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Abstract

Introdution: Stroke causes several alterations, the more
frequent are motor, physical and psychological. Since reha-
bilitation takes time and can become monotonous, the use
of virtual reality can act as a stimulating way to involve the
patient in the treatment, seeking to develop its functionality.
Objective: The objective of this study was to verify in the
available literature the effects of using virtual reality in the
treatment of the sequelae of the Stroke, to gain functionality
in the upper limbs. Methods: This literature review was based
on the PICO strategy, carried out in the databases Lilacs,
Pubmed, Scielo and PEDro, using the keywords “physiother-
apy AND virtual reality OR exergame OR exergaming AND
stroke AND upper limbs”. Complete articles were published in
English, Portuguese and Spanish, available and dated between
2015 and 2020, excluding those that were review articles,
incomplete and that did not address the topic. Results: As a
result, the search found 1,035 articles, of which only 14 met
the imposed criteria. Most studies have shown that the use
of virtual reality through games has proved to be an efficient
resource in the functional rehabilitation of patients with
stroke. Presenting itself as a competent complementary to
physiotherapeutic treatment in improving fine motor skills,
motor behavior of the limbs and cognitive performance,
these gains directly influenced the gain in functionality of
the samples. Conclusion: The use of virtual reality is useful to
assistin the treatment and reduction of sequelae in the upper
limbs of patients with stroke, as it promotes greater functional
gain, range of motion and improves the dexterity of both the
most and the least compromised hand.

Keywords: Physiotherapy; Virtual reality; Stroke; Upper limbs.
Introduction

In general, the stroke occurs due to blood irrigation
problems, either in an ischemic form when it is caused
by alocalized vascular occlusion, or in a hemorrhagic
form that occurs when a brain blood vessel ruptures
with blood leakage, either way, both will culminate in
the reduction of oxygen and glucose in brain regions.
Some factors such as sedentary lifestyle, obesity, hy-
pertension, atherosclerosis and other heart diseases can
increase the likability of a person to develop the stroke,
as it occurs due to blood irrigation problems, either in
an ischemic forcing one of the types of stroke.®

In addition, stroke can cause muscle, somatosen-
sory, psychological, cognitive and social damage. One
of the most common sequelae, however, is hemiplegia,
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which causes difficulties in performing simple daily
activities, as well as care, treatments and functional
independence of that individual. Although the treat-
ment of post-stroke patients is multidisciplinary, phys-
iotherapy acts directly and, in general, both in reducing
motor and/or sensory impairments, through the gain of
ROM and muscle tone, as well as in cognitive, through
the increase of balance and proprioception. When
specifically related to the upper limbs, it is possible to
obtain greater coordination, manual dexterity, devel-
op motor learning, as well as improve the execution
of arm movements as a whole. All exercises aiming at
gaining functionality. The patient’s lack of adherence
to conventional therapeutic approaches, however,
negatively influence the recovery of this individual.*®

Furthermore, in order to make physiotherapy
services more attractive, making them less repetitive
or monotonous, the virtual world can promote greater
patient interaction in therapy by inserting him in an
environment that arouses his motivation and pleasure
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when exercising. Virtual Reality (VR) works as a com-
puter system that allows the creation of an artificial
environment, through which, the user can not only
feel inside this environment, but also interact with it
in real time, promoting a comprehensive experience
by stimulating various senses such as sight, touch and
hearing, mostly at the same time.*"

In view of the various applicability of VR, it can
be differentiated according to the way that the user
interacts with the virtual environment and with the
equipment used, being classified into immersive VR
and non-immersive VR, or just Augmented Reality
(AR).Immersive VR aims to isolate the individual from
thereal world, so that a special equipment is needed to
block the individual to the real environment, causing
their senses to be stimulated only by the computer
system, through glasses, helmets, special gloves. On
the other hand, in Augmented Reality the user is not
isolated from the real environment, it is just an en-
richment of the real world with virtual objects, in real
time allowing the use of more accessible equipment,
such as a computer, mouse, smartphone. There is still
Mixed or Mixed Reality, which is the combination of
the two types. However, the most used ones associ-
ated with therapies with different objectives are the
Nintendo-Wii®, PlayStation® and Xbox 360 kinect,
both of AR, in which the games were not designed for
patients with motor problems. However, they pro-
vide a great improvement in motor function as they
require the practice of specific activities that involves
a greater number of repetitions. Hence, conventional
Physiotherapy science added to the dynamism and
playfulness of VR can generate better results.’1¢

Bearing in mind that in addition to being an alarm-
ing public health problem, stroke can cause several
sequelae, physiotherapy seeks to reduce general impair-
ments through the use of VR that can increase patient
compliance. It may also help he/she to gain functional-
ity inamore playful way. The objective of this work is to
search the available literature and critically analyze the
effects of using VR on the gain of motor functionality
in the upper limbs of stroke patients.

Materials and methods

Itis an integrative review whose bibliographic sur-
vey was carried out on the bases: Lilacs, Scielo, PUBMED
and PEDro. The PICO strategy was used, the acronym
PICOstands for P (Problem), I (Intervention), C (Control)
and O (Results). In this work, C (Control) does not apply,
because there was no comparison of two interventions.
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Thus, the guiding question was: Is there any evidence
that the use of VR can help improve the functionality of
the upper limbs of patients with stroke? In addition, the
keywords were: virtual reality, physiotherapy, stroke,
cerebrovascular accident, stroke, virtual reality, physio-
therapy, whose combinations used were “virtual reality

VANTE

AND stroke”, “use of virtual reality in stroke”, “physio-
therapy and the use of virtual reality AND stroke “,”
physiotherapy and virtual reality and stroke “, exergame
OR exergaming OR virtual reality AND upper limbs.
To be included in this review, the studies identified by
the search strategy should consist of research that used
virtual reality in patients with stroke sequelae aiming
atgaining functionality in upper limbs published in the
last S years (2015-2020), as well as articles in Portuguese,
English and Spanish and available in full. PEDro Scale
was also applied to verify and show the quality of the
selected studies in order to improve the conclusions
about the study, in addition to excluding review articles,
reports or case series, as well as studies whose sample was
not an adult population.

Results

A total of 1,035 articles were found, 93 of which
were selected for a careful evaluation and of these, 79
did not fit the eligibility criteria, thus, only 14 were
included in the research, and of these 92.85% of them
used not immersive VR, while only 7.15% of them used
immersive VR. As for the types of study: 14.29% were
of the controlled and randomized type; 14.29% of the
blind, controlled, randomized and multicentric type;
14.29% described only as experimental; 21.43% of the
blind, controlled and randomized type, and among
the 35.70% of them, there are studies of varied types,
such as double blind clinical trials, double blind pilot
studies; blind, simple and randomized and randomized,
parallel and multicentric group. As for the objectives of
the studies, 57.15% of them sought to gain functionality
in the secondary outcome, with 42.85% seeking it in
the primary outcome. Thus, the articles used aimed at
gains: cognitive (14.29%); independence (14.29%); mo-
tor function (5§7.15%); sensory function (7.15%); manual
dexterity, gross (14.29%); range of movement (21.43%);
motor learning (14.29%); adherence and motivation
(50%) and feasibility and security (21.43%). (Figure 1)

The information presented in the included articles
was summarized in the following topics: author/year,
type of study and sample, intervention, analyzed vari-
ables, outcomes, results and PEDro Scale (see Tables 10 6).
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Discussion

According to the studies found, the use of VR games
provided the improvement of motor physical func-
tion?° and sensory function of the most compromised
hand,” as well as of gross manual dexterity,* active range
of motion® for shoulder flexion,?? also developing
motor learning,®?! and in addition to the functional
improvements, improvement in treatment adherence
and motivation during conventional therapy can be
demonstrated.?*?” However, some studies emphasize
that the achievement of these improvements may not
have happened due to the exercises performed in VR
therapy, but because of the greater adherence promoted
by virtual games, compared to conventional therapy,
because it makes it more inviting and diversified.?>6%

The smallest sample of selected articles was 10
participants and the largest was 65, with the remaining
studies ranging from 20 to 30 individuals, with few
dropout rates among them, however, the results were
similar and VR therapy was, generally applied in asso-
ciation with conventional therapy, known as “mixed
therapy”.V?'¥ In addition, some studies have added, in
addition to conventional physiotherapy, occupational
therapy aswell. And in these, the VR influence scores on
cognitive development and motor learning were higher,
highlighting the importance of treating patients with
stroke in a multidisciplinary way.!$23252928

Asfor the duration of the sessions, they ranged from
30 to 45 minutes. One of the studies left the session time
open, as the VR device would be installed in the patient’s

Potentially relevant studies identified through electronic search in the
databases: PUBMED (n = 987), SCIELO (n = 15), PEDRO (n= 3); LILACS (n = 30)

\4

Studies removed (n=959)

Duplicates = 45
Languages = 8

Elegibility

\ 4

Full text articles assessed for
eligibility (n=93)

A

Year of publication = 450
Theme Escape = 69
Incomplete or unavailable = 294

Full texts excluded (n = 79):
Revisions = 58

Included

\4

Studies included in the qualita-
tive synthesis (n= 14)

\

Case report=7
Case series =5
Diverse population =9

ZONDERVAN DK et al, 2016; WITTMAN et al, 2016; SHIN et al, 2016;
COLOMER et al, 2016; KIM et al, 2018; SCHUSTER-AMFT et al, 2018);
PIEREZ-MARCOS et al, 2018; ROGERS et al, 2019; OH et al, 2018; OGUN
et al, 2019; AHMAD et al, 2019; PARK et al, 2019; ROGERS et al, 2019;
HUNG et al, 2019; NOROUZI et al. 2019

Figure 1. Flowchart of article selection
Authorship: The authors (2020)
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home, and aimed not only to verity the effect of VR,
but also the patient’s adherence to therapy and, as a
result, the study showed that the games were used for a
minimum of 8 minutes and a maximum of 41 minutes,
and patients who used VR therapy for less time were
in the chronic phase of the stroke. This information
highlights that the adherence to therapy is greater in
patients with more acute sequelae,®® which is related
to another study in which they applied VR therapy for
60 minutes and found that after the initial 10 minutes,
patients with chronic stroke show fatigue, as well as have
reduced the quality of movement.”” Such observation
suggests that therapy with the use of VR in patients with
chronic sequelae, showing less adherence, should still be
administered for less time to avoid fatigue in patients.

Toreally verify the gains obtained with VR, studies
used several scales and tests scientifically validated,
among them the Fugl-Meyer Assessment (FMA), which
stands out as the best known,718192322252830 Stroke
Impact Scale (SIS),"18232829 Functional Independence
Measure (FIM),?2 Box and Block Test (BBT),202124262829,
Wolf motor function test (WMFT),7232730 Self-Care
Skills Performance Assessment (PASS)® and the Pitts-
burgh Participation Scale (PPS).?” However, the scales
in which the intervention generated the best results
were PASS, FMA and BBT, while in the others, the re-
sults obtained were not very significant. Yet, one of the
studies did a one-month follow-up and the functional
and cognitive benefits were being maintained only
with conventional therapy.>®

Most articles used VR games as a means to obtain
motor and cognitive functionality, however some of
the articles emphasized that in addition to functional-
ity gains, VR systems can work as a means of avoiding
compensatory movementsin or near the segment being
worked on, as well as more distal segments where the
therapy is being applied, such as the trunk.?* This is
in line with studies that have worked with VR, both
immersive and non-immersive, in which they report-
ed that these systems, by providing visual feedback in
real time, can favor self-correction aiming at reducing
excessive movements or deviating from normal.”?

Only onesstudy used immersive VR using 3D glass-
es and obtained several functional gains and mainly
motor learning.” However, the vast majority of stud-
ies used non-immersive VR using equipment such as
ArmeoSenso,® Jintronix®,?® Kinect2Scratch®% and also
acquired significant gains, not only in terms of func-
tionality but also in terms of adherence to treatment,
this is probably due to ease of application, as well as,

because it does not require very specific equipment,
and some authors stated its safety and applicability at
home,?** aiming mainly to continue the treatment
already acquired in the hospital or clinic, because, in
addition to demonstrate to be a low-cost therapy,* it
can still be applied without the therapist, only with
initial instructions, this would be useful for patients
who live in areas very distant from the Rehabilitation
Centers, however frequent follow-ups are necessary to
ascertain the evolution of the treatment.?**

However, in all the articles presented, VR was used
associated with conventional treatments, thus, the gains
obtained are related both to the efficiency of application
and adherence to VR therapy, as well as to the methods
used in conventional therapy, which were not strictly
applied. detailed in most of the articles. Despite the di-
versity of methodologies and duration of interventions,
the biggest and most common gains obtained were from
motor functionality of the most compromised hand,
ROM, coordination and manual dexterity. Therefore,
turther research is needed, with a better description of
the forms and applications of conventional therapies,
as well as studies that standardize only one type of
technology or game, describing and characterizing,
even in the methodology, the type of VR used, whether
immersive, non-immersive or mixed, to achieve clearer
results on the effects of VR in the treatment of sequelae
of the upper limbs of a patient with stroke.

Final considerations

The results of this review showed that VR is effi-
cient in terms of gaining motor functionality of the
upper limbs as it provides, as main effects, gain in range
of motion, improved dexterity, motor function and
function, both in the hand and in the less compromised
patients. In addition, VR proved to be a differential in
therapy, because in addition to allowing the patient
to continue rehabilitation at home, it can also en-
courage not only adherence to conventional therapy,
but induce several functional, sensory, cognitive and
psychological gains. Furthermore, through VR games,
regardless of their type, the patient is encouraged to
seek self-correction due to the feedback, mainly visual,
provided by them. It is also possible to use VR more
comprehensively, aiming to perceive some compen-
satory movements of other segments of the body in
which the therapy is not being applied, such as the
trunk, and to seek to correct or reduce them. However,
VR effects proved to be more relevant and noticeable
in less compromised patients.
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