ti

n
g 

a 
cu

p
) 

 
3

rd
 w

ee
k:

  
– 

Fi
n

e 
m

o
to

r 
fu

n
ct

io
n

s 
(e

.g
.,

 
p

eg
gi

n
g 

cl
o

th
es

p
in

s,
 p

u
sh

-
in

g 
b

u
tt

o
n

s 
o

n
 a

 c
al

cu
la

to
r,

 
u

si
n

g 
ch

o
p

st
ic

ks
, a

n
d

 o
p

en
-

in
g 

a 
b

o
tt

le
).

  
4

th
 w

ee
k:

  
– 

C
o

m
p

lic
at

ed
 t

as
ks

 (
e.

g.
 p

u
z-

zl
es

, d
ra

w
in

ga
 c

ir
cl

e/
sq

u
ar

e 
w

it
h

 a
 p

en
, t

o
y 

go
lf

) 
 

3
 s

et
s 

o
f 

1
0

 r
ep

et
it

io
n

s 
 

3
0

 m
in

u
te

s 
a 

d
ay

, 5
 d

ay
s 

a 
w

ee
k 

fo
r 

4
 w

ee
ks

  
  V

R
 R

ef
le

ct
io

n
 T

h
er

ap
y 

p
ro

-
gr

am
 (

B
as

ed
 o

n
 t

h
e 

p
ri

n
ci

-
p

le
 o

f 
m

ir
ro

r 
th

er
ap

y)
: 

 
– 

P
la

ci
n

g 
th

e 
af

fe
ct

ed
 

h
an

d
 u

n
d

er
 a

 b
o

x 
(s

cr
ee

n
 o

n
 t

h
e 

to
p

) 
 

– 
Th

e 
o

th
er

 (
n

o
n

-a
ff

ec
te

d
) 

h
an

d
 p

la
ce

d
 u

n
d

er
  

a 
ca

m
er

a 
to

 p
er

fo
rm

 v
ar

-
io

u
s 

h
an

d
 m

o
ve

m
en

ts
 

w
h

ic
h

 w
ill

 b
e 

d
is

p
la

ye
d

 
o

n
 t

h
e 

sc
re

en
.  

– 
3

 s
et

s 
o

f 
1

0
 r

ep
et

it
io

n
s 

o
f 

m
o

ve
m

en
ts

.  

V
R

 
La

p
to

p
  

C
am

er
a 

 
Sc

re
en

  

– 
FM

A
-U

E 
 

– 
M

o
d

if
ie

d
 A

sh
-

w
o

rt
h

 S
ca

le
  

– 
B

B
T 

 
– 

JT
H

FT
  

– 
M

an
u

al
 F

u
n

ct
io

n
 

Te
st

  
 A

ss
es

sm
en

t:
 p

re
- 

an
d

 
p

o
st

-i
n

te
rv

en
ti

o
n

  

B
o

th
 g

ro
u

p
s 

in
-

cr
ea

se
d

 t
h

ei
r 

m
o

to
r 

re
co

ve
ry

 a
n

d
 m

o
to

r 
fu

n
ct

io
n

 in
 t

h
e 

u
p

-
p

er
 e

xt
re

m
it

ie
s 

w
it

h
 a

 m
o

re
 s

ig
n

if
i-

ca
n

t 
im

p
ro

ve
m

en
t 

fo
r 

th
e 

EG
  

EG
: 

Ex
p

er
im

e
n

ta
l G

ro
u

p
; 

V
R

: 
V

ir
tu

al
 R

ea
lit

y;
 C

G
: 

C
o

n
tr

o
l G

ro
u

p
; 

FM
A

-U
E:

 F
u

gl
 M

ey
er

 A
ss

e
ss

m
e

n
t-

U
p

p
er

 E
xt

re
m

it
y;

 A
R

O
M

: 
A

ct
iv

e
 R

an
ge

 o
f 

M
o

ti
o

n
; 

C
T:

 C
o

n
ve

n
-

ti
o

n
al

 T
h

er
ap

y;
 B

B
T:

 B
o

x 
an

d
 B

lo
ck

 T
es

t;
 A

D
Ls

: A
ct

iv
it

ie
s 

o
f 

D
ai

ly
 L

iv
in

g;
 A

R
A

T:
 A

ct
io

n
 R

es
ea

rc
h

 A
rm

 T
es

t;
 W

M
FT

: W
o

lf
 M

o
to

r 
Fu

n
ct

io
n

 T
es

t;
 J

TH
FT

: 
Je

b
se

n
-T

ay
lo

r 
H

an
d

 F
u

n
ct

io
n

 T
es

t.
 



128 Charlotte BERARD, Manon CAVALIER, Nathalie GODART 

Risk of bias assessment 

The risk of bias of the 8 included articles was evaluated with the PEDro scale 
[39] to determine their quality, based on their internal validity and statistical 
information provided: 7 articles had a score between 6 and 10 which makes 
them high-quality studies, and 1 was marked 4, indicating fair quality. None of 
them had blinded therapists and only two articles had blinded assessors, while 
all had random allocation, baseline comparability, between-group comparisons, 
and point estimates and variability. Therefore, the overall quality was consid-
ered good. Each article assessment was reported in Table 2. 

Table 2. Risk of bias assessment according to the PEDro scale 

Studies 
Huang et 

al. 
(2022) 

Ain et 
al., 

(2021) 

El-Kafy 
et al. 

(2021) 

Hung et 
al. 

(2019) 

In et al. 
(2012) 

Kottink 
et al. 

(2014) 

Marques-
Sule et al. 

(2021) 

Thielbar 
et al. 

(2014) 

Eligibility criteria* + + + + + + + − 

Random alloca-
tion 

+ + + + + + + + 

Concealed alloca-
tion 

+ − + + − − + − 

Baseline compa-
rability 

+ + + + + + + + 

Blind subjects + − − − − − + − 

Blind therapists − − − − − − − − 

Blind assessors + + + + − + + + 

Adequate follow-
up 

+ + + + − + + + 

Intention-to-treat 
analysis 

+ − − − − − + − 

Between-group 
comparisons 

+ + + + + + + + 

Point estimates 
and variability 

+ + + + + + + + 

Total score 9/10 6/10 7/10 7/10 4/10 6/10 9/10 6/10 

*  This item is not counted in the total score; +: yes; −: no 

Systematic analysis 

The results showed that the EG always improved significantly when using 
WMFT, JHFT, and BBT. Some studies found that EG was significantly better than 
CG after interventions with ARAT, WMFT, BBT, and FMA. But that was not the 
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majority of the findings, except for ARAT. The results are shown in Table 3 [1, 
10, 13–15, 22, 29, 37]. 

Table 3. Results of each outcome measure  

Outcome 
measure 

Studies Results 

ARAT (n = 69) 

El-Kafy et al. (2021)  

Between pre- and post-intervention:  
Significant improvement for both groups  
(P-value = 0.003, CG; 0.001, EG)  
EG improved significantly more than CG (P-value = 
0.0034)  

Kottink et al. (2014)  

Between pre- and post-intervention:  
Significant improvement for both groups (P-value <0.009)  
No significant differences between 2 groups (P-value ≥ 
0.34)  

Thielbar et al. (2014)  

Between pre-intervention and follow-up:  
No significant improvement in both groups.  
(P-value = 0.89, CG; 0.142, EG)  
Between pre- and post-intervention:  
EG was significantly better than CG (follow-up) (P-value = 
0.022)  

WMFT (n = 70)  

El-Kafy et al. (2021)   

Between pre- and post-intervention:  
Significant improvement for both groups  
Test component (P-value = 0.0031, CG; 0.001, EG)  
Time component (P-value = 0.0017,CG; 0.0001, EG)  
EG improved significantly more than CG  
Test component (P-value = 0.0015)  
Time component (P-value = 0.0014)  

Hung et al. (2019)   

Between pre-intervention and follow-up:  
Significant improvement in time for both groups (P-value 
= 0.002, CG; 0.001, EG) 
Significant improvement for EG in the test feasibility but 
not in CG (P-value = 0.26, CG; 0.04, EG)  
No significant differences between 2 groups (P-value = 
0.71, time; 0.63, feasibility)  

JHFT (n = 33) 

Thielbar et al. (2014)  

Between pre-intervention and follow-up:  
No significant improvement for CG  
(P-value = 0.65)  
Significant improvement for EG  
(P-value = 0.02)  
Between pre- and post-intervention:  
No significant differences between both groups (P-value = 
0.07)  

In et al. (2012)  
Between pre and post-intervention:  
Significant improvement in EG (P-value ≤0.05)  
No significant difference between the groups  
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Table 3. Results of each outcome measure (cont.) 

Outcome 
measure 

Studies Results 

BBT (n = 119)  

Ain et al. (2021)   

Between pre and post-intervention:  
Significant improvement within the groups for both hands  
(P-value < 0.001)  
Significant difference between the groups for both hands 
(P-value < 0.001)  

In et al. (2012)  
Between pre- and post-intervention:  
Significant improvement in EG (P-value ≤0.05)  
No significant difference between the groups  

FMA-UE(n = 
206)   

Huang et al. (2022)  

Between the groups in the pre- and post-intervention in-
tervention:  
No significant differences within and between the groups 
for hand  

Ain et al. (2021)   

Between the groups in the pre- and post-intervention in-
tervention:  
Significant improvement everywhere except in hand for 
CG  
– FMA-hand (P-value = 0.011, EG; 0.54, CG)  
– FMA-grasp (P-value < 0.001, EG; 0.01, CG)  
Significant difference between groups:  
– FMA-hand (P-value = 0.05)  
– FMA-grasp (P-value = 0.004)  

Marques-Sule et al. 
(2021)  

Between pre- and post-intervention:  
No significant differences within and between the groups 
for hand  

Hung et al. (2019)  

Between pre-intervention and follow-up:  
No significant improvement for both groups between pre-
intervention and follow-up (include wrist and hand test-
ing) (P-value = 0.08, CG; 0.10, EG)  
No significant differences between the groups (P-value = 
958)  

Thielbar et al. (2014) 
No significant improvement in both groups between base-
line and follow-up  
(P-value = 0.58, CG; 0.34, EG)  

EG: Experimental Group; CG: Control Group; FMA-UE: Fugl Meyer Assessment-Upper Extremity; 
BBT: Box and Block Test; ARAT: Action Research Arm Test; WMFT: Wolf Motor Function Test; JHFT: 
Jebsen-Taylor Hand Function Test. 

Discussion and Conclusions 

The purpose of this systematic review was to evaluate the effect of VR ther-
apy on hand function in patients with chronic stroke. The articles were collected 



 Use of virtual reality-based therapy… 131 

and reported in a table to be easily investigated. We identified eight studies in-
volving a total of 230 participants suffering from chronic stroke. VR therapy was 
compared to active control interventions. Our purpose was to analyze whether 
VR therapy caused greater improvements in hand function, especially in hand 
motor function, dexterity, coordination, strength, grasp, and activity limitations. 

Only 5 of the studies included FMA with the hand subdivision reported, and 
only 1 study found significant improvements and differences between the VR 
groups. 2 studies included BBT (dexterity, coordination, and ADL), JHFT (ADLs), 
and WMFT (dexterity and strength), and they all found significant improvements 
in hand function when using VR therapy. Unfortunately, only one study for 
WMFT and one for BBT found significant differences between groups. Lastly, 
only 2 out of the 3 studies exploring ARAT (Grasp, ADL, dexterity, and coordina-
tion) found more improvement when using VR therapy compared to the control 
group. No strong evidence was found to confirm that VR-therapy benefits were 
sustained after the intervention. Only 3 studies completed a follow-up assess-
ment, 1 after 3 months and 2 after 1 month. The only sustained improvements 
were found in 1 study for the WMFT after 3 months of intervention and for JHFT 
after 1 month of intervention. Therefore, most of the studies investigate short-
term VR therapy with respect to hand function in patients with chronic stroke. 

Although we focused our research on hand rehabilitation, the recovery of 
upper limb function using VR therapy in patients with chronic stroke is already 
well covered. For instance, a similar systematic review assessing upper limb re-
covery concluded that VR therapy was not superior to conventional therapy [2]. 
Even if superiority was not proven, there are systematic reviews that validate 
VR therapy use for chronic stroke rehabilitation [26]. However, there is a paucity 
of evidence on the effectiveness of VR therapy focusing on hand function. The 
latest systematic review and meta-analysis [6] observed significant subgroup 
differences in hand dexterity (BBT) and hand motor ability (WMFT and JHFT).  

Some unknowns are important to consider for future research, such as the 
ideal duration of the treatment session and the optimal length of the program 
to obtain maximum benefits from VR-based treatment. In addition, more re-
search is required on the long-term effect of VR training and the impact of  
a more immersive 3D experience on motor training. Future research would need 
a larger-scale RCT to facilitate the generalization of results. Furthermore, studies 
should implement treatment outcomes focusing on evaluating its relevant as-
pects such as adherence, satisfaction, or motivation to VR exercise. Along with 
the development of oriented games for rehabilitation rather than using com-
mercial games. 

Multiple advantages are reflected by the use of VR in clinical practice. First, 
it enables more independent training in an active and motivating way[16], by 
giving more control and autonomy to the patient over their rehabilitation. Ad-
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ditionally, it could reduce therapists’ workload and provide more accurate pa-
tient follow-ups. Moreover, it creates opportunities for home-based training 
and VR-enhanced feedback to promote motor learning in patients. Finally, VR 
equipment, such as commercial games, is a simple and inexpensive tool to add 
to rehabilitation. On the contrary, many innovative technologies in this field are 
usually complex, expensive, and only available in specialized centers, thus limit-
ing their use. 

This study has shown some limitations. First, the scarcity of studies analyzing 
certain outcomes, which could impact results and validity of our paper. VR has 
shown significant global effects on improving hand function, but it did not su-
persede other treatments. However, the literature supports the view that  
a combination of both therapies has a better effect than conventional treat-
ments commonly used. 

This systematic review indicates that VR has shown significant global effects 
on improving hand function but was not a better treatment than conventional 
ones. There are results that support VR over conventional treatment when com-
bined with other physical therapy. A total of five outcomes were explored, and 
significant improvements were identified in 4 of them except for FMA. Only 3 
out of 5 outcomes had significant differences between the groups, but this was 
not supported by all the studies exploring these outcomes. We have addressed 
the limitations of each paper through a comprehensive risk of bias assessment. 
As a result, 7 out of 8 articles were considered high quality, which supports the 
veracity of the results of this systematic review. In conclusion, VR used in reha-
bilitation for patients with chronic stroke improves several outcomes of hand 
function and may be considered an addition to routine rehabilitation. Future 
studies should focus on how the advantages of VR therapy for hand function can 
be sustained over a longer period of time. 

Appendix 

Appendix 1. PubMed search strategy 

((“Hand”[MeSH Terms]) OR (“wrist”[MeSH Terms]) OR (finger) OR (“Hand Joints”[MeSH Terms) 
OR (“Hand strength”[MeSH Terms) OR (Box and block test) OR (BBT) OR (Purdue Pegboard Test) 
OR (PPT) OR (Fugl-Meyer Assessment Test) OR (FMA) OR (Wolf Motor Function Test) OR (WMFT) 
OR (grip) OR (pinch) OR (Action Research Arm Test) OR (ARAT) OR (Jebsen Hand Function Test) OR 
(JHFT) OR (hand strength rehabilitation[MeSH Terms])) AND ((virtual reality[Title/Abstract]) OR 
(VR[Title/Abstract]) OR (Simulated 3D environment[Title/Abstract]) OR (virtual reality expo-
sure[Title/Abstract]) OR (virtual reality exposure therapy[Title/Abstract]) OR (virtual reality ther-
apy[Title/Abstract]) OR ("virtual reality"[MeSH Terms]) OR ("virtual reality exposure ther-
apy"[MeSH Terms])) AND (Chronic[title/abstract]) AND ((stroke[Title/Abstract]) OR (post-
stroke[Title/Abstract])) AND ((“Physical Therapy Specialty”[MeSH Terms]) OR (“Physical Therapy 
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Modalities” [MeSH Terms]) OR (physiotherapy[Title/Abstract]) OR (rehabilitation[Title/Abstract]) 
OR (conventional physiotherapy[Title/Abstract]) OR (conventional rehabilitation[Title/Abstract]) 
OR (Physical therapy[Title/Abstract]) OR (Conventional physical therapy[Title/Abstract]) OR (Inpa-
tient therapy[Title/Abstract]) OR (“stroke rehabilitation”[MeSH Terms]) OR (“Neurological Reha-
bilitation”[MeSH Terms]) OR (“Exercise Therapy”[MeSH Terms])) 

Appendix 2. Cochrane search strategy 

MeSH descriptor: [Hand] this term only 
MeSH descriptor: [Wrist] this term only 
MeSH descriptor: [Hand Joints] this term only 
MeSH descriptor: [Hand Strength] this term only 
("Box and Block Test"):ti,ab,kw OR (BBT):ti,ab,kw OR ("Purdue Pegboard Test"):ti,ab,kw OR 
(PPT):ti,ab,kw OR ("Fugl-Meyer Assessment"):ti,ab,kw 
(FMA):ti,ab,kw OR (Wolf motor function test):ti,ab,kw OR (WMFT):ti,ab,kw OR (grip):ti,ab,kw OR 
(Pinch):ti,ab,kw 
(Action research arm test):ti,ab,kw OR (ARAT):ti,ab,kw OR ("Jebsen Hand Function Test"):ti,ab,kw 
OR (JHFT):ti,ab,kw 
#1 OR 2# OR 3# OR 4# OR 5# OR 6# OR 7# 
("virtual reality"):ti,ab,kw OR ("virtual reality therapy"):ti,ab,kw OR ("VR"):ti,ab,kw OR (Stimulated 
3D environment):ti,ab,kw 
MeSH descriptor: [Virtual Reality] this term only 
MeSH descriptor: [Virtual Reality Exposure Therapy] this term only 
#9 OR #10 OR #11 
("chronic"):ti,ab,kw 
("stroke"):ti,ab,kw OR ("post-stroke"):ti,ab,kw 
MeSH descriptor: [Physical Therapy Modalities] this term only 
("conventional treatment"):ti,ab,kw OR ("physiotherapy"):ti,ab,kw OR (“Physiothera-
pist”):ti,ab,kw OR (Inpatient therapy):ti,ab,kw OR (Exercises therapy):ti,ab,kw 
#15 OR #16 
#8 AND #12 AND #13 AND #14 AND #17 

Appendix 3. PEDro search strategy 

Abstract & Title: virtual reality, stroke, chronic, upper limb, physiotherapy* 
Body part: hand or wrist 
Subdiscipline: neurology 

Appendix 4. ICTRP 

Search: Virtual reality AND stroke AND chronic AND upper limb 
Filters: With result only 

Appendix 5. Ct.gov 

Condition or disease: Stroke AND chronic  
Other terms: Hand OR finger 
Intervention: Virtual reality AND (physiotherapy OR conventional therapy OR occupational 

therapy) 
Filters: Studies with results only 
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