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Objective. A large number of patients need critical physical rehabilitation after the stroke. This study aimed to review and report
the result of published studies, in which newly emerged games were employed for physical rehabilitating in poststroke
patients. Materials and Methods. This systematic review study was performed based on the PRISMA method. A compre-
hensive search of PubMed, Scopus, IEEE Xplore Digital Library, and ISI Web of Science was conducted from January 1, 2014,
to November 9, 2020, to identify related articles. Studies have been entered in this review based on inclusion and exclusion
criteria, in which new games have been used for physical rehabilitation. Results. Of the 1326 retrieved studies, 60 of them met
our inclusion criteria. Virtual reality-oriented games were the most popular type of physical rehabilitation approach for
poststroke patients. “The Nintendo Wii Fit” game was used more than other games. The reviewed games were mostly operated
to balance training and limb mobilization. Based on the evaluation results of the utilized games, only in three studies, applied
games were not effective. In other studies, games had effective outcomes for target body members. Conclusions. The results
indicate that modern games are efficient in poststroke patients’ physical rehabilitation and can be used alongside
conventional methods.

functional defects after stroke is rehabilitation [5]. Post-
stroke physical rehabilitation in common is a gradual

1. Introduction

Stroke is one of the diseases that can lead to disability and
affect people’s daily activities and lead to reduced perfor-
mance [1]. According to the Global Burden of Diseases
(GBD 2010), stroke is the second most common cause of
death worldwide [2]. In 2010, the number of people with the
first stroke was 16.9 million, and people who died of stroke
was 5.9 million [2]. Disability-adjusted life years (DALYs)
lost also was 102 million, and the number of stroke survivors
was 33 million [2]. Ninety percent of stroke survivors have a
disability in one of their functions [3]. Most people with
poststroke disability experience changes in emotional
function, limb movement, balance, and muscle strength, and
there is a risk of falling for these patients in performing
ordinary activities, all of which affect the quality of life of
survivors [4]. The main treatment solution to reduce

process that can take months or even years, and these pa-
tients require multiple sessions of treatment.

However, patients may not be able to attend these
treatment sessions for rehabilitation fully. Several factors
may lead to limited access to these treatment sessions, in-
cluding the following: difficulty accessing a physiotherapist
by the patient, high cost of attending the treatment session,
patient’s age and disability, the long distance that the patient
has to travel, or poor patient compliance [6]. One of the
solutions that can be offered to overcome these problems is
to do rehabilitation activities at home; for rehabilitation
exercises to be effective at home, high-intensity methods
focused on specific repetitions of the practice with the
feedback of performance should be used [7]. Consequently,
one of the innovative methods that can obviate the above
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problems is applying modern games; these games have been
used in various fields, including education, public policy,
and healthcare [8]. Furthermore, they can also be utilized as
a support tool for rehabilitation activities and provide an
enjoyable environment for patients and increase adherence
to treatment sessions [9, 10].

As it turns out, various studies have been performed to
determine the effectiveness of the mentioned games. A
systematic review study by Primack et al. found that games
improved 69% of psychological therapy outcomes, 46% of
clinician skills outcomes, 42% of health education outcomes,
and 37% of disease self-management outcomes [11]. An-
other study examined the games managed for rehabilitation
in respiratory conditions and concluded these games were
effective [12, 13]. The purpose of this study is reviewing,
summarizing, and reporting studies in which modern games
have been used for physical rehabilitation of poststroke
patients and tries to answer the following questions:

(1) Which type of games is the most used?

(2) Which gamification approaches have been used to
improve the performance of poststroke patients?

(3) What was the most common type of physical re-
habilitation in stroke survivors?

(4) What are the evaluation results of games used in
poststroke patients?

2. Research Methodology

This systematic review was conducted based on Prefer-
red Reporting Items for Systematic Reviews and Meta-
Analyzes (PRISMA) checklist to ensure inclusion of relevant
studies [14].

2.1. Design. In this review, a systematic search of scientific
databases including ISI Web of Science, PubMed, IEEE
Xplore Digital Library, and Scopus was performed from
January 1, 2014, to November 9, 2020. The comprehensive
search strategy comprised a set of main keywords from
PubMed Mesh terms and Emtree related to “game,” “re-
habilitation,” and “poststroke” patients. The specific detail of
main applied keywords for each database is presented in
Table 1.

2.2. Inclusion and Exclusion Criteria for Study Selection.
The extracted studies were included if they fulfilled the
following criteria: (1) original articles and proceedings, (2)
the focus of this review was on only physical rehabilitation
innovative game-based solutions for poststroke physical
disabilities, (3) one of the gamification techniques was
employed for physical rehabilitation or disability treatment,
(4) in this study, the result of using different games and
outcomes of video games or immersive-oriented approaches
on physical rehabilitation were reviewed, and (5) studies
were limited to those published in the English language.
Besides, the studies were excluded if they met the following
criteria: (1) the title, abstract, or full text of the article that did
not relate to video games, virtual, or mixed reality-based
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games, (2) studies which were review or meta-analysis, book
chapters, letter, reports, and technical reports, (3) articles in
which the result of applying games was not reported
quantitatively, (4) articles about cognitive rehabilitation, and
(4) non-English published ones.

2.3. Literature Refinement. In comprehensive and scientific
databases searching, 833 studies were retrieved after du-
plicate removal. Some inclusion and exclusion criteria were
set for the study selecting phase. In the first phase, two
independent reviewers (SS and SR) specified the primary
classification of included studies; then, they synthesized
selected citations’ critical features. MG validated the pri-
marily determined classifications. All titles and abstracts of
extracted studies were investigated and screened based on
the research questions and unique aims to select relevant
ones by two reviewers under MG’s supervision. In the last
phase, citations that met inclusion and exclusion criteria
were selected to enter the full-text review phase. The full-
texts of relevant studies were screened by SS and SR thor-
oughly. Key characteristics were entered into a spreadsheet
in Excel for each study. Two authors (SR and SS) inde-
pendently extracted the study characteristics based on the
predefined classifications. For reaching an agreement, the
information was examined again by two authors. The next
reviewer (MG) evaluated and validated all of the obtained
results. EndNote X9 was used for resource management, and
all qualitative analyses were performed in SPSS v20. The
main classifications of screened citations are shown in
Figure 1.

3. Results

The flow of screening articles based on the PRISMA method
is shown in Figure 2. Prior scientific searches assigned 833
citations after the duplicate removal phase. Next, 41 studies
were eliminated due to their irrelevancy in the full-text
screening phase. In the last screening step, 60 studies were
included based on our main study objectives as eligible
studies. Based on the predefined classification elements, a
summary of the key results is described in Table 2.

3.1. Study Characteristics. The reviewed studies in this study
were published in 53 journals and 7 international confer-
ences. All the names of journals and conferences are listed in
Table 3 based on their frequency. As it is clear, the “Archives
of Physical Medicine and Rehabilitation,” “Clinical Reha-
bilitation,” “Games for Health Journal: Research, Develop-
ment, and Clinical Applications,” and “Journal of Stroke and
Cerebrovascular Diseases” have the first rank with 5 or 4
published studies among journals. The distribution of
studies by year and country of publication is presented in
Table 4. As it is conducted, the majority of citations were
published in 2019. Accordingly, in different countries, in-
novative physical rehabilitation solutions were employed
and Korea with 13 citations had the highest number
of studies.
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TaBLE 1: Search strategy for each database.

Database

Search strategy

PubMed

Scopus

Web of
Science

IEEE Library

(“Stroke”[Mesh] OR “cerebrovascular accident” OR “cerebrovascular accidents” OR “CVA” OR “CVAs” OR
“cerebrovascular apoplexy” OR “brain vascular accident” OR “brain vascular accidents” OR “cerebrovascular stroke” OR
“cerebrovascular strokes” OR “apoplexy” OR “cerebral stroke” OR “cerebral strokes” OR “acute stroke” OR “acute strokes”
OR “acute cerebrovascular accident” OR “acute cerebrovascular accidents”) AND (“video games”[Mesh] OR “game” OR
“games” OR “gamification” OR “video game” OR “computer games” OR “computer game”) AND (“rehabilitation”[Mesh]

OR “rehabilitation care”) limit to: 2014-2020
TITLE-ABS-KEY (( “stroke” OR “cerebrovascular accident” OR “cerebrovascular accidents” OR “CVA” OR “CVAs” OR
“cerebrovascular apoplexy” OR “brain vascular accident” OR “brain vascular accidents” OR “cerebrovascular stroke” OR
“cerebrovascular strokes” OR “apoplexy” OR “cerebral stroke” OR “cerebral strokes” OR “acute stroke” OR “acute strokes”
OR “acute cerebrovascular accident” OR “acute cerebrovascular accidents”) AND (“video games” OR “game” OR “games”
OR “gamification” OR “video game” OR “computer games” OR “computer game”) AND (“rehabilitation” OR
“rehabilitation care”)) AND (limit to (pubyear, 2014-2021)) AND (limit to (doctype, “cp”) OR limit to (doctype, “ar”)
AND (limit to (language, “English”))

TS = (“Stroke” OR “cerebrovascular accident” OR “cerebrovascular accidents” OR “CVA” OR “CVAs” OR
“cerebrovascular apoplexy” OR “brain vascular accident” OR “brain vascular accidents” OR “cerebrovascular stroke” OR
“cerebrovascular strokes” OR “apoplexy” OR “cerebral stroke” OR “cerebral strokes” OR “acute stroke” OR “acute strokes”
OR “acute cerebrovascular accident” OR “acute cerebrovascular accidents”) AND TS = (“video games” OR “game” OR
“games” OR “gamification” OR “video game” OR “computer games” OR “computer game”) AND TS = (“rehabilitation”

OR “rehabilitation care”)
Refined by: document types: (article OR proceedings paper)
Timespan: 2014-2020. Indexes: SCI-EXPANDED, SSCI, A&HCI, ESCI.
((((((“All metadata”: “stroke”) OR “all metadata”: “cerebrovascular accident”) OR “all metadata”: “cerebral strokes”)
AND “all metadata”: “game”) OR “all metadata”: “computer game”) AND “all metadata”: “rehabilitation”). Filters
applied: 2014-2021

TN
Main
Classification
NS
N PPN 7N N N N N N
- Gdmification e
Publication Rehabilitation X Assessment X X
Information approach type study details details Effectiveness Sample ize Results
~detaily N N N N
7N
Target body
member

FIGURE 1: The key classification of relevant studies.

3.2. The Distribution of Literature by Main Gamification Types
and Approaches. Based on analysis, virtual reality-oriented
games and video games are the most popular physical re-
habilitation types for poststroke patients. The distribution of
reviewed literature based on the type of games is shown in
Figure 3. Besides, it turns out “Microsoft Xbox 360 Kinect”
and “the Nintendo Wii Fit” approaches have been the widest
utilized game-based tools that have been extracted in studies
(Figure 4).

The deployment platform for most of the studies in-
cluded in this review (n =28, 46.66%) was Nintendo and
Microsoft Xbox 360 Kinect.

There are many games in the field of rehabilitation that
researchers and therapists can use for rehabilitating patients.
However, in this systematic review, most studies have used
existing games in rehabilitation and do not develop games
for the purpose of research that we can refer to the Nintendo
Wii Fit, Microsoft Xbox 360 Kinect games, Peggle, IREX,
and HTC Vive games.

3.3. Distribution of Studies Based on Type of Physical
Rehabilitation. The critical types of physical rehabilitation
therapies applied for poststroke patients based on different
games were divided into several main categories. The most
important types of rehabilitation are “Balance training,”
“Mobilization of the limbs,” and “Muscular strengthening”
(Figure 5).

3.4. Distribution of Studies Based on Type of Studies, Sample
Size, and Session Detail. In the investigated studies, three
types of intervention studies and their effectiveness have been
utilized (Table 5). The sample size from minimum to maxi-
mum number is 5 people in 2 studies and 209 people in one
study. The highest frequency for the selected sample size was
10 people, which is in 4 studies. The lowest age of the recruited
subjects in studies was 24 years on average, and the highest
mean of age was 72 years old. In most studies, the number of
males included in the intervention was higher than females; in
4 studies, the exact number of genders was not reported.
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Citations identified through databases comprehensive search:
PubMed (n = 138), Scopus (n = 640),
Web of Science (n = 375), IEEE Xplore digital library (n = 173)
Total retrieved articles: (n = 1326)

l

(n=833)

Citations after duplicates removal

A

Records excluded with reasons (n = 732)

*  The title, abstract did not relate to
video games, virtual or mixed
reality-based games

Records screened based on
abstracts and titles
(n =833)

e papers which are review or meta-
> analysis, book chapters, letter,
reports and technical reports

Full-text articles excluded with

Full-text articles assessed
for eligibility
(n=101)

reasons (n = 41)

Articles in which the effectiveness
of applying games was not reported
quantitatively.

Articles about cognitive
rehabilitations were excluded.

Studies included in full
synthesis
(n =60)

Not available full-text papers.
o Non-English and published ones.

F1GURe 2: The PRISMA diagram for the records search and study selection.

The frequency of physical rehabilitation time (by unit
time) is shown in Figure 6. In this study, the length of re-
habilitation time is converted to hour to compare the
treatment time in different studies. In studies, the minimum
duration of treatment to provide rehabilitation is one hour;
besides, 10, 9, and 12 hours is the highest frequency of
treatment time in studies, which was intended in a total of 12
studies.

3.5. Distribution of Studies Based on Assessment Scores.
According to the results of reviewed different studies, nu-
merous indicators and tests have been applied to evaluate
physical rehabilitation outcomes in poststroke patients. In
other words, according to the type of rehabilitation treat-
ment provided to patients, different indicators and metrics
have been calculated to assess the condition of the reha-
bilitated organs of the body (before and after the inter-
vention). For this reason, we were unable to compare the
assessment scores calculated during the intervention.

However, considering how many indicators and metrics in
each study were affected by physical rehabilitation during
the intervention treatment, we added a brief assessment
from the authors’ perspective. At the end of the intervention,
if all indicators of functional or physical appraisal of patients
are affected by game-based rehabilitation and a significant
difference is seen, then we have labeled this rehabilitation
approach “Effective.” If only one or two of the several
evaluation metrics are not affected by game-based rehabil-
itation, then we label them “Partly effective.” Finally, if there
is no significant difference in all evaluation measures before
and after the intervention, we label them “No effective.” In
the following, the distribution of the reviewed studies based
on effectiveness is shown in Figure 7.

4, Discussion

This survey’s main objective was to review the studies in
which games were applied for improving the physical
functions and rehabilitation of poststroke patients.
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TaBLE 3: Distribution of studies based on publication type.

Journal/conference name

Conference Journal

Clinical Rehabilitation
Journal of Stroke and Cerebrovascular Diseases
Archives of Physical Medicine and Rehabilitation

Games for Health Journal: Research, development, and clinical applications

Disability and Rehabilitation
Journal of NeuroEngineering and Rehabilitation
NeuroRehabilitation

IEEE Transactions on Neural Systems and Rehabilitation Engineering
International Journal of Environmental Research and Public Health

Journal of Medical and Biological Engineering

International Medical Journal of Experimental and Clinical Research

American Journal of Physical Medicine and Rehabilitation
Computers in Biology and Medicine

Journal of Central Nervous System Disease

BioMed Research International

Brain Impairment

European Journal of Physical and Rehabilitation Medicine
User Modeling and User-Adapted Interaction

Frontiers in Psychology

Iranian Rehabilitation Journal

Journal of Physical Therapy Science

Journal of Healthcare Engineering

Annals of Physical and Rehabilitation Medicine

Journal of Motor Behavior

American Academy of Physical Medicine and Rehabilitation
Journal of Patient-Centered Research and Reviews
Restorative Neurology and Neuroscience

Stroke

Medical Science Monitor

Neurorehabilitation and Neural Repair

Somatosensory and Motor Research

The Journal of Physical Therapy Science

International Journal of Stroke

Virtual Reality

International Journal of Neuroscience

In Proceedings of the 3rd 2015 Workshop on ICTs for improving Patients Rehabilitation Research Techniques
Proceedings of the IEEE International Conference on Advanced Materials for Science and Engineering

In 2019 International Conference on Robotics and Automation in Industry

2019 Fifth International Conference on Advances in Biomedical Engineering (ICABME)

International Conference on Virtual Rehabilitation

2017 International Conference on Applied System Innovation (ICASI)

Total

(9]
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53

According to results, emerging games possess the capacity
and potential to rehabilitate physical aspects in poststroke
patients; furthermore, these games can help patients im-
prove their independence. According to surveys, virtual
reality-based approaches and “the Nintendo Wii Fit” games
were used more than other games. The most common use of
games in poststroke survivors’ rehabilitation was related to
limb movement and balance training.

Due to the included studies’ results, different indicators
and scales have been calculated and statistically analyzed to
evaluate and test game-based physical rehabilitation ther-
apies for poststroke patients. These statistical analyses
demonstrated the positive effect of innovative rehabilitation
is provided in the form of games for these patients. Even in
many studies, applied games in different environments

(virtual reality, and video-based games) have led to a great
improvement in patients’ physical problems such as balance
disorder, upper extremity spasticity, and limbs’ immobility
and muscular weakness [3, 5, 11, 74-77]. Researchers in
these studies have concluded that they can incorporate these
games into the treatment plan and physiotherapy of post-
stroke patients and use them as alternative therapies to
traditional methods because, in these experimental studies,
significant improvements in all outcome measures were
found after the intervention [76, 78]. However, in infrequent
articles, no significant differences can be observed in all
assessment scales (baseline and post-intervention assess-
ments in the experimental and control groups) to evaluate
game-oriented physiotherapies’ effectiveness. For this rea-
son, in these studies, the researcher has concluded that the
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TaBLE 4: Distributions of studies of publication years and country.
Column labels
Row labels
2013 2014 2015 2016 2017 2018 2019 2020 Total
Australia 1 1 2
Brazil* 1 2 1 2 2 1 9
Canada 1 1 1 3
China 1 1
France 1 1 2
Iran 1 1
Israel 1 2 1 4
Italy 1 1 2
Lebanon 1 1
Malaysia 1 1
Netherlands 1 1 2
New Zealand 1 1
Pakistan 1 1
Republic of Korea* 1 4 2 2 4 13
Spain 1 1
Sweden 1 1
Taiwan* 1 1 2 1 6
Turkey 1 2 3
UK 2 2
USA 1 1 1 1 4
Grand total 1 10 9 11 3 13 4 60
*3 countries with the highest number of study prints.
1
5

>

7] Virtual reality game
with kinect

[ Video game

[ Virtual reality game

B Not mentioned

[ Mixed reality game

[ Video game with
kinect

FiGure 3: The distribution of studies based on gamification types.

game chosen to rehabilitate poststroke patients cannot be a
useful tool to alternate with the traditional physical reha-
bilitation methods, and applying them can destroy the pa-
tient’s time and motivation.

The reason for the ineffectiveness of newly emerged
games for motor rehabilitation of stroke patients can have
different reasons as follows: insufficient session times and
training duration to generate consistent improvements in all
patients, the insufficient number of participants in the ex-
perimental studies (randomized trails would require at least

25 participants in each group) [38, 76], the high mean age of
patients in both intervention and control groups (underlying
disability of people due to their age), and excessive move-
ment limitations of the patients recruited in the study
[79, 80].

According to this study’s results, the most popular type
of game for physical rehabilitation of poststroke patients was
virtual reality games. Virtual reality-based games allow
patients to interact with a virtual environment while per-
forming rehabilitation exercises and simulating real
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FIGURE 5: Physical rehabilitation therapies in reviewed studies.
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TaBLE 5: Distribution of studies based on the type of study and effectiveness.
Row labels Effectiveness
Effective 4l
Before and after trial 13
Nonrandomized clinical trials 2
RCT 26
Not effective 3
RCT 3
Partly effective 16
Before and after trial 3
RCT 13
Total 60

135
14
17.83
18
5.5
20
8.6
21
10.5
25
90
31.5
8.8
34.41
7.5

35
1.25

56
15
26
30
22.5
13.3
24

5

12
4

9

10

not mentiend

Figure 6: The distribution of studies based on the total time of rehabilitation duration.

41
Effective

Partly effective

.. e« Total

No effective

Figure 7: The distribution of the reviewed studies based on effectiveness.

functions. These games increase patients’ motivation to
perform rehabilitation exercises and provide a pleasant
environment for patients, which can lead to more repetition
of rehabilitation exercises in these patients [77]. People get
teedback while playing virtual reality games, and this factor
encourages patients with disabilities to attend therapy ses-
sions and use their remaining functional capacity to succeed
in the game [81].

Results have shown that “the Nintendo Wii Fit” games
are used more than other games to rehabilitate poststroke
patients. Several factors can lead to the most use of this
game. Among these factors, we can mention the price of
these games, which are relatively inexpensive. These games
are widely available to people, and studies have shown that

providing an attractive environment increases patients’
enjoyment and more repetition of rehabilitation exercises
[82-84]. Features of the Wii Fit game system lead to the
stimulation of people’s interest in continuing to play and
can be useful for improving motor function and balance
control [61].

Studies showed that the most common use of games in
the rehabilitation of stroke survivors was related to limb
movement and balance training. In other words, the results
of studies that were run to examine the effect of games on
people after a stroke had shown these games were effective in
improving the balance of people and strengthening the
muscles of the limbs [85]. In a systematic review conducted
by Corbetta, the effectiveness of virtual reality games has
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been investigated and concluded that managed games have
the most significant impact on patient mobility [75].
According to the results of this survey and other studies that
show the effect of the game on maintaining balance and
movement, it is recommended to use these games in
poststroke survivors.

This systematic review had several strengths and limi-
tations. One of the strengths was the use of broad keywords
to search in 4 crucial databases. Another strength of this
survey was the inclusion of studies presented at conferences.
The limitations were the exclusion of articles in non-English
language and the time limit imposed on searching databases
(from 2014 onwards). Another limitation of this review was
the different scales used to measure people’s performance,
and this factor made it difficult to compare the results of
different surveys.

5. Conclusion

Game-based approaches lead to patients being able to
smoothly perform their rehabilitation movement techniques
without going to the treatment centers. These games can
immerse the person in the environment by providing virtual
or augmented reality capabilities and multiplying the ef-
fectiveness of the treatment. Therefore, the use of appro-
priate technology-based gaming solutions can improve
patients’ treatment and minimize the waste of time and cost
of providing traditional motor rehabilitation. Consequently,
these game-based treatments are considered complementary
to traditional ones and can reduce the workload of therapists
and accelerate the rehabilitation process. Future research
should focus on how task-specific game-oriented systems
can improve function after stroke, and statistical studies can
show this effect more.
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