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VIEW AND REVIEW

Virtual reality in the rehabilitation of patients
with stroke: an integrative review

Realidade virtual na reabilitacdo de pacientes ap6s acidente vascular cerebral: uma
revisao integrativa

Alberto Luiz ARAMAKI™?, Rosana Ferreira SAMPAIO?, Ana Caroline Silva REIS?*4, Alessandra CAVALCANTI/4,
Fabiana Caetano Martins Silva e DUTRA?#

ABSTRACT

Objective: To describe the intervention protocols to using commercial video games as virtual reality (VR) in rehabilitation of patients
with stroke. Methods: Integrative review using the descriptors “rehabilitation”, “virtual reality exposure therapy” and “videogames” in
the LILACS and PUBMED databases. Articles published from 2011 to 2018 were selected. Results: We found 1,396 articles, 1,383 were
excluded and 13 were selected. Most of the articles were randomized clinical trials published in 2014 or later. The sample size varied
from 5-47 adults, or adults and elders, with chronic stroke. The Nintendo Wii was the most used video game system. The intervention
happened two or three times a week, each session lasting from 30 to 60 minutes, over 2—-12 weeks. Balance, upper limb motor functions,
quality of life and daily living activities were the most common evaluated outcomes. The Fugl-Meyer Assessment, Berg Balance Scale,
Timed Up and Go test, Barthel Scale and SF-36 were the most common outcome measurement tools. Conclusions: The studies indicated
improvement in dynamic balance, upper limb motor function and quality of life after rehabilitation using VR. The VR was more effective
than conventional treatments for the outcome of dynamic balance. Two studies did not find any changes in static balance and daily living
activities. Physical aspects and quality of life were the outcomes most evaluated by the researchers; as were the population with chronic
strokes and protocols of long duration and low intensity. Few studies targeted immediate VR effects, performance in daily living activities
and social participation.
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RESUMO

Objetivo: Descrever os protocolos de intervencao utilizando sistemas de video game comerciais como realidade virtual (RV) na reabilitacdo
de pacientes ap6s AVE. Método: Revisao integrativa usando os descritores “reabilitagcao”, “terapia de exposicao a realidade virtual” e
“videogames”, nas bases de dados LILACS e PUBMED, e artigos publicados entre 2011 e 2018. Resultados: Foram encontrados 1.396,
excluidos 1.383 e selecionados 13 artigos. A maioria era ensaio clinico aleatorizado publicados a partir de 2014. O tamanho da amostra
variou de 5 a 47 participantes adultos ou adultos e idosos com AVE crénico. O Nintendo Wii foi o videogame mais empregado. A intervencao
constava de duas ou trés sessoes semanais, com duracao de 30 ou 60 minutos por um periodo de duas a 12 semanas. Equilibrio, funcéao
motora de membro superior, qualidade de vida e atividade de vida diaria foram os principais desfechos. Empregou-se principalmente
Escala Fugl-Meyer, Escala de Equilibrio de Berg, teste Timed Up and Go, Indice de Barthel e SF-36 como medidas de desfecho. Conclusdes:
Os estudos indicaram melhora do equilibrio dindmico, fungao motora de membro superior e qualidade de vida apés reabilitacao usando RV.
ARV se mostrou mais eficaz que tratamentos convencionais para o desfecho equilibrio dindmico. Dois estudos nao encontraram mudancas
no equilibrio estatico e atividade de vida diaria. Observou-se maior foco em desfechos relacionados a aspectos fisicos e qualidade de vida,
em populacdo com AVE crénico e protocolo com maior duracéo e menor intensidade. Poucos estudos voltados para efeitos imediatos da RV,
desempenho em atividades de vida diaria e participacao social.

Palavras-chave: Reabilitagao; terapia de exposicao a realidade virtual; jogos de video; acidente vascular cerebral.
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Rehabilitation of a patient is a process that involves the
knowledge of the professional regarding the health condi-
tion and the repercussion it has on the life of the individual,
as well as a broad scientific knowledge about the functioning
of the human body, so that consistent decisions may be made'.
In this process, assessing the situation, planning and choosing
the best available evidences to perform clinical tasks is para-
mount to systematize decisions and optimize results®

Many rehabilitation techniques described in the litera-
ture may help guide the intervention of professionals, such
as physical training, kinesitherapy, robotic therapy, hydro-
therapy, music therapy, intracortical stimulation and men-
tal health practices, task-oriented training, mirror therapy,
among others™®. Virtual reality (VR) is a therapeutic approach
that has been used in the field of rehabilitation in recent years.
In this approach, users interact with virtual objects through
the movements of their hands and body, or through tactile
interfaces (gloves, joysticks, mouse), performing actions in
a simulated environment’. The invention of low-cost human
movement sensors in commercial game systems has made
it easier to use video games for rehabilitation®. Examples of
these systems include the Kinect for Microsofts Xbox®, the
Nintendo Wii® and the PlayStationMove® by Sony.

The use of VR has increased the potential for motor learning
and neuroplasticity during rehabilitation. A study using mag-
netic resonance imaging found consistent results, showing a
reorganization of the sensorimotor cortex’. Functional improve-
ments have also been associated with the use of VR by rehabili-
tation professionals. Allain et al.® pointed out that performing
a task in a virtual kitchen anticipated carrying out the task in
real life. The virtual practice of shopping for groceries is associ-
ated with an improvement in the performance of actual grocery
shopping®, and patients who interact with the virtual world
have fewer limitations when performing daily activities™.

When VR has been applied in the rehabilitation of patients
after strokes, it has mainly been used to help in the functional
recovery of upper limbs, cognitive function, posture control
and balance''. Deficiencies in the upper limb after strokes
may negatively impact the daily life of patients, by limiting their
ability to carry out essential tasks that are necessary for an
independent life'>. The VR offers a rich environment in which
patients may, after a stroke, solve problems and develop new
abilities'®. Considering the above, this study aimed to review
and analyze information from the literature on the main inter-
vention protocols delineated by rehabilitation professionals,
using VR in commercial video game systems for the treatment
of patients who had suffered strokes, while also identifying the
most common outcomes found by these professionals.

METHODS

This was an integrative literature review, consisting
of the analysis of relevant research that gave support for

decision-making and the improvement of clinical practice,
thus offering instruments for evidence-based practices".
An integrative review allows one to summarize the exist-
ing knowledge regarding a certain theme and identify how
the data from previous publications can be used, in addition
to pointing out the gaps in the knowledge that need to be
researched by other studies'”.

This review was elaborated in the following stages, as sug-
gested by Souza et al."”: delimitation of the theme, hypothe-
sis of the integrative review and objectives; determination of
inclusion and exclusion criteria (sample selection); establish-
ment of which data banks should be researched; definition of
what information was to be extracted from selected articles;
result analysis; discussion and presentation of the results;
and, finally, the presentation of the review.

The research took place in April 2018, and the crite-
ria for the inclusion of the studies were: articles that used
commercial video game system VR in the rehabilitation of
patients who had strokes; were published in 2011 or later;
and had their entire content made available. There was no
restriction regarding language; however, the Portuguese and
English languages were chosen as the basis of the theoreti-
cal framework of this review. The bibliographical research
was conducted in the LILACS and Medline (PubMed) data-
banks. The following descriptors, available on DeCS (the
Health Science Descriptors website), were chosen for the
search of the databanks: virtual reality exposure therapy;
videogames; rehabilitation.

The research was conducted by two independent
researchers, using the same descriptors, filters and data-
banks. Filters were used to exclude articles that did
not have abstracts and those that were themselves lit-
erature reviews. After the filters were used, the abstract
and content of the articles were carefully analyzed by
two independent researchers who excluded studies with
the following traits: interventions that were not focused
on rehabilitation; development of intervention proto-
cols in computer games; studies whose participants
had primary health conditions different from those of
stroke patients; studies whose games were classified as
Exergames; articles with qualitative methodologies; and
studies that used the video game in the residence of the
participants and not in a clinical environment, which is
known as telerehabilitation.

RESULTS

Characteristics of included studies

The research strategy using the different descrip-
tors and combinations resulted in 1,396 studies on the
theme, from which 1,355 were left after duplicates were
excluded. From these, 883 were excluded as they did not
make their complete content available, 441 were excluded
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after their title and abstract were read, 10 were removed
after the entire text had been analyzed and eight because
they had been published in other languages. There were
13 studies left, which were selected. The main reasons
for the exclusion of the articles were: research focused on
Exergames and telerehabilitation, research that applied
VR to patients with conditions other than a stroke, and
research that used computer games and not commercial
gaming systems. The Figure is a flow chart detailing the
selection of the studies.

Information regarding the title, authors, year of publica-
tion and periodical where the studies were published are
shown in Table 1. Most of the selected articles had been
published in 2014 (30.77%) and 38.46% were published in
the years 2015, 2016 and 2017. The studies had been pub-
lished in 11 different scientific journals (periodicals and
magazines), from which the Neurorehabilitation and the
Journal of Stroke and Cerebrovascular Diseases stood out,
with two published articles each, meeting the inclusion cri-
teria of this research.

Table 2 shows the data on the design, sample, video game
system and games used in the articles selected for this review.

Most of the case studies selected (n = 9) were random-
ized clinical trials and four of them were quasi-experimental
clinical trials. Studies #3 and #6 used a control group, with no
participant randomization; studies #9 and #10 had no con-
trol group for comparison of the results. No study had gender
restrictions regarding the composition of its sample. Most
researchers analyzed a sample that included only adults (6)
or included adult and elder (5) populations in their samples,
and an age group varying from 18 to 85 years of age. Only two
studies analyzed a sample comprising elders alone. The num-
ber of participants varied from 5-47. As for the time passed
since the stroke, 11 studies were conducted with chronic
patients, while two included patients who had a stroke less
than six months prior.

The most common video game system was the Nintendo
Wii® (n = 8), followed by the Xbox 360® (n = 3). Two stud-
ies combined different video game systems in their inter-
vention protocols. One study used the Nintendo Wii® and

Database searches carried aut on April, 2018 (n = 1,396)

Y

Records screened by title and abstract (n = 472)

\ 4

Potentially elegible after assessing titles and abstracts (n = 31)

rg Duplicates removed (n = 41)

Articles without complete text available (n = 883)

Titles and abstracts excludeds (n = 441)

» 197 had samples with health conditions other than strokes
- 84 Exergames

« 72 Were not rehabilitation interventions

+ 32 Reviews

« 22 Used computer games and not commercial video

game systems

19 Telerehabilitation

« 07 Qualitative studies

« 04 Studies of viability or that presented the ECA protocol

» 04 Used VR to evaluate the patients, not as an intervention

Papers excluded after evaluation of full text (n = 18)

- 02 Exergames

» 02 Telerehabilitation

» 02 Were not rehabilitation interventions

» 02 Qualitative studies

» 02 Viability studies

+ 08 published in languages other than English or Portuguese

\4
13 original articles were included in this review.

Figure 1. Flowchart of studies found and selected after the application of inclusion and exclusion criteria.
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Table 1. Summary of the selected studies including title, author/year of publication and name of journal.

Ne Author/Year Title Journal
. ‘ Virtual rehabilitation via Nintendo Wit and g, o i1y troke Rehabilitation. 2015;
1 Ribeiro, Ferraz, Pedreira, et al. (2015)  conventional physical therapy effectively treat .
} ! X 22(4):299-305
post-stroke hemiparetic patients
9 Sin, Lee (2013) Additional virtual reality training using Xbox American Journal of Physical Medicine

Fernandes, Passos, Brito, Campos

Kinect in stroke survivors with hemiplegia

and Rehabilitation. 2013;92(10): 871-80

Comparison of the immediate effect of the
training with a virtual reality game in stroke
patients according side brain injury

NeuroRehabilitation. 2014; 35(1): 39-45

Virtual-reality balance training with a

video-game system improves dynamic balance

Tohoku J Exp Med. 2012;228(1): 69-74

in chronic stroke patients

Effects of the addition of transcranial direct
current stimulation to virtual reality therapy
after stroke: a pilot randomized controlled trial

3 (2014)
4 Cho, Lee, Song (2012)
5 Viana, Laurentino, Souza, et al. (2014)

NeuroRehabilitation. 2014; 34(3):
437-446.

Effects of substituting a portion of standard

6 Singh, Mohd Nordin, Aziz, et al. (2013)

physiotherapy time with virtual reality games

BMC Neurology. 2013;13:199.

among community-dwelling stroke survivors

Morone, Tramontano, losa, et al.
(2014)

Eliciting upper extremity purposeful
movements using video games: a comparison
with traditional therapy for stroke rehabilitation

8 Rand, Givon, Weingarden, et al. (2014)

Hurkmans, Ribbers,

The efficacy of balance training with video
game-based therapy in subacute stroke
patients: a randomized controlled trial

Energy expenditure in chronic stroke patients
playing Wii Sports: a pilot study
Virtual rehabilitation through Nintendo Wii in
poststroke patients: follow-up

Biomed Research International. 2014;
Article ID 580861, 6 pages.

Neurorehabilitation and Neural Repair.
2014;28(8): 733-739.

Journal of Neuroengineering and
Rehabilitation. 2011; 8: 38.

Journal of Stroke and Cerebrovascular
Diseases. 2018;27(2): 494-498.

Canoe game-based virtual reality training to

improve trunk postural stability, balance, and
upper limb motor function in subacute stroke

Journal of Physical Therapy Science.
2016;28(7):2019-24.

patients: a randomized controlled pilot study

The effect of a virtual reality game intervention
on balance for patients with stroke: a
randomized controlled trial

9 Streur-Kranenburg, et al. (2011)

10 Carregosa, Santos, Masruha, et al.
(2018)

11 Lee, Shin, Song (2016)

12 Fonseca, Silva, Pinto (2016)

13 Lee, Huang, Ho, et al. (2017)

Therapeutic effect of virtual reality on
post-stroke patients: randomized clinical trial

Journal of Stroke and Cerebrovascular
Diseases. 2016; 26(1): 94-100.

Games for Health Journal. 2017; 6(5):
303-311.

the Xbox 360%, while the other used the Xbox 360® and the
Playstation® SeeMe during intervention. The games chosen
in the intervention protocol were mainly sports games, most
frequently boxing, tennis, football and bowling.

Main outcomes, intervention protocols and results
from the virtual reality activities in patients after
a stroke

Table 3 is a summary of the main objectives, outcomes
and assessment measures, intervention protocols and results
described in the articles selected for this review. These
studies had varying objectives and presented, especially,
(a) objectives regarding the effects of VR on different physical
and functional aspects of the patients or (b) compared the
efficiency of VR to that of traditional treatments and/or dif-
ferent combined intervention techniques.

Among the analyzed investigations, the main out-
comes evaluated were balance (six studies), upper limb
motor function (five studies), quality of life (four studies)
and daily living activities (DLA) in three studies. Other, less

frequent outcomes evaluated included dexterity evalua-
tions, movement amplitude, spasticity, grip force, physical
function, falls, walking, acceleration and movement repeti-
tion, energy expenditure, postural control and performance
in the video game.

Regarding the assessment of the outcomes, there was
a great variety of tests and instruments used to evaluate
the participants in the studies. The most commonly used
were the Fugl-Meyer Assessment (five studies); the Berg
Balance Scale and the Timed Up and Go test, both used in
four studies; the Barthel Index (three studies); and the SF-36
Questionnaire, the 10-minute Walk Test and the Functional
Reach Test, each used in two studies.

Regarding the intervention protocol, two studies eval-
uated the effects of an intensive single-session training;
six and five studies, respectively, applied VR two or three
times a week. The length of each session varied from 30 to
120 minutes, lasting from 30 to 60 minutes in most proto-
cols (four studies each). The intervention also lasted from
two to 12 weeks, although six was the total duration of the
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Table 2. Characterization of the selected articles regarding type of study, age group, sample, video game system and games.

Methodological Time since .
(o]
N design Age group Sample Sex stroke" Video game Games
Randomized Clinical Tennis and Hula Hoop in
1 stud Adults 30 TTM;19F Chronic Nintendo Wii’ the 1st weekly session and
y Football and Boxing in the 2nd.
Randomized Clinical . . . Boxing, Bowling, Rally Ball,
2 Trial Elders g5 20M;15 F Chronic Xbox 360 201000 eaks and Space Rop.
3 Quasi-Experimental Adultsupto65 ., Not Chronic Xbox360 Paddle Panic Mini
Clinical Trial years of age informed
. - Balance Bubble, Ski Slalom, Ski
g ederee Cliieal  Adulisaing 22 14M:8F Chronic Nintendo Wi Jump, Football, Table Tiling and
Trial elders R
Penguin Slide
5 Randoml;ed Clinical ~ Adults above 20 16 M: 4 F Chronic Nintendo Wii Wii Spgrts Resort,’Wn Play
Trial 21 years of age Motion and Let’s Tap
: ) . Balance Bubble in Nintendo
6 Q“aé'l‘irEnXCZeer';”;”tal S’Qd‘égfsaffogee 28 16M;12F  Chronic ;\'Agtjggfs\,’gg Wii Fit Plus, Balance Board and
y g Rally Ball in Xbox 360
Randomized Clinical Adults and Not . Hula Hoop, Bubble Blower and
/ Study elders 80 informed Acute Nintendo Wil Ski Slalom
Bowling and 20,000 Leaks
: - . in Xbox; Kung Foo and Slap
g emewmlzes Clies  Adulis e 29 17M:12F  Chronic  J0OX360,PS2. o 1 in Ps2: Start the Party
Trial elders Ps3 and SeeMe .
in Ps3 and Ball or Cleaner
in SeeMe
9 Qua5|—lEl><per|rT1emal Adults and 10 B6M;4F Chronic Nintendo Wii’ Tennis and Boxing
Clinical Trial elders
Quasi-Experimental Tennis and Hula Hoop in
10 Cliniclerial Adults 5 3M;2F Chronic Nintendo Wii’ the 1st weekly session and
Football and Boxing in the 2nd.
Randomized Clinical ) ) .
11 Trial Elders 10 5M;5F Acute Nintendo Wii Canoeing
: - Tennis and Hula Hoop in
12 Random_ll_iieac: Cimes! Adg;trssliﬁ ;Oe65 27 TTM;19F Chronic Nintendo Wii the 1st weekly session and
y 8 Football and Boxing in the 2nd.
Darts, Golf, Bowling, Virtual
Randomized Clinical Adults and . . . Smash, Light Race, Space Pop,
13 Trial elders 47 8aM13F Chronic Xbox360 Rally Ball, Table Tennis and

River Rush.

M:male; F: female; *Strokes were considered chronic if more than six months had passed before the time of the study.
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intervention in most studies (four studies), followed by four
and eight weeks (two studies each).

Regarding studies that investigated the effects of the VR
on different physical and functional aspects of the patients,
most indicated the efficiency of VR regarding the outcomes
of dynamic balance ( five studies), upper limb motor function
(four studies) and quality of life (three studies). Improvements
in other outcomes such as dexterity, spasticity, grip force,
physical function, walking, DLA, repetition and acceleration
of movement, energy expenditure, posture control and falls,
were each described in only one study.

The results comparing the VR with conventional treat-
ments indicated that VR is more efficient, especially in the
dynamic balance outcome (three studies). For most stud-
ies, conventional or standard treatments were those that
described weekly sessions of physical or occupational ther-
apy, lasting 30 minutes. For the group of patients who were
submitted to VR therapy, each of the following outcomes
were significant in only one study: quality of life, movement

Arg Neuropsiquiatr 2019;77(4):268-278

amplitude, upper limb motor function, dexterity, spasticity,
DLA, walking, repetition and acceleration of movement and
posture control.

Some studies indicated no difference between the ben-
efits of the control group (under conventional treatment)
and the intervention group (VR). The outcomes that had the
same results comparing the groups were static balance, DLA,
walking and dynamic balance, each mentioned in two stud-
ies, and quality of life, mentioned in one.

DISCUSSION

Virtual reality is a technique used in multiple areas and
comprises various equipment, hardware and software. It has
been applied in research, education, evaluation and thera-
peutic intervention or rehabilitation'®. The growing number
of publications in recent years, especially since 2014, indi-
cates the interest of researchers and clinicians in VR. This



Table 3. Characterization of selected articles according to objectives, type of intervention and main results.

Ne° Objectives

Outcomes/Evaluations

Intervention

Results Found

Comparing the effects of
rehabilitation using the
Nintendo Wii to those
of conventional therapy
in order to improve the
sensorimotor function and
QoL of hemiplegic patients
after a stroke.

—

Investigate the effects
of VR training using an
Xbox with the Kinect in
the UL function, including
movement amplitude,
motor function and manual
dexterity in hemiplegic
patients after a stroke.

Comparing the immediate
effect of training with a VR
3 game in stroke patients,
according to the side of the
brain lesion.

Investigating the effects
of the VR in the balance
4 training using balance
boards in chronic stroke
patients.

Determining whether
transcranial direct-
current stimulation (tDCS),
combined with VR, is better
than a rehabilitation using
the Wii alone to improve
the upper limb function
and QoL in stroke patients

Determining whether
there were changes in
the physical function and
in daily living activities
6 when part of the standard
physical therapy treatment
was replaced by virtual
reality games for stroke
survivors in the community.

Quality of Life: SF-36.

Motor function: Fugl-
Meyer.

Motor function: Fugl-
Meyer.

Manual dexterity: Box
and Blocks Test.

Movement amplitude:
goniometry.
Movement amplitude:
cinematic activity

evaluation of drinking a

glass of water.

Performance in the
game

Static balance:
posturography
Dynamic balance: Berg
Balance Scale and
Timed Up and Go Test

Motor function: Fugl-
Meyer and Wolf Motor
Function Test

Spasticity: Modified
Ashworth Scale

Grip force: Saehan
manual dynamometer

QoL:SSQOL

Physical function: Timed

Up and Go; 30 second
sitting test; 10-minute

walking test; six-minute

walking test
DLA: Barthel Scale

Static balance:
Probalance board

Two weekly sessions of
60 minutes each, for two
months.

CG:CSPT

IG: Nintendo Wii’
Three weekly sessions of 30

minutes each, for six weeks.

CG:COT

IG: Xbox with a Kinect + COT

Two 45 second series with
a 15-minute resting time
between them, one session.

CG1:right upper limb healthy

CG2: left upper limb healthy

IG1: brain lesion on the left
GI2: brain lesion on the right

Three weekly sessions of 30
minutes each, for six weeks.

CG:SR

IG: Wii Fit + SR

VR: Three weekly sessions
of 30 minutes each, for five
weeks.

tDCS: Three weekly sessions
of 13 minutes each, for five
weeks.

CG: VR with Wii Fit + tDCS
placebo

IG: VR with Wii Fit + tDCS

Two weekly sessions of 120
minutes each, for six weeks.

CG: 120 minutes of CSPT

IG: 30 minutes of VR + 90
minutes of CSPT

Both treatments improved the motor
function in passive movements, pain, UL
movement, balance and overall score.

Both groups improved their QoL in the
domains of functional capacity, vitality,
physical and emotional aspects. The IG
group improved their QoL in the mental

health domain.

The IG group had a greater improvement in
the functional capacity domain than the CG.

Both treatments improved motor function,
dexterity and movement amplitude.

The IG showed a significant improvement

in movement amplitude of UL for flexion,

extension, shoulder abduction and elbow
flexion.

The results of motor function and dexterity
were also significantly better in the IG.

After training, the two groups of patients
and of healthy individuals improved their
performance in the game.

Patients with brain lesions on the right side
(left hemiplegia) improved their shoulder
flexion and elbow extension angles and did
not show differences when compared with
healthy individuals.

The group of patients with a brain lesion
on the left side improved their movement
amplitude but remained different from the
healthy individuals.

There was no static balance change in
either group.

Both groups improved their dynamic
balance.

The dynamic balance of the IG group
improved more than that of the CG.

Both groups showed a significant
improvement in all outcomes evaluated
(motor function, spasticity, grip force and
Qol), except in the upper limb domain of the
QoL scale (SSQOL-UL).

There was a difference between the groups
only in what concerns fist spasticity, in
which more than 50% IG participants met a
minimal clinically important difference.

Both groups improved their physical
function (Timed Up and Go and 30-second
sitting and getting up test).

Other outcomes did not improve (walking
test - 10 and 6 minutes; DLA and static
balance) in either group.

There were no significant differences
between groups.

Continue
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Continuation

Dynamic Balance: Berg
Balance Scale
Investigating the efficiency
of balance training using
the VR in the functional
7 balance and in the
disability of hemiplegic
individuals, in the sub-
acute stage of the stroke.

DLA: Barthel Scale

Walking speed:
10-meter walk test
Ability to walk:
Functional Ambulation
Category

Comparing the number
of intentional and
unintentional upper
limb repetitions and
evaluating the acceleration
8 of the movement using

the accelerometer in
individuals with chronic
stroke while playing a
video game or undergoing
traditional therapies.

Number of repetitions:
video recording and
observation

Acceleration and
intensity of upper
limb movement:
accelerometer placed
on the wrist

Investigating the energy
expenditure of patients
9 with chronic stroke as
they play table tennis and
boxing in Wii Sports.

Energy expenditure:
portable gas analyzer
to measure oxygen
uptake (VO,) (metabolic
equivalent)

Evaluating the sensorimotor
and QoL recovery after a
two-month rehabilitation
10 using Nintendo Wiiand
determining whether what
was learned through the
technique is anchored.

Sensorimotor changes:
Fugl-Meyer

Qol:SF-36

Postural control: Trunk
Impairment Scale,

Investigating the effects of £ nctional Reach Test

a VR program based on the
canoeing game for torso
posture control, balance

and upper limb motor
function after a stroke

Balance: Berg Balance
Scale and Timed Up and
Go test

I

Motor Function: Fugl-
Meyer.

Balance while walking:

Investigating the : g
Dynamic Gait Index

therapeutic effects
of VR associated with
12 conventional physical
therapy on balance while
walking, and on the event
of falls in stroke patients.

Falls: number of falls
(occurrence).

Investigating the effects

of VR on balance training

13 using the Kinect for Xbox

games in chronic stroke
patients.

Balance: Berg Balance

Scale, Functional Reach

Test and Timed Up and
Go - cognition

Both groups showed improvements in all
outcomes (dynamic balance, DLA, walking
speed and ability to walk).

The IG had significant improvements in the
dynamic balance, DLA and ability to walk,
when compared to the CG.

There was no difference in walking speed
between the groups.

Three weekly sessions of 40
minutes each, for four weeks.

CG: 20 minutes of CSPT

IG: 20 minutes of VR + 20
minutes of CSPT

Two weekly sessions of 60

. The number of intentional repetitions in the
minutes each, for three

|G was five times higher than that of the CG.

months.
. The acceleration of the movement in the IG
C:cor was double the one in the CG.
IG:VR Patients with more intentional repetition had

more acceleration and movement intensity.

The participants of both games reached
metabolic values that indicate high energy
expenditure (equal or higher to three) when
compared to basal assessments, with the

exception of one patient in the group who

played tennis.

One session, 15 minutes for
each game, with a 10-minute
pause between games.

There was no difference in the energy
No CG. ;
expenditure between the groups.
Tennis group and boxing
group.
Two weekly sessions of

B0 S CEsh, Gor e The upper limb motor function score, the

Fugl-Meyer total score and the SF-36

months. - ) . L )
questionnaire functional capability domain
No CG. did not change, indicating that the effects
IG: 10 minutes stretch + 50  Of the two-month therapy with the Nintendo
’ minutes VR Wii was sustained.

The |G improved postural control and both
groups improved functional reach. The IG
had higher scores in postural control when
compared to the CG.

Both groups improved balance, and the

Three weekly sessions of 30
minutes each, for four weeks.

CG:CRP |G showed higher balance scores when
compared with the CG.
The functional movement amplitude scores
IG:CRP + VR were significantly better in both groups,

though the IG had better scores than the CG.

Dynamic Gait Index scores improved in both
groups, but only the CG showed a significant
difference before and after the treatment.

The number of falls after intervention
diminished, but only in the IG was this
difference statistically significant.
There were no significant differences
between groups.

Both groups significantly improved their
balance, the Balance Scale scores and
the Timed Up and Go - cognition. The
Functional Reach Test scores did not
improve.

Two weekly sessions of 60
minutes each, for two weeks

CG: 60 minutes of CSPT

IG: 10 minutes of CSPT + 45
minutes of VR

Two weekly sessions of 90
minutes each, for six weeks

QoL: quality of life ; CSPT: Conventional or standard physical therapy; CG: Control group; IG: Intervention or experimental group; COT: Conventional or
standard Occupational Therapy; SR: Standard Rehabilitation, defined by the author as 30 minutes of physical therapy, 30 minutes of occupational therapy
and speech-language therapy if needed*; DLA: Daily Living Activities; CRP: Conventional Rehabilitation Program, defined by the author as 30 minutes of
physical therapy, 30 minutes of occupational therapy and 15 minutes of Functional Electrical Stimulation'®; SRP: Standardized Rehabilitation Program,
characterized by the authors as focused on increasing strength, resistance training, walking training and DLA training'®. SSQOL: Stroke-Specific Quality of

Life Scale
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increase may be related to the improvement and populariza-
tion of this technology, which has enabled professionals to
access digital media, directly influencing the studies that use
this technique®.

This review sought to analyze intervention protocols used
by rehabilitation professionals, who used VR in commercial
video game systems. In this context, the studies analyzed
were mostly randomized clinical trials, which were created
specifically to analyze the effects of a specific intervention®.
Thus, randomized clinical trials were, among primary stud-
ies, the most relevant for the objectives of this review.

The predominance of studies, with a sample comprised
specifically of adults, is in line with the epidemiologi-
cal changes in the incidence of stroke in the last decades.
Although the occurrence of stroke is associated with aging,
data from 119 countries has shown that the number of
cases in the age group 20-64 increased from 25% in 1990 to
31% in 2010%%

Most analyzed studies evaluated the efficiency of VR
in patients with chronic strokes, though the rehabilitation
techniques commonly used in this population are focused
on the first three months, that is, in the acute stage of the
disease??. The results of this review reiterate the recent
change in the rehabilitation intervention paradigm,
regarding the time required for a possible motor recovery.
Recent studies have presented new experiences that have
demonstrated functional gains, even after the spontane-
ous recovery period**.

The results of this review showed that the Nintendo
Wii® was the most commonly used video game system in
the articles analyzed. The Nintendo Wii® is a low-cost piece
of equipment that is easy for the therapist to handle and
can be operated independently by the patient®. Another
commercial video game system used in the protocol of the
studies was the Xbox 360%, used in the interventions of five
studies. It was used in isolation in three of these studies
and combined with other systems in the other two. The fact
that the Xbox 360® was used less frequently in the interven-
tion protocols may partially be explained by the fact that it
has been on the market for less time*. The Xbox 360® was
released in 2010, while the Nintendo Wii® has been on the
market since 2006. Nonetheless, the Xbox 360 has advan-
tages when compared with the Nintendo Wii®, as it has a
more advanced technology, more realistic and less child-
targeted characters, in addition to allowing the interac-
tion of the user with the virtual environment without the
need of a manual controller”. As a consequence, the Xbox
360® may offer a better game interface with the player and
has broader applications in the therapeutic process, for
instance, for patients whose manual functions are more
compromised, as no object needs to be gripped throughout
the game.

Sports games were the most frequently used in the ana-
lyzed studies, which may be related to the main outcomes

evaluated in the articles. Balance and motor function were
the main outcomes evaluated in the studies that were part
of this review, followed by quality of life and DLA. The other
evaluated variables were related to dexterity, movement
amplitude, spasticity, grip force, physical function, walking
and falls. These findings indicate that most studies inves-
tigated the effects of VR on outcomes related to structural
components and body functions, especially regarding the
vestibular system and neuromusculoskeletal functions.

According to the World Health Organization (WHO),
a health condition such as a stroke can impact different
areas and health components of the health and life of a per-
son. Body functions are physiological functions of the body
systems and structures involving the anatomic parts of
organs and limbs®. These are components of human func-
tionality that may be impacted by a stroke. In this review,
few studies analyzed the effect of VR on the components
of activity and participation. The WHO? describes activity
as the execution of a task or action by an individual, while
participation is this individual’s involvement in daily living
situations. Considering these concepts, the activity compo-
nent was investigated in only three studies, and four stud-
ies evaluated the quality of life outcome. However, despite
the guidelines for adult stroke rehabilitation and recovery*
recommending the evaluation of participation through
measures of quality of life, the correlation of this informa-
tion with participation should be done with care. Quality
of life relates to how people “feel” about their health condi-
tions or their consequences®. Therefore, the quality of life is
a construct of “subjective wellbeing” and functionality, on
one hand but, on the other hand, refers to objective exter-
nal signs from the individual®. As guidance for the develop-
ment of future studies, the WHO suggests the formulation
of investigations that establish associations between the
functionality components and the concepts of quality of life
and subjective wellbeing®.

The Fugl-Meyer Assessment, the Berg Balance Scale and
the Timed Up and Go test were the most common tests in
the studies, followed by the Barthel Scale, the SF-36, the
10-minute Walk Test and the Functional Reach Test. The
Fugl-Meyer Assessment is largely used in literature to evalu-
ate sensorimotor function in hemiplegic patients®*, and it
shows high confidence levels, both intra- and inter-examiner,
allowing its use as a clinical evaluation instrument and as a
research instrument in stroke®?".

Balance evaluations were conducted, in most cases,
using the Berg Balance Scale and the Timed Up and Go test,
followed by the Functional Reach Test. The Berg Balance
Scale was shown to have an excellent confidence level when
it comes to stroke patients®. The Timed Up and Go and the
Functional Reach Tests are simple and objective measures,
easy to apply in clinical practice®. The validity of these tests
are good, with excellent intra- and inter-examiner confi-
dence levels when applied to people after a stroke**". The
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evaluation of the outcome “balance” was conducted com-
bining at least two tests: three studies combined the Berg
Balance Scale and the Timed Up and Go test, while two
combined these two measurements with the Functional
Reach Test. Recent studies highlighted that evaluations of
static and dynamic balance are very often in agreement,
reiterating the need for the use of the two tools simultane-
ously — especially the Berg Balance Scale and the Timed Up
and Go test®™%*.

The Barthel Index was the most widely-used instrument
to evaluate DLA and was identified in the literature as the
second most used tool to evaluate the results of clinical tri-
als after stroke. This index has favorable construct validity to
measure activity according to the WHO, and its inter- and
intra-examiner reliability is considered moderate to high*.

Information on quality oflife is an important outcome in
the evaluation of stroke patients and in the use of different
treatments. The SF-36 was used to evaluate quality of life
in two studies in this review, while another two used spe-
cific instruments for stroke patients. The SF-36 is described
in the literature as the most used generic instrument to
measure quality of life in the general population”, present-
ing a satisfactory internal consistency, as well as validity
and test-retest reliability for the eight sub-assessments for
stroke patients®*.

The analysis of the intervention protocols used in the
studies included in this review showed great variability
regarding the number of sessions, the length of each session
and the total length of the treatment. However, the predomi-
nance of short-to-moderate length and low-intensity proto-
cols stand out in regards to weekly sessions. Only two studies
applied short high-intensity protocols (one session only). The
intervention methodology of most studies was applying two
sessions a week, lasting from 30 to 60 minutes each, through-
out the six weeks.

Recent systematic reviews have also pointed out these
differences in the intensity and length of the interventions
that evaluated the efficiency of the VR**. Laver et al."" sug-
gested that longer interventions (more than 15 hours overall)
were the best option, as well as personalized virtual reality
interventions; however, their findings were not statistically
significant. Considering the diversity of intervention proto-
cols, future studies need to analyze the prognosis of stroke
patients who are going through rehabilitations using VR, to
define the minimum length the intervention must have for
improvements to be detected, and the ideal length of each
session, thus making this technique more viable.

This review found important differences in the results,
when the main outcomes of each study were compared.
Dynamic balance, upper limb motor function, quality of
life and DLA improved significantly in different studies.
However, other studies did not find any improvement in the
outcome of these variables after VR was used. The compari-
son between the efficiency of VR coupled with conventional
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treatments also showed an inconsistency between the evi-
dences, as some investigations found that VR brought ben-
efits, while others did not find differences between the results
of the different groups. This result instability is also found
in the literature. Li et al.”?, through a meta-analysis, gave
support to the use of VR to improve balance after strokes.
However, Santos et al.” suggested that the data was not clear
regarding the efficiency of VR to improve balance and func-
tional independence. Lee™ indicated VR as an effective and
clinically-applicable therapeutic strategy for the functional
recovery of upper limbs in the treatment of stroke patients.
On the contrary, Laver et al."! found that the use of VR and
interactive video games were not more beneficial than con-
ventional therapeutic approaches to improve the function of
upper limbs, balance or quality of life. These authors point
out that VR may be beneficial to improve DLA only when
used as an addition to conventional treatments, increasing
the overall duration of the therapy*’.

These results show that there are evidences suggesting
the efficiency of VR in the rehabilitation of stroke patients,
but that these are not sufficient to support, without doubt,
their use in these cases. Therefore, the results found in the
articles analyzed in this review must be interpreted carefully,
especially regarding the differences in the samples, intensity
and length of the therapies, which makes the studies more
difficult to compare and less viable for generalization.

FINAL CONSIDERATIONS

This review found a large number of studies, published
in 2004 or later, that had analyzed the use of VR in stroke
patients, and used research designs that were appropriate
to investigate evidence of efficiency. Adult chronic patients
were the most prevalent in the samples, which varied
greatly in size from one study to the other. The Nintendo
Wii® and sports games were the video game system and
type of game most used during therapies. The main out-
comes measured were balance, upper limb motor function,
quality of life and DLA. Most protocols had short to mod-
erate durations (six weeks) and low intensity regarding the
number of weekly sessions (two sessions). The results var-
ied with respect to the efficiency of VR, considering both
the improvement in the outcomes and the comparison with
traditional treatments.

This review contributes to a better understanding of VR
and the use of this technique in a clinical context by rehabili-
tation professionals. The characteristics of the intervention
protocols described in this study should be incorporated in
the elaboration of new research on the prognosis of stroke
patients who are using VR in their rehabilitation. It is also
recommended that new research focuses on the efficiency of
the VR regarding DLA and social participation.
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